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PREDMLUVA

Nadory ledvin se vyznacuji velkou morfologickou heterogenitou, jsou tvoieny smésici
svétlych, granuldrnich nebo vietenitych bunék a jejich fenotyp se mulze s ristem tumort
dokonce ménit [1]. Vzhled tumort tudiz nemusi odpovidat piedpokladané progenitorové
bunce a zalozit diagnézu pouze na morfologickém vzhledu se ukazalo byt nespolehlivé [1].
Rozvoj genetiky umoznil porozuméni molekuldrnim vlastnostem renalnich nadort, navic
zacalo byt jasné, ze geneticky podklad ma vliv nejen na histopatologicky vzhled tumort, ale 1
na jejich biologické chovani [1]. Heidelbergska klasifikace, publikovana v roce 1997, byla
historicky prvni klasifikaci, kterd kromé& morfologickych vlastnosti zavzala téz znaky
molekularné biologické [2]. Tykala se pouze epitelovych tumorti a byla postavena na
aktudlnich genetickych znalostech, které korelovala s histologickym obrazem. Obsahovala 8
nadorovych jednotek a pro kazdou z nich se snaZila zmapovat nejéastéji dokumentované
genetické odchylky.

Kratce poté byla v roce 1998 publikovana WHO Kklasifikace nadort ledvin, navrzena
UICC (Union Internationale Contre le Cancer; International Union Against Cancer) a AJCC
(American Joint Committee on Cancer). Zahrnovala 10 neoplastickych jednotek a v podstaté
nepfinesla zadné nové poznatky, byla velmi podobna Heidelbergske Klasifikaci a nebyla
nikdy pfijata.

Od dob vzniku Heidelbergské Kklasifikace a WHO Kklasifikace 1998 bylo publikovano
nékolik praci, které se zabyvaly molekularné genetickymi vlastnostmi rendlnich tumort.
Avsak §lo povétSinou o prace publikované na malém souboru pacientli a s pouzitim omezené
genetické metodiky, kterd byla toho Casu dostupna. Vysledky téchto praci byly proto
nekonzistentni a genetické poznatky o nadorech ledvin nedostacujici. Piesto vSak v oblasti
renalni nadorové patologie dochazelo k obohaceni poznatkii a v roce 2004 byla vydana dalsi
WHO klasifikace nadort ledvin. Ta jiz zahrnovala 12 nadorovych jednotek. Pfiblizné od doby
vzniku této klasifikace doslo k obrovskému rozvoji genetického a morfologického poznéani
vedouciho k popisu mnoha novych jednotek, variant a podtypu stavajicich. Nasledujici, étvrta
edice WHO klasifikace, vySla v roce 2016 a obsahuje jiz 16 nadorovych jednotek.

Cim vice poznatkl ziskdvame z vyzkumi publikovanych velkymi institucemi na
velkém souboru pacientli, tim vice zafind byt ziejmé, Ze snaha co nejpfesnéji popsat a
zmapovat podtypy rendlnich nador méa pro pacienta prognosticky vyznam. Hlubs$i poznani
patogenetickych mechanismti vzniku nadorovych onemocnéni spolu s pokroky molekularni
genetiky umoznily v onkologii postupné zavadéni novych lé¢ebnych metod. Ackoliv
protinadorova chemoterapie zistava dodnes nepostradatelnou 1écebnou metodou, je zamétena
prevazné na proliferaci a apoptoézu, a to nespecificky, nebot” kromé patologického klonu
postihuje 1 normdlni proliferujici bunky. Tzv. targeted terapie cilené¢ zasahuje do
patogenetickych mechanisml specifickych pro jednotlivé nadorové jednotky, a tyto
patogenetické mechanismy mohou byt identifikovany pravé diky znalosti genetického
podkladu nadort [3]. Pfes pocatecni optimismus bohuzel zatim targeted terapie nepfinesla
ocekavané vysledky, pfesto veéfime, ze snaha co nejpresnéji popsat a zmapovat podtypy
renalnich nadord ma smysl a klinicky potencial.

V roce 2016 vysla nova WHO Kklasifikace 1 pro nadory varlat. V této oblasti jsme
zatim nezaznamenali tak vyraznou syntézu genetiky a morfologie [4]. Pfevazna vétSina
testikularnich tumort je germinélniho piivodu, sex-cord stromalni tumory ¢i epitelové tumory
jsou raritni. Vzécnost a spletitost non-germinalnich testikularnich tumorti z nich ¢asto ¢ini i
pro patologa se specializaci na urogenitalni oblast diagnosticky obtizné piipady. Stejné jako v



jinych oblastech je vSak spravna diagnoza stézejni pro dalsi 1éCebny postup a proto je dilezité
rozSifovat znalosti 1 mén¢ Castych jednotek.

Doktorska dizerta¢ni prace se zabyva morfologii, molekularni genetikou a Klinickym
chovanim neobvyklych tumori urogenitalniho traktu se specidlnim zamétfenim na nadory
ledvin, ve snaze pfesné¢ definovat jednotlivé podskupiny. Téma bylo feSeno s vyuzitim
znalosti morfologickych znakti vzacnych nadorti urogenitalniho traktu, na jejichz podkladé
byly nadorové jednotky vybirdny do studii a tyto byly dale vysetfovany s pouzitim
imunohistochemickych a molekularné genetickych metod.

Vysledkem je 7 prvoautorskych praci, z nichz vétSina se tyka néadoru ledvin (5
prvoautorskych publikaci), zvlasté v posledni dobé se autorka zaméfila i na problematiku
nadord varlat (2 prvoautorské publikace). Dale se autorka podilela jako spoluautor na 13
publikacich. VSech 20 praci bylo publikovano v zahrani¢nich odbornych ¢asopisech s impact
faktorem. Dizertaéni prace je vypracovana formou souhrnu komentovanych publikaci,
vSechny prace jsou samostatné kratce predstaveny. Od vSech publikaci je piilozena kopie
reprintu (19 praci) nebo text prace s dokladem o piijeti k publikaci (1 prace).

Prvni a rozsahlejsi cast se tyka nadort ledvin, druha nadort varlat, pficemz
prvoautorské publikace jsou spoluautorskym piediazeny.
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ABSTRAKT

Doktorskéd dizertacni prace popisuje biologické chovani, morfologii a cytogenetiku
neobvyklych tumorl urogenitalniho traktu se specialnim zaméfenim na nadory ledvin, které
byly podkladem postgradualniho studia MUDr. Kvétoslavy Michalové (rozené Peckové) na
Univerzité Karlové v Praze, Lékaiské fakulté v Plzni, v obdobi let 2014 — 2017. Autorka se ve
své publika¢ni ¢innosti zaméfila na problematiku vzacnych tumord urogenitalniho traktu.
Vysledky ttiletého vyzkumu jsou prezentovany ve forme¢ komentovaného souhrnu celkem 20
praci. Sedm praci vypracovala autorka jako hlavni autor a ve stru¢nosti je zde predstavuje.

Prvni publikovana prvoautorska prace ,,Renalni karcinom s leiomyomat6znim
stromatem — dal$i imunohistochemickéd a molekuldrné geneticka studie neobvyklé jednotky*
se zabyvala vztahem rendlniho karcinomu (RK) s leiomyomat6znim stromatem (LS) k
svétlobunécnému RK s reaktivnim LS. Dosla k zavéru, ze tyto dvé jednotky je mozné odlisit
pouze genetickou analyzou mutace genu VHL, VHL hypermetylace a ztraty heterozygozity na
kratkém raménku 3. chromozomu (LOH 3p), pficemz “pravy” RK s LS tyto zmény postrada
a svétlobuné¢ny RK definuji. “Pravy” RK s LS se zda byt indolentnim tumorem s doposud
nepopsanym agresivnim pifipadem, zatimco svétlobunécny RK je biologicky relativné
nepiiznivy a odliSeni téchto dvou jednotek je dilezité.

V druhé studii nazvané “Agresivni a neagresivni translokacni t(6;11) rendlni
karcinom: srovnavaci studie 6 ptipadi a ptehled literatury” jsme na zéklad¢é klinicko-
patologickych tidajii, morfologickych znakl, IHC, molekularni genetiky a reSerSe literatury
porovnavali neagresivni tumory s jednim agresivnim. Zjistili jsme, Ze agresivni tumory se, na
rozdil od neagresivnich, vyskytuji u star$i populace, maji makroskopicky viditelné nekrozy,
¢asto nemaji morfologii typickou pro neagresivni tumory a molekularné geneticky vykazuji
kromé translokace genu TFEB i jeho amplifikaci.

Ve tieti praci s nazvem ,,Mucindzni tubularni a vienetobunécny renalni karcinom:
analyza chromozomalnich aberaci u low-grade, high-grade a morfologické varianty podobné
papilarnimu renalnimu karcinomu‘ jsme se zaméfili na analyzu spektra chromozomalnich
aberaci vyskytujicich se u riznych morfologickych variant této vzacné jednotky. Zjistili jsme,
ze low-grade i high-grade varianta je cytogeneticky relativné uniformni (mnohocetné
chromozomalni ztraty), zatimco u n&kterych ptipadi napodobujicich papilarni RK jsme
detekovali nadpocetné chromozomy 7 a 17 a u téchto jsme ndsledné zménili diagndézu na
papilarni RK. U ptipadu s atypickou morfologii, zvlasté jedna-li se o tumory napodobujici
papilarni RK, je tedy nezbytné provést chromozomalni analyzu a v piipadé detekce
nadpocetnych chromozomi 7 a 17 by tyto tumory mély byt preklasifikovany.

Do c¢tvrté studie s ndzvem ,,Chromofobni renalni karcinom s neuroendokrinnimi znaky
a znaky napodobujicimi neuroendokrinni diferenciaci. Morfologicka, imunohistochemicka a
ultrastrukturalni studie a array komparativni genova hybridizace u 18 piipadtu, piehled
literatury* bylo vybrdno 18 ptipadd chromofobnich rendlnich karcinomii (CHRK) s
neuroendokrinnimi (NE) znaky, které byly na zdklad¢ pozitivity/negativity NE markerd
rozdéleny do dvou skupin: 4 piipady CHRK s ,,opravdovou® NE diferenciaci a 14 ptipadi
CHRK se znaky napodobujici NE diferenciaci. Je ziejmé, Ze ve vétSin€ piipadi CHRK s NE
znaky se jedna pouze o ristovou variantu CHRK a nikoliv o pravou NE diferenciaci. Obé
skupiny se lisi molekularné geneticky, ale i biologickym chovanim (,,pravé“ CHRK s NE
diferenciaci maji metastaticky potencial) a jejich odliSeni tak mé klinicky vyznam.

Prace nazvana ,,Cysticky a nekroticky papilarni rendlni karcinom: prognosticky,
morfologicky imunohistochemicky a molekularné¢ geneticky profil 10 piipada“ je patou



prvoautorskou studii v poradi. Protoze pfitomnost nekrézy u RK (zvlasté svétlobunéénych) je
vSeobecné uzndvana jako nepfiznivy prognosticky faktor, cilem této studie bylo
demonstrovat, ze papilarni RK typu 1 se miize vzacné prezentovat jako objemna cysticka 1¢éze
vyplnéna hemoragickou/nekrotickou hmotou a ze tento vzhled nic neméni na biologickém
chovani. Tato studie si vSak neklade za cil ustanovit nova prognosticka kritéria pro typ 1
papilarni RK, jejim zamérem bylo vybrat skupinu morfologicky uniformnich papilarnich RK
typu 1 s neobvyklymi makroskopickymi a mikroskopickymi znaky a upozornit na fakt, ze
nekroza u téchto typu tumorti nema pravdépodobné prognosticky vyznam.

Sesta a sedma prvoautorska publikace se tyka jiz nadorti varlat a ob& souviseji s
jednim tématem, budou proto piedstaveny najednou. Sesta publikace nazvand “Primarni
stromdlni tumor varlete z prstenCitych bunck: studie 13 pfipadii dokazujici jejich
fenotypickou a genotypickou obdobu s pankreatickym solidni pseudopapilarnim tumorem” a
sedméd s nazvem “Solidni pseudopapilarni tumor: novd nadorova jednotka ve varleti?-
Odpovéd™ se zabyvaji problematikou analogie primarnich stromalnich tumorti varlete z
prstenc¢itych bunék (PSTVPB) a solidnich pseudopapilarnich tumord (SPT) pankreatu. Ve
zkratce jde o to, Ze nas na zdklad¢ jednoho piipadu tumoru varlete, ktery se histologicky
skladal z komponenty identické jako solidni pseudopapilarni tumor (SPT) pankreatu a
komponenty identické jako PSTVPB napadlo porovnat tento pfipad se SPT pankreatu.
Vysledkem byla imunohistochemickd i molekularné genetickd shoda, coz nés spolecné s
morfologickym piekryvem opraviiovalo povazovat tento tumor za “pankreaticky analog
solidniho pseudopapilérniho tumoru ve varleti” (PA-SPT) [5]. Diky ptitomnosti komponenty
identické s primarnim stromdalnim tumorem varlete z prstencitych bunék (PSTVPB) jsme se
dale rozhodli zjistit, zda neexistuje spojitost i mezi PSTVPB a SPT pankreatu. V Sesté
publikaci jsme porovnali 13 ptipadd PSTVPB s jednim piipadem PA-SPT a 19 ptipady SPT
pankreatu. Jak imunoprofil, tak vysledky molekularni genetiky byly ve vSech vySetfovanych
tumorech shodné, z ¢ehoz usuzujeme, ze PA-SPT a PSTVPB reprezentuji morfologické
spektrum stejné jednotky a Ze ob& skupiny maji vztah k SPT pankreatu. Nas koncept byl
podpoien skupinou italskych autort, ktefi reagovali na prvopopis PA-SPT. Formou dopisu
editorovi ptidali 2 piipady testikularnich tumori ve vSech aspektech shodnych s nami
popisovanymi piipady a podpofili tak nasi hypotézu, ze PA-SPT a PSTVPB reprezentuji
distinktni jednotku analogickou SPT pankreatu. Sedma publikace je odpovédi na tento dopis
editorovi.



SUMMARY

Current doctoral thesis is dealing with biological behavior, morphology and
cytogenetical features of rare urogenital tumors with a particular emphasis on renal tumors.
Dr. Kvetoslava Michalova (birth name Peckova) was focused on this topic during her
postgradual study at Charles University in Prague, Medical Faculty in Pilsen, in years 2014-
2017. In her publication activity, the author focused on rare tumors of urogenital tract. The 20
publications published over a span of three years are presented in a form of a commentary.
Seven of them are first-author papers and these are briefly introduced below.

The first paper entitled “Renal cell carcinoma with leiomyomatous stroma-further
immunohistochemical and molecular genetic characteristics of unusual entity dealt with the
relationship between renal cell carcinoma (RCC) with leiomyomatous stroma (LS) and clear
cell RCC with reactive LS. It led to the conclusion, that only genetic analysis of VHL gene
mutation, VHL hypermatylation and chromosome 3p loss of heterozygosity can be used as a
distinguishing tool. The ,,real RCC with LS lack the above described genetic abnormalities
which is in contrary to the clear cell RCC, which is characterized by them. The distinction
between these two entities is of clinical importance, as the ,,real RCC with LS seems to be an
indolent tumor as no aggressive cases have been described to date whereas clear cell RCC
may have unfavourable outcome.

In the second study termed ,,Aggressive and nonaggressive translocation t(6;11) renal
cell carcinoma: comparative study of 6 cases and review of the literature we compared
nonaggressive tumors with one aggressive case. We based our conclusions on clinico-
pathological data, morphological features, IHC, molecular genetics and literature review.
Eventually, the conclusion was that aggressive tumors, in contrary to the nonaggressive cases,
occur in older population, have grossly visible necroses, usually lack morphology typical for
nonaggressive tumors and in addition to translocation of TFEB gene, they are also TFEB
amplified.

The third study entitled ,,Mucinous spindle and tubular renal cell carcinoma: analysis
of chromosomal aberration pattern of low-grade, high-grade, and overlapping morphologic
variant with papillary renal cell carcinoma® was aimed to map the spectrum of chromosomal
aberations occuring in different morphological variants of this rare antity. This study has
shown that both low-grade and high-grade variant are cytogeletically relatively unifrom
(multiple chromosomal losses). However, some cases resembling papillary RCC exhibited
gains of chromosomes 7 and 17 and we consequently rediagnosed them as papillary RCC.
Chromosomal analysis is thus essential in atypical cases, especially in those morphologically
close to the papillary RCC. If polysomy 7 and 17 is found, such cases should not be classified
as mucinous spindle and tubular RCC, but as papillary RCC.

Eighteen cases of chromophobe renal cell carcinoma (CRCC) with neuroendocrine
(NE) features were selected to the fourth study named “Chromophobe renal cell carcinoma
with neuroendocrine and neuroendocrine-like features. Morphologic, immunohistochemical,
ultrastructural, and array comparative genomic hybridization analysis of 18 cases and review
of the literature”. The cases were divided into 2 groups based on their positivity/negativity
with NE markers: 4 cases of CRCC with “true”” NE differentiation and 14 cases of CRCC
with features mimicking NE differentiation. It is evident, that the majority of CRCC with NE
features represent just architectural variant and not real NE differentiation. Both groups have
different genetic background and also biological behavior, which makes their distinguishing
clinically important.

The study entitled “Cystic and necrotic papillary renal cell carcinoma: prognosis,
morphology, immunohistochemical, and molecular-genetic profile of 10 cases* represents the
fifth first-author paper. Because the presence of necrosis in RCC (especially in clear cell



RCC) is generally considered as an adverse prognostic feature, the goal of this study was to
demonstrate that type 1 papillary RCC can present as a large hemorrhagic/necrotic unicystic
lesion and that such appearance in this particular setting does not affect clinical course.
However, the aim of the current study is not to establish the new prognostic criteria for type 1
papillary RCC, but rather to select morphologically uniform subset of type 1 papillary RCC
with unusual gross and microscpic features and draw attention to the fact that necrosis in
these tumor types does probably not have any prognostic significance.

The sixth and seventh publications are dealing with tumors of the testis and since they
both are related to the same subject, they are discussed together. Sixth publication termed
,Primary Signet Ring Stromal Tumor of the Testis: A Study of 13 Cases Indicating Their
Phenotypic and Genotypic Analogy to Pancreatic Solid Pseudopapillary Neoplasm* and
seventh entitled ,,Solid Pseudopapillary Tumor: A New Tumor Entity in the Testis? Reply*
address the analogy between primary signet ring stromal tumors of the testis (PSRSTT) and
solid pseudopapillary tumor (SPT) of the pancreas. Briefly, the fact that certain testicular
tumors have an analogue in the pancreas became evident with the acquisition of one
testiculart tumor, which was histologically composed of component identical to SPT of the
pancreas and of component identical to PSRSTT. As a result, both IHC testing and molecular
analysis of the testicular case revealed the same features as would be expected in pancreatic
SPN which allowed us to consider this tumor ,,pancreatic analogue solid pseudopapillary
tumor of the testis“ (PA-SPT) [5]. Owing to the very pronounced signet ring cell component
in the PA-SPT we came to the idea that there might also be a connection between PSRSTT
and SPT of the pancreas. In the 6th publication we compared 13 cases of PSRSTT with one
case PA-SPT and 19 cases of pancreatic SPT. Both the immunoprofile anf molecular genetics
were identical in all analyzable cases which led us to the conclusion that PA-SPT and
PSRSTT represent the morphological spectrum of the same entity and that both of them are
related to the pancreatic SPT. This concept was further strengthened by the group of italian
authors who in the form of letter to editor reacted to the first description of PA-SPT. They
reported another 2 cases of testicular tumors in all aspects identical to our cases and supported
thus our hypothesis that PA-SPT and PSRSTT represent dictinct entity analogic to the
pancreatic SPT. Seventh publication represents our reply to this letter to the editor.
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SEZNAM POUZITYCH ZKRATEK

aCGH - array komparativni genova hybridizace

ACN — adultni cysticky nefrom

AJCC - American Joint Committee on Cancer

AT — agresivni tumor

BSARK - bifazicky skvamoidni alveolarni renalni karcinom
CGB — beta pojednotka lidského choriogonadotropinu

CHRK — chromofobni renalni karcinom

CRCC - chromophobe renal cell carcinoma

EN — epiteloidni nefroblastom

FISH — fluorescencni in situ hybridizace

hCG — human chorionic gonadotropin; lidsky choriogonadotropin
IHC — imunohistochemie, imunohistochemicky

ISUP - International Society of Urological Pathology
LBC — liquid based cytologie

LOH 3p — ztrata heterozygozity (loss of heterozygozity) na kratkém raménku 3. chromozomu
LS — leiomyomatozni stroma; leiomyomatous stroma

MA — metanefricky adenom

MTVRK — mucin6zni tubularni a vietenobuné¢ny renalni karcinom

NAT — neagresivni tumor

NE — neuroendokrinni; neuroendocrine

NOS — not otherwise specified

NGS — next generation sequencing

OPRK - onkocyticky papilarni rendlni karcinom

PA — papilarni adenom

PA-SPT - pankreaticky analog solidniho pseudopapilarniho tumoru paratestikularni oblasti
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PCN — pediatricky cysticky nefrom

PCR — polymerase chain reaction, polymerazova retézova reakce
PRK — papilarni renalni karcinom

PSRSTT - primary signet ring stromal tumors of the testis
PSTVPB - priméarni stromalni tumor varlete z prstencitych bun¢k
RAT - renalni angiomyoadenomat6zni tumor

RCC - renal cell carcinoma

RK — renalni karcinom

RKLS — renéalni karcinom s leiomyomat6znim stromatem

RO - renalni onkocytom

RT-PCR — polymerazova fetézova reakce spojend s reverzni transkripci
SEST — smiSeny epitelovy a stromalni tumor ledviny

SoPRK - solidni papilarni renalni karcinom

SoOPRK - solidni onkocyticky papilarni renalni karcinom

SPRK - svétlobunéény papilarni renalni karcinom

SPT — solidni pseudopapilarni tumor; solid pseudopapillary tumor
ST — syntitiotrofoblasty

TCRK - tubulocysticky renalni karcinom

TIL — tumor infiltrujici lymfocyty

TRK — translokac¢ni renalni karcinom

UICC - Union Internationale Contre le Cancer; International Union Against Cancer

WPRK — Warthinovu tumoru podobny (Warthin-like) papilarni renalni karcinom
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RENALNI KARCINOM S LEIOMYOMATOZNIM STROMATEM - DALSI
IMUNOHISTOCHEMICKA A MOLEKULARNE GENETICKA STUDIE
NEOBVYKLE JEDNOTKY

Rendlni karcinom s leiomyomatéznim stromatem (RKLS) byl poprvé popséan
skupinou italskych autor v roce 1993 pod nazvem smiSeny renalni tumor s karcinomatézni a
fibroleiomyomat6zni komponentou [6]. Histologicky se jedna o bifazicky tumor slozeny z
epitelové a stromalni komponenty. Epitelovou slozku tvoii solidné, papilarn€ nebo tubularné
usporddané blandni svétlé bunky neodlisitelné od bunék konvencniho svétlobunééného
renalniho karcinomu (SRK), které jsou promichany s napadnym leiomyomatdznim
stromatem.

Analyzou klonality bylo prokdzéno, Ze leiomyomatdzni stroma neni soucdsti
neoplastického procesu, ale pouze reaktivni piimési [7]. RKLS nema zadné specifické
imunohistochemické znaky a k jeho diagnostice je nezbytné molekularné genetické vysetieni.
Absence mutace genu VHL, VHL hypermetylace a/nebo ztrata heterozygozity na kratkém
raménku 3.chromozomu (LOH 3p) podporuje diagné6zu RKLS. Z uvedeného je ziejmé, ze
RKLS je morfologicky identicky jako SRK s reaktivnim leiomyomat6znim stromatem a jejich
odliSeni je moZné pouze na zdkladé molekularni genetiky, pfi¢emz SRK vySe popsané
genetické odchylky obsahuje. Odliseni téchto dvou jednotek je klinicky dulezité, protoze SRK
je maligni tumor a RKLS je povazovan za indolentni (doposud nebyl popsén agresivné se
chovajici ptipad). V nedavné dob¢ byl objeven tzv. TCEB1 mutovany renalni karcinom, ktery
je histologicky neodlisitelny od RKLS/SRK a geneticky je definovan pfitomnosti mutace
genu TCEB1[8]. Biologické vlastnosti tohoto tumoru nejsou zatim pfili§ znamé.

V prilozené publikaci jsme se problematikou vySe popsané jednotky zabyvali. Z
plzenského registru nadortt bylo vybrano 15 pfipadii rendlnich karcinomi (RK) s
leiomyomatoznim  stromatem, které byly nasledné hodnoceny  morfologicky,
imunohistochemicky a molekuldrné geneticky. VSechny tumory se skladaly z hnizd svétlych
epitelovych bunék low-grade vzhledu, promichanych s hojnym leimyomat6znim stromatem.

Tato studie potvrdila, ze RKLS nema Zadné specifické
morfologické/imunohistochemické znaky. Leiomyomat6zni stroma neni pro tuto jednotku
urcujici a mize se vyskytovat i u jinak typickych svétlobunéénych RK (TCEB1 mutovany RK
nebyl v dobé této publikace popsan a neni proto zahrnut). Z naSich vysledka vyplyva, ze jako
RKLS mohou byt diagnostikovany pouze tumory, které postradaji jak mutace genu VHL, tak
VHL hypermetylaci a LOH 3p. Vztah RK s napadnym leiomyomatéznim stromatem k
rendlnimu  angiomyoadenomatdéznimu tumoru/svétlobunéénému papilarnimu rendlnimu
karcinomu neni z nasi studie zcela jednozna¢ny a k jeho objasnéni je nezbytny dalsi vyzkum.
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ARTICLE INFO ABSTRACT

Keywords: Renal cell carcinoma (RCC) with leiomyomatous stroma (RCCLS) is a recently recognized entity with indolent
Kidney biological behavior. The diagnostic implication of absence/presence of VHL gene mutation, VHL hypermethy-
Renal cell carcinoma lation, or/and loss of heterozygosity of chromosome 3p (LOH 3p) is widely discussed. Criteria for establishing a
Leiomyomatous stroma diagnosis of RCCLS are still lacking. Fifteen RCCLSs were retrieved from our registry. The cases were studied with
Xg]ﬁ g;Pne mutation consideration to the morphology, immunohistochemistry, and molecular genetics. All cases were composed of

low-grade epithelial cells with clear cytoplasm arranged in nests intermingled with abundant leiomyomatous
stroma. Age range of the patients was 33 to 78 years. The tumor size ranged from 1.5 to 11 cm. Six of the patients
were males, and 9, females. Of the 15 tumors sent for molecular genetic testing, only 12 cases were analyzable. All
cases were analyzable immunohistochemically. Of 12 of these cases, 5 showed complete absence of VHL gene
mutation, VHL hypermethylation, and LOH 3p. Of these 5 cases, 3 were positive for cytokeratin 7 (CK 7). All of the 5
cases were positive for carbonic anhydrase 9, vimentin, and CD10. The remaining 7 of 12 genetically analyzable
cases were found to have had VHL hypermethylation, LOH 3p, VHL gene mutation, or a combination of the former
2 characteristics. These 7 cases were positive for vimentin. Variable reactivity was found for CK 7, carbonic
anhydrase 9, a-methylacyl-CoA racemase, and CD10. In 1 of these 7 cases, gains on chromosomes 7 and 17 as well
as hypermethylation of VHL gene were found. This case was considered as clear cell RCC with aberrant status of
chromosomes 7 and 17, Conclusions: (1) Leiomyomatous stroma is not specific for the so called RCCLS. [t can be
seen also in otherwise typical clear cell RCCs. (2) There are no characteristic morphological/immunochistochemical
features unique for “RCCLS.” (3) Our results indicate that only tumors with the absence of the VHL gene mutation,
hypermethylation, and LOH 3p can be diagnosed as RCCLS. (4) Relation of RCCs with a prominent smooth muscle
stroma to the renal angiomyoadenomatous tumor;/clear cell papillary (tubopapillary) RCC is not clearly evident
from our study and has to be further analyzed on larger cohort of the patients.

© 2014 Elsevier Inc. All rights reserved.

Clear cell carcinoma

1. Intreduction stromal. The epithelial component is represented by clear epithelial cells
with mild nuclear atypia (mostly Fuhrman grade 2) arranged in

Renal cell carcinomas (RCCs) with a prominent smooth muscle stroma adenomatous structures with predominantly nested or tubular pattern

(RCCSMSs) are rare neoplasms, which were first described by Canzonieri associated with focal papillary and solid areas.

et al in 1993 [1] and subsequently documented by Kuhn et al in 2006 [2] Exact diagnostic criteria are not established. Morphology and

and other investigators [3-5]. Microscopically, RCCSMSs are composed of immunohistochemical features (namely, cytokeratin 7 [CK 7] positivity

an intimate intermixture of 2 distinct components: epithelial and among others) are variable in previous studies.

Trespnnding author. Department of Pathology, Charles University, Medical Faculty The role O,f absence/presence of VHL gene mutation, VHL

and Charles University Hospital Plzen, Alej Svobody 80, 304 60 Plzen, Czech Republic. hypermethylation, or/ and loss of heterozygosity (LOH) of chromo-
E-mail address: hes@medima.cz (O. Hes). some 3p (LOH 3p) for diagnosis is widely discussed [5].
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1092-9134/© 2014 Elsevier Inc. All rights reserved.
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We assembled a group of tumors with voluminous leiomyomatous
stroma and clear cell morphology. The morphology, immunohistochem-
istry, and molecular biology of all tumors were examined as attempt to
select RCCSMS from group of tumors with similar morphologic features.

2. Materials and methods

Of 17700 renal tumors and tumor-like lesions in the institutional
and consultation files of Sikl's Department of Pathology, Charles
University, Plzen, Czech Republic, 15 cases of RCCs were retrieved. All
were composed of epithelial cells with clear cytoplasm arranged in
nests or tubules intermingled with abundant leiomyomatous stroma.

The tissue had been fixed in neutral formalin and embedded in
paraffin; 4- to 5-um-thick sections were cut and stained with hematoxylin
and eosin.

2.1. Immunohistochemistry

The immunohistochemical study was performed using a Ventana
Benchmark XT automated stainer (Ventana Medical System, Inc,
Tucson, AZ). The following primary antibodies were used: CK 7 (OV-
TL12/30, monoclonal, 1:200; DakoCytomation, Glostrup, Denmark),
racemase/a-methylacyl-CoA racemase (AMACR) (P504S, monoclonal,
1:50; Zeta, Sierra Madre, CA), vimentin (D9, monoclonal, 1:1000;
Neomarkers, Westinghouse, CA), carbonic anhydrase 9 (CANH 9)
(rhCA9, monoclonal, 1:100; RD Systems, Minneapolis, MN), melano-
ma marker (HMB45, monoclonal, 1:200; Dako, Carpinteria, CA), and
CD10 (56C6, 1:20; Novocastra, Burlingame, CA). Appropriate positive
controls were used.

2.2. Molecular genetic study

2.2.1. Fluorescence in situ hybridization methods

Four-micrometer-thick section was placed onto positively charged
slide. Hematoxylin and eosin-stained slide was examined for determi-
nation of areas for cell counting.

The unstained slide was routinely deparaffinized and incubated in
the 1x target retrieval solution citrate pH 6 (Dako, Glostrup,
Denmark) for 40 minutes at 95°C and subsequently cooled for 20
minutes at room temperature in the same solution. The slide was
washed in deionized water for 5 minutes and digested in protease
solution with pepsin (0.5 mg/mL) (Sigma Aldrich, St Louis, MO) in
0.01 M HCI at 37°C for 20 minutes. The slide was then placed into

Fig. 1. Gross section of the kidney with 2 tumors. One was typical clear cell renal cell
carcinoma (CCRCC) (yellow color), and the second was CCRCC (genetically confirmed) with
abundant leiomyomatous stroma.

Fig. 2. Smooth muscle stroma was prominent in all cases. Epithelial component as well
as stroma was identical in tumors, which were, after special examinations, considered
as CCRCC (A), and in cases, which were diagnosed as “RCCLS” (B).

deionized water for 5 minutes, dehydrated in a series of ethanol
solution (70%, 85%, and 96% for 2 minutes each), and air dried. Probes
for aneuploidy detection of chromosomes 7 and 17 (Vysis; Abbott
Molecular, Abbott Park, IL) (see Table 1) were mixed with water and
Locus-Specific Identifier/Whole Chromosome Painting Hybridization
buffer (Vysis) in a 1:2:7 ratio. An appropriate amount of probe mix
was applied on specimen, covered with a glass coverslip, and sealed
with rubber cement. The slide was incubated in the ThermoBrite
instrument (StatSpin; Iris Sample Processing, Westwood, MA) with
codenaturation parameters 85°C for 8 minutes and hybridization
parameters 37°C for 16 hours. Rubber cemented coverslip was then
removed, and the slide was placed in posthybridization wash solution
(2x saline-sodium citrate/0.3% NP-40) at 72°C for 2 minutes. The slide
was air dried in the dark, counterstained with 4',6’-diamidino-2-
phenylindole (Vysis), coverslipped, and immediately examined.

2.2.2. Fluorescence in situ hybridization interpretation

The section was examined with an Olympus BX51 fluorescence
microscope (Olympus Corporation, Tokyo, Japan) using a x100 objective
and filter sets triple-band pass (4',6’-diamidino-2-phenylindole/
SpectrumGreen/SpectrumOrange) and single-band pass (SpectrumGreen/
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Fig. 3. Tumors were composed of voluminous clear cell elements with mostly low
nucleolar Fuhrman grade. Clear cell RCCLS (A) and “RCCLS” (B).

SpectrumOrange). Scoring of aneuploidy was performed by counting the
number of fluorescent signals in 100 randomly selected nonoverlapping
tumor cell nuclei. The slide was independently enumerated by 2 observers
(OH and PG). Monosomy and polysomy for studied chromosomes were
defined as the presence of 1 signal per cell in more than45% and 3 and more
signals in more than 10% (mean + 3 SD in normal nonneoplastic control
tissues), respectively.

2.2.3. DNA extraction and bisulfite DNA conversion

DNA for molecular genetic investigation was extracted from
formalin-fixed, paraffin-embedded tissue. Several 5-um-thick sections
were placed on the slides. Hematoxylin and eosin-stained slides were
examined for identification of neoplastic tissue. Subsequently, neoplas-
tic tumor and nonneoplastic tissue from unstained slides were scraped,
and DNA was isolated by the NucleoSpin Tissue Kit (Macherey-Nagel,
Diiren, Germany).

Table 1
Probes for aneuploidy detection of chromosomes 7 and 17
Chromosome Probe
7 CEP 7 (D721)/7p11.1-q11.1 Alpha Satellite DNA
17 CEP 17 (D17Z1)/17p11.1-q11.1 Alpha Satellite DNA

Table 2
Polymerase chain reaction primers used in mutation analysis of the VHL gene and
designed in Primer3 software (14)

Gene/exon Name Primers (sequence 5'—3’)
VHL/exon 1 VHL e1-1 CGCGAAGACTACGGAGGT
VHL e1-2 GTCTTCTTCAGGGCCGTA
VHL e1-3 GAGGCAGGCGTCGAAGAG
VHL e1-4 GCGATTGCAGAAGATGACCT
VHL e1-5 GCCGAGGAGGAGATGGAG
VHL e1-6 CCCGTACCTCGGTAGCTGT
VHL e1-7 CCGTATGGCTCAACTTCGAC
VHL e1-8 GCTTCAGACCGTGCTATCGT
VHL/exon 2 VHL e2-1 ACCGGTGTGGCTCTITAACA
VHL e2-2 TCCTGTACTTACCACAACAACCTT
VHL/exon 3 VHL e3-1 GCAAAGCCTCTTGTTCGTTC
VHL e3-2 ACATTTGGGTGGTCTTCCAG
VHL e3-3 CAGGAGACTGGACATCGTCA
VHL e3-4C CCATCAAAAGCTGAGATGAAAC

Bisulfite conversion of DNA was carried out using EZ DNA
Methylation-Gold Kit (DNA input, 500 ng) (Zymo Research, Orange, CA).

All procedures were performed according to the manufacturers’
protocols.

2.2.4. VHL gene analysis

Mutation analysis of exons 1, 2, and 3 of the VHL gene was
performed using polymerase chain reaction (PCR) and direct
sequencing. Polymerase chain reaction was carried out using primers
shown in Table 2. The reaction conditions were as follows: 12.5 L of
HotStar Taq PCR Master Mix (Qiagen, Hilden, Germany), 10 pmol of
each primer, 100 ng of template DNA, and distilled water up to 25 L.
The amplification program consisted of denaturation at 95°C for 15
minutes and then 40 cycles of denaturation at 95°C for 1 minute,
annealing at 55°C for 1 minute, and extension at 72°C for 1.5 minutes
for all amplicons. The program was finished by 72°C incubation for
7 minutes.

The PCR products were checked on 2% agarose gel electrophoresis.

Successfully amplified PCR products were purified with magnetic
particles Agencourt AMPure (Agencourt Bioscience Corporation, A
Beckman Coulter Company, Beverly, MA), both side sequenced using
Big Dye Terminator Sequencing kit (Applied Biosystems, Foster City, CA),
and purified with magnetic particles Agencourt CleanSEQ (Agencourt
Bioscience Corporation) all according to the manufacturer's protocol
and subsequently run on an automated sequencer ABI Prism 3130xI1
(Applied Biosystems) at a constant voltage of 13.2 kV for 20 minutes.
All samples were analyzed in duplicates. Analyses of positive samples
were repeated.

2.2.5. Analysis of VHL promoter methylation

Detection of promoter methylation was carried out via methylation-
specific PCR as described by Herman et al [6]. Briefly, 100 ng of DNA or 2 piL
of converted DNA was added to reaction consisted of 12.5 piL of HotStar
Taq PCR Master Mix (Qiagen), 10 pmol of forward and reverse primer
(Table 3), and distilled water up to 25 pL. The amplification program is
composed of denaturation at 95°C for 14 minutes and then 40 cycles of
denaturation at 95°C for 1 minute, annealing at 60°C for 1 minute, and
extensionat 72°C for 1 minute. The program was finished by incubation at
72°C for 7 minutes.

Table 3
Polymerase chain reaction primers used in methylation status of the VHL gene

Gene Name Primers (sequence 5'—3’)

VHL unmethylated VHL-U-S GTTGGAGGATTTTTTTGTGTATGT
VHL unmethylated VHL-U-A CCCAAACCAAACACCACAAA
VHL methylated VHL-M-S TGGAGGATTTTTITGCGTACGC
VHL methylated VHL-M-A GAACCGAACGCCGCGAA
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Table 4
PCR primers used in LOH analysis of chromosome 3

Marker Name Primers (sequence 5'—3")
D35666 D35666-SK#15 CAAGGCATTAAAGTGGCCACGC
D35666- SK#16 GTTTGAACCAGTTTCCTACTGAG
D351270 D351270-F TGGAACTGTATCAAAGGCTC
D351270-R TTGCATTAGNATTCTCCAGA
D351300 D351300SF AGCTCACATTCTAGTCAGCCT
D3S1300A GCCAATTCCCCAGATG
D351581 D3S1581-F CAGAACTGCCAAACCA
D351581-R GGGTAACAGGAGCGAG
D351597 D351597-F AGTACAAATACACACAAATGTCTC
D351597-R GCAAATCGTTCATTGCT
D351600 D3S1600-F ATCACCATCATCTGCCTGTC
D3S1600-R TGCTTGCCTTGGGATTTA
D351603 D3S1603-F CCCTAACTCCACTTGAAAGC
D3S1603-R TCAGCGAACAGCAACAAAT
D351768 D3S1768SF GGTTGCTGCCAAAGATTAGA
D351768A CACTGTGATTTGCTGTTGGA
D352338 D352338-F GAAGCCAGCAGTTTCTC
D352338-R CTGTATTGTTTTCCAGGATAAG
D3S53630 D3S3630-F AAGGGATAAGCTGCAAATCA
D3S3630-R ACCAAATACAATTCATGAGACCTGA

The PCR products were checked on 2% agarose gel electrophoresis.

A patient with known VHL mutation and fully methylated HeLa cell
DNA was used as a positive control for VHL mutation analysis and
promoter methylation analysis, respectively. As negative control,
randomly selected healthy donor blood was used.

2.2.6. Loss of heterozygosity of chromosome 3p analysis

For LOH analysis of neoplastic tissue DNA, 10 short tandem repeat
markers D35S666, D351270, D3S1300, D351581, D3S1597, D3S1600,
D351603, D351768, D352338, and D3S3630 located on the short arm
of chromosome 3 were chosen from the database (Gene Bank UniSTS).
The primers are listed in Table 4. Polymerase chain reaction
conditions were the same as mentioned above. Successfully amplified
PCR products were mixed with GeneScan 500 LIZ dye Size Standard
(Applied Biosystems) and run on an automated genetic analyzer ABI
Prism 3130xI1 (Applied Biosystems) at a constant voltage of 15 kV for
20 minutes. A sample was considered LOH positive if the ratio of
nontumor DNA to tumor DNA was greater than 1.5 or less than 0.66.
All samples were analyzed in duplicates.

3. Results

Basic clinicopathologic data are summarized in Table 5. There were
15 patients, 6 males and 9 females. The age range of the patients was

33 to 78 years (mean, 60.5 years; median, 63 years), and the size of the
lesions ranged from 1.5 to 11 cm (mean, 4.1 cm; median, 11.25 cm).

3.1. Gross and microscopic findings

Tumors were yellow, gray to brown, white color in cut section (Fig. 1).
No grossly visible necroses or hemorrhagias were seen. Tumors were
well circumscribed and nonencapsulated.

On microscopic examination, tumors were in all cases composed of
an intimate admixture of stromal and epithelial component (Fig. 2).
Stromal portion formed thick bundles of mature smooth muscle cells,
which tend to merge with the wall of medium-sized blood vessels
lined by normally looking endothelial cells. This vessel-related
leiomyomatous proliferation was intermingled with an epithelial
component arranged in nests, cords, and small cysts of epithelial cells
with clear cytoplasm and hyperchromatic nuclei (Fuhrman modified
nucleolar grade, mostly 2) (Fig. 3). There were no prominent atypias,
mitoses, or necroses apparent in either of the components.

3.2. Immunohistochemistry

Immunohistochemical results are presented in Table 6. Briefly,
the tumors showed variable reactivity for CK 7 and AMACR. CD10
expression was positive in most tumors (10/15 cases). Of 15 cases,
14 were positive for CANH 9, and all tumors were immunoreactive
for vimentin.

All tumors (5 cases), which were further diagnosed (after complex
analysis, including molecular genetic methods—see below) as RCCSMS,
were positive for vimentin and for CANH 9. Of these 5 cases, 3 were
positive for CK 7 (Fig. 4).

3.3. Molecular genetics

Molecular genetic characteristics are summarized in Table 7.

Of the 15 case, only 12 of them were genetically analyzable.

Of 12 of these genetically analyzable cases, 5 showed complete
absence of VHL gene mutation, VHL hypermethylation, and LOH 3p.
This subset of the tumors was considered as a group of “real” RCCSMS.

The remaining 7 of 12 genetically analyzable cases were found to
have had VHL hypermethylation; LOH 3p; VHL gene mutation; or a
combination of the former 2 characteristics, that is, VHL hyperme-
thylation and LOH 3p. In 1 of these 7 cases, gains on chromosomes 7
and 17 were found altogether with hypermethylated status of VHL gene.
This tumor, after complex morphologic and immunohistochemical
analyses, was considered CCRCC with aberrant status of chromosomes 7
and 17.

Table 5
Basic clinicopathologic data
Case Sex Age(y) Size (cm) Color Follow-up (y)
1 M 53 Diam 3 Yellow LE
2 M 63 NA Yellowish LE
3 M 78 4x35x3 NA LE
4 F 60 Diam 1.5 Yellow LE
5 F 69 Diam 1.5 Gray-brown LE
6 M 66 Diam 4 Gray with yellowish areas CHT for colonic adenocarcinoma, multiple hepatic meta. Died in 2 y
7 F 59 Diam 11 White LE
8 F 48 Diam 9.5 NA LE
9 F 63 Diam 1.4 NA LE
10 M 62 Diam 1.8 NA LE
1 M 50 2.2x2x18 Light brown to gray No signs of recurrence and meta
12 F 73 Diam 4.8 and 1.8 (2 tumors, bigger typical CCRCC) Tan to gray No signs of recurrence or meta
13 F 48 11.5x 10 x 125 NA LE
14 F 63 25x2x22 NA LE
15 F 63 Diam 1.7 Yellow 05 AW

Tumors diagnosed as RCCSMS are in boldface. Abbreviations: M, male; F, female; NA, not available; LE, loss of evidence; Diam, diameter; AW, alive and well; meta, metastasis; y, years;

CHT, chemotherapy.
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Table 6
Immunohistochemical examination

Case CK7 CANH 9 Vim AMACR HMB45 CD10

1 - ++ ++ +++foc. - +++foc.
2 ++foc. ++ ++ ++foc. - +++foc.
3 - At -+ Attfoc. — At

4 +++foc.  + +++ - - +++

5 +++foc  +++foc.  +++  — - +++

6 - + + - - +++

7 - +++foc.  ++ - - -

8 - +++ +++  +++ - +++

9 +++foc.  ++ ++ +++foc. — -

10 - - +++ - - -

11 +++foc.  +-foc. ++ +++foc.  — ++foc.
12 + +++ + - - ++foc
13 +++foc.  + +++ = - +++foc.
14 +++foc. +++foc. + - = +++

15 = +++ +++ = = +++foc.

Tumors diagnosed as RCCSMS are in boldface. Abbreviations: Vim, vimentin; —, negative;
+, weakly positive; ++-, moderately positive; 4+, strongly positive; foc., focally.

4. Discussion

Leiomyomatous stroma can be encountered in several different
renal tumors. The most common renal tumor with leiomyomatous
component is angiomyolipoma. Angiomyolipoma is, in its typical
form, characterized by an intimate admixture of tortuous thick-walled
blood vessels devoid of elastic layer, mature adipose tissue, and
bundles of smooth muscle. It is known from sporadic cases and cases
associated with tuberous sclerosis complex [7].

Another tumor with leiomyomatous stroma is renal angiomyoa-
denomatous tumor (RAT)/clear cell papillary (tubopapillary) RCC
(CCPRCC). Renal angiomyoadenomatous tumor and CCPRCC are 2
relatively recently described low-grade neoplastic entities with
overlapping histologic features and so far considered as nonaggres-
sive indolent neoplasias. Recently, RAT and CCPRCC have been, by
some investigators, recognized as 2 separate entities; however, they
have been thought of as 2 ends of a spectrum of 1 nosological entity
by other authors [7]. Nevertheless, there are still no exact criteria for
distinguishing of these 2 morphologic entities, and we will herein
refer to them as RAT/CCPRCC.

Next group of renal tumors with leiomyomatous and/or fibroleio-
myomatous component is unusual type of RCC composed of clear
cells, which are intermingled with voluminous mostly leiomyomatous
stroma. These tumors have been descriptively referred to as “RCC with

Fig. 4. Focal but strong CK 7 positivity was noted in 3 of 5 cases of “RCCLS.”

”a

smooth muscle stroma,” “mixed renal tumor with carcinomatous and
fibroleiomyomatous components,” “RCC associated with prominent
angioleiomyoma-like proliferation,” or “CCRCC with smooth muscle
stroma” [1-5].

These tumors constitute a heterogeneous group. Some of these
cases obviously represented CCRCC, which produced smooth muscle
stroma, and another part are, according our opinion, distinct renal
neoplasms, which probably differ from CCRCC by their molecular genetic
features and perhaps prognosis.

It was shown recently that the presence of a prominent smooth
muscle stroma may be encountered not only in “RCC with smooth
muscle stroma,” CCRCC, and RAT/CCPRCC but also in papillary RCC,
Moreover, this stroma is not part of the monoclonal, neoplastic
proliferation but represents a reactive, polyclonal proliferation that is
possibly derived from the smooth muscle cells of large caliber veins
[8]. Another authors postulated that angioleiomyoma-like change is
an epiphenomenon caused by overproduction of growth factors
by epithelial neoplastic cells with inactivation of VHL gene [2,5].
Such a pathway could be an explanation for the production of the
leiomyomatous stroma in CCRCC. It seems that there could be
different pathways for stroma production in tumors such as papillary
RCC, RAT/CCPRCC, and RCCSMS.

From the group of 15 RCC with leiomyomatous stroma (RCCLS) in
our study, we were capable of identifying 5 tumors with normal status
of VHL gene including LOH 3p, most (3/5) of which expressed CK 7 and
which represented consequently, according to our opinion, real
RCCSMS. Our research, hence, indicates that the CK 7 expression
(diffuse or focal) is nonspecific even for RCCSMS. Besides RAT/CCPRCC,
the CK7 positivity can be found in up to 15% classic CCRCC[9]. Therefore,
it is apparent that only molecular genetic examination, particularly VHL
gene analysis and perhaps analysis of chromosomes 7 and 17, is crucial
for differentiation of RCCSMS from CCRCC.,

In our series of RCCLSs and VHL gene abnormalities, 1 case also
showed gain of chromosomes 7 and 17. Morphologically, this tumor
was CCRCC and, hence, not compatible with diagnosis of papillary
RCC. Thus, we considered this case as a CCRCC with aberrant status of
chromosomes 7 and 17.

It remains unclear whether RCCSMS and RAT/CCPRCC have in
common something more than similar morphology, immunohisto-
chemistry, and some of genetic features,

Renal angiomyoadenomatous tumor and CCPRCC share almost equal
morphology and immunophenotype. Both types are characterized
by the presence of fibroleiomyomatous stroma and CK 7 positivity;
they also bear similar molecular genetic attributes (lack of VHL gene
abnormalities) [10-13]. Presumably, the difference between them
inheres in stromal component, in the sense that RAT exhibits a
voluminous stromal component and CCPRCC, in contrast, usually
features a much less prominent smooth muscle stroma. Therefore, the
presence of the abundant fibroleiomyomatous stroma has been
becoming a mark of distinction between RAT and CCPRCC, and hence,
these 2 entities are regarded as related tumors and viewed as 2 ends of
spectrum of 1 nosologic entity [5].

It was pointed out by Martignoni et al [5] that RCCSMS is a
tumor distinct from CCRCC and that these tumors could be related to
RAT/CCPRCC. Our results indicate, at least on the morphologic and
immunohistochemical levels, that there are some differences between
RCCSMS and RAT/CCPRCC. Further studies with a larger cohort of
patients should be performed to confirm any possible link between
RCCSMS and CCPRCC/RAT.

The question remains whether these tumors have an aggressive
potential and whether the biological treatment (antiangiogenic
drugs) may be applicable for such types of renal tumor. Up to date,
no aggressive behavior and local recurrences of metastases have been
documented; nevertheless, both the number of the cases and the
available follow-up information are too meager to conclude explicit
prognostic outcomes,
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Table 7

Molecular genetic findings
Case Chr7 Chr 17 VHL methylVHL LOH 3p
1 norm norm - - -
2 norm norm - - -
3 norm norm - - +
4 norm norm - - +
5 norm norm - - -
6 norm norm — + +
7 NA NA NA NA NA
8 NA NA NA NA NA
9 norm norm + - -
10 NA NA NA NA NA
11 gain gain — + -
12 norm norm — + +
13 norm norm — + —
14 norm norm - - -
15 norm norm - - -

Tumors diagnosed as RCCSMS are in boldface. Abbreviations: Chr, chromosome; VHL, VHL
gene mutation; methyIVHL, methylation status of VHL gene; —, negative; +, positive; NA,
not analyzable; norm, normal status.

Being able to rigorously separate RCCSMS from clear cell
RCCLS, we would subsequently get group of nonaggressive, possibly
benign/indolent tumors. Such information would be beneficial both
for the patients and for our clinical colleagues.

5. Conclusions

Our study highlights the following conclusions:

1. Leiomyomatous stroma is not specific for RCCSMS and can be also
seen in otherwise typical CCRCC.

2. There are no morphological/immunohistochemical features unique
for RCCSMS, and merely molecular genetic analysis can reliably
separate RCCSMS from variants of CCRCC with reactive smooth
muscle stroma,

3. From our results, it seems that only tumors with the absence of
VHL gene mutation and/or hypermethylation and LOH 3p can be
diagnosed as RCCSMS.

4. Relation of RCCSMS to the RAT/CCPRCC is not clearly evident
from our study and has to be further analyzed on larger cohort of
the patients.
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AGRESIVNI A NEAGRESIVNI TRANSLOKACNI t(6;11) RENALNi KARCINOM:
SROVNAVACI STUDIE SESTI PRiIPADU A PREHLED LITERATURY

MiT rodina translokac¢nich RK, zarazena do WHO klasifikace nadord ledvin v roce
2004, obsahuje renélni karcinomy nesouci genove flze TFE3 nebo TFEB. Do této skupiny
patii Cast¢jSi Xpll.2 translokacni rendlni karcinom, charakterizovan chromozomalni
translokaci zptsobujici fuzi genu TFE3 Sriznymi fuznimi partnery. Druhym zakladnim
typem je translokaéni t(6;11) renalni karcinom nesouci MALAT1-TFEB genovou fazi, ktera je
zpuisobena onkogenni aktivaci genu TFEB. Oba typy MiT translokacnich rendlnich karcinomi
se vyskytuji pfevazné u mladych jedincu [4].
t(6;11) transloka¢ni renalni karcinom poprvé popsal v roce 2001 Argani et al [9]. Jedna se o
velmi vzacny tumor, ve svétové literatuie s doposud publikovanymi ptiblizn€ 50 ptipady.
Histologicky jsou tyto tumory charakteristické bifazickou morfologii: velké epiteloidni
buiiky, tvofici vétSinu tumoru, jsou promichany s malymi epiteloidnimi buitkami
obklopujicimi material bazalni membrany a tvoficimi tak pseudorozety. Narozdil od Xp11.2
translokacnich RK, jejichZ prognodza se piilis nelisi od konvenéniho SRK, byly t(6;11) renalni
karcinomy do nedavné doby povazovany za indolentni tumory. Byly vSak jiz popsany
agresivné se chovajici ptipady s metastdzami a diky vzacnosti tohoto tumoru je ziejmé, ze
Klinicko-patologické spektrum této jednotky bude Sirs$i, nez se myslelo, a Ze stoji za to ho
prozkoumat.
V této studii jsme porovnali 5 neagresivnich tumori (NAT) s jednim agresivnim tumorem
(AT). Ke komparaci jsme vyuzili klinicko-patologické (daje, morfologické znaky,
imunohistochemii (IHC) a molekularni genetiku. Dale jsme prostudovali vSechny 4 doposud
publikované agresivni ptipady t(6;11) rendlnich karcinoml a porovnali je s jednim naSim
pfipadem a mezi sebou.
Zavérem studie Ize konstatovat, ze:

e AT se v porovnani s NAT vyskytuji u star$i populace.

e Tii z péti pripadii nevykazovaly morfologii typickou pro NAT: ve dvou ptipadech
nebyly pfitomny pseudorozety a jeden byl morfologicky blize svétlobunéénému
renalnimu karcinomu.

e Makroskopicky viditelné nekrozy byly detekovany pouze u agresivnich piipadi a
mohou tak slouZit jako potencionalni neptiznivy prognosticky faktor.

e Molekularné geneticky vykazovaly NAT translokaci TFEB genu, pficemZ u AT byla
kromé této detekovana i amplifikace genu TFEB.

V nedavno publikované préaci dal Argani et al. do souvislosti amplifikaci genu TFEB a
agresivni klinické chovani. Do studie bylo zahrnuto 8 pfipadi high grade t(6;11)
transloka¢niho rendlniho karcinomu, z nichz vSechny vykazovaly amplifikaci genu TFEB a
neptiznivé biologické chovani [10].
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ARTICLE INFO ABSTRACT

t(6;11) renal cell carcinoma (RCC) has been recognized as a rare and mostly nonaggressive tumar (NAT). The criteria
for distinguishing aggressive tumors (AT) from NATs are not well established. A total of 6 cases were selected for the
study. Five cases of t(6;11) RCCs behaved nonaggressively, and 1 was carcinoma with aggressive behavior. The tu-
mors were analyzed morphologically using immunohistochemistry and by molecular-genetic methods. The speci-
men of aggressive t(6;11) RCC was from a 77-year-old woman who died of the disease 2.5 months after
diagnosis. The specimens of nonaggressive t(6;11) RCCs were from 3 women and 2 men whose ages range between
15 and 54 years. Follow-up was available in all cases (2.5 months-8 years). The tumor size ranged from 3 to 14 cmin
nonaggressive t(6;11) RCC. In the aggressive carcinoma, the tumor size was 12 cm. All tumors (6/6) were well
circumscribed. Aggressive t(6;11) RCC was widely necrotic. Six (100%) of 6 all tumors displayed a solid/alveolar ar-
chitecture with occasional tubules and pseudorosettes. Pseudopapillary formations lined by bizarre polymorphic
cells were found focally in the aggressive t(6;11) RCC case. Mitoses, though rare, were found as well. All cases (AT
and NAT) were positive for HMB-45, Melan-A, Cathepsin K, and cytokeratins. CD117 positivity was seen in 4 of 5
NATSs, as well as in the primary and metastatic lesions of the AT. mTOR was positive in 2 of 5 NATs and vimentin
in 4 of 5 NATs. Vimentin was negative in the primary lesion of the AT, as well as in the metastasis found in the ad-
renal gland. Translocation t(6;11)(Alpha-TFEB) or TFEB break was detected in4 of 5 NATs and in the AT case. Aggres-
sive tumor showed amplification of TFEB locus. Losses of part of chromosome 1 and chromosome 22 were found in 1
of 5 NATs and in the AT. Conclusions: (1) Aggressive t(6;11) RCCs generally occur in the older population in com-
parison with their indolent counterparts. (2) In regard to the histologic findings in ATs, 3 of 5 so far published
cases were morphologically not typical for t(6;11) RCC. Of the 3 cases, 2 cases lacked a small cell component and
1 closely mimicked clear cell-type RCC. (3) Necroses were only present in aggressive t(6;11) RCC. (4) Amplification
of TFEB locus was also found only in the aggressive t(6;11) RCC.

Keywords:

Kidney

Translocation renal cell carcinoma
t(6;11)

Aggressive

Nonaggressive
Immunochistochemistry
Molecular biology

© 2014 Elsevier Inc. All rights reserved,

1. Introduction Pathology 2012 conference and has subsequently been considered as
a part of MiT family translocation carcinomas [1]. Regrouping TFEB
and TFE3 translocation carcinomas together under the category of
“MITF/TFE family translocation carcinomas” was first suggested by
Argani and Ladanyi [2-4], because the reason for regrouping of

t(6;11) RCC and Xp11 TRCCs was similar morphologic, immunohisto-

t(6;11) translocation renal cell carcinoma (t(6;11) (TRCC) has been
recognized as a new entity by the International Society of Urological

* Corresponding author. Department of Pathology, Faculty of Medicine, Charles

University Hospital Plzefi, Charles University, Alej Svobody 80, 304 60 Pilsen, Czech
Republic. Tel.: +420 377104643; fax: +420 377104650.
E-mail address: hes@medima.cz (O. Hes).

http://dx.doi.org/10.1016/j.anndiagpath.2014.10.002
1092-9134/© 2014 Elsevier Inc. All rights reserved.

chemical, and molecular-genetic features. Translocation involving
TFEB and TFE3 induces the overexpression of these proteins and can
be specifically identified by immunohistochemistry, where nuclear
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labeling for TFEB is specific to t(6;11) RCC and nuclear positivity of TFE3
is specific to Xp11.2 translocations. However, recent articles have
shown the limited reliability of immunohistochemical evaluation of
TFE3 protein [5].

Together with the TFEB and TFE3, MiT family also involves MITF and
TFEC, all of which have overlapping transcriptional activities [6]. The
variations of the clinicopathologic spectrum of these tumors have yet to
be determined. Contrary to the Xp11.2 TRCCs, where aggressive clinical
behavior has frequently been documented, the t(6;11) TRCC presented
mostly with a nonaggressive clinical course, thus having come to be
considered as indolent, usually low-stage and low-grade tumors [7-9].

Up to date, 49 cases of t(6;11) TRCC have been reported, most without
signs of aggressive behavior. [5,10,11]. Only 4 cases with aggressive
behavior have been reported thus far (8%) [11-14].

In our study, we have compared 5 nonaggressive tumors (NAT) with
1 previously unreported aggressive metastazing tumor (AT), using the
morphology, immunohistochemistry, and molecular-genetic examina-
tions. Extensive research of the literature written in English has been
undertaken to elucidate all known facts about aggressive t(6;11) TRCC
that have been described so far.

2. Materials and methods

Out of 17 700 renal tumors and tumor-like lesions in the institutional
and consultation files of Sikl's Department of Pathology, Charles Univer-
sity, Plzen, Czech Republic, 6 cases of t(6;11) RCC were identified. Four
cases have been reported [15,16], and 2 new unpublished cases (includ-
ing 1 aggressive metastazing case) have been added. The tissues were
fixed in neutral formalin and embedded in paraffin and were cut into 4
to 5 um thin sections and stained with hematoxylin and eosin.

2.1. Immunohistochemistry

The immunohistochemical study was performed using a Ventana
Benchmark XT automated stainer (Ventana Medical System, Inc, Tucson,
Arizona) on formalin-fixed, paraffin-embedded tissue. The following
primary antibodies were used: cytokeratins (CAM 5,2, monoclonal,
1:200; Becton-Dickinson, San Jose, California), AE1-AE3 (monoclonal,
1:1000; BioGenex, San Ramon, California), CD10 (56C6, 1:20; Novocastra,
Burlingame, California), c-kit (CD 117, polyclonal, RTU; DakoCytomation,
Glostrup, Denmark), racemase/AMACR (P504S, monoclonal, 1:50; Zeta,
Sierra Madre, California), vimentin (D9, monoclonal, 1:1000;
NeoMarkers, Westinghouse, California), anti-melanosome (HMB45,
monoclonal, 1:200; DakoCytomation), PAX8 (polyclonal, 1:25; Cell
Marque, Rocklin, California), cathepsin K (3F9, monoclonal, 1:100;
Abcam, Cambridge, UK), $100 (polyclonal, 1:400; DakoCytomation),
Melan-A (A103,monoclonal, RTU; DakoCytomation), TFE3 (monoclonal,
MRQ-37, RTU; Cell Marque), tyrosinase (polyclonal, 1:100; NeoMarkers,
Westinghouse, Fremont California), mTor (monoclonal, Ser 2448, 49F9,
1:50; Cell Signaling, Danvers, Massachusetts). The primary antibodies
were visualized using the supersensitive streptavidin-biotin-peroxidase
complex (BioGenex). Appropriate positive controls were used.

2.2. Molecular-genetic study

Detection of Alpha-TFEB genomic junction, Alpha-TFEB fusion
transcript, and chromosomal numerical changes was performed by
polymerase chain reaction (PCR; case 2), reverse transcriptase PCR
(cases 2 and 6), and array comparative genomic hybridization (aCGH)
(case 2), respectively. All these methods were described in Petersson
et al [15]. Fluorescence in situ hybridization (FISH) analysis was per-
formed in cases 1, 3, 4, 5, and 6 using break apart probe TFEB ba
(6p21) consisting of BAC probes RP11-328M4 a RP11-533020
(BlueGnome, Cambridge, UK). In cases 5 and 6, FISH analysis of chro-
mosomal loci 1p36 and 22q was performed using probes 1p36/1q25
and LSI 22BCR (VYSIS/Abbott Molecular, Des Plaines, Illinois). The

tumor areas of the specimens were examined with an Olympus
BX51 fluorescence microscope using a x100 objective and filter sets Tri-
ple Band Pass (DAPI/Spectrum Green/Spectrum Orange) and Single
Band Pass (Spectrum Green, Orange, and Aqua). Scoring was performed
by counting the number of fluorescent signals in 100 randomly selected,
nonoverlapping tumor cell nuclei. The slide was independently enu-
merated by 2 observers (P.M. and T.V.). Cutoff values for monosomy
were set at 35% and 37% for 1p36 and 22q probes, respectively, and
for polysomy at 10% for both probes. Cutoff for TFEB ba probe was set
at 10%.

3. Results
3.1. Clinical features

The basic clinicopathologic data are summarized in Table 1. Cases 1
to 4 have been already reported [15,16]. In brief, the patients were
4 women and 2 men (all Caucasian) with age ranging from 15 to 77
years (mean, 35.3 years; median, 23 years). Follow-up was available
for all patients (ranging from 2.5 months to 8 years; mean, 3.37; medi-
an, 3 years). Clinical data from the 2 new patients were as follows:

Case 5: a 15-year-old boy was referred to the hospital because of a
palpable painless swelling of the abdomen. No hematuria was detected.
Radical nephrectomy was performed; no adjuvant oncologic treatment
was administered.

Case 6: tumor was found in a 77-year-old women. The patient
complained of increasing back pain and renal colic. Computed tomo-
graphic (CT) scan revealed a tumor of the left kidney measuring 16.5 x
12.3 % 16.7 cm. The patient died of disease 2.5 months after diagno-
sis with metastases to ipsilateral adrenal gland (histologically con-
firmed) and lung (determined using CT and positron emission
tomography/CT scanning).

3.2. Pathological findings

3.2.1. Gross pathology

Nonaggressive tumors were well circumscribed, largely encapsulated,
and displayed gray to tan cut surface with focal hemorrhage. Focal cystic
change was present in 1 case. There were no grossly visible foci of necro-
sis. Tumor size ranged from 3 to 14 cm (median, 5 cm). In all cases, the
tumors were confined to the kidney. Hence, there was no infiltration of
the perirenal or sinusoidal fat, neither was there renal vein invasion.

Aggressive tumor was partially encapsulated, well circumscribed
with voluminous, mostly centrally located hemorrhagic necrosis. Cut
surface was brown. Tumor measured 12 x 11.5 x 9 cm (Fig. 1).

3.2.2. Morphology

3.2.2.1. Cases 1 to 5 (NATs). On low power, all tumors displayed a solid or
solid/alveolar architecture. The tumors were mostly surrounded by a
fibrous pseudocapsule. Although only focally, groups of entrapped

Table 1
Main clinicopathologic data
Case Age (y) Sex Size(cm) Clinical manifestation  Follow-up
1 22 M 3 Incidental finding 8 y AW, then LE
2 24 F 14 Palpable mass 3y AW, then LE
3 20 F 95 Incidental finding 5y AW, than LE
4 54 F 7 Increasing pain right hip AW 3y after dg, then LE
(nephrectomy)
5 15 M 10 Palpable mass AW 1y
6 77 F 12 Increased back pain, DOD 2.5 mo after dg
renal colic

Abbreviations: M, male; F, female; AW, alive and well; LE, lost of evidence; DOD, dead of
disease; dg, diagnosis.
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Table 2

Results of immunohistochemical examinations: nonaggressive cases
Case HMB45 Melan-A TFE3 cD10 CD117 Tyros mTor CAM 5.2 AE1/AE3 Cath Vim PAX8 MIB1
1 +++ ++ - + ++ + - Foc++  — +++  + - 1-2/hpf
2 +++ ++ - Foc + ++ Foc + Foc+ ++ ++ +++ + Foc weak+ 1-2/hpf
3 +++ - - Foc + - + - Foc+ Foc+ - +++ + ++ 0-1/hpf
4 ++ focal ++ — 0 Foc ++ Not done — — — +++ Not done Foc + 0-1/hpf
5 +++ +++ - Foc ++ Foc ++ Foc+ — Foc ++ Foc ++ +++ + Foc ++ 5-8/hpf

Abbreviations: Cath, Cathepsin-K; MIB1, antibody against Ki-67 antigen; Tyros, tyrosinase; vim, vimentin; hpf, high-power field; foc, focal.

“4" = weak positivity; “+-+" = moderate positivity; “+++4" = strong positivity; “—" = negative.

tubules at the edge of the tumor were found. Degenerative changes were
noted in 2 of the 4 cases. Microscopic foci of necrosis and fibrosis were
seen in cases 1 and 2. All tumors contained areas with discohesive neo-
plastic cells. Some of these areas displayed tubulary architecture, where-
as other areas showed a more solid architecture. The pseudorosettes
were present in all tumors (Fig. 2). These pseudorosettes were formed
by smaller lymphocyte-like cells, grouped around collagenous spheres,
formed by basement membrane material. The small lymphocyte-like
cells had scanty cytoplasm and round nuclei (Fuhrman grade 1). The
pseudorosettes frequently contained areas with signet ring-like change
or conspicuous clear cell change. In some tumors (cases 1, 3, and 4),
the pseudorosettes were already apparent at low magnification. In case
2, the pseudorosettes were less apparent and discernible only at higher
magnification and after serial sectioning, In the same case, there were
long branching narrow tubules that were already very conspicuous at
low-power magnification. These tubules were rimmed by one row of
neoplastic cells with granular cytoplasm, having the nuclei aligned on
the basement membrane, thus giving these structures a resemblance to
glandular epithelium. Infrequently, areas with solid growth and moder-
ate atypia (corresponding to Fuhrman nucleolar grade 2 or rarely
3) were observed (Fig. 3). Most of the neoplastic cells had abundant eo-
sinophilic, slightly granular, and sometimes “feathery” cytoplasm. Popu-
lations of larger cells with voluminous clear to slightly eosinophilic
cytoplasm were present in all tumors. In 2 cases (cases 1 and 2), we
found areas with hyalinization formed by basal membrane material. Mi-
totic figures were exceptionally rare in 1 case (case 2), and atypical mito-
ses were absent. In addition to the above-described morphologic
characteristics, small foci with morphologic features strongly resembling
another translocation associated renal tumor, the ASPL-TFE3 renal carci-
noma (Xp11.2 group), were detected in 1 case (case 2). In this area, al-
veolar and tubulopapillary structures were lined by large cells having
voluminous clear to slightly eosinophilic cytoplasm. The nuclei in
these areas were Fuhrman nucleolar grade 3.

3.2.2.2. Case 6 (AT). Tumor was mostly solid to solid-alveolar, composed
of larger eosinophilic cells with the occasional presence of lymphocytes
in the interstitium (Fig. 4). There were voluminous necrotic and hemor-
rhagic areas. Occasionally, large tubules and pseudotubules were
scattered through tumorous mass. Cells were mostly voluminous,
weakly eosinophilic with “cloudy” appearance. Nuclei were of grade 2
and 3 according to Fuhrman nucleolar grade. Pseudorosettes were locat-
ed mostly within large pseudotubules, Only few mitotic figures were
noted, no atypical mitoses were encountered. Foci of pseudopapillary
to papillary formations were rarely noted. Papillae were lined by large,
bizarre polymorphic cells with Fuhrman nucleolar grade 3 and 4 (Fig. 5).

3.2.3. Immunohistochemistry

3.2.3.1. NATs (cases 1-5). The immunohistochemical findings of NATs
are summarized in Table 2. All of them were diffusely positive for
Cathepsin K, HMB-45 (Fig. 6A), and Melan-A. Vimentin was positive
in all cases, although positivity was weak. Expression of cytokeratins
CAM 5.2 and AE1-AE3 was variable (Fig. 6B). CD10 and tyrosinase
were weakly and focally positive in 4 of 5. Two of 5 cases were weakly
and focally immunoreactive for mTOR. Four of 5 NATs were positive
strongly but focally for CD117. PAX8 immunoreactive pattern was var-
iable with negative (1/5) to moderate positive staining (1/5). Mostly tu-
mors were focally positive (3/5). There was no diffuse expression of
TFE3 in any of the tumors.

3.2.3.2. AT (case 6). The complete results of immunohistochemical
examinations of primary aggressive t(6;11) RCC and metastatic lesion
are summarized in Table 3. Both showed a strong, diffuse immunoreac-
tivity for HMB-45, Melan-A, and Cathepsin-K. CAM 5.2 and CD10 were
moderately positive. CD117 was positive in both primary and metastatic
lesions. PAX8 was focally positive in primary and metastatic tumor. The
neoplastic cells did not express TFE3, tyrosinase, mTOR, AE1/AE3, and
vimentin in both primary and metastatic tumor.

3.3. Molecular-genetic findings

Results of molecular-genetic findings are summarized in Table 4.
TFEB gene rearrangement or Alpha-TFEB translocation was found in 5
of 6 cases. One was unanalyzable. In AT, TFEB gene break was accompa-
nied by its amplification. In 2 of 3 analyzed cases, including AT, loss of
1p36 and 22q was also detected.

4, Discussion

t(6;11) TRCCis recognized mostly as a low-grade NAT. This is in con-
trast to Xp11.2 TRCC. Most of Xp11.2 TRCCs are considered to be highly
aggressive, high-stage, and high-grade tumors [1,16].

There are no well-established prognostic criteria predicting biological
behavior that are applicable for t(6;11) TRCC.

t(6;11) TRCC is usually described as neoplasm with a distinctive
biphasic pattern, comprising larger and smaller epithelioid cells, with
the latter often clustered around basement membrane material; how-
ever, the full spectrum of the morphologic appearances of the t(6;11)
TRCC is probably more variable [17-19]. The t(6;11) TRCCs express
Cathepsin K, HMB-45, Melan-A, and usually PAX8. Nuclear labeling for
TFEB protein by IHC is supposed to be a sensitive and specific assay for

Table 3
Results of immunohistochemical examinations—aggressive case
HMB45 Melan-A TFE3 D 10 D117 Tyros mTor CAM 5.2 AE1/AE3 Cath Vim PAX8 MIB1
Prim +++ +++ 0 ++ Foc ++ 0 0 ++ 0 +++ - Foc + 0-5/hpf
Meta +++ +++ 0 Foc ++ Foc ++ 0 0 ++ 0 +++ - Foc + 8-12/hpf

Abbreviations: Cath, Cathepsin-K; MIB1, antibody against Ki-67 antigen; Tyros, tyrosinase; Vim, vimentin; hpf, high-power field; Prim, primary tumor; Meta, metastasis to suprarenal

gland; foc, focal.

“+" = weak positivity; “++" = moderate positivity; “+-++" = strong positivity; “—" = negative.
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Table 4
Molecular-genetic analysis

Case  Numerical changes Translocation

aCGH or FISH (1p36 and FISH TFEB RT-PCR PCR
22q probes) ba probe Alpha-TFEB  Alpha-TFEB
1 NP NA NP NP
2? Loss 1p35.1 to NP Positive Positive
P36.21 (aCGH)
Loss 22q (aCGH)
3 NP Positive NP NP
4 NP Positive NP NP
5 Negative (FISH) Positive NP NP
6 Loss 1p36 (FISH) Positive Positive NP
Loss 22q (FISH) (amplification)

Abbreviations: RT, reverse transcriptase; NP, not performed; NA, not analyzable.
2 Translocation t(X;17) (ASPL-TFE3) was analyzed in case 2 with negative result.

these neoplasms; however, there are many false-positive/negative
staining as a result of fixation, autolysis, and other steps related to the
tissue processing [5,20]. Furthermore, CD117 was found to be another
potential distinguishing marker between the t(6;11) TRCC and Xp11.2
TRCC. CD117 is usually positive in t(6;11) TRCC, but not positive in
most of Xp11.2 TRCCs [11]. In our series, one of the NATs was negative
for CD117. Generally, positivity for CD117 was moderate, but mostly
focal. In the AT, focal membranous positivity for CD117 was noted
both in the primary tumor and in metastasis. Immunoreactivity with
PAX8 was highly variable (negative to moderately positive) in our cases.

Fluorescence in situ hybridization assay for TFEB gene break or
PCR-based analysis for the presence of Alpha-TFEB fusion is currently
available even for paraffin-embedded material, which seems a more
robust technique than immunohistochemical examination [1,21].

t(6;11) TRCC has long been considered as NAT. Even so, the possible
late recurrence, similar to the behavior reported of Xp11.2 TRCC, and
metastatic potential have been observed. Up to date, 4 aggressive
cases of t(6;11) TRCC have been reported. The overview of 4 aggressive
t(6;11) TRCC described in the literature and summary of our new case is
outlined in Table 5[11,14].

The first case was described by Martignoni et al [12] in 2005. The
tumor was found in 42-year-old woman who presented with
paratracheal and pleural metastases 3 years after the surgery. However,
later the question was raised, whether this tumor was indeed t(6;11)
TRCC, Xp11.2 TRCC, or an unusual variant of TRCC with overlapping
features between Xp11.2 and t(6;11) TRCC (Dr. Guido Martignoni and
Dr. Matteo Brunelli's personal communication).

The second aggressive case of t(6;11) TRCC was reported by
Camparo et al [13] in 2008. The size of the tumor was 20 cm, and it

Fig. 1. Huge area of mostly centrally located necrosis was present on gross section of
aggressive case.

Fig. 2. In typical cases of nonaggressive cases, the pseudorosettes were formed by smaller
lymphocyte-like cells grouped around collagenous spherules.

presented as an abdominal mass in a 36-year-old man who died after
3 months after the diagnosis with widespread metastatic disease.
Third malignant t(6;11) TRCC was described by Inamura et al [14] in
2012. A 37-year-old man had undergone a total nephrectomy in 1989.
Eight years later, he presented with lung and mediastinal lymph node
metastases. The renal tumor was originally diagnosed as clear cell-
type RCC. Subsequently, he underwent a lymph node dissection and

Fig. 3. Areas with solid growth and moderate atypia were observed both in nonaggressive
cases (A) and in aggressive cases (B).
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Fig. 4. Pseudorosettes in aggressive case were less conspicuous comparing with typical
nonaggressive cases.

partial resection of the lung for the metastatic tumor measuring 4.5 cm.
Karyotyping of the tumor revealed a t(6;11) (p21.1;q12 ~ 13) chromo-
somal rearrangement, a characteristic of the t(6;11) TRCC. Thirty months
after second surgery, the patient died of multiple metastases to the lung
and bone.

The fourth case was described by Smith et al [11] in January 2014.
The tumor was found in a 34-year-old man. The patient developed rib
metastasis 8 years after resection of the primary tumor.

The fifth case (currently described case) differs clinically from
previously reported ATs mainly by age of the patient. The size of the
tumor was relatively large; however, substantially larger NATs have
been reported. Our patient died of disease 2.5 months after surgery.

Summarizing all available clinical data dealing with aggressive
t(6;11) RCC cases, a few mutual characteristics have been observed.
As regards clinicopathologic features, the aggressive t(6;11) TRCC
appears to affect older population (mean, 45.2 years; median, 37 years)
than nonaggressive cases (mean, 31.5 years; median, 30.5 years).
Previously described ATs metastasized into the pleura (case 1), lung
(cases 3 and 5), mediastinal lymph nodes (cases 1 and 3), bones (cases
3 and 4), and adrenal gland (case 5) (Fig. 7). The same 8-year interval be-
tween resection of the primary tumor and metastasis was observed in
cases 3 and 4 (Table 5).

Size of the ATs was bigger (mean, 11.67 cm; median, 20 cm) than
that of the NATs (mean, 7.43 cm; median, 4.75 cm).

Microscopic foci of necrosis were described in 1 nonaggressive case
only [13]; however, it is not possible to get more information about

Fig. 6. All cases were positive for HMB45 (A) and cytokeratins (CAM 5.2 shown in case 2) (B).

presence/absence of necrotic foci from the previous literature. Grossly
visible necrotic areas were present in 2 of 5 malignant tumors only.

Probably, the presence of grossly visible necrosis could be a possible
adverse prognostic factor in t(6;11) TRCC. Mitotic figures were observed
in2 of 49 NATs and in 1 AT. However, presence/absence of mitotic activity
has been seldom mentioned in the literature.

Fig. 5. In aggressive case, it was possible to find foci with papillary/pseudopapillary structures
composed of bizarre atypical cells.

Fig. 7. Metastasis of t(6;11) RCC to the ipsilateral adrenal gland.
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Table 5
Overview of the aggressive cases in the literature and current case
Case Age (y) Size (cm) Necrosis Vimentin ~ Mitoses Atypical mitoses TFEB rearrangement Meta
Case 1: Martignoni et al 42 NA None + None None NP Paratracheal lymph nodes, pleura
Martignoni et al [12]
Case 2: Camparo et al [13] 36 20 + + Not known Not known NA Not known (deceased)
(5%)
Case 3: Inamura et al [14] 37 NA Not known + Not known Not known + Lung, mediastinal lymph node, bone
Case 4: Smith et al [11] 34 3 Not known Not known Notknown Notknown + Rib
Case 5: currently described new case 77 12 + - + None + Adrenal gland and lung
(40%)

Abbreviations: NP, not performed; NA, nonavailable; Meta, metastasis; y, years.
“+" = positive; “—" = negative.

Histologically, 2 ATs (cases 2 and 4; Table 5) lacked a small cell
component. One AT (case 3; Table 5) showed features of unusual
morphology for t(6;11) TRCC and was initially diagnosed as clear cell-
type RCC. Morphology in the current aggressive case (case 5; Table 5)
was compatible with the usual features of t(6;11) TRCC; however,
some minor variations were noted (for further details, see the Results
section). Papillary and pseudopapillary formations lined by high-grade
cells were not described in any of NATs according to the literature.
However, similar focal architecture has been described in 1 NAT but
with low-grade neoplastic cells.

Aggressive tumor (case 5; Table 5) showed amplification of TFEB
locus. No information about copy number changes of TFEB loci is
mentioned in previous articles dealing AT; however, as this phenome-
non was found in our set only in AT, it could be a genetic hallmark of
aggressive t(6;11) RCC. Analysis of other ATs is, however, necessary to
confirm this hypothesis.

Translocation t(6;11) (Alpha-TFEB) or TFEB break was detected in
4 NATs and 1 AT.

Losses of part of chromosomes 1 and 22 were found in our AT.
However, identical findings were shown in nonaggressive case (case 2
in the original series) published previously [15]. Thus, chromosomal
aberration pattern does not seem to predict/rule out potential
aggressive behavior.

Regarding the histopathologic differential diagnosis, the morphology
and immunohistochemical pattern of t(6;11) TRCC could mimic Xp11.2
TRCC. The most distinctive histologic pattern of the Xp11 TRCC is
presence of both clear/eosinophilic cells, mostly papillary architec-
ture and, in some cases, abundant psammoma bodies. However,
Xp11.2 TRCCs can also produce pattern or unusual morphology
mimicking other types of RCCs [22]. The biphasic morphologic variant
with population of larger polygonal cells mixed with smaller cells clus-
tering around hyaline material has been already described in Xp11.2
TRRCC. Such cases can simulate t(6;11) TRCC. On the other hand, the t
(6;11) TRCC can mimic Xp11.2 TRCC as well [22]. The Xp11 TRCC is dis-
tinguished by chromosomal translocations with breakpoints involving
the TFE3, which maps to the Xp11.2 locus. Differential diagnosis be-
tween both basic types of translocation carcinomas is complicated in
difficult cases. Analysis of the morphology, together with immunohisto-
chemical examination (TFE3, TFEB—if available, CD117, HMB-45, and
Melan-A), should be supported by the molecular-genetic analysis.

Another tumor, which should be ruled out during the differential
diagnostic process, is angiomyolipoma (AML), especially its epithelioid/
oncocytic variety. Both t(6;11) TRCC and AML are positive for HMB-45
and Melan-A. It is important to note that some AMLs, as well as t(6;11)
TRCC, may show only scattered HMB-45-positive cells. Angiomyolipoma
is frequently composed, at least in part, of voluminous cells with slightly
eosinophilic cloudy cytoplasm resembling in some aspects the neoplastic
cells in t(6;11) TRCC. Angiomyolipoma frequently contains lipocytes,
which are usually absent in t(6;11)-associated RCCs. Voluminous promi-
nent vascular structures characteristic for AML could be present/absent in
t(6;11) TRCC. Thus, it is not possible to use this morphologic feature for
differential diagnosis. Moreover, the epithelioid variant of AML lacks

usually lipocytic component (or it is inconspicuous), and vascular compo-
nent could be less prominent [23]. The so-called oncocytic variant of AML
is composed of large cells with voluminous eosinophilic cytoplasm
arranged in solid arrangements [1,24]. Again, in unusual challenging
cases, a good sampling is necessary and, in more difficult cases, analysis
of translocation and/or TFEB protein performed by molecular-genetic
techniques would be helpful.

5. Conclusions

We have compared all, to date reported, malignant cases of t(6;11)
translocation carcinomas with one another and have tried to find
some mutual features.

1. Aggressive t(6;11) RCCs generally occur in older population in
comparison with their indolent counterparts.

2. Inregard to the histologic findings in ATs, 3 of 5 cases were morpho-
logically slightly different from nonaggressive t(6;11) RCC. Of the
3 cases, 2 cases lacked a small cell component and 1 closely
mimicked clear cell-type RCC.

3. Grossly visible necroses were present in aggressive t(6;11) RCC only
and could be potentially taken as a adverse prognostic factor.

4. Amplification of TFEB locus was also found only in aggressive
t(6;11) RCC.

Further genetic and clinicopathologic investigations with additional
new cases can further highlight this rare and peculiar variant of RCC.
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MUCINOZNi TUBULARNI A VRETENOBUNECNY RENALNi KARCINOM:
ANALYZA CHROMOZOMALNICH ABERACI U LOW-GRADE, HIGH-GRADE A
MORFOLOGICKE VARIANTY PODOBNE PAPILARNIMU RENALNIMU
KARCINOMU

Mucino6zni tubuldrni a vietenobunécny rendlni karcinom (MTVRK) je histologicky
charakterizovan proliferaci tubuldrn¢ uspofddanych kuboidalnich bunék, které jsou
promichany s low grade vietenitymi buitkami a myxoidnim stromatem [6]. Morfologie téchto
tumorti se Casto prekryva s papilarnim renalnim karcinomem (PRK), vzacnéji se vyskytuji i
ptipady s high-grade histopatologickymi znaky [11]. MTVRK patii mezi vzacné tumory
s incidenci mensi nez 1% ze vSech renéalnich neoplazii.

V ptilozené publikaci jsme se zaméfili na analyzu spektra chromozomalnich aberaci
vyskytujicich se u riznych morfologickych variant této cytogeneticky malo prozkoumané
jednotky. Do studie bylo zahrnuto 16 ptipadi MTVRK, které byly dle morfologie rozd€leny
na 3 skupiny: klasické, low-grade MTVRK (5 pfipadt), high-grade MTVRK (5 piipadi) a
tumory napodobujici PRK (6 pfipadi). Cilem studie bylo zmapovat spektrum
chromozomalnich aberaci na velkém souboru pfipadii a porovnat genetické odchylky
s morfologickymi variantami MTVRK. Skupina klasickych MTVRK vykazovala ztraty
chromozom 1,4,8,9,14,15 a 22 a z4dn¢é nadpocetné chromozomy, skupina high-grade tumorii
méla ztraty chromozomu 1,4,6,8,9,13,14,15 a 22 a rovnéz zadné nadpocetné chromozomy a
tumory napodobujici PRK se prezentovaly ztritami chromozomi 1,4,6,8,9,10,14,15 a 22.
Z této skupiny meély 2 piipady nadpocetné chromozomy véetné 7,17, tyto byly nasledné
preklasifikovany na PRCC.

Na zéklad¢ této prace lze fici, Z2 MTVRK ma relativné uniformni chromozomalni
numerické aberace. U piipadli s atypickou morfologii, pievazné se jedna o tumory
napodobujici PRK, je nezbytné provest chromozomalni analyzu a v ptipadé detekce
nadpocetnych chromozoml 7 a 17 by tyto tumory mély byt pteklasifikovany na papilarni
renalni karcinom.
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ARTICLE INFO ABSTRACT

Keywords: The chromosomal numerical aberration pattern in mucinous tubular and spindle renal cell carcinoma (MTSRCC)
Kidney is referred to as variable with frequent gains and losses. The objectives of this study are to map the spectrum of
Mucinous spindle and tubular cell cardnoma chromosomal aberrations (extent and location) in a large cohort of the cases and relate these findings to the mor-
Chromosomal aberration phologic variants of MTSRCC. Fifty-four MTSRCCs with uniform morphologic pattern were selected (of 133
aCGH

MTSRCCs available in our registry) and divided into 3 groups: classic low-grade MTSRCC (Fuhrman nucleolar In-
ternational Society of Urological Pathology grade 2), high-grade MTSRCC (grade 3), and overlapping MTSRCC
with papillary renal cell carcinoma (RCC) morphology. Array comparative genomic hybridization analysis was
applied to 16 cases in which DNA was well preserved. Four analyzable classic low-grade MTSRCCs showed mul-
tiple losses affecting chromosomes 1, 4, 8,9, 14, 15, and 22. No chromosomal gains were found. Four analyzable
cases of MTSRCC showing overlapping morphology with PRCC displayed a more variable pattern including nor-
mal chromosomal status; losses of chromosomes 1, 6,8, 9, 14, 15, and 22; and gains of 3, 7, 16, and 17. The group
of 4 high-grade MTSRCCs exhibited a more uniform chromosomal aberration pattern with losses of chromo-
somes 1, 4, 6, 8,9, 13, 14, 15, and 22 and without any gains detected. (1) MTSRCC, both low-grade and high-
grade, shows chromosomal losses (including 1,4, 6, 8,9, 13, 14, 15, and 22) in all analyzable cases; this seems
to be the most frequent chromosomal numerical aberration in this type of RCC. (2) Cases with overlapping mor-
phologic features (MTSRCC and PRCC) showed a more variable pattern with multiple losses and gains, including
gains of chromosomes 7 and 17 (2 cases). This result is in line with previously published morphologic and immu-
nohistochemical studies that describe the broad morphologic spectrum of MTSRCC, with changes resembling
papillary RCC. (3) The diagnosis of MTSRCC in tumors with overlapping morphology (MTSRCC and PRCC) show-
ing gains of both chromosomes 7 and 17 remains questionable. Based on our findings, we recommend that such
tumors should not be classified as MTSRCC but rather as PRCC.
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typically within a myxoid background [1]. Some cases seem to show
certain morphologic similarities to papillary RCC (PRCC) [2-4]. The
chromosomal numerical aberration pattern in MTSRCC is usually re-
ferred to as variable with frequent gains and losses. However, few stud-
ies have been published, thus far, making it difficult to establish a
precise description of the genetic profile [2, 5-10]. The objectives of
this study were to map the spectrum of chromosomal aberrations (ex-
tent and location) in a large cohort of cases and to relate these findings
to the morphologic variants of MTSRCC; special emphasis was placed on
the differential diagnosis between PRCC and MTSRCC.

2. Materials and methods

Fifty-four cases of MTSRCC with uniform morphologic pattern were
selected of 133 MTSRCCs available in the Pilzen Tumor Registry. Patho-
logic examination of routine hematoxylin-eosin-stained sections was
performed on each case by at least 2 pathologists (K.P. and O.H.).
Cases were reevaluated and further histologic patterns were described.
For each case, 1 to 4 tissue blocks were available for further study. All
cases were divided into 3 groups: classic low-grade (CLG; Fuhrman In-
ternational Society of Urological Pathology [ISUP] nucleolar grade 2),
high-grade (HG; Fuhrman nucleolar ISUP grade 3), and cases with mor-
phologic features overlapping with PRCC morphology (OPM). Array
comparative genomic hybridization (aCGH) analysis was applied to 16
cases with well-preserved DNA.

2.1. Molecular study

Tumor areas of the formalin-fixed, paraffin-embedded samples were
determined using hematoxylin-eosin-stained slides and macrodissected.
The procedures of DNA purification, integrity control, array CGH, and
fluorescent in situ hybridization (FISH) analysis were described previ-
ously [11]. Required integrity of DNA was 400 base pairs. Array CGH
analysis was performed using CytoChip Focus Constitutional ([llumina,
San Diego, California). Several chromosomal aberrations from each
group were confirmed by FISH analysis.

3. Results

The clinical and pathological features of the cases are summarized in
Table 1. All 16 cases were divided into 3 groups: CLG mucinous spindle
cell and tubular RCC (Fuhrman ISUP nucleolar grade 2), OPM, and HG
(Fuhrman ISUP nucleolar grade 3) MTSRCC.

The group of 5 analyzable CLG MTSRCCs was composed of 4 men and
1 woman, with ages ranging from 51 to 60 years (mean, 56.4 years; me-
dian, 57 years), Tumor size ranged from 3.2 to 12.5 cm (mean, 6.44 cm;
median, 6 cm). Follow-up information was available for 2 patients, both
of which were alive and well at last clinical examination. Histologically,
the tumors showed a predominantly tubular architectural pattern com-
posed of tubules and cords lined by cuboidal cells with pale to eosino-
philic cytoplasm admixed with spindle cell proliferation foci, all set in
a loose fibrotic and, in 2 of 5 cases, myxoid stroma. Tumor cells of
both cuboidal and spindle cell populations were generally bland in ap-
pearance. The nuclei were uniform in size, with rounded contours and
occasional distinct nucleoli. Mitoses were infrequently observed and
abnormal mitotic figures were not identified. None of the tumors
displayed necrosis (Fig. 1A + B).

The group of 6 OPM MTSRCCs included 3 male and 3 female patients,
with ages ranging from 47 to 71 years (mean, 57.83 years; median, 56.5
years). The tumor size ranged from 1.2 to 11 cm (mean, 4.62 cm; medi-
an, 3.5 cm). Follow-up was available for 2 patients with no signs of pro-
gression at the last clinical examination in either case. Histologically, the
tumors showed areas compatible with the diagnosis of MTSRCC, com-
posed of elongated tubules and streams (Fig. 2A + B). There was both
a spindle cell component and a cuboidal cell component within the
myxoid stroma. Neoplastic cells were generally of low to intermediate

Table 1
Basic clinicopathologic data
Case number Age Sex Size Follow up | Myxoid changes
(years) (cm) (years) in interstitium

1 59 M 6 LE Present

2 51 M 45 6 AW Present

3 55 M 125 LE Absent

4 60 F 6 LE Absent

g 57 M 32 6 AW* Absent

6 59 F 11 1AW Present focally
7 51 E 6.5 LE Present

8 54 F 2 5 AW Absent

9+ 65 M 4 1AW Absent

10+ 71 M 12 LE Absent

11 47 M 3 5AW Absent

12 60 F 5.5 5 AW Present

13 40 F 34 6 AW Present

14 42 M 1.3 2 AW Absent

15 57 M ?7? 5 AW Absent

16 83 M 56 9 AW Absent

Yellow represents classic MSTRCC; green, overlapping morphology between MSTRCC and
PRCC; blue, HG MSTRCC; +, tumors were reevaluated as PRCC.

Abbreviations: AW, alive and well; LE, lost of evidence.

“Patient subsequently underwent kidney transplantation.

grade; however, cells with larger nucleoli, consistent with grade 3
(Fuhrman nucleolar), were also observed. In some areas, structures
strongly resembling PRCC with predominantly papillary architecture,
rare foamy macrophages, and occasional psammoma bodies were also
seen. Myxoid changes in the interstitium were present in 2 of 6 cases.

The third group included 5 cases of MTSRCC with HG morphology.
Patient age (3 men and 2 women) ranged from 40 to 83 years (mean,
56.4 years; median, 57 years), and tumor size ranged from 1.3 to
5.6 cm (mean, 3.95 cm; median, 4.45 cm). Follow-up was available for
all 5 patients, all of whom were alive with no evidence of disease. Tu-
mors were morphologically characterized by the intermixing of spindle
and cuboidal cells within predominantly loose, fibrous stroma., Myxoid
stromal changes were present in 2 of 5 cases, The architecture was sim-
ilar to that of the low-grade group (Fig. 3). Nevertheless, in some areas,
neoplastic cells showed HG nuclear features, that is, nuclear pleomor-
phism and enlarged nucleoli (Fuhrman nucleolar grade 3).

3.1. Molecular study

Results of the aCGH are summarized in Table 2. The aCGH analysis
was successful for 4 of 5 CLG MTSRCCs. In these 4 cases, aCGH data indi-
cated multiple losses, mostly involving chromosomes 1, 4, 8,9, 14, 15,
and 22, with no detected gains in any of the studied tumors (Fig. 4A).

From the group of 6 cases designated as OPM MTSRCCs, 4 were ana-
lyzable. Array comparative genomic hybridization analysis revealed a
more variable pattern in this group: 1 case showed a normal chromo-
somal status; 1 case presented with losses of chromosomes 1, 4, 6, 8,
9, 10, 14, 15, and 22; and in 2 cases, multiple gains (chromosomes 3,
7, 16, and 17) were detected (Fig. 4B).

Array comparative genomic hybridization results from 4 analyzable
cases of HG MTSRCC demonstrated a more uniform chromosomal aber-
ration pattern with losses of chromosomes 1,4, 6,8,9,13, 14, 15,and 22,
There were no areas of gain detected in any of these cases (Fig. 4C).
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Fig. 1. (A + B) Typical low-grade MTSRCC with myxoid (mucinous) stroma and low-grade
cytologic features.

4. Discussion

Mucinous tubular and spindle cell carcinoma is a relatively new and
rare entity accepted as a distinct type of RCC by the recent World Health
Organization classification 2004. Mucinous spindle and tubular renal
cell carcinoma is generally considered a low-grade neoplasm with an
indolent clinical course [6]. Nevertheless, occasional cases with local re-
currence [8], metastases to regional lymph nodes [6, 10, 12, 13], and
even distant metastases with fatal outcome have been published [6,
10, 12, 14-16]. The tumor mostly occurs in adults, and previous reports
highlighted a remarkable female predominance (3 to 4:1) [1]. We have
not observed a female predominance in our study, probably due to the
selection of cases based on uniform morphology and DNA quality.
Grossly, tumors were mainly well circumscribed, but noncapsulated,
large, but usually in the pT1/pT2 stage according to the seventh AJCC
TNM staging. The diagnoses were made predominantly based on
morphologic features. The classic histologic profile of this tumor
shows 2 cell populations set within a myxoid stroma: an admixture
of tubules or cords composed of weakly eosinophilic spindle cell
proliferations and cuboidal to short cylindrical cells with mostly pale
to weakly eosinophilic cytoplasm. Low-grade nuclear features are typi-
cal for most cases of MTSRCC [1]. Initially, the morphologic and ultra-
structural resemblance to loop of Henle was thought to indicate distal
nephron differentiation. However, consequent attempts to confirm
this theory using immunohistochemistry showed inconsistent results
[4, 8, 17]. Furthermore, the largest immunohistochemical analysis per-
formed so far suggests proximal nephron differentiation; the analyzed

Fig. 2. (A + B) MTSRCC with overlapping features with PRCC.

MTSRCC showed positive staining for AMACR, EMA, and CK7, which is
identical to the profile of PRCC [4]. Given the lack of confirming evi-
dence, the true origin of MTSRCC remains to be elucidated.

The molecular genetic features of MTSRCC were initially described
by Rakozy et al [8] and subsequently by several other researchers
[2, 5-7, 10]. Rakozy et al [8] studied chromosomal numerical aberra-
tions in MTSRCCs using comparative genomic hybridization. They
found consistent genetic alterations in 6 analyzed tumors, in particular,

Fig. 3. High-grade MTSRCC with Fuhrman (ISUP) nucleolar grade 3.
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Table 2

Results of aCGH
Case number ArrayCGH
1 -1,-4,-6,-8,-9,-13,-14,-15, -22
2 -1,-4,-6,-8,-9,-10,-13,-14,-15,-22
3 NA
4 -1,-4,-8,-9,-14,-15,-22
5 -1,-14,-15
6 Normal
7 -1,-4,-6,-8,-9,-10,-13,-14,-15,-22
8 NA
9+ +3,+7 413, +16,417,420
10+ +3,+7 +16,+17
11 NA
12 -1,-4,-6,-8,-9, -13,-14,-15, -22,
13 -1p,-4, -6,-8,-9, -13, -14, 19, -22
14 -1,-4,-6,-9,-14,-15,-18,-22, -Y
15 -1,-4,-6,-8,-9,-13,-14,-15,-22
16 NA

Yellow represents classic MSTRCC; green, overlapping morphology between MSTRCC and
PRCC; blue, HG MSTRCC; —, loss of chromosome; +, gain of chromosome; + (first
column), tumors were reevaluated as PRCC.

Abbreviation: NA, not analyzable.

multiple losses of chromosomes 1, 4, 6, 8,9, 13, 14, 15, and 22. Further-
more, loss of the X-chromosome was detected in 3 tumors. In 2003,
Weber et al [7] studied 11 tumors by CGH and obtained similar results
to the aforementioned study; they found multiple losses of chromo-
somes 1,4, 6,8,9, 13, and 14. However, CGH also revealed gains of chro-
mosome 17 in 3 cases, but consequent FISH analysis of the same cases
failed to confirm this finding. Brandal et al [9] presented genomic char-
acteristics of 3 cases using a wide scale of molecular genetic investiga-
tive techniques. Two of their cases showed disomic chromosomal
populations, while one of them was a nearly triploid neoplasm. Results
of this study were compared with all available molecular genetic analy-
ses from previous reports, and the authors concluded that all chromo-
somes were affected by aberrations. Molecular genetic analysis of
MTSRCC has been consequently performed by other investigators
with similar results [2, 5, 10].

From the above-mentioned data, it is evident that it is very difficult
to establish a “typical” chromosomal aberration pattern for MTSRCC.
In addition, the results may be biased by the fact that MTSRCC morphol-
ogy may vary and substantially overlap with that of PRCC.

In our study, we have selected 5 cases of low-grade, morphologically
typical MTSRCC. They all showed “classic” morphology, mostly owing to
the presence of characteristic myxoid stroma accompanying the typical

tubular and spindle cell components. In this group, we found losses of
chromosomes 1, 4, 8, 9, 14, 15, and 22. Gains were not detected in any
of the examined tumors. Renal tumors characterized by multiple losses
are traditionally designated as chromophobe RCC, with losses frequent-
ly involving chromosomes 1, 2,6, 10,13, 17,and 21 [ 1]. However, recent
studies have revealed a wider spectrum of chromosomal abnormalities
including not only multiple losses but also numerous gains [11, 18, 19].
From the genetic point of view, one may speculate the existence of a
histogenetic link between MTSRCC and CHRCC. Nevertheless, although
both entities exhibit some overlap in chromosomal aberration pattern,
upon more detailed exploration, they harbor different genetic profiles.
Losses of chromosomes 2, 10, and 17 are usually found in CHRCC but
not in MTSRCC. Moreover, morphologic and immunochistochemical dif-
ferences between these neoplasms nearly exclude the possibility of a
mutual origin.

Our study is essentially in concordance with the research done by
Cossu-Rocca [20] in which FISH was applied to 10 MTSRCC cases to fur-
ther investigate the tumor's chromosomal pattern. They did not prove
trisomy of 7 or 17 in any tested tumor, but showed that MTSRCC was
mostly disomic in chromosomes 7, 17, and Y. Our results are also more
or less in agreement with those of Rakozy et al [8] and Weber et al [7],
which demonstrated multiple chromosomal losses and no gains.

The second group of our study included cases with morphology
overlapping that of PRCC. This group showed a more variable genetic
pattern. Areas exhibiting features of classic MTSRCC were admixed
with areas reminiscent of PRCC, insomuch as they demonstrated focal
papillations, aggregates of foamy cells, and/or psammoma bodies. This
unusual pattern has been described in a comprehensive study conduct-
ed by Fine et al [21]. The differential diagnosis between MTSRCC and
PRCC is considered to be the most challenging in similar tumors. The tu-
bular cells of MTSRCC mimic the basophilic type (type 1) PRCC cells and
the spindle cell component may be confused with the solid, trabecular,
and compact papillary areas of PRCC. Moreover, these 2 entities share a
relatively similar immunohistochemical profile [4]. Because both
neoplasms show histomorphologic overlap in some cases, molecular ge-
netic analysis could serve as the most important tool for definitive diag-
nosis. Several studies have previously demonstrated that MTSRCC lacks
the gains of chromosomes 7 and 17 and losses of chromosome Y that are
prevalent in PRCC [20]. The results of our study further support and con-
firm that even tumors with morphologic overlap between PRCC and
MTSRCC show multiple chromosomal losses (chromosomes 1, 4, 6, 8,
9,10, 14, 15,and 22) and no gains. In the 2 cases of OPM MTSRCC show-
ing multiple gains, including those of chromosomes 7 and 17, a careful
morphologic reevaluation was performed. The final diagnosis of PRCC
was established in both of these cases based on morphologic and immu-
nohistochemical reexamination (detailed results are not shown).

The spectrum of nonclassic morphologic variants of MTSRCC, apart
from the overlapping characteristics with PRCC, appears to be very
wide. The “mucin-poor” and predominantly tubular and/or spindle
cell variants, as well as the otherwise typical MTSRCC with neuroendo-
crine differentiation, sarcomatoid differentiation, or unusual differenti-
ation toward clear cell RCC, have been described in previous studies
[22, 21, 10, 23, 16, 24, 25]. It is critical for the pathologist to be aware
of morphologic variability within MTSRCC. Adequate sampling, careful
histologic examination, and focusing on the combination of morpholog-
ic features (including low-grade cytology and the presence of transition
areas between tubular and spindled morphology) aid in reaching the
correct diagnosis [21]. In difficult cases, examination of chromosomal
aberration pattern appears to be essential.

In the third series, we included tumors with morphology typical for
MTSRCC but with high Fuhrman nucleolar grade (grade 3). Although
MTSRCC with HG features has already been reported by some investiga-
tors, it is a rare phenomenon [21, 5, 10, 23, 26]. The aCGH analysis in this
group revealed multiple losses including chromosomes 1,4, 6, 8,9, 13,
14, 15, and 22, Contrary to the cytogenetic studies of HG MTSRCC
done by Dhillon et al [10] and Kuroda et al [5], our cases demonstrated
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Fig. 4. Array comparative genomic hybridization fused chart of MTSRCC from each group. (A) Low-grade MTSRCC with losses of chromosomes 1,4, 6, 8,9, 13, 14, 15, and 22. (B) MTSRCC
with overlapping features with PRCC showing gains of chromosomes 3, 7, 13, 16, 17, and 20. (C) HG MTSRCC with losses of chromosomes 1, 4,6, 8,9, 13, 14, 15, and 22.

no chromosomal gains. Notably, we observed a disomic status of chro-
mosomes 7 and 17. According to cytogenetic results, chromosomal ab-
errations in HG MTSRCC are comparable with those demonstrated in
low-grade MTSRCC.

Our results revealed multiple chromosomal losses and no gains in
both low-grade MTSRCC and HG MTSRCC. Specifically, both groups
demonstrated losses of chromosomes 1, 4, and 15. According to these
findings, nuclear grade may not imply genetic diversity between other-
wise classic forms of MTSRCC. Our results in cases with morphology
reminiscent of PRCC are consistent with those of previously reported
studies regarding MTSRCC with PRCC-like features. These tumors
show a more heterogeneous genetic profile with losses, gains, and nor-
mal chromosomal status, However, 2 of our cases also showed gains of
chromosomes 7 and 17, raising questions about the diagnosis of
MTSRCC. In both cases with these specific chromosomal gains, after
careful morphologic reevaluation, the final diagnosis of PRCC not other-
wise specified was established.

5. Conclusions

From our results, it is clear that the chromosomal aberration pattern
of classic MTSRCC is relatively uniform. In less typical cases, namely,

those with overlapping features of PRCC, analysis of chromosomes 7
and 17 could be helpful in establishing the correct diagnosis.

Owing to the paucity of cytogenetically analyzed MTSRCC, our study
contributes to mapping the spectrum of chromosomal aberrations that
occur in particular morphologic variants of this rare entity.
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CHROMOFOBNI RENALNI KARCINOM S NEUROENDOKRINNIMI ZNAKY A
ZNAKY NAPODOBUJICIMI NEUROENDOKRINNI DIFERENCIACI.
MORFOLOGICKA, IMUNOHISTOCHEMICKA A ULTRASTRUKTURALNI
STUDIE A ARRAY KOMPARATIVNI GENOMOVA HYBRIDIZACE U 18
PRIPADU, PREHLED LITERATURY

Chromofobni renalni karcinom (CHRK) je v typickém piipadé slozen ze solidné
uspofadanych svétlych bunék s vyraznou cytoplazmatickou membranou a hrozinkovité
tvarovanym jadrem s perinuklearnim projasnénim [6]. CHRK muze velmi vzacné vykazovat
neuroendokrinni diferenciaci, ktera je histologicky definovéna piimési malych uniformnich
bun¢k usporadanych kribriformné, gyriformné, do pseudorozet, hnizdovitych struktur ¢i
palisddujicich pruhii. K prikazu pravosti neuroendokrinni diferenciace je nutné tento
morfologicky obraz podpofit imunohistochemickym vySetienim, konkrétné expresi
neuroendokrinnich markert v malobunééné komponenté. Pokud jsou tyto v malobunécné
komponenté¢ negativni, jedna se o CHRK se znaky napodobujicimi neuroendokrinni
diferenciaci a nikoliv o pravou neuroendokrinni diferenciaci. CHRK je povazovén za
indolentni tumor. Neni zcela jisté, zda pfitomnost neuroendokrinni diferenciace ovlivituje
Klinicky prubéh a prognoézu pacienta; CHRK s neuroendokrinnimi znaky je extrémné vzacny
a proto malo prozkoumany tumor, doposud byla publikovana pouze hrstka pfipada [12-15].

Cilem této studie bylo porovnat skupinu CHRK s neuroendokrinni diferenciaci
s CHRK se znaky pouze napodobujicimi neuroendokrinni diferenciaci. Bylo vybrano 18
pfipadi CHRK s neuroendokrinnimi znaky, které byly na zaklad€ pozitivity/negativity
neuroendokrinnich markerd rozdéleny do dvou skupin: 4 piipady CHRK s ,,opravdovou*
neuroendokrinni diferenciaci a 14 ptipadit CHRK napodobujici neuroendokrinni diferenciaci.

Vysledky studie Ize shrnout takto:

e Ve vétSiné pripadi CHRK s morfologickymi znaky urcujicimi neuroendokrinni
diferenciaci se jednd pouze o ristovou variantu CHRK a nikoliv 0 pravou
neuroendokrinni diferenciaci.

e Ob¢ skupiny se mirné 1i8i molekularné geneticky; ztraty chromozomi 1,2,6 al0 byly
zastizeny pievazné ve skupiné CHRK s neuroendokrinni diferenciaci, zatimco skupina
CHRK se znaky napodobujicimi neuroendokrinni diferenciaci vykazovala jak
mnohocetné chromozomalni ztraty, tak i nadpocetné chromozomy.

e 2/4 piipadi CHRK s neuroendokrinni diferenciaci mély metastaticky potencial
naznacujici skutecnost, Ze pfitomnost pravé neuroendokrinni diferenciace mize mit
negativni vliv na prognézu. Nicméné, z takto malého poctu piipadu nelze vyvozovat
jednoznaéné prognostické zavéry a naSe pozorovani bude muset byt podpoteno
dal§imi vyzkumy.
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ARTICLE INFO ABSTRACT

Keywords: Chromophobe renal cell carcinoma (CRCC) with neurcendocrine differentiation (CRCCND) has only recently been
Kidney described. Eighteen cases of CRCC with morphologic features suggestive of neuroendocrine differentiation were se-
Chromophobe renal cell carcinoma lected from among 624 CRCCs in our registry. The tissues were fixed in neutral formalin, embedded in paraffin, cut
Neuroendocrine differentiation into 4- to 5-um-thick sections, and stained with hematoxylin and eosin. As CRCC with neuroendocrine features, tu-
Immunohistochemistry mors with following morphology were suggested: (1) trabecular/palisading/ribbon-like, gyriform, insular, glandular,

Chromosomal numerical aberrations

2(CH and solid pattern; (2) uniform polygonal cells formed in small islets; and (3) cribriform pattern in combination with

palisading. Selected cases were further analyzed using immunohistochemistry, electron microscopy, array compar-
ative genomic hybridization, and fluorescence in situ hybridization. Cases were dassified as CRCCND or CRCC with
neuroendocrine-like features (CRCCND-L) based on the immunohistochemical expression of neuroendocrine
markers: CRCCND, 4 cases, age range 49 to 79 years, size ranged from 2.2 to 22 cm, and CRCCND-L, 14 cases, age
range 34 to 74 years, size range 3.8 to 16.5 cm. Follow-up information was available for 11 of 18 patients aged 0.5
to 12 years. Two of 4 CRCCNDs showed aggressive clinical course with metastatic spreading. Chromophobe renal
cell carcinomas with neuroendocrine differentiation were focally positive for CD56 (4/4), synaptophysin (4/4),
chromogranin A (1/4), and neuron-specific enolase (3/4). All 14 CRCCND-Ls were mostly negative or very weakly
focally positive for some of the aforementioned markers. All 18 tumors were positive for cytokeratin 7 and CD117.
Ultrastructural analysis showed poorly preserved neuroendocrine granules only in 2 of 4 analyzed CRCCNDs. Losses
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of chromosomes 1, 2, 6, and 10 were found in all analyzable CRCCNDs, whereas multiple losses (chromosomes 1, 2, 6,
10, 13, 17, and 21) and gains (chromosomes 4, 11, 12, 14, 15, 16, 19, and 20) were found in CRCCND-L.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Chromophobe renal cell carcinoma (CRCC) represents approximate-
ly 5% of renal carcinomas. Microscopically, these tumors are described
as mostly solid or solid alveolar; however, the morphologic spectrum
has expanded to include microcystic, adenomatoid, and focal papillary
arrangements [ 1-4].

Chromophobe renal cell carcinoma with true neuroendocrine differ-
entiation (CRCCND) and CRCC with a neuroendocrine-like pattern
(CRCCND-L) have only recently been described; a limited number of
cases have been reported [5-7].

In this study, we attempt to distinguish and compare true neuroen-
docrine differentiation in CRCC to CRCC with a neuroendocrine-like pat-
tern and to evaluate the biological nature of both forms.

2. Materials and methods

The tissues were fixed in neutral formalin, embedded in paraffin, cut
into 4- to 5-um-thick sections, and stained with hematoxylin and eosin.

We selected 18 cases of CRCC with morphologic features suggestive
of neuroendocrine differentiation from among 624 CRCCs in our files. As
CRCCs with neuroendocrine features, tumors with following morpholo-
gy were suggested: (1) palisading/ribbon-like, gyriform patterns; (2) in-
sular pattern; and (3) cribriform/pseudorosettoid pattern or small cell
islets in combination with palisading.

Selected cases were further analyzed using immunohistochemistry
(IHC), electron microscopy, array comparative genomic hybridization
(aCGH), and fluorescence in situ hybridization (FISH).

3. Immunohistochemistry

The immunohistochemical study was performed using a Ventana
Benchmark XT automated stainer (Ventana Medical System, Inc, Tucson,
AZ) on formalin-fixed, paraffin-embedded (FFPE) tissue, The following
primary antibodies were used: cytokeratin 7 (CK7) (OV-TL12/30,
monoclonal, 1:200; DakoCytomation, Glostrup, Denmark), c-kit (CD
117, polyclonal, RTU; DakoCytomation), CD56 (1B6, monoclonal,
1:100; Leica Biosystems, Newcastle, UK), Ki-67 (MIB1, monoclonal,
1:1000; Dako, Glostrup, Denmark), synaptophysin (polyclonal, 1:350;
LabVision, Fremont, CA), chromogranin A (monoclonal, DAK-A3, 1:600;
DakoCytomation), CD99 (013, monoclonal, 1:200; Ventana, Mannheim,
Germany), cytokeratin 20 (CK20) (Ks20.8, monoclonal, 1:250;
DakoCytomation). The primary antibodies were visualized using the
supersensitive streptavidin-biotin-peroxidase complex (Biogenex,
Fremont, CA). Appropriate positive and negative controls were used.

4. Ultrastructure

Electron microscopy evaluation was performed on 7 cases. Small
pieces of FFPE from 3 cases of CRCCND and 4 cases of CRCCND-L were
deparaffinized and further routinely processed for ultrastructural anal-
ysis. Semithin sections of epoxy-embedded tissue were stained with to-
luidine blue and examined by light microscopy. Ultrathin sections from
representative areas were cut, stained with uranyl acetate and lead cit-
rate, and examined with a Jeol (Tokyo, Japan) JEM 1400 Transmission
Electronic Microscope.

Table 1
Clinicopathologic features

Case Age Sex Site Size (cm) Color Pattern Follow up (y)

CRCCND
12 79 M Right 22x12x10 Brownish SCl1 3.5 AWD (CT scan, lymph nodes mediastinum )
2. 66 F Left 12cm Yellow SCl1 Metastatic spreading in time of diagnosis, 0.5 AWD

(local recurrence and bone meta)

3. 67 M Right 5.6 Yellowish PSC LE
472 49 M Left Diam. 2.2 Beige SCI 1 AW after partial nephrectomy

CRCCND-L
1 70 M Right 26x3x23 Brown P AW 8/2014
2 69 F NA 12x5 Brown PSC NA
3 74 F Right 16.5 Yellow hemorrhagic, PSC LE

atrophic kidney

4. 47 F NA 38 NA PSC NA
5. 67 F Left 73 %68 Grayish SCPR LE
6. 46 M Left 10x8x2 Grayish SCI 3y AW, then LE
7. 51 M Left 8x7x6 Brownish PSC LE
8. 72 M NA NA NA SCPR LE
9. 72 F left 6.4 Pink to tan PSC AW 8/2014
10. 51 M Left Diam. 5 Yellow PSC AW 8/2014
11 34 F Left 14 x 11 x 10.5 Yellow P AW 8/14
12 70 M Right 13x10x9 Brown P AW 8/2014
13 63 M Left Diam. 5.5 Brown PSC AW 2010, then LE
14. 49 F NA Diam. 13 NA P AW 9/14

Abbreviations: M, male; F, female; SCI, small cell islets; PSC, palisading and small cell areas; P, palisading; SCPR, small cells and pseudorosettes; AWD, alive with disease; CT, computed

tomography; meta, metastasis; LE, loss of evidence; Diam., diameter; AW, alive and well; NA, not available,

2 Cases have been published previously.
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5. Molecular genetic methods
5.1. DNA extraction

DNA from FFPE tumor and nontumor tissues (when available) of
each case was extracted using QIAsymphony DNA Mini Kit (Qiagen,
Hilden, Germany) on automated extraction system (QIAsymphony SP;
Qiagen) according to the manufacturer's supplementary protocol for
FFPE samples (purification of genomic DNA from FFPE tissue using the
QIAamp DNA FFPE Tissue Kit and Deparaffinization Solution). Concen-
tration and purity of isolated DNA were measured using Nanodrop
ND1000 (NanoDrop Technologies, Inc, Wilmington, DE). DNA integrity
was examined by amplification of control genes in multiplex PCR, pro-
ducing fragments from 100 to 600 base pairs (bp). Only cases with
DNA integrity equal to or higher than 400 bp were used for further anal-
ysis by aCGH.

5.2. Fluorescence in situ hybridization

For each specimen, a 4-um-thick, FFPE section was placed on a
positively charged slide. The hematoxylin and eosin-stained slide was
examined for determination of areas for cell counting. Another un-
stained slide was routinely deparaffinized and incubated in the 1x
Target Retrieval Solution Citrate pH 6 (Dako) for 40 minutes at 95°C
and subsequently cooled for 20 minutes at room temperature in the
same solution. The slide was washed in deionized water for 5 minutes,
and the tissue was digested in protease solution with pepsin
(0.5 mg/mL) (Sigma Aldrich, St Louis, MO) in 0.01 M HCl at 37°C for
15 minutes. The slide was then immersed in deionized water for 5 mi-
nutes, dehydrated in a series of ethanol solutions (70%, 85%, and 96%
for 2 minutes each), and air dried. Fluorescence in situ hybridization
probes, shown in Table 1 (VYSIS/Abbott Molecular, Des Plaines, IL),
were mixed with water and hybridization buffers according to the
manufacturer's protocol. An appropriate amount of probe mix was
applied to the specimen, covered with a glass cover slip, and sealed
with rubber cement. The slide was then incubated in a ThermoBrite
instrument (StatSpin/Iris Sample Processing, Westwood, MA) with
codenaturation at 85°C for 8 minutes and hybridization at 37°C for 16
hours. The rubber-cemented cover slip was removed, and the slide was
placed in posthybridization wash solution (compounded of saline-sodium
citrate buffer (SSC) and detergent nonyl phenoxypolyethoxylethanol
(NP-40) at a ratio of 2x SSC/0.3% NP-40) at 72°C for 2 minutes. Finally,
the slide was air dried in the dark, counterstained with 4,6-diamidino-2-
phenylindole (DAPI I; VYSIS), cover slipped, and immediately examined.

Fig. 1. Low-power view showing solid alveolar architecture of CRCC with neuroendocrine
differentiation. Areas of small uniform cells are clearly visible in the right side of the pic-
ture (CRCCND case 4).

Fig. 2. Tumorous cells arranged in palisading structures in a background of dense fibrotic
stroma in a case of CRCC with rine diff ion (CRCCND case 1) (A). Cords
of small neoplastic cells crossing areas composed of otherwise typical large polygonal cells
with raisinoid nuclei (CRCCND case 3) (B).

5.3. Fluorescence in situ hybridization interpretation

The areas of the specimen with tumor were examined on an
Olympus BX51 fluorescence microscope using an objective x100
and filter sets triple bandpass (DAPI/Spectrum Green/Spectrum Or-
ange) and single bandpass (Spectrum Green and Spectrum Orange).
Scoring of aneuploidy was performed by counting the number of
fluorescent signals in 100 randomly selected, nonoverlapping

Fig. 3. Cords of neoplastic cells with inconspicuous palisading architecture in case of chro-
mophobe RCC with neuroendocrine-like differentiation (CRCCND-L case 5).

39



264 K. Peckova et al. / Annals of Diagnostic Pathology 19 (2015) 261-268

Fig. 4. Cribriform pattern in CRCC with neuroendocrine-like differentiation (CRCCND-L case 8).

tumor cell nuclei. Each slide was independently enumerated by 2
observers (PM and PG). The cut-off values used for each probe
were established in a previous study [8].

5.4, Array comparative genomic hybridization

A CytoChip Focus Constitutional (BlueGnome Ltd, Cambridge, UK) mi-
croarray processor was used for analysis. CytoChip Focus Constitutional
uses BAC technology and covers 143 regions of known significance with
1-Mb spacing across a genome. Probes are spotted in triplicates. First,
400 ng of gDNA was labeled using the Fluorescent Labeling System
(BlueGnome Ltd). The procedure consisted of Cy3 labeling of a test sample
and Cy5 labeling of a reference sample. MegaPool Reference DNA of oppo-
site sex was used as areference sample (Kreatech Diagnostics, Amsterdam,
The Netherlands). Each labeled pair was mixed, dried, and hybridized
overnight at 47°C using Arraylt hybridization cassettes (Arrayit Corpora-
tion, Sunnyvale, CA). Posthybridization washing was done using SSC
buffers with increasing stringency. Dried microarrays were scanned with
InnoScan 900 (Innopsys, Carbonne, France) at a resolution of 5 pm.

5.5. Image and data analyses
Scanned images were analyzed and quantified using BlueFuse Multi

software (BlueGnome Ltd). BlueFuse Multi uses Bayesian algorithms to
generate intensity values for each Cy5- and Cy3-labeled spot on the

array according to an appropriate .gal file. The reported changes were
browsed and interpreted using BlueFuse Multi as well. Cut-off values
were set to a log 2 ratio of —0.193 for loss and 0.170 for gain,

6. Results

Tumors were defined as CRCCND or CRCCND-L based on morpho-
logic, immunohistochemical, and ultrastructural examinations.

The clinicopathologic features of the 4 patients with CRCCND are sum-
marized in Table 1. Three of the patients were male, and 1 was female
with ages ranging from 49 to 79 years (mean, 65.25 years; median, 66.5
years). Tumor size ranged from 2.2 to 22 cm in greatest dimension
(mean, 10.45 cm; median, 8.8 cm); the cut surface of the tumor was
yellow/yellowish in 2 cases and brownish/beige in 2 cases. Follow-up
data were available for 3 of 4 patients with follow-up period ranging
from 0.5 to 3.5 years. Tumors in the CRCCND group exhibited
aggressive behavior in 2 of 3 patients for whom follow-up information
was available.

The second group included 14 patients with CRCCND-L tumors; clin-
icopathologic data are available in Table 1. Within this group, there were
7 males and 7 females whose ages ranged from 34 to 74 years (mean,
59.64 years; median, 65 years). Tumor size ranged from 3.0 to 16.5 cm
in greatest dimension (mean, 9.0 cm; median, 8 cm), and the cut surface
of the tumor was brown/brownish in 5 cases, yellow/yellowish in 3
cases, grayish in 2 cases, and pink to tanin 1 case. Information regarding
tumor color and consistency was not available in the 3 remaining cases.
Follow-up information was available for 8 of 14 patients with no evi-
dence of aggressive clinical course discovered in any of the cases of
CRCCND-L,

6.1. Morphology

The morphologic patterns are summarized in Table 1. A typical dual
cell population was found in every examined case. Characteristic
raisinoid nuclei and perinuclear clearing were observed in all cases, al-
beit only focally in some cases. Regarding CRCCND, islets of small neo-
plastic cells were found in 3 of 4 tumors (Fig. 1), whereas palisading
and small cell areas were detected in 1 of 4 tumors (Fig. 2A and B). As
for CRCCND-L, we observed palisading and small cell areas in 7 of 14
cases (Fig. 3), palisading/ribbon-like pattern in 4 of 14 cases, small cell
areas in 2 of 14 cases, and small cells with cribriform pattern/
pseudorosettes (Fig. 4) in 1 of 14 cases.

Table 2

Results of immunohistochemical examination
Case chrom Syn NSE CD56 CK7 D117 Ki-67 (D99 CK20
CRCCND
1 - Weak Foc++ Foc+++ Foc+++ +++ +++ 8-10/HPF - -
2 — +++ +++ Foc+ Foc++ +++ 10-12/HPF — —
3 Foc+ Foc+++ Foc+++ Foc+ +++ +++ 10-12/HPF SC —
4 — +++ Foc+++ +++ +++ +++ 10-12/HPF — —
CRCCND-L
1 - — + Foc+ Foc+++ +++ 6-10/HPF - —
2 - - - - Foc++ ++ 4-5/HPF - -
3 - - - - +++ ++ 3-5/HPF - -
4 — Foc+ - - +++ +++ 6-7/HPF - SC
5 — — Foc+++ - +++ o 5-7/HPF - -
6 - — Foc+++ - +++ +++ 10-14/HPF - -
7 - - Foc+-++ - +++ +++ 2-5/HPF - -
8 - - - - +++ +++ 10-12/HPF - -
9 - Foc++ - +++ +++ 8-10/HPF - -
10 - - - - Foc++ +++ 3-7/HPF - -
1 - - +++ - - ++ 5-8/HPF - -
12 - - - - Foc++ ++ 4-6/HPF - -
13 - - - - +++ + 2-5/HPF NP NP
14 - - Foc++—+ - +++ +++ 1-2/HPF NP NP

Abbreviations: —, negative; 4, weak positivity; ++, moderate positivity; +-++, strong positivity; Foc, focal; NP, not performed; HPF, high-power field; SC, single cells; chrom,

chromogranin; syn, synaptophysin.
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6.2. Inmunohistochemistry

The results of immunohistochemical examination are summarized in
Table 2 (CRCCND and CRCCND-L). All of the tumors in the CRCCND group
expressed markers considered to be typical for CRCC (CD117 and CK7)
and were negative for vimentin (single positive cells). All tumors classi-
fied in this group were immunoreactive for synaptophysin, CD56, and
neuron-specific enolase (NSE), although the positivity was often focal.
A single case was focally and weakly positive for chromogranin A
(Fig. 5A, Band C). Concerning the CRCCND-like group, all but 1 of the tu-
mors were reactive for CD117 and CK7. Generally speaking, they were
negative for neuroendocrine markers (synaptophysin, CD56, and NSE)
or displayed variable positivity for NSE (7/14 cases). None of these tu-
mors was positive for chromogranin A.

6.3. Ultrastructure

Electron-dense structures (granules) were found within the cyto-
plasmin 2 of 3 cases of CRCCND; however, the exact origin of such struc-
tures cannot be fully elucidated due to the presence of fixation artifacts.
Such structures were not present in the 4 analyzed cases of CRCCND-L.

6.4. Array comparative genomic hybridization

Complete results of aCGH and FISH are summarized in Table 3.
Losses of chromosomes 1, 2, 6, 10, and 17 were the most frequent find-
ing in CRCCND (Fig. 6), whereas multiple losses (chromosomes 1, 2, 6,
10, 13, 17, and 21) and gains (chromosomes 4, 11, 12, 14, 15, 16, 19,
and 20) were most frequently found in CRCCND-L (Fig. 7).

Table 4 summarizes comparative features of both CRCCND and
CRCCND-L.

7. Discussion

Chromophobe renal cell carcinoma is a renal cell neoplasm, typically
described as a solid alveolar tumor. These tumors are often composed of
a dual population of cells, large leaf-like cells with abundant pale cyto-
plasm and well-defined borders variably intermixed with smaller eosin-
ophilic cells embedded in a fine reticular setting. Large wrinkled nuclei,
usually referred to as “raisinoid,” are another characteristic feature of
these tumors. One relatively common subtype of CRCC is the eosinophil-
ic variant, which is composed mostly of smaller eosinophilic cells and is
distinguished from classic CRCC according to the proportion of cell pop-
ulations [9]. Additional variants of CRCC including those with
microcystic, pigmented, and oncocytic morphologies have also been de-
scribed [1,2,10,11].

Neuroendocrine differentiation within CRCC has been described
only recently [5-7]. The histologic features of this extremely rare variant
of CRCC are characterized by an admixture of classical and eosinophilic
cells with regions of features consistent with neuroendocrine differenti-
ation. These features include the formation of tubular, glandular, and insu-
lar patterns with rosettoid formations, intense granular eosinophilic
cytoplasm, and dense hyaline stroma. In these areas, the neuroendocrine
differentiation can be confirmed by immunohistochemical positivity for
chromogranin, synaptophysin, CD56, and NSE, whereas the typical CRCC
regions do not express these neuroendocrine markers.

Although sarcomatoid features can be observed in all types of renal
cell carcinoma (RCC), 1 study suggests that CRCC is the most common
RCC subtype with such dedifferentiation [12]. Clinically, this differentia-
tion represents high-grade transformation of relatively indolent CRCC
into a neoplasm with aggressive course and unfavorable prognosis.
The neoplastic cells in sarcomatoid areas mostly express epithelial
markers, and their epithelial origin can be immunohistochemically
and ultrastructurally confirmed [12]. This sarcomatoid component
may mimic or even differentiate into several different types of
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Fig. 5. Inmunohistochemical examination of CRCC with neuroendocrine differentiation
disclosed focal positivity for CD56 (A), synaptophysin (B), and NSE (C).

heterologous mesenchymal tumors such as osteosarcoma, rhabdomyo-
sarcoma, chondrosarcoma, or liposarcoma [13-17].

One case report even describes the combination of CRCC, collecting
duct RCC, and sarcomatoid differentiation within the same tumor [18].
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In this study, we have focused on the changes occurring in the epi-
thelial component of certain CRCC subtypes. Only 1 of the 18 cases stud-
ied included areas of sarcomatoid differentiation. This particular case
was CRCC with neuroendocrine differentiation and has also been
published in previous studies [6,7]. Microscopically, the tumor was
composed of 3 histologic components: an area of typical CRCC, a neuro-
endocrine carcinoma component, and a sarcomatoid component. The
area with neuroendocrine differentiation was purely epithelial with
no signs of sarcomatoid differentiation. The remaining 17 tumors ana-
lyzed were CRCC without areas of sarcomatoid transformation.

Neuroendocrine differentiation is a well-known phenomenon and oc-
curs in tumors such as gastrointestinal adenocarcinoma, small and large
cell carcinoma of the lung, urothelial carcinoma, prostatic adenocarcino-
ma, ovarian carcinosarcoma, and certain breast carcinomas [19-23].

The morphologic features suggesting neuroendocrine differentiation
consist of organoid growth patterns characterized by trabecular, insular,
palisading, ribbon, and rosette-like architecture. The tumor cells are
uniform and polygonal with finely eosinophilic cytoplasm. Nuclei are
round to oval with haphazardly distributed nuclear chromatin (fre-
quently with a “salt and pepper” pattern), inconspicuous nucleoli,
and scant to moderate cytoplasm. Necrosis is usually absent. Highly
vascularized fibrovascular stroma, stromal hyalinization, cartilage, or
bone formation as well as the presence of amyloid can be observed [24].

The morphologic features of CRCCND should be supported by IHC
and/or ultrastructural examinations. Chromogranin A, synaptophysin,
CD56, and NSE are often used as IHC markers of neuroendocrine differ-
entiation with chromogranin A and synaptophysin being the most com-
mon. Both of the aforementioned markers are specific to
neuroendocrine differentiation, although synaptophysin manifests
much higher sensitivity than chromogranin A. CD56 is not a specific
neuroendocrine marker and should not be considered as confirmation
of neuroendocrine differentiation in the absence of synaptophysin/
chromogranin positivity. Neuron-specific enolase, despite its name, is
also not specific for neuroendocrine cells/tumors [24]. Ultrastructurally,
the presence of neurosecretory or endosecretory granules is sometimes
helpful. In this study, all available CRCCs with patterns suggesting possi-
ble neuroendocrine differentiation were examined by IHC with selected
cases also being analyzed by ultrastructure. Of 18 cases, we confirmed
real neuroendocrine differentiation in only 4 of them. The remaining
14 tumors exhibiting morphology compatible with neuroendocrine dif-
ferentiation turned out to be examples of architectural/morphologic
variability only.

1.01

Table 3
Results of molecular genetic analysis
Case aCGH FISH
CRCCND
1 -1, -2, —6,—-10,—17, 21 n7, —17
2 -1, -2, —-3,—6,+7, -9, —10, —11, —13, —14, —17 +7,n17
3 NA NT
4 —1, -2, —4, —5°, —6, —9, —10, —13, —16p, —17, —21 NT
CRCCND-L
1 No changes NT
2 +11, +14 NT
3 —1, —2, +3, +4pter-4q31.21, —4q31.21-qter, —5, —6, +7,  +7, —17

—8pter-8q13, —8q24.22, +8ql3-8qter, +9pter-9q21.13,
+9q21-9qter, —10, —11, +12, —13, —14, +15, +16, —17,
+18, +19, +20, —21, 422

4 NT NT
5 —1, -2, —6,—10, —13, —17, —21 n7,—17
6 44, +5, 48, +11, +12, +14, +15, +16, +19, +20 +8,n10
7 NT NT
8 —1, -3, —6,—10,—17, —21 NA
9 NA NT
10 NT NT
1M NT NT
12 —1,-2,—6,—10,—13, —17, —18, —21 NA
13 NT NT
14 NT NT

Abbreviations: NT, not tested; NA, not analyzable; +, gain of chromosome; —, loss of
chromosome; n, normal status (disomy).
2 Only in area with neuroendocrine differentiation.

The presence of multiple losses of chromosomes 1,2, 6,10,13,17,
and 21 has been considered a genetic hallmark of both classic and eo-
sinophilic CRCCs. Although the presence of multiple chromosomal
gains in CRCC has also been reported [10,25], these findings have
been regarded as an uncommon phenomenon with CRCC generally
believed to have a hypodiploid genome with the chromosomal losses
described above. However, recent articles in which larger cohorts of
cases were analyzed have described a more variable genetic pattern
with multiple losses as well as with multiple gains. In these studies,
chromosomal gains were most frequently detected on chromosomes
4, 7, 15, 19, and 20 [8,26,27]. These findings indicate that the
molecular-genetic abnormalities in CRCC can encompass a consider-
ably broader spectrum than was previously suggested. Our study
reveals losses of chromosomes 1, 2, 6, and 10 in all analyzable neuro-
endocrine CRCC with multiple losses (chromosomes 1, 2, 6, 10, 13,
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Fig. 6. Array comparative genomic hybridization fused chart of CRCC with neuroendocrine differentiation case with losses of chromosomes 1, 2,6, 10, 13,17, 18, and 21.
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Fig. 7. Array comparative genomic hybridization fused chart of CRCCND-L with gains of chromosomes 4, 5,8, 11,12, 14, 15, 16, 19, and 20.

17,and 21) and gains (chromosomes 4, 11,12, 14, 15, 16, 19, and 20)
in neuroendocrine-like CRCC. These findings further enrich the spec-
trum of chromosomal anomalies on CRCC.

Chromophobe RCC has generally been regarded as an indolent
tumor with a more favorable prognosis than other common RCCs. As
for CRCCND, it remains unclear whether neuroendocrine differentiation
influences clinical course and prognosis; the rarity of CRCCND makes it
difficult to assess clinical outcomes, and few cases have been published
to date [5-7].

Two cases (nos. 1 and 4) from our series were previously reported by
Kurodaet al [6] and Ohe et al [7]. One of these new patients (case 2) pre-
sented with a 12-cm primary tumor and metastatic spreading at the
time of diagnosis. She is alive with disease with 0.5 years of follow-up
revealing local recurrence and bone metastasis. The second patient
(case 3) presented with a 5.6-cm tumor with no available follow-up
data, Chromophobe renal cell carcinoma with neuroendocrine
differentiation exhibited aggressive behavior with relatively large
tumor size (12 and 22 cm) in 2 of our 4 cases. Although few cases
have been reported and follow-up information is not always complete,
our data are in concordance with the hypothesis that neuroendocrine
differentiation may represent advanced tumor stage [6]. Some authors
have suggested a possible link between loss of chromosomes 4, 5, and
16p and neuroendocrine differentiation in CRCC; however, this finding
was not confirmed in our series [7]. It appears that CRCCND may repre-
sent a more aggressive tumor than conventional CRCC, but further
large-scale study is needed to elucidate this issue.

Most RCC patients are treated surgically following the discovery of a
renal mass by modern imaging techniques, but in certain cases, a core
biopsy is indicated. In such cases, making a definitive diagnosis from
such limited material is often difficult. The most problematic tumors
in the differential diagnosis are carcinoid, transitional cell carcinoma
(TCC) with neuroendocrine features, and outside metastases.

Primary renal carcinoid tumors are rare, and their histogenesis with-
in the kidney remains uncertain. Although malignant, the biological

behavior of renal carcinoid tumors is considered to be more indolent
than that of most RCC [24]. Microscopically, the tumors are composed
of monomorphic round to polygonal cells with round to oval nuclei
showing evenly distributed chromatin. These cells are arranged in tra-
becular, ribbon-like, gyriform, insular, glandular, and solid patterns.
Immunohistochemically, tumor cells demonstrate variable positivity
for neuroendocrine markers such as chromogranin A, synaptophysin,
and NSE. In addition, renal carcinoids frequently display immunoreac-
tivity for CD99. Ultrastructurally, the neoplastic cells contain abundant
dense core neurosecretory granules [24]. Raisinoid nuclei and perinuclear
clearing (halo) are not characteristics of renal carcinoid. The presence of
such findings, along with immunohistochemical examination, could
help to resolve diagnostic problems. However, the neuroendocrine com-
ponent in CRCCND can mimic carcinoid features, especially if only limited
material is available. In such cases, immunoreactivity for CD99 can be es-
pecially useful, as it has not been observed in CRCCND.

Transitional cell carcinoma can also feature neuroendocrine differ-
entiation [20], exhibiting overlapping morphologic characteristic with
CRCCND and making differential diagnosis complicated. The typical
microscopic pattern of this variant of TCC is a mosaic arrangement
of tumor cells resembling Merkel neuroendocrine carcinoma of
skin. The dual cell population with raisinoid nuclei and perinuclear
clearing found in CRCCND can be a helpful morphologic distinction,
Immunohistochemically, CK20 can be used for distinction between
these 2 entities, although other immunostaining qualities tend to be
similar. However, in unusual TCC or in cases with high grade, CK20 is
usually only weakly positive or entirely negative. CD117 is reported as
negative in TCC, which may serve as another immunohistochemical
marker for differentiation between TCC and CRCCND. In cases where a
whole kidney specimen is available, well-performed sampling is nearly
always helpful. It is usually possible to find areas where the urothelial
origin of the lesion is obvious and it is not necessary to apply extensive
immunohistochemical examination. Careful sampling of the renal
pelvis in deeply located tumors can also help to find TCC in situ or

Table 4
Summary of morphologic, immunchistochemical, ultrastructural, and molecular genetic features of CRCCND and CRCCND-L
CRCCND CRCCND-L
Morphology/pattern Scl, PSC SC1, PSC, P, SCPR

Immunohistochemistry
Ultrastructure®
Chromosomal numerical aberrations

Neurosecretory granules +

Chrom—+, Syn +, CD56+, NSE+

Loss of chromosomes 1, 2, 6, 10, 17

Chrom—, Syn—+, CD56—+, NSE+

Neurosecretory granules —

Multiple losses of chromosomes 1,2, 6, 10, 13, 17, 21 and gains of
chromosomes 4, 11, 12,14, 15,16,19, 20

Abbreviations: —+-, focally, weakly positive in single case; -+, positive; —, negative.
2 Ultrastructural study was performed on limited number of the cases.
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to discover the transition from more typical TCC to areas with neu-
roendocrine differentiation.

Finally, metastases of neuroendocrine carcinomas from other organs
can also cause diagnostic difficulties. The morphology, immunohisto-
chemistry, and ultrastructure of such lesions can resemble the neuroen-
docrine component in CRCCND making it important to look carefully for
the chromophobe component. Definitive resolution usually requires
clinical and radiologic correlation in these cases.

8. Conclusions

—_

Morphologic features suggestive of neuroendocrine differentia-
tion are rarely seen in CRCC. In the majority of such cases, true
neuroendocrine differentiation cannot be demonstrated; thus,
these features often simply represent an architectural growth
pattern variant.

2. True CRCCND is distinguished from CRCCND-L based on the ex-
pression of neuroendocrine markers and the presence of neuro-
endocrine granules.

Chromosomal losses (chromosomes 1, 2, 6, and 10) are mostly
found in CRCCND, whereas some CRCCND-L cases show both
losses and gains of multiple chromosomes.

CRCCND appears to have metastatic potential based on the fact
that 2 of 4 reported cases behaved aggressively. Nevertheless, fur-
ther research with additional cases is required to highlight this
rare and peculiar variant of RCC.

w
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CYSTICKY A NEKROTICKY PAPILARNI RENALNI KARCINOM:
PROGNOSTICKY, MORFOLOGICKY, IMUNOHISTOCHEMICKY A
MOLEKULARNE GENETICKY PROFIL 10 PRIPADU

Pfitomnost nekrozy u rendlnich karcinomu je vSeobecné uznévana jako neptiznivy
prognosticky faktor, ackoliv jeji vyznam je pevné ustanoven pouze u svétlobunécnych
renalnich karcinomu a zde plati, ze pouze koagula¢ni nekrdéza ma prognosticky vliv [16-18].
Vyznam piitomnosti nekrézy u papilarniho rendlniho karcinomu (PRK) neni zatim zcela
objasnén; doposud publikované studie prokazuji nekonzistentni vysledky.

Do této studie jsme zatadili 10 cystickych a rozsahle nekrotickych PRK, které se dle
dostupnych Klinickych informaci chovaly biologicky pfiznivé (bez agresivniho chovani a
metastaz). Zaméfili jsme se na precizni morfologicka kritéria a zafadili pouze jednotné
tumory:  sférické, cystické, obklopené  fibréznim  pouzdrem a = vyplnéné
hemoragickou/nekrotickou tekutinou. Na vnitini ¢asti pouzdra byl u v§ech tumort tenky lem
neoplastickych bun€k, které odpovidaly typu 1 PRK. VSechny pfipady byly
imunohistochemicky pozitivni s AMACR, OSCAR, CAMS5.2, HIF-2 a vimentinem.
Molekularné geneticky profil byl taktéz ve vSech ptipadech kompatibilni s diagnézou PRK.
Abnormality VHL genu nebyly v zadném z tumort zjistény.

Cilem nasi studie bylo demonstrovat, Ze papildrni rendlni karcinom typu 1 se muize
vzacné prezentovat jako objemna cysticka 1éze ohrani¢ena silnym fibroleiomyomat6znim
pouzdrem a vyplnénd hemoragickou/nekrotickou hmotou. Nekroza, kterd ve vSech piipadech
meéla kolikvaéni charakter, neméla vliv na biologické chovani tumori a pokud se tato
vyskytne PRK typu 1, neméla by byt automaticky povazovana za neptiznivy prognosticky
faktor. Tato studie si vSak neklade za cil ustanovit nova prognosticka kritéria pro typ 1 PRK,
jejim zamérem bylo vybrat skupinu morfologicky uniformnich PRK typu 1 s neobvyklymi
makroskopickymi a mikroskopickymi znaky (cystick&4 léze s nekrotickym obsahem) a
upozornit na fakt, ze kolikvaéni nekréza u té€chto typu tumorli nemd pravdépodobné
prognosticky vyznam.
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ARTICLE INFO ABSTRACT

Conflicting data have been published on the prognostic significance of tumor necrosis in papillary renal cell car-
Kidney cinoma (PRCC). Although the presence of necrosis is generally considered an adverse prognostic feature in PRCC,
Papillary renal cell cardnoma we report a cohort of 10 morphologically distinct cystic and extensively necrotic PRCC with favorable biological
Cystic . behavior. Ten cases of type 1 PRCC with a uniform morphologic pattern were selected from the 19 500 renal tu-
:gggﬂ; mors, of which 1311 were PRCCs in our registry. We focused on precise morphologic diagnosis supported by im-
Molecular genetics munohistochemical and molecular-genetic analysis. Patients included 8 men and 2 women with an age range of

32-85 years (mean, 62.6 years). Tumor size ranged from 6 to 14 cm (mean, 9.4 cm). Follow-up data were avail-
able in 7 patients, ranging from 0.5 to 14 years (mean, 4 years). All tumors were spherical, cystic, and
circumscribed by a thick fibrous capsule, filled with hemorrhagic/necrotic contents. Limited viable neoplastic tis-
sue was present only as a thin rim in the inner surface of the cyst wall, consistent with type 1 PRCC. All cases were
positive for AMACR, OSCAR, CAM 5.2, HIF-2, and vimentin. Chromosome 7 and 17 polysomy was found in 5 of 9
analyzable cases, 2 cases demonstrated chromosome 7 and 17 disomy, and 1 case showed only chromosome 17
polysomy. Loss of chromosome Y was found in 5 cases, including 1 case with disomic chromosomes 7 and 17. No
VHL gene abnormalities were found. Papillary renal cell carcinoma type 1 can present as a large hemorrhagic/ne-
crotic unicystic lesion with a thick fibroleiomyomatous capsule. Most cases showed a chromosomal numerical
aberration pattern characteristic of PRCC. All tumors followed a nonaggressive clinical course. Large liquefactive
necrosis should not necessarily be considered an adverse prognostic feature, particularly in a subset of type 1
PRCC with unilocular cysts filled with necrotic/hemorrhagic material.
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renal carcinomas and is a heterogeneous disease with histologic sub-
types and variations in clinical behavior and outcome. It is traditionally
subclassified as type 1, which is a distinct entity (morphologically,
immunohistochemically, and genetically), and type 2, which is com-
posed of more heterogeneous group of diseases [1]. Grossly, PRCCs are
usually well circumscribed and may contain foci of necrosis and
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hemorrhage. Nonetheless, unilocular cystic tumors within type 1 PRCC
are rather uncommon.

We describe a cohort of PRCC, morphologically consistent with type
1 according to the Delahunt classification, which were large unilocular
cystic tumors surrounded by thick-wall fibrous capsule and filled with
hemorrhagic/necrotic contents, demonstrating long-term favorable
clinical outcome [1,2]. The purpose of this study was to describe a
unique subpopulation of type 1 PRCC with an unusual gross and histo-
logic presentation (cystic lesion with necrotic content) to enhance our
understating of the prognostic significance of tumor necrosis (TN) in
these tumors.

2. Materials and methods

This study design was approved by local ethical committee (Charles
University, Medical School Plzen).

Of 19 500 renal tumors and tumor-like lesions (including 1311
PRCCs) in the institutional and consultation files of the Sikl's Depart-
ment of Pathology at Charles’ University, Plzen, Czech Republic, 10
cases of cystic and largely necrotic type 1 PRCC were retrieved. The tis-
sue had been fixed in neutral formalin, embedded in paraffin, 3- to
4-pm-thick sections were cut and stained with hematoxylin and eosin.

All tumors were large cystic lesions encapsulated by a thick, mostly
fibrotic tissue, In 2 cases, the tumor capsule was histologically com-
posed of so-called phenomenon inflammatory pseudotumor, for
which one of them has already been reported [3]. Cysts were filled
with sanguinolent necrotic material, whereas viable neoplastic struc-
tures were identified only in the inner surface of the cyst wall. Cases
were further examined by immunohistochemistry and analyzed by
molecular-genetic methods,

2.1. Immunohistochemistry

The immunohistochemical study was performed using a Ventana
Benchmark XT automated stainer (Ventana Medical System, Inc, Tuc-
son, AZ). The following primary antibodies were used: cytokeratin
AE1/3 VM (AE1/AE3/PCK26, monoclonal; Ventana-Roche, Mannheim,
Germany, RTU), wide-spectrum keratin (OSCAR, monoclonal, 1:2000;
Covance, Princetown, NJ), cytokeratin (CAM 5,2 monoclonal, 1:200;
Becton-Dickinson, San Jose, CA), racemase/AMACR (P504S, monoclonal,
1:50; Zeta, Sierra Madre, CA), vimentin (D9, monoclonal, 1:1000;
Neomarkers, Westinghouse, CA), carbonic anhydrase X (rhCA9, mono-
clonal, 1:100; RD Systems, Abingdon, GB), CD31 (JC70A, monoclonal,
1:50; DakoCytomation, Glostrup, Denmark), CD34 (QBEnd-10, mono-
clonal, 1:100; DakoCytomation), c-kit (CD 117, polyclonal;
DakoCytomation, RTU), cathepsin K (monoclonal, 3F9, 1:100; Abcam,
Cambridge, UK), PAX-8 (polyclonal rabbit, 1:25; Cell Marque-Medac/
RNDr. A. Manthey, Rocklin, CA), TFE3 (polyclonal, 1:100; Abcam), HIF-
1o (ESEE122, 0.5:150; Abcam), HIF-2a (ep190b, 1:30; Abcam), and
phospho-mTOR (Ser2448, 1:80; Cell Signaling Technology, Danvers,
MA). Appropriate positive and negative controls were used.

22. Molecular-genetic study

2.2.1. Fluorescence in situ hybridization methods

Four-micrometer-thick section was placed onto a positively charged
slide. Hematoxylin and eosin-stained slide was examined for the cell
counting area determination.

The unstained slide was routinely deparaffinized and incubated in
the 1x Target Retrieval Solution Citrate pH 6 (Dako, Glostrup,
Denmark) for 40 minutes at 95°C and subsequently cooled for 20 mi-
nutes at room temperature in the same solution. The slide was washed
in deionized water for 5 minutes and digested in protease solution with
Pepsin (0.5 mg/mL; Sigma-Aldrich, St Louis, MO) in 0.01 M HCl at 37°C
for 20 minutes. The slide was then placed into deionized water for 5

minutes, dehydrated in a series of ethanol solution (70%, 85%, and 96%
for 2 minutes each), and air-dried. Probes for aneuploidy detection of
chromosomes 7 and 17 (Vysis/Abbott Molecular, Des Plaines, IL;
see Table 1) were mixed with water and LSI/WCP (Locus-Specific
Identifier/Whole Chromosome Painting) Hybridization buffer (Vysis)
in a 1:2:7 ratio. An appropriate amount of probe mix was applied
on the specimen, covered with a glass coverslip and sealed with a
rubber cement. The slide was incubated in the ThermoBrite instrument
(StatSpin/Iris Sample Processing, Westwood, MA) with co-denaturation
parameters 85°C for 8 minutes and hybridization parameters 37°C for
16 hours. Rubber-cemented coverslip was then removed and the slide
was placed in a posthybridization wash solution (2x SSC/0.3% NP-40)
at 72°C for 2 minutes. The slide was air-dried in the dark, counterstained
with DAPI (Vysis), coverslipped and immediately examined.

2.2.2. Fluorescence in situ hybridization interpretation

The section was examined with an Olympus BX51 fluorescence mi-
croscope (Olympus Corporation, Tokyo, Japan) using a x100 objective
and filter sets Triple Band Pass (DAPI/SpectrumGreen/SpectrumOrange)
and Single Band Pass (SpectrumGreen/SpectrumOrange). Scoring of an-
euploidy was performed by counting the number of fluorescent signals
in 100 randomly selected nonoverlapping tumor cell nuclei. The slide
was independently enumerated by 2 observers (OH and PG). Monoso-
my and polysomy for studied chromosomes were defined as the pres-
ence of one signal per cell in greater than 45% and 3 and more signals
in greater than 10% (mean + 3 SD in normal nonneoplastic control tis-
sues), respectively.

2.2.3. DNA extraction and bisulfite DNA conversion

DNA for molecular-genetic investigation was extracted from
formalin-fixed, paraffin-embedded tissue. Several 5-um-thick sections
were placed on the slides. Hematoxylin and eosin-stained slides were
examined for identification of neoplastic tissue, Subsequently, neoplas-
tic tumor and nonneoplastic tissue from unstained slides were scraped
and DNA was isolated by the NucleoSpin Tissue Kit (Macherey-Nagel,
Diiren, Germany).

Bisulfite conversion of DNA was carried out using EZ DNA
Methylation-Gold Kit (DNA input 500 ng; Zymo Research, Orange, CA).

All procedures were performed according to the manufacturer's
protocols.

2.3. VHL gene analysis

Mutation analysis of exons 1, 2, and 3 of the VHL gene was per-
formed using polymerase chain reaction (PCR) and direct sequencing.
Polymerase chain reaction was carried out using primers shown in
Table 2. The reaction conditions were as follows: 12.5 pL of HotStar
Taq PCR Master Mix (Qiagen, Hilden, Germany), 10 pmol of each prim-
er, 100 ng of template DNA, and distilled water up to 25 pl. The ampli-
fication program consisted of denaturation at 95°C for 15 minutes and
then 40 cycles of denaturation at 95°C for 1 minute, annealing at 55°C
for 1 minute, and extension at 72°C for 1.5 minute for all amplicons.
The program was finished by 72°C incubation for 7 minutes.

The PCR products were checked on 2% agarose gel electrophoresis.

Successfully amplified PCR products were purified with magnetic
particles Agencourt AMPure (Agencourt Bioscince Corporation, A
Beckman Coulter Company, Beverly, MA), both side sequenced
using Big Dye Terminator Sequencing kit (Applied Biosystems, Foster
City, CA) and purified with magnetic particles Agencourt CleanSEQ
(Agencourt Bioscince Corporation) all according to the manufacturer's
protocol, and subsequently run on an automated sequencer ABI Prism
3130xI1 (Applied Biosystems) at a constant voltage of 13.2 kV for 20 mi-
nutes, All samples were analyzed in duplicates. Analyses of positive
samples were repeated.
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Table 1
Clinicopathologic data

Case Age(y) Sex Size{cm) Follow-up (y)  Follow-up {clinical information)

1 40 M 6x55x35 05 Open resection; pT1b. AW, without recurrency

2 67 F 65x55%x55 2 Right kidney resection; pT1b; duplicate malignancy-brest cancer. AW, without recurrency

3 67 M 9x75x4 NA NA

4 37 M NA NA NA

5 65 F 9x7x6 4 AW

6 83 M 14 x115x%x 7 05 Nephrectomy with appendectomy; pT2. Epidermoid lung carcinoma. Died in 2008 of lung carcinoma. No autopsy
7 69 M 9x 11 x11 14 Nephrectomy with appendectomy; AW, without progression

8 85 M 95x75x5 NA NA

9 32 M NA 4 Marsupialization of “renal cyst”; pT2. Died in 2007 of hepatic failure. No autopsy

10 81 M 10x8 x4 3 Nephrectomy. Died 3 y later of unknown causes. Suspect malignant tumor diagnosed from needle biopsy.

Abbreviations: AW, alive and well; F, female; M, male; NA, not available,

2.3.1. Analysis of VHL promoter methylation

Detection of promoter methylation was carried out via methylation-
specific PCR as described by Herman et al [4]. Briefly, 100 ng of DNA or 2
UL of converted DNA was added to reaction consisted of 12.5 pL of HotStar
Taq PCR Master Mix (Qiagen), 10 pmol of forward and reverse primer
(Table 3), and distilled water up to 25 pL The amplification program com-
prised denaturation at 95°C for 14 minutes and then 40 cycles of denaturation
at95°C for 1 minute, annealing at 60°C for 1 minute, and extension at 72°C for
1 minute. The program was finished by incubation at 72°C for 7 minutes.

The PCR products were checked on 2% agarose gel electrophoresis.

A patient with known VHL mutation and fully methylated HeLa cell
DNA were used as a positive control for VHL mutation analysis and pro-
moter methylation analysis, respectively. As a negative control, ran-
domly selected healthy donor blood was used.

3. Results
3.1. Clinical features

Clinicopathologic data of the patients under study are summarized
in Table 1. Of 10 patients, 8 were men and 2 were women, with age
ranging from 32 to 85 years (mean, 62.6 years; median, 67 years). The
tumor size ranged from 6 to 14 cm (mean, 9.4 cm; median, 9.3 cm).
Follow-up data were available for 7 patients and ranged from 5 months
to 14 years (mean, 4 years; median, 3 years). Three patients died of con-
ditions unrelated to renal tumor progression (ie, lung cancer and hepat-
ic failure). The remaining 7 patients were alive and well without disease
progression or metastasis at the time of study.

3.2. Gross and microscopic findings

Grossly, tumors were large, with size up to 14 cm in greatest dimen-
sion (case 6). The tumors grew expansively, were well demarcated, and
did not invade into adjacent structures (Fig. 1A + B). All tumors pre-
sented as unilocular cystic mass encapsulated by thick whitish fibrous
tissue. The inner surface of the capsule was mainly covered by a very
thin layer of brownish friable tissue, and the whole cyst was usually

filled with hemorrhagic and necrotic material (Fig. 2). No grossly iden-
tifiable neoplastic tissue was noted within the entire tumor.

Microscopically, all cases showed similar basophilic morphologic
appearance with low-grade nuclear features consistent with type 1
PRCC. In most cases, there was only very limited amount of viable neo-
plastic tissue present lining the inner surface the cyst (Fig. 3A + B). This
residual viable neoplastic tissue focally formed short papillae/
tubulopapillary structures mostly lined by a single-cuboidal or low-
columnar epithelial cells with scant cytoplasm and relatively uniform
nuclei (Fig. 4A + B). Occasionally, more complex papillary structures
were encountered. Histologic grade 2 was found in 8 cases, 3 in 2
cases (International Society of Urological Pathology [ISUP] nucleolar
grading).

All tumors were well circumscribed, with a prominent fibrous capsule
showing a thickness up to 2 cm. In 2 cases (cases 9 and 10), the capsule
wall comprised rather cellular tissue composed mostly of fibroblasts
with focally dense lymphocytic infiltration. Such a phenomenon was mor-
phologically consistent with the diagnosis of inflammatory pseudotumor
(Fig. 5A + B). Cysts were filled with hemorrhagic and necrotic material.

3.3. Immunohistochemistry

The immunohistochemical findings are summarized in Table 2. All of
the examined tumors were diffusely positive for AMACR, OSCAR, CAM
5.2, anti-HIF-2 and vimentin (Fig. 6). CD117 and anti HIF-1 were weakly
positive. MIA was diffusely positive in 9/10 cases, and in one case
(case 8) the positivity was focal. 7 of 10 tumors diffusely reacted with
PAX 8, and the remaining 3 cases were focally positive. There was no ex-
pression of CANH and TFE3 in any case. Expression of CD34, CD31,
mTor, Cathepsin K, and AE1-AE3 was variable. ALK-1 was negative
both in pseudocapsules and in the neoplastic tissue in all cases.

3.4. Molecular-genetic findings
Findings of molecular-genetic analyses are summarized in Table 3.

Tumors were analyzed for chromosomal copy number variation using
array comparative genomic hybridization (aCGH) and fluorescence in

Table 2

Immunochistochemical findings

Case (D117 CD31 (D34 Cath AMACR OSCAR Vim AE1/3 CAM 5.2 MIA TFE3 CANH PAX8 Anti-HIF-1  Anti-HIF-2 mTOR ALK 1*
1 + - - —  +++ H++ A+ foct++ +++ - - +++ + +++ foc +++ —
2 + + + —  +++  +++ +++ foc++ ++ +++ - - ++ + +++ foc +++ —
3+ + + =+ttt At foct+ +++ - - ++ + +++ foc +++ —
4+ + = =+ttt At o - - +++ ++ +++ foc +++ —
5 + + + — +++  +++ +++ foc+++ -+ +++ — - +++ + +++ + —
6 + + — — +++ +++ +++ +++ ++ +++ — — ++ ++ +++ — —
7 + - - —  +++  +++ +++ foc+++ ++ +++ - - foc +++ + +++ foc +++ —
8 + + + + ++ foc +++ — - foc +++ ++ +++ foc +++ —
9+ + + E s e e ++ +++ - - foc +++ ++ +++ foc++ —
10+ + + A+ttt Attt foct+ +++ — - +++ + +++ + -

Abbreviations: Cath, cathepsin K; foc, focally; Vim, vimentin; —, negative; +, weakly positive; 4+, moderately positive; +--+-+-, strongly positive.

2 Assessed in the capsule only.

48



26 K. Peckova et al. / Annals of Diagnostic Pathology 26 (2017) 23-30

Table 3

Molecular-genetic analyses
Case Sex aCGH CEP 7 CEP 17 CEP XY LOH 3p VHL VHLM
1 M +9,+12,+20,—Y D D X- Neg Neg Neg
2 F +12,+13,+16,+17,—21 D P XX Neg Neg Neg
3 M No changes NA NA NA Neg Neg Neg
4 M NP P P X- NA NA Neg
5 F NP NP NP NP NP NP NP
6 M +7,417 P P X- Neg Neg Neg
7 M +(7pter-7q22.1),+17,—Y P P X- NA Neg Neg
8 M No changes D D XY Neg Neg Neg
9 M +2,43,+7,+12,416,+17,+20,4+-21,4-22 P P XY Neg Neg Neg
10 M NP P P X- NA Neg Neg

situ hybridization. Seven cases were analyzable by aCGH. Chromosome
7 and 17 polysomy was found in 5 cases (Fig. 7). No chromosomal nu-
merical aberrations were found in 2 cases. In case 1, both chromosomes
7 and 17 were disomic with loss of chromosome Y detected by aCGH
and subsequently confirmed by fluorescence in situ hybridization.
Polysomies of chromosomes 9, 12, and 20 were found in the same
tumor (case 1). Case 2 exhibited gains of chromosomes 12, 13, 16, and
17; chromosome 21 was monosomic and chromosome 7 was disomic.

No VHL gene abnormalities including mutations, hypermethylation
of VHL promoter, and loss of heterozygosity of 3p locus were found in
analyzable cases (Table 3).

4. Discussion

It has been evident since the so-called Heidelberg classification in
1997 that renal tumors represent a highly heterogeneous group of

Fig. 1. (A) Case 2. Postcontrast computed tomography (CT), excretory phase, sagittal
section. A round-shape tumor of the upper pole of the left kidney. Postcontrast density
17-61 HU. Necrotic center of the tumor is clearly visible. (B) Case 3. Postcontrast CT,
arterial phase, axial section. Tumor of the right kidney, round shape with large central
necrosis, postcontrast density 25-68 HU.

neoplasms not only morphologically but also from molecular-genetic
perspectives [5]. In the 2004 World Health Organization classification
of genitourinary tumors, 4 new subtypes of renal tumors were intro-
duced [6]. In the 2012 ISUP Vancouver Renal Tumor Classification, fur-
ther 5 new renal tumors were included and 3 more were recognized
as “emerging” renal tumors [6]. The recent 2016 World Health Organi-
zation classification fully accepts the proposals of the 2012 ISUP
Vancouver classification and one of the “emerging entities,” succinate
dehydrogenase deficient renal cell carcinoma (RCC), has been added
as a new entity [7]. It is evident from these ever-evolving classifications
that the morphologic and genetic variability of renal tumors are
enormous and that one can reasonably anticipate different clinical
outcomes in particular tumor types. Therefore, prognostic criteria
and predictor factors can play a crucial role in providing individual
risk profiles with a suitable aftercare conception [8]. It would be chal-
lenging to apply prognostic morphologic criteria to RCCs owing to
vast tumor heterogeneity and the diverse biological pathways that
exist in various tumors [8,9].

Type 1 PRCC is currently considered a distinct entity with relative
uniform gross, histologic, and immunohistochemical features as well
as similar molecular-genetic profile. Our cohort is constituted of a ho-
mogenous subset of type 1 PRCC presenting with large unilocular cystic
necrotic tumors.

Papillary renal cell carcinoma, the second most common RCCs, was
initially classified as 2 morphologic groups of so-called type 1 and
type 2 by Delahunt and Eble [2]. Papillary renal cell carcinomas are gen-
erally immunoreactive for vimentin, cytokeratins AE1-AE3, CAMS5.2,
high-molecular-weight cytokeratins, EMA, CD10, and AMACR. Type 1
PRCC is more frequently positive for CK7. Genetic abnormalities in
PRCC most commonly include trisomy/polysomy of chromosomes 7,
12,16, 17, and 20 and loss of the Y chromosome. Several studies have

Fig. 2. Thick-walled cyst with thin, mostly necrotic rim of neoplastic tissue on the inner

surface.
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Fig. 3. (A + B) A limited amount of the vital neoplastic tissue lined the inner wall of the
cyst. (A) Scanning magnification showing a large portion of thick-walled cyst. (B) Large
areas of inner surface of the cyst were covered by necrotic material only.

suggested genetic differences between type 1 (morphologically baso-
philic) and type 2 (morphologically eosinophilic) subtypes [6].

The increasing number of reported cases and the development of
new diagnostic techniques have demonstrated that PRCC, as a group, is
more diverse morphologically and genetically than previously thought.

Papillary renal cell carcinomas sometimes display overlapping mor-
phologic features of type 1 and type 2, which can pose significant diag-
nostic difficulties in differentiating between the 2 types [10]. Several
distinct variants of PRCC that are different from type 1 and type 2
have been described in the literature [11-14]. It should be noted that
types 1 and 2 PRCCs are shown to be clinically and biologically distinct.
Alterations in the MET pathway are associated with type 1, and activa-
tion of the NRF2-ARE pathway is described with type 2 [15]. Type 1 tu-
mors often harbor gains of chromosomes 7p and 17p, whereas type 2
tumors contain an allelic imbalance of one or more chromosomes,
namely, chromosomes 1p, 3p, 5, 6, 8,9p, 10, 11, 15, 18, and 22 [6,15].

Fig. 4. Viable neoplastic tissue focally formed tubulopapillary (A) or short papillary
(B) structures mostly lined by single-cuboidal or low-columnar epithelial cells with
scant cytoplasm and uniform nuclei.

In our study, we attempted to assemble a uniform cohort of PRCC tu-
mors that were consisted of large cystic necrotic/hemorrhagic tumors en-
capsulated by thick fibrous tissue. Morphologically and
immunohistochemically, all lesions corresponded with type 1 PRCC.
We noted that the tumors contained only scarce amounts of viable neo-
plastic tissue, mainly in the inner surface of the cyst wall, with most of
tumor volume consisting of necrotic sanguinolent material.

The molecular-genetic profile was also expectedly consistent with
type 1 PRCC (in 5/9 analyzable cases). Two of our cases demonstrated
disomy in chromosomes 7 and 17, but also showed additional chromo-
somal abnormalities. Gains of chromosomes 9, 12, and 20 were found in
1 case (case 1), with a second case (case 6) exhibiting normal chromo-
some 7 and 17 status as well as disomy of all other chromosomes.

The prognosis of RCCs in general is attributed to several clinical and
pathological factors such as symptomatic cancer, TNM classification,
histologic grade, and presence/absence of a sarcomatoid differentiation
[22]. The presence of TN has also been proposed repeatedly as an inde-
pendent prognostic factor. Tumor necrosis appears to represent an in-
teresting parameter in prognostic assessment owing to its easy and
reproducible identification in routine histopathologic examination.
However, there are several conflicting aspects that challenge the notion
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Fig. 5. Thick capsule resembling inflammatory pseudotumor was present in 2 cases.
Scanning magnification (A) and detailed view (B).

of TN as a prognostic parameter. First, the prognostic significance of ne-
crosis in RCCs remains controversial because the studies published to
date have shown conflicting results [9,16,17]. This may be explained

Fig. 6. All tumors were positive for AMACR.

by the fact that no uniform consensus on assessing TN exists. Some re-
searchers evaluate necrosis from gross specimens only [16,18], whereas
others use radiologic or microscopic findings [9,17,19]. Klatte et al sug-
gested that classification based solely on the presence or absence of ne-
crosis is unsatisfactory. Conversely, they recommended a scoring
system based on the extent of necrosis as a part of every pathological
examination [33]. However, this concept is not currently accepted as
part of standard reporting.

Although TN is often reported as an adverse prognostic factor, its sig-
nificance is only well established in clear cell RCC [6,20-22]. Further-
more, according to a recently proposed grading system for clear cell
RCC, only coagulative-type necrosis is considered as a significant prog-
nostic marker. It should be noted that no such criteria have been
established for PRCC. Coagulative-type necrosis is characterized by pre-
served architecture of dead tissues and firm texture, with neoplastic
cells showing no nuclei with limited structural damage, giving the ap-
pearance of so-called “ghost cells.”

On the other hand, liquefactive necrosis is characterized by digestion
of the dead cells resulting in transformation of the tissue into a liquid
viscous mass [23]. We consider the necrosis within our cohort to be
liquefactive type, as a substantial part of the tumor was transformed
into a liquid viscous, largely hemorrhagic mass in all cases.

Considering that PRCCs are composed of a diverse and heterogeneous
group of tumors, the determination of prognostic factors would even be
more difficult to ascertain. The situation is further complicated by the
fact that the incidence of PRCC is much lower than that of clear cell RCC,
and a relatively limited number of studies dealing with prognostic factors
in PRCC have been published [24]. One of the strengths of our series is that
all the cases were uniformly and exclusively composed of type 1 PRCC ac-
cording to Delahunt classification. It is worth noting that studies assessing
clinical outcomes in PRCC may have generated inconsistent conclusions
simply due to heterogeneous nature of PRCCs. Hence, numerous re-
searchers have made an effort to determine the most useful method of his-
tologic assessment in establishing meaningful prognostic factors. Onishi
et al [25] studied clinicopathologic features of 42 PRCCs and their influence
on prognosis. They suggested that the presence or absence of foam cells,
pseudocapsule, solid architecture, cytologic appearance, stage, and nuclear
grade were meaningful prognostic factors. In addition, they observed that
the prognosis of patients with PRCC was similar to those with clear cell
RCC. They did not include TN among the list of prognostic parameters, as-
suming that TN simply indicates poor tumor vascularization and that
would be clinically irrelevant. However, because PRCC refers to a rather di-
verse heterogenous group of tumors and no further subclassifications of
PRCC were provided by the authors, it would be difficult to determine
which prognostic factors would have been attributed to different types
of PRCC. Several other studies also reached a similar conclusion to that of
Onishi et al, not considering TN to be an adverse prognostic parameter
in PRCC [9,25-28]. In contrast, a number of studies reported TN to be asso-
ciated with an adverse clinical course. In this regard, it is thus understand-
able that some researchers have designated TN as an adverse prognostic
factor for PRCC [24,29-32].

However, it is of note that the subclassifying of PRCC into the type
1 and type 2 was not taken into consideration in some of these studies
[8,26,28,33,34], whereas it was included in others [9,16,29,31]. For this
reason, it is unclear whether it would be possible to compare the results
from studies dealing with such a heterogeneous cohort of tumors.
For instance, some PRCCs (ie, familiar leiomyomatosis associated
[papillary] RCC) are clinically aggressive tumors, and that it would be
inappropriate to objectively assess the prognostic value of TN in
PRCCs without further subtyping.

This study is one of its kind to address this issue in an objective fash-
ion. In our series of 10 largely necrotic type 1 PRCCs, none of the tumors
demonstrated an aggressive or metastatic behavior. However, we
would like to point out that our study has no ambition to establish prog-
nostic criteria for type 1 PRCC or to evaluate presence/absence of
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Fig. 7. Array CGH profile of case 7 revealing gains on chromosomes 7 (7pter-7q22.1) and 17, and a loss of chromosome Y.

necrosis as an adverse/ambivalent prognostic feature. The aim of this
study was to describe a subpopulation of type 1 PRCC characterized
by uniform, albeit unusual gross and histologic features.

An interesting phenomenon was documented in cases 9 and 10
of our series where the tumor capsule was composed of fibrous
tissue, indistinguishable from inflammatory pseudotumor histological-
ly. Therefore, it is very important to carefully examine the capsule
and to distinguish myofibroblastic proliferation from sarcomatoid
differentiation or even from sarcoma arising in an inflammatory
pseudotumor. Inflammatory pseudotumors may express ALK-1 and
cytokeratin immunostains, which can be helpful in differentiating
ambiguous entities [33,34]. Neither ALK-1 nor cytokeratins showed a
positive reaction in any tumor capsule in our series including the
above-mentioned 2 cases. The capsules reminiscent of inflammatory
pseudotumor in the above-mentioned cases exhibited identical immu-
nohistochemical reaction against ALK-1 and cytokeratins as tumors
with a “simple” fibrous capsule.

According to some authors, the presence of a fibromuscular pseudo-
capsule is rather characteristic of and more prominent in clear cell RCC,
less frequently present in chromophobe RCC, and rarely in PRCC [34].
Fibromuscular pseudocapsules are characterized by a complex architec-
ture including both connective tissue and smooth muscle fibers with
thicker capsules sometimes containing vasculopathy. The presence of
apseudocapsule may be helpful to resolve diagnostic difficulties in chal-
lenging cases. The core biopsy specimen from patients with a high
Bosniak type might be composed predominantly of fibromuscular tis-
sue and only scant tumor fragments [34]. This kind of biopsy finding
should lead to recommend additional tissue sampling. The designation
of such a specimen as a nonrepresentative or even nonneoplastic biopsy
should be considered with caution. According to some authors, radio-
logic and/or pathologic presence of a pseudocapsule/fibromuscular tis-
sue may raise suspicion for RCC, with a higher probability of clear cell
type [34]. The cases described in our study clearly show that a thick
pseudocapsule can also be found in low-grade PRCC type 1.

5. Conclusions

Type 1 PRCC can present as a large unicystic lesion with necrotic/
hemorrhagic content and surrounded by thick fibroleiomyomatous
capsule. Most of our cases contained a chromosomal numerical aberra-
tion pattern characteristic of PRCC. All tumors followed a nonaggressive
clinical course. Large liquefactive necrosis should not necessarily be
considered an adverse prognostic feature, at least in a subset of type 1
PRCC with unilocular necrotic cystic presentation. Adequate tissue sam-
pling in such tumors is crucial to arrive at accurate diagnosis, because
most of these tumors contain limited viable neoplastic tissue lining
the inner cyst wall,

Abbreviations: CEP, centromeric enumeration probe; F, female; LOH
3p, loss of heterozygosity of chromosome 3p; M, male; NA, not analyz-
able; Neg, negative; NP, not performed; P, polysomy; VHL, mutation
analysis of VHL; VHLM, methylation of VHL; X-, loss of chromosome Y
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LEIOMYOMATOZNI STROMA V RENALNICH KARCINOMECH JE
POLYKLONALNI A NIKOLIV SOUCASTI NEOPLASTICKEHO PROCESU

Nékteré typy rendlnich epitelidlnich neoplazii se vyznacuji pfitomnosti variabilniho
mnozstvi leiomyomatozniho stromatu (LS). Mezi tyto tumory lze zatradit svétlobunécny
papilarni  rendlni  karcinom (SPRK)/renédlni angiomyoadenomatézni tumor (RAT),
svétlobuné¢ny renalni karcinom (SRK) a renalni karcinom s leiomyomatdznim stromatem
(RKLS). Pro uptesnéni je tieba dodat, ze SPRK a RAT jsou identické tumory tvoftici 2 konce
morfologického spektra jedné jednotky a v sou¢asné WHO Kklasifikaci byly slouc¢eny do jedné
jednotky nesouci nazev svétlobunéény papilarni renalni karcinom [4]. Doposud nebylo
stanoveno, je-li LS soucasti neoplastického procesu ¢i jeho pouze reaktivni pfimési.

V prilozené studii jsme za pouziti human androgen receptor assay (HUMARA)
zkoumali klonalitu epitelové a leiomyomatézni komponenty u 14 renalnich karcinomu;
skupina vybranych tumort zahrnovala 4 SPRK, 5 SRK s leiomyomatdznim stromatem, 2
papilarni renalni karcinomy (PRK) a 3 SRK s bohatym leiomyomatdznim stromatem. Ve
vSech analyzovatelnych piipadech (8/14) byla zjisténa polyklonalita leiomyomatdzni
komponenty. Na zaklad¢ této studie lze vyvodit, Ze:

e Leiomyomatozni stroma se muze nachazet nejen u SPRK/RAT, SRK a RKLS, ale
vyskytuje se napiiklad i u PRK.

e Hladkosvalové stromdlni buiiky jsou polyklondlni a nejsou tedy soucasti
neoplastického procesu, nybrz pouze reaktivni piimési pochazejici pravdépodobné ze
stény rendlnich zil, jakozto jediného zdroje hladké svaloviny v ledvinach.
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Abstract Some renal epithelial neoplasms, such as renal
angiomyoadenomatous tumor, clear cell papillary renal cell
carcinoma and renal cell carcinoma with smooth muscle stro-
ma, contain a variably prominent smooth muscle stromal
component. Whether or not this leiomyomatous stroma is part
of the neoplastic proliferation has not been firmly established.
We studied the clonality status of 14 renal cell carcinomas
with a prominent smooth muscle stromal component (four
renal angiomyoadenomatous tumors/clear cell papillary carci-
nomas, five clear cell carcinomas, two papillary carcinomas,
and three renal cell carcinomas with smooth muscle rich
stroma) using the human androgen receptor assay
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(HUMARA). We found the leiomyomatous stromal compo-
nent in all analyzable (8/14) cases to be polyclonal and there-
fore reactive rather than neoplastic. Based on morphological
observations, we propose that the non-neoplastic
leiomyomatous stromal component is likely derived from
smooth muscle cells of large caliber veins located at the
peripheral capsular region or within the collagenous septac
of the tumors.
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Introduction

Some renal epithelial neoplasms contain a variably prominent
smooth muscle stromal component. This is regularly seen in
renal angiomyoadenomatous tumor (RAT), but has also been
described in clear cell papillary renal cell carcinoma
(CCPRCC) and is a conspicuous feature in a specific subset
of renal cell carcinoma—"renal cell carcinoma with smooth
muscle stroma” (RCCSMS), as previously described by sev-
eral investigators [3, 6, 7, 12]. Apart from being diagnostically
relevant (as an inherent component of RAT) and also as a
potentially confusing histomorphological feature (obscuring
the neoplastic epithelial cells, especially on a core biopsy), the
biological nature of this leiomyomatous stroma has not been
firmly established. In this study, we characterize 14 renal cell
carcinomas of various types harboring a prominent
leiomyomatous stroma with focus on clonality analysis, i.c.,
we aim at determining whether the stromal component is a
part of the (monoclonal) neoplastic proliferation or not.

Materials and methods

Out of 17,000 renal tumors in the Plzen Tumor registry, we
identified 27 cases which contained a prominent
fibroleiomyomatous stromal component. We selected those
cases in which the fibroleiomyomatous component formed
at least 10 % of the estimated tumor volume. As we intended
to use a clonality assay based on identifying a non-random
inactivation pattern of the human androgen receptor located
on the X-chromosome (HUMARA), cases occurring in males
(13) were excluded from further study. The remaining 14
cases in females were classified as RAT/CCPRCC, RCCSMS,
papillary RCC (PRCC), and clear cell RCC (CRCC). As
RCCSMS, we diagnosed tumors with clear cell neoplastic
elements, admixed with huge and thick bundles and cords of
leiomyomatous stroma. None of the RCCSMS contained
mutations of the VHL gene or loss of heterozygosity (LOH) of
3p (results not shown).

Immunohistochemistry

The immunohistochemical study was performed using a
Ventana BenchMark XT automated stainer (Ventana Medical
System, Inc., Tucson, AZ, USA) on formalin fixed, paraffin
embedded tissue. The following primary antibodies were
employed: vimentin (D9, monoclonal, NeoMarkers, Westing-
house, CA, 1:1000), smooth muscle actin (1 A4, monoclonal,
Cell Marque, Rocklin, CA, RTU), desmin (D33, monoclonal,
Dako, Glostrup, Denmark, 1:200), caldesmon (E89, Cell
Marque, RTU), and CD34 (QBEnd10, monoclonal, Dako,
1:1000). Appropriate positive controls included normal

@ Springer

kidney cortex tissue for vimentin and CD34, human heart
tissue for smooth muscle actin, and uterus for caldesmon.

Molecular genetic analysis
Microdissection

Eight micrometer-thick sections were cut from each FFPE
block, placed on Frame Slides (PET membrane, 1.4 pum,
Leica, Wetzlar, Germany), deparaffinized with xylene, and
stained with nuclear red. Microdissection, to separate tumor
stroma, neoplastic epithelial cells, and non-tumor tissue, was
performed by Laser Capture Microdissection, LMD 6500
(Leica, Wetzlar, Germany).

DNA extraction

DNA from microdissected tissue was extracted using a
QIAsymphony DNA Mini Kit (Qiagen, Hilden, Germany)
on automated extraction system (QlAsymphony SP, Qiagen)
according to the manufacturer’s supplementary protocol for
FFPE samples (purification of genomic DNA from FFPE
tissue using the QIlAamp DNA FFPE Tissue Kit and
Deparaffinization Solution).

The lysate was manually transferred to clean tubes to get
rid of the microdissection membranes. Concentration and
purity ofisolated DNA were measured using NanoDrop ND-
1000 (NanoDrop Technologies Inc., Wilmington, DE, USA).
DNA integrity was examined by amplification of control
genes in a multiplex PCR [19].

Analysis of clonality using human androgen receptor assay

Clonality analysis was performed according to a previously
described method based on the digestion of differentially
methylated X chromosomal DNA with methylation-sensitive
restriction enzyme followed by PCR amplification of a CAG
repeat located in human androgen receptor (AR, HUMARA)
[1]. DNA samples were digested by restriction enzyme Hhal
and amplified as described previously [1].

PCR products were examined by a fragment analysis
on Abi3130x/. Peak heights of the two alleles were
measured for each sample (stroma, neoplastic cells,
non-tumor). A corrected ratio (CR) was assessed by
dividing the ratio (allele 1/allele2) of the digested sam-
ple by the ratio (allelel/allele 2) of the undigested sam-
ple. A final clonality ratio of the neoplastic epithelial
cell samples was determined by dividing the CR of the
neoplastic cell DNA by the CR of the non-tumor DNA.
An analogous calculation was used to get a clonality
ratio of stromal sample. The sample was considered
monoclonal if the final ratio was higher than 1.5 or
lower than 0.66.
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Table 1 Basic clinicopathological data

Case Age Sex Size Histology

1 74 F Diam 10 cm RAT-CCPRCC
2 80 F Diam 2.3 cm RAT-CCPRCC
3 59 F Diam 1.9 cm RAT-CCPRCC
4 63 F 2.5%2x2.2 cm RCCSMS

5 33 F NA™ RCCSMS

6 57 F 9x7x5 cm PRCC

7 48 F 11.5x12x10.5 cm CCRCC

8 64 F Diam 1.2 cm RAT-CCPRCC
9 73 F® Diam 1.8 cm CCRCC

10 69 F Diam 1.5 cm CCRCC

11 60 F Diam 1.5 cm RCCSMS

12 24 F 12x10x9 cm CCRCC

13 67 F 6x5x5 cm PRCC

14 65 F°¢ Diam | cm CCRCC

F female, Diam diameter, RAT-CCPRCC renal angiomyoadenomatous
tumor/clear cell papillary renal cell carcinoma, RCCSMS renal cell carci-
noma with smooth muscle stroma, PRCC papillary renal cell carcinoma,
CCRCC clear cell renal cell carcinoma, NA not available

#Multicentric lesion
" Bilateral tumor, contralateral lesion was typical CCRCC
¢ Bilateral tumor, contralateral lesion was sarcomatoid CCRCC

Results

Basic clinicopathologic data are summarized in Table 1.
Briefly, four cases were diagnosed as RAT/CCPRCC, five

cases as CRCC, two cases as PRCC, and three cases as

RCCSMS. The age of the patients ranged from 24 to 80 years

Fig. 1 RAT/CCPRCC composed
of areas with leiomyomatous
stroma admixed with elongated
tubules

(mean 59.7 years, median 63.5 years). The size of the tumors
ranged from 1 to 12 cm (mean 4.8 cm, median 10.0 cm).
Cases diagnosed as RAT/CCPRCC were composed of
areas with leiomyomatous stroma admixed with elongated,
variably open and collapsed tubules lined by a single layer of
columnar-shaped clear cells with basally located low-grade
nuclei, apical snouts composed of cytoplasm at the luminal

aspect, and a prominent peritubular capillary network (Fig. 1).

Cases diagnosed as PRCC were predominantly composed
of well-formed papillary structures, e.g., finger-like fibrovas-
cular cores lined by basophilic to eosinophilic small, neoplas-
tic epithelial cells exhibiting round, low-grade nuclei charac-
teristic of type-1 PRCC intermingled with a prominent
fibroleiomyomatous stroma (Fig. 2).

Cases diagnosed as RCCSMS displayed neoplastic epithe-
lial cells with clear cytoplasm arranged in small nest, cords, or
tubules admixed with a conspicuous smooth muscle stroma
(Fig. 3).

Cases diagnosed as CCRCC were composed of neoplastic
clear cells arranged in solid alveolar nests surrounded by arich
capillary network. The neoplastic epithelial nests were
surrounded by a prominent fibroleiomyomatous stroma
(Fig. 4).

The stromal component constituted from 10 to 30 % of the
tumor volume. Histologically, the stroma was rather uniform
with little variation between tumors. The stroma was com-
posed of more or less well-formed fascicles of smooth muscle-
like spindle cells with mildly eosinophilic cytoplasm and
without significant nuclear atypia. The cellularity was gener-
ally low, and there was a variable component of frequently
edematous collagenous extracellular matrix containing blood
vessels of different caliber, some of which appeared to have
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Fig. 2 PRCC predominantly
composed of well-formed
papillary structures lined by
basophilic to eosinophilic
epithelial cells intermingled with
a prominent fibroleiomyomatous
stroma

collapsed or have inadequately developed lumina (“abortive
vessels”) (Fig. 5). In most instances (10/14), the stromal
component seemed to merge with the muscle layer of veins
located at the periphery/capsular regions of the tumors
(Fig. 6).

Immunohistochemistry

The results of the immunohistochemical study are presented
in Table 2. Briefly, the stromal cell in all cases displayed
moderate or strong expression of smooth muscle actin,
vimentin, and caldesmon, whereas the expression of desmin

Fig. 3 RCCSMS showing
neoplastic epithelial cells with
clear cytoplasm arranged in small
nest, cords, or tubules admixed
with a conspicuous smooth
muscle stroma

Q Springer

was variable and only few cases showed weak expression of
CD34.

HUMARA

Six cases could not be analyzed due to insufficient quantity or
poor quality of the DNA of one of the three samples. The
remaining eight cases showed a monoclonal pattern of the
neoplastic epithelial cell samples, whereas all tumor stromal
samples revealed a polyclonal pattern, e.g., random inactiva-
tion of the androgen receptor on the X-chromosome (Table 3).
A polyclonal pattern was also detected in all samples from
non-neoplastic renal parenchyma.
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Fig. 4 CCRCC composed of
neoplastic clear cells arranged in
solid alveolar nests surrounded by
a prominent fibroleiomyomatous
stroma

Discussion

The rare existence of renal cell carcinomas with a prominent
smooth muscle-rich stroma (RCCSMS) was first pointed out
by Canzonieri et al. in 1993 [3] and was further substantiated
by Rosai and Kuhn in 2006 [6] and subsequently by other
researchers [4, 7, 12]. These tumors have been descriptively
referred to as “renal cell carcinoma with smooth muscle
stroma”, “mixed renal tumor with carcinomatous and
fibroleiomyomatous components”, “renal cell carcinoma as-
sociated with prominent angioleiomyoma-like proliferation”,
or “clear cell renal cell carcinoma with smooth muscle

Fig. 5 Mostly hypocellular
stroma with edematous
collagenous extracellular matrix

stroma”. A possible relationship between RCCSMS and
CCPRCC/RAT has been discussed recently [7]. Both types
of RCC express CK 7, contain fibroleiomyomatous stroma,
and share similar genetic features. Whether or not they con-
stitute different forms of one nosologic entity remains unclear.
In contrast to the rare presence of leiomyomatous stroma in
the majority of renal carcinomas, this is an inherent feature of
RAT and has also been described in CCPRCC [2]. RAT and
CCPRCC may be perceived as two ends of a spectrum, where
the presence of a leiomyomatous stromal component is the
defining feature of, and hence separates, RAT from CCPRCC.
This position was adopted by the ISUP meeting at Vancouver,
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Fig. 6 Example of a RAT/
CCPRCC with a stromal
component merging with the
muscle layer of veins located at
the periphery/capsular regions of
the tumors

Canada in 2012 [16]. There is no consensus about exact
amount of leiomyomatous stromal component in RAT. Most-
ly, tumors with a thick fibroleiomyomatous capsule and volu-
minous stromal component are designated as RAT and cases
with less prominent capsular and stromal component as
CCPRCC. However, in particular cases, it is extremely diffi-
cult to draw the line between these two entities/ends of the
spectrum. Apart from the nosological aspects pertaining to the
presence of smooth muscle rich/leiomyomatous stroma, an
abundant presence of such a stromal component may give rise
to diagnostic problems, especially when limited tissue is
available for histopathological examination, e.g., on a core

Table 2 Immunohistochemical reactivity of the stromal component

Case Actin CD34 Desmin Vimentin Caldesmon
1 -+ +— - +++ +++

2 /A - + - ++

3 i + o 4+ +++

4 +++ += + +++ -+

5 -+ +— +A++ =+ -

6 ++ = = + -

7 +++ — + ++ /A
8 ++ = +foc -+ +

9 ++ NA NA +++ NA

10 A== 4 + -+ =+

11 -+ - ++ ++ -+
12 -+ - - = ++

13 -+ - - ++ -

14 +++ - ++ ++ ++

+ weakly positive, ++ moderately positive, +++ strongly positive, —
negative, NA not analyzed, foc focally

@ Springer

biopsy. This may be particularly problematic when the stromal
component is as conspicuous as in RCCSMS, where the

Table 3 Results of

clonality analysis of Case # Sample Interpretation
neoplastic and stromal
samples (data for non- 1 T POS
neoplastic samples not S NEG
shown) 2 T POS
S NEG
3 T POS
S NEG
4 T NA
S
5 T NA
S
6 T NA
S
7 T NA
S
8 T NA
S
9 T NA
S
10 T POS
S NEG
11 T POS
S NEG
12 T POS
S NEG
13 T POS
S stromal sample, 7" neo- S NEG
plastic sample, POS pos- 14 T POS
itive, NEG negative, NA S NEG

non analyzable

60



Virchows Arch (2014) 465:89-96

95

neoplastic/malignant epithelial component is very limited.
Based on the literature, however, this appears to be a very rare
event as reflected in our series, in which in none of the cases
the stromal component exceeded 30 % of the tumor volume.

The smooth muscle-like cells of the stroma exhibited mod-
erate or strong expression of SMA, vimentin, and caldesmon,
whereas the expression of desmin was variable. This is not
surprising since smooth muscle cells may alternate between
synthetic and contractile phenotypes [11, 17], and the shift
between these phenotypes corresponds to changes in the
cellular content of a number of proteins, such as vimentin,
desmin, smooth muscle actin, and tropomyosin both in vivo
and in vitro [14, 18]. Moreover, different types of blood
vessels exhibit differences in their cytoskeletal intermediate
filament content [9, 10, 13], and it is well known that human
smooth muscle tumors such as leiomyomas,
leiomyosarcomas, and Epstein-Barr virus-associated smooth
muscle tumors not infrequently are negative for or exhibit
weak focal expression of desmin. Likewise, in RAT, the
leiomyomatous stroma reacted positively and strongly with
antibodies to caldesmon, calponin, vimentin, and smooth
muscle actin in all cases, whereas immunostaining for desmin
was patchy and weak [8&].

The nature and origin of this smooth muscle-rich stroma
are closely related questions. Our study clearly indicates that
the smooth muscle-like cells are not part of the monoclonal
neoplastic epithelial process. The clonality assay (HUMARA)
exploits the fact that monoclonal proliferations exhibit a non-
random inactivation pattern of the androgen receptor on the X-
chromosome and that polyclonal proliferations do not. Al-
though monoclonality does not equate to neoplasia, it is,
however, a sine qua non for a biological process to be labeled
as a neoplasm. Our findings thus strongly support a reactive,
polyclonal origin of the leiomyomatous stroma in renal
neoplasms.

Morphologically, we found the stromal component to be
closely connected to the muscle layer of large caliber veins
located at the capsular region and in the fibrous septae within
the tumor. This justifies our proposal to consider these vessels
as the source of the stromal proliferation. The proliferation of
vessel-derived smooth muscle cells may be related to hypoxia-
induced factors as suggested by Kuhn et al. [6]. However,
based on the data presented on RCCSMS, by Martignoni et al.
[7], it seems that at least the hypoxia-related VHL pathway is
not activated in this group of neoplasms. Interestingly, using
LOH for the T'SC2 region on chromosome 16pl3, a dual
composition of both neoplastic and non-neoplastic vessels
has been documented in angiomyolipomas in patients with
lymphangioleiomyomatosis [5]. No evidence of
leiomyomatosis associated with renal tumors was found in
any of our patients.

On a final note, some investigators have suggested that
different stromal-vascular patterns in human cancers (“tumor

vessel or stromal vessel phenotype™) may be predictive of
clinical response to (“anti-angiogenetic™) drugs targeting the
VEGF pathway [15]. Our data may contribute to this
discussion.

Conclusions

Our data support the following conclusions: (1) the presence
of a prominent smooth muscle containing stroma may be
encountered not only in “renal cell carcinoma with smooth
muscle stroma”, clear cell renal cell carcinoma, and clear cell
papillary renal cell carcinoma/renal angiomyoadenomatous
tumor but also in papillary renal cell carcinoma, and (2) the
smooth muscle cells constituting this stroma are polyclonal
and represent a reactive proliferation possibly derived from
smooth muscle cells of large caliber veins located at the
peripheral capsular region or within the collagenous septae
of the tumors.

Acknowledgments This study was supported by the Charles Universi-
ty Research Fund (project number P36) and by Charles University Grant
SVV 260051/2014.

Conflict of interest All authors declare no conflict of interest.

References

. Allen RC, Zoghbi HY, Moseley AB, Rosenblatt HM, Belmont JW
(1992) Methylation of Hpall and Hhal sites near the polymorphic
CAG repeat in the human androgen-receptor gene correlates with X
chromosome inactivation. Am J Hum Genet 51:1229-1239
. AydinH, Chen L, Cheng L, Vaziri S, He H, Ganapathi R, Delahunt B,
Magi-Galluzzi C, Zhou M (2010) Clear cell tubulopapillary renal cell
carcinoma: a study of 36 distinctive low-grade epithelial tumors of
the kidney. Am J Surg Pathol 34:1608-1621
. Canzonieri V, Volpe R, Gloghini A, Carbone A, Merlo A (1993)
Mixed renal tumor with carcinomatous and fibroleiomyomatous
components, associated with angiomyolipoma in the same kidney.
Pathol Res Pract 189:951-956
4. Iezkowski KA, Shanks JH, Burdge AH, Cheng L (2013) Renal cell
carcinoma with clear cells, smooth muscle stroma, and negative for
3p deletion: a variant of renal angiomyoadenomatous tumour? A case
report. Histopathology 62:522-524

5. Karbowniczek M, Yu J, Henske EP (2003) Renal angiomyolipomas
from patients with sporadic lymphangiomyomatosis contain both
neoplastic and non-neoplastic vascular structures. Am J Pathol 162:
491-500

6. Kuhn E, De Anda J, Manoni S, Netto G, Rosai J (2006) Renal cell
carcinoma associated with prominent angioleiomyoma-like prolifer-
ation: report of' 5 cases and review of'the literature. Am J Surg Pathol
30:1372-1381

. Martignoni G, Brunelli M, Segala D, Gobbo S, Borze I, Atanesyan L,
Savola S, Barzon L, Masi G, Tardanico R, Zhang S, Eble JN, Chilosi
M, Bohling T, Cheng L, Delahunt B, Knuutila S (2014) Renal cell
carcinoma with smooth muscle stroma lacks chromosome 3p and
VHL alterations. Mod Pathol, in press

[

%)

~

@ Springer

61



96

Virchows Arch (2014) 465:89-96

=)

K=l

10.

1

ju—

12.

13.

14.

. Michal M, Hes O, Nemcova J, Sima R, Kuroda N, Bulimbasic S,

Franco M, Sakaida N, Danis D, Kazakov DV, Ohe C, Hora M (2009)
Renal angiomyoadenomatous tumor: morphologic, immunohisto-
chemical, and molecular genetic study of a distinct entity. Virchows
Arch 454:89-99

. Nanaev AK, Shirinsky VP, Birukov KG (1991) Immunofluorescent

study of heterogeneity in smooth muscle cells of human fetal vessels
using antibodies to myosin, desmin, and vimentin. Cell Tissue Res
266:535-540

Osborn M, Caselitz J, Puschel K, Weber K (1987) Intermediate
filament expression in human vascular smooth muscle and in arte-
riosclerotic plaques. Virchows Arch A Pathol Anat Histopathol 411:
449458

. Owens GK (1995) Regulation of differentiation of vascular smooth

muscle cells. Physiol Rev 75:487-517

Shannon BA, Cohen RJ, Segal A, Baker EG, Murch AR (2009) Clear
cell renal cell carcinoma with smooth muscle stroma. Hum Pathol 40:
425-429. doi:10.1016/j.humpath.2008.05.021

Schmid E, Osborn M, Rungger-Brandle E, Gabbiani G, Weber K,
Franke WW (1982) Distribution of vimentin and desmin filaments in
smooth muscle tissue of mammalian and avian aorta. Exp Cell Res
137:329-340

Skalli O, Bloom WS, Ropraz P, Azzarone B, Gabbiani G (1986)
Cytoskeletal remodeling of rat aortic smooth muscle cells in vitro:
relationships to culture conditions and analogies to in vivo situations.
J Submicrosc Cytol 18:481-493

@ Springer

. Smith NR, Baker D, Farren M, Pommier A, Swann R, Wang X,

Mistry S, McDaid K, Kendrew J, Womack C, Wedge SR, Barry
ST Tumor stromal architecture can define the intrinsic tumor
response to VEGF-targeted therapy. Clin Cancer Res 19:6943—
6956

. Srigley JR, Delahunt B, Eble JN, Egevad L, Epstein JI, Grignon

D, Hes O, Moch H, Montironi R, Tickoo SK, Zhou M, Argani P
(2013) The International Society of Urological Pathology (ISUP)
Vancouver Classification of Renal Neoplasia. Am J Surg Pathol
37:1469-1489

. Thyberg J, Hedin U, Sjolund M, Palmberg L, Bottger BA (1990)

Regulation of differentiated properties and proliferation of arterial
smooth muscle cells. Arteriosclerosis 10:966-990

. Travo P, Weber K, Osborn M (1982) Co-existence of vimentin and

desmin type intermediate filaments in a subpopulation of adult rat
vascular smooth muscle cells growing in primary culture. Exp Cell
Res 139:87-94

. van Dongen JJ, Langerak AW, Bruggemann M, Evans PA, Hummel

M, Lavender FL, Delabesse E, Davi F, Schuuring E, Garcia-Sanz R,
van Krieken JH, Droese J, Gonzalez D, Bastard C, White HE,
Spaargaren M, Gonzalez M, Parreira A, Smith JL, Morgan GJ,
Kneba M, Macintyre EA (2003) Design and standardization of
PCR primers and protocols for detection of clonal immunoglobulin
and T-cell receptor gene recombinations in suspect
lymphoproliferations: report of the BIOMED-2 Concerted Action
BMH4-CT98-3936. Leukemia 17:2257-2317

62



SMISENY EPITELOVY A STROMALNI TUMOR LEDVINY: MUTACNI ANALYZA
DICER 1 GENU U 29 PRiPADU

Skupina smiSeného epitelového stromdlniho tumoru ledviny zahrnuje spektrum
tumorti od predominantné cystickych (cysticky nefrom adultniho typu, ACN) k tumortm,
které vykazuji variabilni solidni slozku (smiSeny epitelovy a stromalni tumor, SEST) [4]. Tyto
tumory se vyskytuji pfedevsim u dospélych pacientt. Cysticky nefrom détského véku (PCN)
je prokazatelné odli$na jednotka od skupiny SEST a v nové WHO Kklasifikaci z roku 2016 [6]
je termin cysticky nefrom vyhrazen pouze pro pediatrické pripady, zatimco termin smiSeny
epitelovy a stromalni tumor zahrnuje vyse zminéné tumory dospé¢lého véku (ACN, SEST). V
dalSim textu je v souladu s WHO pouzivan pro skupinu SEST/ACN pouze nazev SEST.

Vétsina PCN je geneticky definovana ptitomnosti mutace genu DICER 1 [19]. Jelikoz
nam nebyla znama studie zabyvajici se pfitomnosti mutace genu DICER 1 u SEST, stanovili
jsme si tuto problematiku za cil nasi studie. Analyzovali jsme 28 ptipadl benignich a jeden
ptipad maligniho SEST. U zaddného ze studovanych tumort nebyla prokdzdna mutace genu
DICER 1 v hot-spot kodénech 1705, 1709, 1809, 1810, 1813 a 1814.

Na zékladé¢ vysledk této studie a dalSich vyzkumi provedenych diive je mozné fici,
ze:

e Absence mutace DICER 1 genu v SEST v nasi studii a jeji prokdzana pfitomnost u
PCN v piedchozich studiich [19] déli tyto skupiny tumord do dvou odlisnych skupin.
Kromé molekularné genetickych charakteristik se navic PCN a SEST 1isi i
morfologicky.

e Termin cysticky nefrom by mél byt vyhrazen pouze pro pediatrické pfipady a nemé¢l
by byt povazovan za synonymum k SEST u dospélych pacientl (prdace vysia pred
publikaci WHO 2016, pozn. aut.)
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Abstract: Cystic nephroma (CN) and mixed epithelial stromal
tumor (MEST) of the kidney have been considered as synon-
ymous terms describing a single nosologic entity in adult pa-
tients. Cystic nephroma in pediatric patients (PCN) is,
apparently, a completely different nosologic entity. Although
the presence of DICER I mutations is well established in PCN,
nothing is currently known about the DICER I gene status in
adult MEST/CN. About 33 cases of MEST/CN were selected
from the Plzen Tumor Registry; 4 cases were later excluded from
the study due to low DNA quality. About 28 of the studied
tumors displayed a benign morphology, whereas 1 was diag-
nosed as a malignant MEST/CN with sarcomatoid differ-
entiation of the stromal component. All 29 samples analyzed
using polymerase chain reaction and direct sequencing, includ-
ing the case with the malignant morphology, were negative for
mutation in DICER [ hot-spot codons 1705, 1709, 1809, 1810,
1813, and 1814. Our results show that MEST/CN has no rela-
tion to PCN on a molecular genetic level. On the basis of our
findings and the established morphologic differences between
PCN and MEST/CN, we conclude that the term CN should be
used for pediatric cases only and should be avoided in adult
cases of MEST.
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he term mixed epithelial stromal tumor (MEST) of the

kidney was established in 1998 by Michal and Syrucek.'
whereas the whole concept of MEST was proposed by
Michal® in 2000 and confirmed later the same year by Adsay
et al.’ Several studies have been published since 2000 that
discuss at length the relationship between cystic nephroma
(CN) and MEST. The current theory is that CN of adult
onset and MEST are the same tumor: 2 ends of the mor-
phologic spectrum of 1 entity. This concept is supported not
only by clinical data but also by morphology and molecular
genetic analyses* 10 The molecular genetic study of MEST
and CN has been performed by Zhou et al.” Unsupervised
clustering of mRNA expression profiles in their report
demonstrated that MEST and CN had very similar ex-
pression profiles that were distinct from other renal tumors.

The currently preferred term for this entity is
MEST.'! Cystic nephroma in pediatric patients (PCN) is a
completely different tumor’ (for further reference, see
below). Unfortunately, the name CN is currently used to
describe these distinct entities; however, this will no longer
be the case in the new upcoming WHO classification 2016,
and the term CN will be preserved for pediatric tumors
only (O.H., unpublished data). PCN is a tumor charac-
terized by a multicystic architecture with septa lined by flat
to cuboidal epithelial cells. The majority of the tumors
occur before the fifth year of life.!>13 The relation of PCN
to Wilms tumor and cystic partially differentiated neph-
roblastoma is mentioned in the literature.!*!3

DICER 1 is located on chromosome 14q32.13 and
encodes proteins belonging to the RNase III family. It
acts as an endoribonuclease, cleaving double-stranded
RNA, and is required mainly by the RNA interference
pathway to produce active miRNA and siRNA molecules
that play a role in a gene repression.'%

PCN bears biallelic alteration of the DICER I gene.
Although the role of DICER ! mutations is well recog-
nized in PCN, no data are available regarding the pres-
ence/absence of DICER I mutations in adult MEST/CN.
In this study, we analyzed mutation hot spots of the
DICER 1 gene in a series of MEST/CN cases.

MATERIALS AND METHODS
A total of 33 cases of MEST/CN were retrieved
from among more than 19,500 renal tumors in the files of
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the Pilsen Tumor Registry. One to 33 blocks were avail-
able for each case. The tumors were reevaluated by at
least 2 pathologists (Kristyna Pivovarcikova, O.H.). Tis-
sue for light microscopy was fixed in 10% buffered for-
malin, embedded in paraffin, cut into 5-um sections, and
stained with hematoxylin and eosin.

The quality of DNA was evaluated, and 4 cases
were excluded from further molecular genetic study on
the basis of low DNA quality.

MOLECULAR GENETICS

DNA was extracted using the QIAsymphony DNA
Mini Kit (Qiagen, Hilden, Germany) on an automated
extraction system (QIAsymphony SP, Qiagen) according
to the manufacturer’s supplementary protocol for paraf-
fin embedded, formalin fixed (FFPE) samples (purifica-
tion of genomic DNA from FFPE tissue using the
QIAamp DNA FFPE Tissue Kit and deparaffinization
solution). The concentration and the purity of the ex-
tracted DNA were measured using the NanoDrop ND-
1000 (NanoDrop Technologies Inc., Wilmington, DE).

For hot-spot mutation analysis [codons 1705, 1709,
1809, 1810, 1813, and 1814, all localized in the RNasellb
domain of DICERI?* 50ng of DNA was added to a
reaction that consisted of 12.5uL of HotStar Taq pol-
ymerase chain reaction Master Mix (Qiagen), 10 pmol of
each primer (Table 1), and distilled water up to 25uL.
The amplification program was as follows: denaturation
at 95°C for 14 minutes, 40 cycles of denaturation at 95°C
for 1 minute, annealing at 60°C for 1 minute, extension at
72°C for 1 minute, and finally, incubation at 72°C for
7 minutes.

Successfully amplified polymerase chain reaction
products were purified with magnetic particles Agencourt
AMPure (Agencourt Bioscience Corporation, A Beckman
Coulter Company, Beverly, MA). Products were then
sequenced bidirectionally using a Big Dye Terminator Se-
quencing kit (PE/Applied Biosystems, Foster City, CA) and
purified with magnetic particles Agencourt CleanSEQ
(Agencourt Bioscience Corporation) according to the man-
ufacturers’ protocols before being run on an automated
sequencer ABI Prism 3130x] (Applied Biosystems) at a
constant voltage of 13.2kV for 20 minutes.

All sequences were compared with reference se-
quence NG_016311.1 by BLAST (http://blast.ncbi.nlm.
nih.gov/Blast.cgi).

RESULTS

The basic clinicopathologic data are summarized
in Table 2. The patients studied included 5 men and 28
women whose ages ranged from 33 to 92 years (mean,
58.79; median, 59 y). The tumor size was measured in the
greatest dimension and ranged from 0.9 to 25cm (mean,
7.34; median, 6.5cm). Of the 33 MEST in our study, 31
showed no morphologic signs of aggressive behavior,
whereas the other 2 displayed characteristics most con-
sistent with the diagnosis of malignant MEST. A review
of corresponding pathology reports revealed that all of

2 | www.appliedimmunohist.com

TABLE 1. Primer Pairs for Hot-Spot Mutation Analysis of the
DICER 1 Gene'7

Analyzed

Primer Name Codons

DICERI-hs1F
DICERI-hsIR
DICERI-hs2F

Sequence 5'-3'

TGGGGATCAGTTGCTATGTG 1705, 1709

CGGGTCTTCATAAAGGTGCT

TGGACTGCCTGTAAAAGTGG 1809, 1810,
1813, 1814

DICERI-hs2R ATGTAAATGGCACCAGCAAG

the neoplasms were described as well-circumscribed but
not encapsulated. Benign tumors were characterized
primarily by a multicystic and solid architecture with
ovarian (Miillerian)-type stroma and cysts lined by
hobnail-shaped epithelial cells (Figs. 1A-C). In cases of
malignant neoplasms, tumors were multicystic, with a
stromal component containing polymorphic, spindled
cells and occasional mitotic figures; the epithelial com-
ponent in both of these tumors lacked malignant mor-
phologic features. The first malignant case was diagnosed
as low-grade sarcoma not otherwise specified arising in
MEST (case 25), whereas the second case was diagnosed

TABLE 2. Basic Clinicopathologic Features and Results of
DICER 1 Gene Molecular Genetic Analysis

Case Sex Age(y) Side Size (em) DICERI—Hot-Spots
1 F 47 U U —

2 F 72 U U —

3 F 39 U 1.0 —

4 F 52 U 35 —

5 M 48 U U —

6 F 89 L 2.0 —

7 F 74 U U —

8 F 63 U 8.0 —

9 F 49 U 9.0 —

10 F 62 U 6.0 -

11 F 71 U 25.0 —

12 F 58 U 8.5 -

13 F 53 R 5.0 —

14 F 44 R U -

15 F 36 R 13.0 —

16 F 33 L U -

17 F 59 U 13.0 —

18 M 92 L 0.9 —

19 F 64 U 9.0 —

20 F 47 R 6.5 —

21 F 59 R 5.5 —

22 F 65 R 6.0 Not analyzable
23 F 37 R U —

24 F 49 U 10.0 —

25% F 75 U 25 —

26 F 74 U U —

27 F 78 R U Not analyzable
28 M 64 U 8.0 —

29 F 48 L 8.0 —

30 F 53 R 6.0 —

31 M 50 U 3.0 -

32% M 69 U 9.5 Not analyzable
33 F 67 U U Not analyzable

Size denotes the tumor size in the greatest dimension.

*Malignant.

F indicates female; L, left kidney; M, male; R, right kidney; U, unknown; —,
negative.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Mixed Epithelial and Stromal Tumor of the
idney and DICERT Gene Mutation

St v : o

FIGURE 1. MEST/CN is a tumor characterized by both multicystic and solid architecture (A) with the overall appearance de-
pending on the proportion of cystic and solid components (B). The lesional stroma is described as ovarian (Midillerian) type and

cysts are lined by epithelium with variable morphology (C).

as spindle cell sarcoma not otherwise specified arising in
MEST (case 32) (Figs. 2A, B).

DICER 1 gene mutation hot-spot analysis was
performed successfully on 29 of the 33 cases of MEST/
CN. All 28 benign samples and the single analyzable
malignant sample were negative for mutation in codons
1705, 1709, 1809, 1810, 1813, and 1814 (Table 2).

DISCUSSION

CN was first described by Edmunds in a case report
in 1892. His report included a single, hand-drawn plate of
an encapsulated cystic tumor in an 18-year-old girl; no
microscopic picture of the lesion or histologic description
was part of the report. It is very unlikely that the tumor
presented by Edmunds was either PCN or MEST/CN; it
would be extremely unusual for these tumors to occur in
an 18-year-old patient and they do not normally have a
well-formed capsule such as that described in Edmunds’
paper. It remains a mystery as to which tumor was being
described in the above-mentioned case report, but the

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

name CN has since been used many times and has been
associated with at least 2 different entities. '8

MEST/CN has a strong female predilection (up to
8:1) and occurs mostly in perimenopausal women. A few
reports have proposed an association with estrogen
therapy (the majority of the male cases). Radiologically,
MEST/CN are a complex of solid tumor and multicystic
lesions, mostly classified as Bosniak 3 or 4.1 The vast
majority of the reported cases follow a benign clinical
course, although a few cases have been described as ag-
gressive malignant tumors with sarcomatoid differ-
entiation or carcinomatous change within the epithelial
component. 17,20

MEST/CN is a tumor characterized by both a mul-
ticystic and a solid architecture with the overall appearance
depending on the proportion of cystic and solid compo-
nents. The lesional stroma is described as ovarian
(Miillerian) type, and cysts are lined by an epithelium with
a variable morphology. Most commonly, the epithelial cells
have a hobnail appearance, but tumors with a columnar to
cylindrical morphology resembling the cervical, the colonic,

www.appliedimmunohist.com | 3
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FIGURE 2. A, The first malignant case was diagnosed as low-grade sarcoma NOS arising in MEST. B, The second case was

diagnosed as spindle cell sarcoma NOS arising in MEST.

or even the tubular type of epithelium have been docu-
mented. Structures resembling corpus albicans in the ovary,
lipomatous differentiation, and structures identical to
ovarian adenofibromas have also been reported.?!

PCN is a tumor characterized by its occurrence in
pediatric patients, with the majority arising before the fifth
year of life and a strong male predominance (up to
4:1).1822 PCN are typically expansile, noncapsulated
masses that are well demarcated from the normal kidney
parenchyma. Most of these tumors are solitary; however,
cases of bilateral lesions have been described. Tumors are
typically multicystic with septa lined by flattened, cuboidal
epithelial cells; the septal stroma is composed mostly of
spindle cell elements. PCN, cystic partially differentiated
nephroblastoma, and cystic Wilms’ tumor are thought to
represent a spectrum of a single etiological entity, with
PCN at the benign end, cystic Wilms tumor at the ma-
lignant end, and cystic partially differentiated nephro-
blastoma occupying the intermediate position. PCN and
stage | cystic partially differentiated nephroblastoma are
often treated with surgery alone. The International Society
of Pediatric Oncology (SIOP) protocols for Wilms’ tumor
advocate preoperative chemotherapy, which may be un-
necessary and potentially harmful in PCN and in pT 1
cystic partially differentiated nephroblastoma.'®

Doros and colleagues studied PCN and cystic par-
tially differentiated nephroblastomas, including cases of
sarcoma with morphologic features of pleuropulmonary
blastoma arising in PCN. They found that DICERI
mutations are a major genetic event in the development of
PCN, and also that PCN and pleuropulmonary blastoma
have similar DICERI loss of function and “hotspot”
missence mutation rates. The relationship between PCN,
medulloepithelioma, Sertoli-Leydig cell tumors, and
pleuropulmonary blastoma, on a molecular genetic level,
has also been proposed by others.?*2* Cases of familial
PCN have also been documented.?527

We are not aware of any previous study describing
the role of DICER I gene mutations in MEST/CN. In our

4 | www.appliedimmunohist.com

study, we analyzed 28 cases of benign MEST/CN with
DNA suitable for DICER I gene mutation analysis. None
of the cases were positive for mutations within hot-spot
regions of the DICER I gene. Only 1 malignant MEST/
CN from our cohort was suitable for genetic analysis.
Even in this case, we were not able to find mutations
within hot-spot regions of the DICER 1 gene. Our find-
ings can thus be considered as another argument for a
strict differentiation between PCN and tumors from the
MEST/CN group occurring in adult patients.

On the basis of the results of our study and others
performed previously, it is possible to conclude that
MEST/CN is a tumor that has no relation to PCN on the
morphologic or the molecular genetic level. The term CN
should be used for pediatric cases only and should be
avoided as a synonym for adult cases of MEST.
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CYSTICKY RENALNI ONKOCYTOM A TUBULOCYSTICKY RENALNI
KARCINOM: MORFOLOGICKA A IMUNOHISTOHEMICKA SROVNAVACI
STUDIE

Renalni onkocytom (RO) je charakterizovan velkymi eosinofilnimi bufikami
usporadanymi nejcastéji solidné¢ nebo ve formé solidnich hnizd rozptylenych v fidkém
hypocelularnim stromatu [4]. Architektonika i cytologickeé vlastnosti RO jsou vSak zna¢né
variabilni a v malém procentu ptipadti mize RO rust cysticky a vést tak snadno k zaméné za
tubulocysticky renalni karcinom (TCRK), zvlasté pokud neni k dispozici dostatek materiélu
(nedostatecny sampling, punk¢ni biopsie).

Nedavno publikovana rozsahla klinickopatologicka studie potvrzuje benigni povahu
RO; u 109 studovanych ptipadl nebyla prokazéana lokalni recidiva, vzddlena metastiza ani
smrt pacienta zapfi¢inéna tumorem (pramérny follow-up 51 mésici) [20]. TCRK je
povazovan za nizce maligni tumor, ktery mé potencidl chovat se agresivné. Ma proto klinicky
vyznam umét tyto dva tumory odliit, na coz jsme se zaméfili v této studii. Porovnali jsme 24
cystickych RO a 15 TCRK na zéklad¢ architektoniky, charakteru stromatu, cytomorfologie,
ISUP nukleolarniho grade, pfitomnosti nekroz, mitotické aktivity a IHC vlastnosti (pouzité
protilatky: AE1-AE3, OSCAR, CAM5.2, CK7, vimentin, CD10, CD117, AMACR, CA-IX,
MIA, EMA a Ki-67).

RO vykazoval ve vSech ptipadech alespont fokéaln¢ solidni rust, stroma bylo tfidkeé,
hypocelularni, ISUP nukleolarni grade byl nizsi (pfevazné 1 a 2), nekrozy a mitdzy nebyly
pfitomné. Imunohistochemicky byly vSechny RO silné pozitivni s CD117 a negativni nebo
slabé pozitivni v prikazu vimentinu, negativni v reakci s CD10 a AMACR. Narozdil od RO,
TCRK nevykazoval solidni rist, stroma mélo fibrozni charakter, ISUP grade byl vyssi
(pfevazné 2 a 3), fokalné€ byly pfitomné nekrozy a mitézy. Immunohistochemicky prikaz CD
117 byl ve 14/15 TCRK negativni (1 pifipad se barvil slabé pozitivn€). Vimentin reagoval
siln¢ a difuzné pozitivné¢, CD10, CK7 a AMACR byly pozitivni difuzné¢ nebo fokalné.
Protilatky AE1-AE3, OSCAR, CAM5.2, CA-IX, MIA a EMA byly bez diskrimina¢niho
vyznamu.

Ackoliv se cysticky RO a TCRK mohou morfologicky piekryvat, pfi dikladném
zhodnoceni 1ze oba tumory odlisit se zaméfenim na histologické znaky v kombinaci s
imunohistochemii: pfitomnost/absence solidniho riistu, mitotické aktivity a nekrozy, typ
stromatu, nukleolarni grade, spolecné s aplikaci IHC panelu zahrnujiciho vimentin, CD117,
CD10, CK7, AMACR a Ki67 jsou dobrym voditkem ke spravné diagndze.
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Cystic Renal Oncocytoma and Tubulocystic Renal Cell
Carcinoma: Morphologic and Immunohistochemical
Comparative Study
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Abstract: Renal oncocytoma (RO} may present with a tubulo-
cystic growth in 3% to 7% of cases, and in such cases its mor-
phology may significantly overlap with tubuloeystic renal cell
carcinoma (TCRCC) We compared the morphologic and im-
munohistochemical characteristics of these tumors, aiming to
clarify the differential diagnostic criteria, which facilitate the dis-
erimination of RO from TCRCC. Twenty-four evstic ROs and 15
TCRCCs were selected and analvzed for: architectural prowth
patterns. stromal features, evtomorphology, 1SUP nuocleolar
grade, necrosis, and mitotic activity. Immunohistochemical panel
included various cytokerating (AEI-AE3, OSCAR, CAMS3.2.
CK7. vimentin, CDI0, CDIT, AMACR, CA-IX, ant-
mitochondrial antipen (MLA), EMA, and Ki-67. The presence of
at least focal solid growth and islands of tumor cells interspersed
with loose stroma, lower 1SUP nucleolar grade, absence of ne-
crosis, and absence of mitotic fipures were strongly suppestive of a
cystic RO, In contrast, the absence of solid and island prowth
patterns and presence of more compact, filrows stroma, accom-
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panied by higher 1SUP nucleolar prade, focal necrosis. and mitotie
fipures were all associated with TCRCC. TCRCC marked more
fraquently for vimentin, CDI0. AMACR, and CK7 and had a
higher proliferative index by Ki-67 (= 13%). CD117 was negative
in 1415 cases. One ense was weakly CDIIT reactive with cvto-
plasmic positivity. All cystic RO cases were strongly positive for
CDI17. The remaining markers {AEL-AE3. CAMS.2, OSCAR,
CA-IX, MIA, EMA) were of limited utility. Presence of tumor cell
islands and solid growth areas and the tvpe of stroma may be
major motphologic criteria in differentiating cystic RO from
TCRCC. In difficult cases, or when a limited tissue precludes full
motphologic assessment, immunohistochemical pattern of vi-
mentin, CD10, CDIT. AMACRE, CK7, and Ki-67 could help in
establishing the correct dingnosis.

Key Words: kidney, renal oncocytoma, tubulocystic renal cell
carcinoma, overlap, immunohistochemistry

(Appd Inirnaolisiockers Mol Morphol 2006:24:112-11%)

Rtnul oncocytoma (RO) is considered a benign renal
neoplism originating from the interealated ecells. Tt
comprises approximately 5% of all repal tumors and has
an excellent prognosis.! RO is known for its variations in
architecture and cytology, and several renal ncoplasms
may mimic RO, such as chromophobe renal cell carci-
noma, oncocytic variant of papillary renal cell carcinoma,
granular cell varunt of elear cell renal cell carcinoma, or
hybrid oncoeytic/chromophobe  tumors 25 Less  fre-
quently (3% to 7%), RO may exhibit a pattern composed
of tubules and cysts, combined with a variable component
of small cell islands, with a background of loose or hy-
pocellular stroma " Tubulocystic renal cell carcinoma
(TCRCC) has been recently recognized as a distinct entity
by the International Society of Urological Pathology
(ISUP) Vancouver Classification.'? TCRCC is composed
of tubules and cysts of variable size and scant fibrous
stroma. The cysts are lined by 1 or more epithelial
cell layers, which demonstrate abundant ecosinophilic
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cytoplasm and promincnt nucleoli.!' The overlapping
morphologic features of the eystic variant of RO (CRO)
and TCRCC may represent a diagnostic challenge, par-
ticularly when limited tissue sample is available for as-
sessment. RO s considered a h-l:n'agn tumor despite the
presence of atypical features ®*1%1 In contrast, TCRCC
represents 4 low-grade carcinoma, which sometimes may
demonstrate an aggressive behavior. Therefore, the dis-
tinction and the correct diagnosis of these tumaors are of
clinical relevance and impact the patient prognosis and
management. In this study, we compared the morpho-
logic and immunohistochemical (IHC) characteristics of
CRO and TCRCC, with an aim to clarify the diagnostic
and the differential diagnostic features of these tumors.

MATERIALS AND METHODS

Case Selection

Twenty-four CRO with at least 50% of the tumor
demonstrating tubunlocystic architecture have been se-
lected from a total of 645 ROs (3.7% of availuble RO
CRO otherwise showed morphology of round-to-polyg-
onal cells with finely granular, eosinophilic cytoplasm
with round to oval nuveclei consistent with diagnosis of
RO. Fifteen TCRCCs have also been retrieved from the
in-house and consultation files of the same registry.
TCRCC typically demonstrated well-formed. small to
medivm-sized tubules and cysts, lined by large cells,
usually demonstrating abundant cosinophilic cytoplasm.
The lining cells showed focal hob-nail shape with high
nuclear grade with prominent nucleoli. For cach case, 1 to
49 fissue blocks (mean 5.6) were available For review. The
diagnosis was rendered by 3 pathologists (F.5., M.,
O.H)) and was supported by the THC analysis.

The tissue was fixed in 4% buffered formalin, em-
bedded routinely into parathin, and 5 pm sections were cut
and stained with hematoxylin and eosin. The sections
were evialoated by light microscopy for the following
histologic features: visually estimated percentage of cyst-
ic, solid, and island patterns, epithelial lining of the
cysts (single, pseudopapillary. multilayered), presence of
papillary protrusions in the cysts, hemorrhage within
the cysts or stroma. extent and composition of the stro-
mi, cytologic features including nuclear ISUP nucleolar
grade, mitotic activity, and presence of microscopic
necrosis.

IHC

[HC examination was performed in 37 of 39 cascs.
Only selected markers were stained in 2 ROs and 2
TCRCCs because of limited tissue availability., Assays
were performed wsing the Ventuna Benchmark XT au-
tomated stainer (Ventana Medical System Inc., Tucson,
AZ). The following pomary antibodies were nsed: epi-
thelial membrane antigen (EMA) (E29. monocclonal;
Dako, Carpinteria, CA; 1:1000), cytokerating (CAMS2,
monoclonal; Becton-Dickinson, San Jose, CA; 1:200),
Pan Ab-1 (AEI-AE3, monoclonal; BioGenex, San
Ramon, CA; 1:1000), cytokeratin 7 (OV-TL12/30,

Copright © 2004 Waolters Klwwer Health, fne. AN righis reserved.

monoclonal; Dako; 1:200), cytokeratin OSCAR (0OS-
CAR, monoclonal; Covance, Princetown, MI; 1:2000),
racemase/ AMACR (P5045, monoclonal; Zeta, Sierra
Madre, CA, 1:530), vimentin (D9, monoclonal; Neo-
Markers, Westinghouse, CA; 11000y, Ki-67 (MIBI,
monoclonal; Dako, Glostrup, Denmark; 1:1000), car-
bonic anhydrase IX (CA-IX; rhCA% monoclonal; RD
systems, Abingdon, GB: 1:100), antimitochondrial anti-
gen [(MIA, monoclonal; BioGenex: 1:100). CDI10 (5606,
monoclonal; Movocastra, Newcastle, UK; 1:50), c-kit
{CDI117, polyclonal; DakoCytomation, Glostrup, Den-
mark: RTU). Appropriate positive and negative controls
ware used for all THC assays. The pattern of staining was
scored megarive, if no staining was observed; seattered
positive, 1If single or few cells were clearly positive
throughout the tumor: focal positive, if large groups of
cells were clearly positive (< 50%); and diffuse positive, i
majority (= 50%) of tumor cells were positive.

Statistical Analysis

The data were analyzed wsing SP5S version 19
{Chieago, IL) }13 test was used to analyze the differences
regarding the morphologic criteria and IHC staining
patterns and intensity. The Fisher cxact test was used for
dichotomouns variables and Student ¢ test was used to
compare mean Ki-67 pereentages. P ovalue of <005 was
considered significant.

RESULTS
Clinicopathologic Data

Basic clinical and pathologie data were available for
38 of 39 cases and are summarized in Tables 1 and 2. The
mean age of patients with RO was 68.7 years (range, 51 to
85y), in contrast to the mean age of 598 years for
TCRCC (range, 29 to T8 y). Male to female ratios were
2.4:1 in CRO and 21 in TCRCC. The meun size of CRO
wits 2.5 em, demonstrating brown cat surface with nu-
merous small to large, often hemaorrhagie cysts, but
without grossly wvisible necrosis. TCRCCs had a twice
larger mean size of Scm, with white to gray “bubble
wrap”  gross appearance, and  demonstrated  focal
hemorrhage in about half of the cases; necrosis was oni-
formly absent on gross examination.

The follow-up data for 10/24 patients who under-
went surgery for CRO were available (Tables 1 and 2) and
all the Followed patients were alive and well at the time of
the study. Eleven of 13 patients who underwent surgery
for TCRCC were followed up. One patient died of dis-
ease, | died of life event, and the remaining 9 were alive
and well at the time of study (Tables 1 and 2).

Morphologic Characteristics

Microscopic characteristics of CRO and TCRCC
are summarized in Table 3. Both tumor types presented
with dominant tubular and cystic architecture (T6.8% in
CRO ws. 86.7% in TCRCC, both mean %% of total tumor
volume) (Figs. 1A, B). Cell islands and sohid areas were
present in all cases of CRO, with 1 mean of 129% and
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TABLE 1. Clinicopathologic Details of the CRO and TCRCC Cases

CRO TCRCC
Case  Ape Size  Follow-up Case  Ape Size Follow-up
# {¥) Sex (em) {¥) Clinical Manifestation s (¥) Sex  {cm) (¥l Clinieal Manifestation
1 77 F 27 I AW Back pain 1 62 [\ | 2 9 AW Incidental
2 M 18 A MA 2 44 % ] MA
k] o F 1.7 I AW Incidental 3 68 I 25 6 AW M
4 65 M 24 AW CRI, rezular check 4 78 % 2% MA A
5 72 M 1.4 AW CRI, reular check 5 i F 51 MNA MaA
6 M 17 A MA 6 72 % 6.5 4 AW Incidental
7 moOM 1.3 I AW Incidental 7 x i kX 1 DOD Skeletal melastasis,
back pain
E] 2 0M 28 2 AW Incidental [ &0 M 22 4 AW Back pain
9 6l F 4 2 AW Incidental q 449 F 3 4 AW MA
(] mooM 15 MNA (] 63 Lt q 3 AW Hemaluria
I [ER L 4 AW Surgery For leochromaocyloma, 1] 75 [\ | q 3 AW CRI
incidental
12 wOM MA MNA MA 12 £l I 25 1 AW Incidental
13 2 F 2 NA NA 13 6l F 5 7AW, then  Rouline examinalion
LE
14 65 M 2 4 AW Follow-up checkup for lung 14 71 F 4.5 1.5 AW Abdominal pain
adenocarcinama
15 5 0M 1.3 MNA MA 15 4 F )] MA MA
[ WM F 47 MNA MNA
17 65 M 29 MNA MA
18 4 00M L] MNA MNA
19 o M 12 MNA MA
A 7 M 1.4 MNA MNA
2 8 F MA MNA MA
» ia0M 1.5 9 AW MNA
ek MA F 4 MNA MA
24 MM 23 MNA MNA

AW melicaes alive and well; CRL chronie renal insulliziency; OBy, cyitie renal oncocyloma; F lemale; M. male; NA, not available: TOROC, ubukeeystie renal cell

[EUSTEEE

10.7% of the total tumor volume, respectively (Fig. 2).
Cell islands and solid cell areas were found in only &/15 of
TCRCCs, demonstrating only a 1.8% and 2% of the total
tumor  volume, respectively (P = 0002 and 0.001)
{Table 3). CRO presented with loose stroma in 2224
cases (91.6%); in 2 cases, minor fibrotic areas were pres-
cnt. In contrast, predominantly compact fibrotic stroma
wits prosent in 1415 TCRCCs (93.3%) and only 1 case
contiained a minor loose stromal component. CRO typi-
cilly showed nuelear grades 1 and 2, and only 1 case
showed nuclear grade 3 (1/24, 4.29%), in contrast to
TCRCC, in which 10/15 (66.7%) cases presented with
nuclear grade 3 (# = 0.001). No mitotic figures and ne-
crosis were found microscopically in CRO, whereas they

TABLE 2. Summary of the Clinical and Macroscopic Data

CRO TCRCC
Tatal (n) 2] 15
Female (n) 7 5
Male (n) 17 10
Mean ape {range) () 687 (51-83) 598 (20-78)
Mean Lumor size {range) (cm) 2500047 S2.0-1000
Mean Follow-up duration (y) 2R 4.2 (19

CRO madacates cystie renal encocyloma; TURCC, whulacystc renal cell car
[ ITCLER
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were found in 26.7% and 38.4%, TCRCCs, respectively
(P =0.024 and 0.007, respectively). The tubules and cysts
in CRO were frequently lined by single cell layer (20,24,
83.3%). whereas less than half of TCRCCs (6/15, 40%)
showed a single cell lining, as illustrated in Figure 3A.
The remaining TCRCCs demonstrated focal pseudopa-
pillary [40%) or multilavered lining (20%%) (Fig. 3B).
Slender and isolated papillary/micropapilliry buddings
within the cysts appeared less frequently in CRO (324,
129%), compared with TCRCC, in which they were noted
in more than half of the cases (9/15, 60%) (P = 0.013).

IHC Findings

The results of the IHC evaluation are summarized
in Table 4 and Figure 4. We found no significant differ-
ences in the reactivity of wide-spectrum eytokerating
(AEIJAE3, OSCAR, and CAMS.2), MIA, and EMA,
with both tumors showing similar reactivity. Significant
differences in immunoreactivity were, however, found for
vimentin, CD10, AMACR. CDI117, CK7, CA-IX, and
Ki-67. Vimentin was either pegative (9,22, 40%) or
scattered positive (12/22, 55%) in CRO, in contrast to
TCRCC, in which majority of the cases exhibited diffuse
reactivity (11/13, 84.6%) (Figs. 5A, B). Sumilarly, CDI0
stained TCRCC either focally or diffusely in 69.1% of
cases, but only 1 CRO (123, 4%) showed focal reactivity;
the remaining CRO cases were typically negative or
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TABLE 3. Morphologic Characteristics of the CRO and TCRCC

Tumuor Type!Morphologic Churscteristic CRO (N = 24) TCRCC (N = 15) F
Architecture
Tubulesfeysts (mean volume %) T6.8 56.7 0057
Solid {mean volume %) 0.7 20 LK)
Islands/nests (mean volume %) 120 1.8 .02
Papillary/micropapillary buddings in the cysts [n (%]
Yeg Iy Q{60 0013
Mo 21 (88 6 {40
Lining of the eysis [n { %]
Single N 6 {40 42
Peeudopapillary 2{EY 60
BMultilayersd 283 120
Hemaorrhage [n (%]
Mone 125 5431y
Tubules/cysts 17 {708 12 [LELIE]
Tubulescysts and stroma 4 {16.7) 120
Stroma 0.0 4426.7)
Type of stroma [n (%]
Loose 19 (7.0 1 {6.7) < (L1
Lawasz and fbrotic {125 24y
Fikrotic 283 L2480
Amount of stroma
Seanl 12 {500 L3 {RE.T) 0.103%
Misderate 9315 2413.3)
Abundant {0 1 46.7)
Cylology [n (%))
Dominanl oncocylic 24 (10 ER[] = (.01
Focal oncocylic RN O {4140
Mucleolor grade [n (%]
1 13 (5.2 1 {6.7)
2 10 (41.7) {31y < (.01
3 1 {4.2) Q60
4 (0.0 {0
Milelic Agures [n (%))
Yes 0 (0.0 4 (26.4) 0024
Mo 24 10m L7338
Mecrosis [n (%]
Yes (0.0 4{20.7) .07
Mo 24 (100 L7y

P (005 was considered signalicant.

C RO ndizates cysie renal encacylema; TCROD, tubulocysne renal ool caranaea.

scattered positive. AMACR immunoreactivity was also
maore frequently diffusely positive in TCRCC (10713, 779%%),
in contrast to CRO (3/23; 13%). CK7 was cither negative
or scittered positive in 22/23 (96%) of CRO cases, whereas
a focal or diffuse staining pattern was present in 9713
(69.2%) TCRCC cases. CD117 was positive in all CROs
with cytoplasmic and membranous positivity (23/23),
whereas all but 1 TRECC (14/15, 93.3%) were completely
negative. One cuse (case B) was weakly positive for CD11T
within cytoplasm. The proliferative activity (MIB]/Ki-67)
wis much lower in CRO (mean < 35%), in contrast to
TCRCC, in which a higher proliferative activity was ob-
served (mean = 15%). CA-IX was positive n 1719 (59%)
cases of CRO, whereas 6/14 (43%:) cases of TCRCC were
cither Focally or diffuselly positive.

DISCUSSION
RO 15 a benign renal neoplasm, which may show a
spectrum of atypical features, such as vascular or fat

Copright © 2004 Waolters Klwwer Health, fne. AN righis reserved.

tissue extension, hemorrhage, presence of small oncocytic
cells (so-called onecoblasts), micr{]scr}gjic necrosis, pleo-
morphic nuclei, or rare mitoses.®*1 > Although reports
of its malignant behavior have been published in the older
literature, ™% 4 recent large contemporary study con-
firmed the benign nature of RO, becavse no local re-
currence, distant metastasis, or death dvue to tumor
occurred during the median follow-up of 51 months.”
RO 15 well known for its ability to mimic malignant
renal tumors particularly when solid and nested growth
patterns are scen (49% to 899% cases”), which are also
present within a group of other oncocytic/cosinophilic
renal tumors, such as grunular variant of elear eell
renal cell carcinoma, chromophobe renal cell carcinoma,
hybrid oncocytic/chromophobe tumors, and oncocytic
variant of papillary renal cell carcinoma. Less commonly,
RO presents with tubulocystic architecture (3% to
7% .57 % 4 morphology that may simulate a TCRCC.
The histologie features of TCRCC bave been frst
described by MacLennan and colleagues in 1997 who

www.appliedimmunaohist.com | 115

73



Skenderi et al

Appl Immunohistochem Mol Morphol * Volume 24, Number 2, February 2016

A\

FIGURE 1. Low-power magnification showed predominantly
qystic architecture in both CRO (A) and TCRCC (B) (hema-
toxylin and eosin).

FIGURE 2. Areas of prominent stroma with isolated islands of
oncocytic cells are more typical for CRO (hematoxylin and
eosin).

116 | www.appliedimmunohist.com

FIGURE 3. Cells lining cysts are relatively uniform, volumi-
nous, cuboidal arranged in a single row in CRO (A), whereas in
TCRCC they are usually more elongated, cylindrical, arranged
in a single row andfor in a pseudostratified pattern (B)
(hematoxylin and eosin).

labeled the tumor “low-grade collecting duct carcinoma’™;
however, part of the cases from the original series were
later recognized as mucinous tubulary and spindle cell
carcinoma.'*2! The results of recent studies suggested
distinct pathologic characteristics of this tumor, which led
to its recognition as a separate entity in the recent ISUP
Vancouver Classification of Renal Neoplasia.!® To date,
about 80 cases of this rare tumor have been reported in
the literature.?

In this study. we compared the morphologic fea-
tures and the IHC profile of 24 CROs and 15 TCRCCs to
establish the most useful features that help to distinguish
between these 2 entities. The gross appearance of CRO,
mostly solid with scattered cysts, contrasts the TCRCC
cystic appearance resembling “bubble wrap.” The color
on gross examination (brown vs. tan-gray, respectively)
may also aid in arriving at the correct diagnosis. On mi-
croscopy, the presence of at least focal solid nests or is-
lands of tumor cells, which were observed in all cases of
CRO in this study. were much less common and quite

Copyright © 2014 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. Comparison of Immunohistochemical Profile of CRO and TCRCC

Tumuor Type/IHC Murker CRO |n (%)) TCRCC |n (%) F
CK7
e live 1/234) V132N
Scallered posilive 22/2% (90) 13477 < (.01
Focal posilive 0230 K13 6l.5)
Dilfuse positive 0230 L3N
ALL/AEY
Dokeaza Live 0220 LA ]
Scattered positive 422017 0134y n.lé
Focl posilive 1322 (57 13 {6l.5)
Dilfuse positive 5222 13384
CAMS2
Dbz Livee 0210 (m L3
Scallered posilive 021 LN B 0.21
Focal posilive 021 (M L3470
Dilfuse posilive 20210 (10 1213 (92,3
OSCAR
Bz Livee 0,220 LA ]
Scallered posilive 0,220 LN ] =105
Facal posilive 0,220 QL3
Dilfuse posilive 2222 (10 L33 {10m
Vimenlin
e live Q22040 13477
Scallered posilive 12/22 (35) LN ] < (LA
Facal posilive 1/22(%5) (NN A
Dilfuse positive 0,220 LLLA 484 .6)
CDL0
e live 20/23 (87) 413430
Scallered posilive 2219 LI BN i] = (.01
Focl posilive L2244 A 2n
Dilfuse positive 0,22 AL 4610
AMACR
ez live 14,24 [ 58) 2134158
Scallered posilive 2248 LN B < (.41
Focal posilive 52420 (Y VA
Dilfuse positive 3124018 L1377
coLL?
e live 0234 L4/15 (93.3)
Scattered posilive 02300 L5 (6.7 < L001
Focal posilive 0,22 L5 4
Dilfuse positive 2323 10 LI ]
CA-IX
gz live L&/ 19 (95 E1445T
Scallered posilive 0091 LB ] [KIE]
Focal posilive LIS (5 504 {36)
Dilfuse positive 0091 L4 4T
MILA
ez liwe 124 (4) 0134
Scallered posilive 0,24 (M LN B 0.7
Focal posilive 224 (8) (N A
Dilfuse positive 2124 (&R) L4/13 4923
ERA
e live 22209 13 2n
Scatlered posilive 22203 0134y n.:2
Focl posilive 1022 (45) S {385
Dilfuse positive B22 (36 134355
Ki-67 mean % 4491 17.93 001

P2 0005 was censidered signalicanl.

AMACE inchicaes -mwthylacyl-Co A recemase; CA-IK carkonic anhydrase 9 EMA, epitheln) membrane antgen: M A, anmiechendraal anngen.

limited in TCRCC and may also help differentiate
between these tumors. The type of intervening stroma can
be another helpful morphologic feature, because loose
stroma was regularly seen in CRO. whereas TCRCC
usually contained fibrotic and more compact stromal
component. In addition, no mitotic figures were found in

Copright © 2004 Waolters Klwwer Health, fne. AN righis reserved.

any of the CROs and the majority of them demonstrated
lower nucleolar grades (1 or 2). In contrast, TCRCC
showed focal mitotic fgures 1o about a guarter of the
cases and nucleolar grade 3 was present in 60%  of
TCRCC. Microscopic necrosis was not seen in any CRO,
but was found in about a third of TCRCC.
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FIGURE 4. Markers useful for differential diagnosis between
CRO and TCRCC. CD117 was positive in all the CRO cases,
whereas negative in all but 1 case of TCRCC. CK?, vimentin,
CD10, and AMACR were negative or scattered positive in
majority of CRO cases, whereas they were focally or diffusely
positive in most of the TCRCC cases. CRO indicates cystic renal
oncocytoma; TCRCC, tubulocystic renal cell carcinoma;
***p<0.001.
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FIGURE 5. Immunoreactivity for vimentin in CRO (A) and
TCRCC (B) showing diffuse positivity in TRCC and negative
staining in cells of CRO (vimentin, clone D9).
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The development of radiologically guided percuta-
ncous needle biopsies, which provide small amounts of
tissue or cellular material for assessment of renal masses.
has introduced novel diagnostic challenges for the pathol-
ogist. In such circumstances, many morphologic features
may not be available for assessment in the limited tissue
and the ancillary THC may help establish the correct di-
agnosis. In this study, none of the evaluated antibodies
showed exclusive specificity for either CRO or TCRCC,
although CDI117 was highly discriminative. as all CROs
were diffusely positive, whereas only 1 case of TCRCC
showed weak cytoplasmic staining. We found TCRCC to
be more frequently positive for vimentin, CD 10, AMACR.
and CK7 and had a higher proliferative index by Ki-67
(= 15%). Vimentin was very useful, as it was cither neg-
ative or scattered cell positive in CRO, in contrast to
TCRCC, in which it was strongly and diffusely expressed.
Pattern of vimentin positivity in RO was described in detail
by Hes et al in 2007. In their series, 72.6% of RO showed
scattered strong positivity (single cells or small groups of
cells)." Vimentin positivity is described as diffuse in all
TCRCCs. 232 Results of our study are in concordance with
above-mentioned data (55% of CRO with scattered pos-
itivity and 84.6% of TCRCC with diffuse strong positivity).
CDI10 and AMACR were both often negative in CRO,
whereas diffuse or focal positivity was observed in TCRCC.
CRO also consistently expressed CK7 in an isolated cells or
scattered pattern, much less than observed in TCRCC.
Proliferation activity in CRO was also lower (< 5% cells),
whereas TCRCC demonstrated higher expression (= 15%
cells). CA-IX was of limited utility as it was predominantly
negative in both TCRCC and CRO. The remaining
markers (AE1JAE3, CAMS.2, OSCAR, MIA, EMA) were
also of limited diagnostic value.

Performing additional studies for differentiation of
these tumors. including genetic and molecular, may rarely be
necessary, but it may be helpful in most difficult cases. Cy-
togenetic changes found most frequently in RO include losses
of chromosome 1 or Y and balanced translocation of the
11q13 breakpoint region.? Most frequent cytogenetic change
in TCRCC includes gain of chromosome 7, although occa-
sionally gains of both chromosomes 7 and 17 may occur.

In conclusion, although CRO and TCRCC may pres-
ent with significantly overlapping morphology, a careful
morphologic assessment for the presence of solid tumor
growth or islands, the type of tumor stroma, nucleolar grade,
mitotic activity, and necrosis, and aided by a limited im-
munopanel that includes vimentin, CD10, CD117, AMACR.
CK7, and Ki-67. will lead to establishing a correct diagnosis.
This is important to bear in mind when faced with limited
material (core biopsy or inadequate sampling) from a low-
grade renal neoplasm composed of oncocytic cells arranged
in a predominantly tubulary pattern.
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,MUCIN“ SECERNUJiICi PAPILARNI RENALNI KARCINOM:
KLINICKOPATOLOGICKA, IMUNOHISTOCHEMICKA A MOLEKULARNE
GENETICKA ANALYZA SEDMI PRIPADU

Pfitomnost intersticidlniho hlenu je typickd mucinézni tubuldrni a vietenobunécny
renalni karcinom (MTVRK). Vzacné vSak miZze byt mucin zastizen i v jinych typech
primarnich renalnich tumort nez je MTVRK, jmenovité v papilarnim renalnim karcinomu
(PRK), svétlobunééném renalnim karcinomu (SRK), rendlnim onkocytomu (RO) nebo
papilarnim adenomu (PA). Distribuce hlenu je nicméné odlisnd, u posledné jmenovanych
tumorl se jednd o intracytoplazmaticky a/nebo intralumindlni mucin, nikoliv intersticialni.
Obecné vSak lze fici, Ze nalez hlenového materidlu v RK vzbuzuji (vyjma MTVRK) spise
podezieni na sekundarni neoplazii, zvlasté urotelidlniho ¢i kolorektalniho origa. Mucikarmin,
empiricky uzivané histochemické barveni na hlen a hlenu podobny material, je dokonce
nékterymi patology v papilarnich tumorech ledvin vyuzivano na vylouceni renalniho puvodu
[21]. Cilem této studie bylo prokazat, ze vzacné existuji i mucikarmin pozitivni primarni
PRK.

Z plzenského registru nadorti jsme na zdkladé kli¢ovych slov mezi 1311 PRK vybrali
7 mucikarmin pozitivnich (intracytoplazmaticky a/nebo intraluminéln¢) ptipadtt PRK, které
byly dale analyzovany morfologicky, histochemicky, imunohistochemicky a molekularné
geneticky (aCGH, FISH). Morfologicky (papilarni architektonika) a imunohistochemicky
(koexprese AMACR, vimentin, CK7) zapadaly vSechny tumory do vzorce PRK, pievdzné
typu 1. Molekularn¢ genetické znaky nebyly u pfipadu 1 a 5 typické pro PRK, avsak
kombinace typické morfologie a imunoprofilu ndm dovolila zatadit je mezi PRK.

V této studii davdme vyraz mucin do uvozovek nebo pouzivame termin mucinu
podobny materidl, jelikoz imunohistochemické rysy ,,hlenu* nebyly uniformni: 5/7 ptipada
byly siln¢ difazné nebo fokalné pozitivni v reakci s MUCI, 2/7 slabé fokaln¢ pozitivni
s MUCSAC, prikaz MUC2,MUC4 a MUC6 byl u vsSech piipadii negativni. Uvedené
vysledky svéd¢i o heterogenité hlenového materialu.

»Mucin® secernujici PRK jsou velmi vzacné tumory, které je vSak dobré vzit na
védomi z divodu mozné zamény za sekundarni novotvar.

MTVRK lze od ,,mucin6zniho® PRK snadno odlisit mimojiné distribuci hlenového
materialu.
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Abstract Mucin and mucin-like material are features of mu-
cinous tubular and spindle renal cell carcinoma (MTS RCC)
but are rarely seen in papillary renal cell carcinoma (PRCC).
We reviewed 1311 PRCC and identified 7 tumors containing
extracellular and/or intracellular mucinous/mucin-like materi-
al (labeled as PRCCM). We analyzed these using morpholog-
ical, histochemical, immunohistochemical, and molecular ge-
netic methods (arrayCGH, FISH). Clinical data were available
for six of the seven patients (five males and one female, age
range 61-78 years). Follow-up was available for four patients
(2—4 years); one patient died of widespread metastases. Tumor
size ranged from 3 to 5 cm (mean 3.8). Of all cases, histolog-
ical architecture showed a predominantly papillary pattern.
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Mucin or mucin-like was extracellular in one, intracellular in
three, and both intra/extracellular in three cases. All tumors were
positive for AMACR, vimentin, and OSCAR, while CK7 was
positive in four. Mucicarmine stain was positive in all cases, PAS
in six and Alcian blue in three cases. Five tumors were positive
for MUC 1, but none were positive for MUC 2, MUC 4, or
MUC 6. In only four cases, genetic analysis could be performed.
Gain of chromosomes 7 and 17 was found in two cases; gain of
17 only was found in one case. Loss of heterozygosity of 3p was
found in one case together with polysomy of chromosomes 7
and 17. No abnormalities of VHL, fimarate dehydrogenase, and
TFE3 genes were detected. We conclude that PRCCM is a rare
but challenging subtype of RCC that deserves to be further stud-
ied. In all the tumors, the mucin-like material was found in those
stained with mucicarmin, but other conventional and immuno-
histochemical stains did not reveal consistent features of a single
mucin. The molecular-genetic profile of these tumors was most
consistent with that of typical papillary RCC, although one case
had mixed genetic features of papillary and clear RCC. PRCCM
has metastatic potential, as evidenced by one case with wide-
spread metastases. [t remains to be determined whether PRCCM
represents a unique tumor subtype, deserving to be distinguished
from other subtypes of PRCC.

Keywords Kidney - Papillary renal cell carcinoma - Mucin -
Mucin-like secretion - Immunohistochemistry - Array CGH -
FISH

Introduction

Interstitial mucin is an almost constant feature of mucinous
tubular and spindle RCC (MTS RCC) [1]. Other renal cell
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tumors with mucin production, including mucinous papillary
renal cell carcinoma (PRCC), renal papillary adenoma (RPA),
renal oncocytoma (RO), and clear cell RCC (CCRCC), are
rare, and most of them have been reported in the literature as
case reports or a short series of cases. Mucin deposits in
MPRCC, RPA, and CCRCC have been described as
infracytoplasmic and intraluminal [2-5]. In RO, mucin was
described in the lumen of scattered tubules but not
intracytoplasmic [6].

Mucicarmine, an empirical stain for mucin and mucin-like
material, has been occasionally used by pathologists to ex-
clude renal origin in case of a papillary carcinoma with un-
known primary [7]. However, rare cases of mucicarmine-
positive papillary renal cell carcinomas have been reported.
We therefore decided to determine how common
mucicarmine-positive PRCC are and whether or not they rep-
resent a distinct clinicopathological entity. To this end, we
reviewed 1311 PRCC in our files and identified 7 cases that
were mucicarmine positive. This paper presents characteris-
tics of these tumors.

Material and methods

Ten renal tumors matching keywords “unclassified, papillary,
mucin, renal cell carcinoma” were retrieved out of 1311
PRCC from the Plzen Tumor Registry. All cases were
reviewed by two pathologists (KPi, OH), who compared the
features with the index cases. Finally, 7 cases were selected.
There were 1-13 blocks available for each case; 1-2 represen-
tative blocks of each case were selected for immunohisto-
chemical and molecular genetic study.

Tissue for light microscopy had been fixed in 4 % formal-
dehyde and embedded in paraflin using routine procedures.
Tissue sections (4 wm) were cut and stained with hematoxylin
and eosin (H&E). As special staining techniques for mucin,
we used mucicarmine, Periodic Acid-Schiff (PAS), and Alcian
blue at pH 2.5.

Immunohistochemical staining was performed using prima-
ry antibodies against the following antigens: racemase/
AMACR (13H4, monoclonal, DAKO, Glostrup, Denmark,
1:200), carbonic anhydrase IX (rhCA9, 303123, monoclonal,
RD Systems, Abingdon, GB, 1:100), vimentin VM (D9, mono-
clonal, NeoMarkers, Westinghouse, CA, 1:1000), MUC 1
(Ma695, monoclonal, Leica, Newcastle, UK, 1:200), MUC 5
AC (CLH2, monoclonal, Leica, 1:400), MUC 2 (Ccp58,
monoclonal, Novocastra,Newcastle upon Tyne, UK, 1:400),
MUCIN 4 (8G7, monoclonal, Santa Cruz Biotechnology,
Dallas, TX, 1:50), MUC 6 (CLH5, monoclonal, Novocastra,
1:300), OSCAR (OSCAR, 1:500, Covance, Herts, UK, 1:500),
PAX-8 (polyclonal rabbit, Cell Marque, Rocklin, CA, 1:25),
CDX2 (CDX2-88, monoclonal, BioGenex, San Ramon, CA,
1:150), cytokeratin 7 (OV-TL12/30, monoclonal,

@ Springer

DakoCytomation, Carpenteria, CA, 1:200), cytokeratin 20
(Ks20.8, monoclonal, DakoCytomation, 1:100), and
cytokeratin (AE1-AE3, monoclonal, BioGenex, 1:1000).
Bound antibodies were visualized using a supersensitive
streptavidin-biotin-peroxidase complex (Biogenex).
Appropriate positive controls were employed.

DNA extraction

DNA from macro-dissected formalin-fixed paraffin-
embedded (FFPE) tissue was extracted using a
QIAsymphony DNA Mini Kit (Qiagen, Hilden, Germany)
on an automated system (QIAsymphony SP, Qiagen) accord-
ing to the manufacturer’s supplementary protocol for FFPE
samples (purification of genomic DNA from FFPE tissue
using the QlAamp DNA FFPE Tissue Kit and
Deparaffinization Solution). Samples were then purified using
Qiaquick kit (Qiagen) and eluted in EB buffer. Concentration
and purity of isolated DNA was measured using NanoDrop
ND-1000 (NanoDrop Technologies Inc., Wilmington, DE,
USA). DNA integrity was examined by amplification of con-
trol genes in multiplex PCR [8].

Array comparative genomic hybridization

CytoChip Focus Constitutional (BlueGnome Ltd.,
Cambridge, UK) array was used for array comparative geno-
mic hybridization (aCGH) analysis. It uses BAC technology
and covers 143 regions of known significance with 1 Mb
spacing across a genome. Probes are spotted in triplicate.
First, 400 ng of DNA was labeled using a Fluorescent
Labeling System (BlueGnome Ltd., Cambridge, UK). The
procedure included Cy3 labeling of a test sample and Cy5
labeling of a reference sample. Commercially produced refer-
ence of the opposite sex was used when no reference sample
was available (MegaPool Reference DNA Male/Female,
Kreatech Diagnostics, Amsterdam, Netherlands). The labeled
reference and the test sample were mixed, dried, and hybrid-
ized overnight at 47 °C using Arrayit hybridization cassette
(Arrayit Corporation, California, U.S.A.). Post-hybridization
washing was done using SSC buffers with increasing strin-
gency. Dried microarrays were scanned with InnoScan 900
(Innopsys, France) at a resolution of 5 pm. Scanned images
were analyzed and quantified by BlueFuse Multi software
(BlueGnome Ltd., Cambridge, UK). The software uses
Bayesian algorithms to generate intensity values for each
CyS5 and Cy3 labeled spot on the array according an appropri-
ate gal file. Cutoft values for log 2 ratio are preset to —0.3 for
loss and to 0.3 for gain by BlueFuse software. All genomic
coordinates were based on the March 2009 assembly of the
reference genome GRCh37.
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Fluorescent in situ hybridization (FISH)

FFPE tissue sections (4 pm) were placed onto a positively
charged glass slide. The target area, corresponding to what
was marked on a H&E stained slide, was circled with a dia-
mond pen. The section was routinely deparaflinized, incubat-
ed in the 1x Target Retrieval Citrate Solution (DAKO,
Glostrup, Denmark; pH 6 for 40 min at 95 °C) then cooled
in the same solution (20 min at room temp). The slide was
washed in deionized water and digested in protease solution
with Pepsin (0.5 mg/ml in 0.01 M HCI; Sigma Aldrich, St.
Louis, MO, USA) at 37 °C for 15 min. The slide was then
immersed in deionized water for 5 min, dehydrated in a series
of ethanol solutions (70, 85, and 96 %, 2 min each), and air-
dried. Fluorescent in situ hybridization (FISH) probes CEP 7
Spectrum Orange (D7Z1), CEP 17Spectrum Orange, CEP X
(DXZ1) Spectrum Green/CEP Y (DYZ3), and Spectrum
Orange (Vysis/Abbott Molecular, Des Plaines, Illinois) were
mixed with water and hybridization buffers according to the
manufacturer’s protocol. The slide was incubated in a
ThermoBrite instrument (StatSpin/Iris Sample Processing,
Westwood, Massachusetts) with codenaturation (85 °C for
8 min) and hybridization (37 °C for 16 h). Post-
hybridization wash was performed in 2x SSC/0.3 % NP-40
solution (72 °C for 2 min). The section was counterstained
with DAPI 1 (Vysis) and stored in the dark at =20 °C until
examined. FISH signals were assessed using an Olympus
BXS51 fluorescence microscope. Scoring of aneuploidy was
performed by counting the number of fluorescent signals in
100 randomly selected, non-overlapping tumor cell nuclei.
The slide was independently enumerated by two observers
(PG, TV). Cutoff values were set for each probe as shown in
previous study [9].

Results
Clinical data were available for six of the seven cases

(Table 1). These included five males and one female, age
range 61 to 78 years (median 74 years, mean 71.17 years).

Tumor size ranged from 3 to 5 cm in the greatest dimension
(median 3.5 cm, mean 3.8 cm). One tumor was found in the
left kidney and two in the right kidney; no information about
laterality was available for four cases. On gross section, the
tumors were yellowish to gray-white to grayish-brown, with
visible hemorrhages in two cases.

Follow-up was available for four patients (range 2 to
4 years, mean 2.75 years, median 2.5 years). One patient died
of disease 4 years after diagnosis despite treatment (sunitinib).
One patient died of colorectal adenocarcinoma 2 years after
diagnosis. Two patients are alive and well without signs of
recurrence or metastasis, although for one patient, only basic
and limited information was available. Other patients were
lost to follow-up.

Histological findings

The histopathological features are summarized in Table 2. All
seven cases showed at histological examination a papillary
pattern architecture (Fig. 1). In two cases, a prominent
tubulopapillary component (cases 4 and 5) was noted
(Fig. 2). Cases 2 and 3 contained smaller arecas with a solid
pattern. Bluish to eosinophilic mucin-like material was pres-
ent to a variable extent in all cases (Fig. 3a, b). This was only
extracellular in one case; in three cases, it was only intracel-
lular; and in three cases, it was present both intracellularly and
extracellularly in H&E-stained sections.

Extracellular material presented as a bluish to eosino-
philic deposit of mucin-like material in the interstitium
between tumor cells or within papillary stalks.
Intracellular material presented as a mucin-like substance
in the cytoplasm as larger or smaller clear vacuoles. Some
of these cells had the features of signet-ring cells (Fig. 4a, b)
and they were present in five cases. In all cases, mucin-like
material was positive for mucicarmine (Fig. 5), and in six
cases, it was PAS positive (Fig. 6). In three cases, the cells
were reactive with Alcian blue, and this was designated as
PAS and Alcian blue co-staining. The intracellular mucin-
like material was positive either for mucicarmine or for PAS
in two of the cases containing cells with signet-ring

Table 1  Basic clinicopathological data

Case Sex Age (years) Size (cm) Site  Stage Color Follow-up

1 F 78 3 x2x15 NA  pTla(TNM09) NA NA

2 M 77 3x35x15and2 = 1.5x1 Right pTla(TNM09) Ochroid 2 years, AW

3 M 76 35%x25x%3 Right pT1 (TNM09) Yellowish Dead of disease 4 years after dg.

4 M 63 Diameter 5 NA NA NA NA

5 NA NA NA NA NA NA NA

6 M 6l 3x37x4 NA NA Gray-white 3 years, A, no information about health condition
7 M 72 NA Left NA Grayish-brown Dead 2 years after dg.—other malignant disease

M male, F female, NA not available, AW alive and well, 4 alive
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Table 2  Histopathological features
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Type

Heamorrhage Fuhrman

Giant

macrophages cells

Intracellular ~ Signet-ring Hibernoma-like Psammoma Siderophages Foamy

mucin-like
secretion

Extracellular
mucin-like

secretion

Case Papillary Tubulopapillary Solid

grade (ISUP)

bodies

morphology changes

+

+ (intraluminal)

+(10 %)+ (papillary

NOS

stroma)

+(20 %)

+ (papillary

+ (80 %)

stroma)
+ (intraluminal)

NOS

+

present, — = absent, NOS not otherwise specified

+=

— Z ok o B

Fig. 1 All 7 cases were arranged in papillary pattern

morphology. In three of the cases, cells with signet-ring mor-
phology did not react with mucicarmine nor PAS. Four tumors
contained hemorrhagic areas. Foamy macrophages were
found in six cases. Hemosiderophages were observed in three
cases and in two cases (cases 3 and 7) clear cell-like areas,
containing cells with foamy cytoplasm and microvacuolated
appearance resembling macrophages or hibernoma cells
(Fig. 7). These tumors both contained also giant multinucle-
ated neoplastic cells.

In addition to these morphological features, we found a
focus with epithelial cells in pseudorosette formation in
case 3, numerous extracellular eosinophilic globules, and
larger pools of eosinophilic material in case 5 and in case
6 abundant giant multinucleated cells and foamy
macrophages.

Nuclear grades according to the “Fuhrman (ISUP) nucleo-
lar” grading system was 4 (one case), 3 (three cases), and 2
(three cases). No relationship or direct connection with renal
pelvis or calyces was seen.

Fig. 2 Focus of tubulopapillary architecture was noted in 2 cases
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Fig. 3 Bluish to eosinophilic mucin-like secretion was variably present
in all cases in the intersticium (a) or in intracellular vacuoles (b)

Immunohistochemical analysis

Results of immunohistochemical examination are summarized
in Table 3. All tumors were positive for AMACR, vimentin, and
OSCAR. Keratin AE1-AE3 was diffusely positive in five tu-
mors. CK 7 was diffusely positive in three (Fig. 8), focally in
one case, and was negative in three cases. CK 20 was focally
moderately positive in one tumor (CK 7 was negative in this
case). Carbonic anhydrase IX was focally moderately positive in
one case. PAX 8 was positive in six tumors, five strongly and
diffuse, one focally. All tumors were negative for CDX2.

Mucin-like deposits were examined using a panel of anti-
bodies against different MUC antigens (Table 4). MUC 1 was
diffusely strongly positive in two cases and focally in three
cases (two strongly and one moderately) (Fig. 9). None of the
tumors were reactive for MUC 2, MUC 4, and MUC 6. Two
cases were weakly positive for MUC 5 AC.

Molecular genetic analysis

Results of molecular genetic analyses are summarized in
Table 5. Array CGH analysis was performed on one case (case

Fig. 4 As intracellular production was considered presence of the same
material within cytoplasm in form of larger or smaller vacuoles. Some
such cells reached the shape and characteristics of signet-ring cells (a+b)

Fig. 5 Interstitial mucin-like material was positive for mucicarmin
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2), which showed gain of chromosomes 7, 16, and 17 and loss
of chromosome Y. FISH was performed on four cases.
Polysomy of chromosomes 7 and 17 was found in two cases.
In one case, polysomy of only chromosome 17 was present.
One case (case 1) was disomic for both chromosomes 7 and
17. Loss of heterozygosity (LOH) of chromosome 3p was
assessed in five cases and was positive in one case (case 5),
which also showed polysomy of chromosomes 7 and 17. In
none of the six cases analyzed were mutations found in the
VHL gene. We found no methylation of VHL gene promoter in
the six cases analyzed.

Discussion

RCC with mucin or mucin-like secretion was initially pub-
lished in 1963 by Foster and Levine [10], who reported

W T,
< ek & Wb\ |
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Fig. 7 Focally, cells had foamy cytoplasm and microvacuolated
appearance resembling macrophages or hibernoma cells

@ Springer

Mayer’s mucicarmine positive material in 2 out of 71 renal
cell carcinomas. Their description unfortunately does not al-
low any conclusion as to the histological type according to
current classifications [11]. Grignon et al. [12] described an
RCC with luminal and cytoplasmic presence of mucin, reac-
tive with Mayer’s mucicarmine and Alcian blue. The docu-
mentation allows to conclude that this tumor was a papillary
RCC with mucin/mucin-like secretion [12].

The term “mucin” encompasses a large family of glycopro-
teins expressed by many normal and neoplastic cell types.
Two main classes are distinguished: membrane-bound and
secreted or gel forming [13]. Mucin can be stained empirically
with mucicarmine, historically regarded as highly sensitive
[14]. Recent studies correlating the results of mucicarmine
staining with immunohistochemical staining for various anti-
gens specific for individual mucin subtypes are lacking.
Staining with PAS and Alcian blue might be more sensitive
as they cover both neutral and acidic mucins, produced by
epithelial or mesenchymal cells. However, these stains lack
specificity as they also bind to other substances such as gly-
cosylated proteins.

Of the MUC family, only MUCI is expressed in normal
epithelial cells of the kidney. MUC?2, a secreted gel-forming
mucin, is typically secreted by goblet cells of the gastrointes-
tinal and respiratory tract [15]. MUC4 is a transmembrane
glycoprotein, which provides a protective layer of mucus to
epithelial cells of the intestine, airways, and mammary ducts
[16]. MUCSAC is found mainly in the mucosal layer of the
stomach, while MUCG6 is located principally in gastric pyloric
glands [17]. MUC 1 is expressed in convoluted distal tubules
and in collecting ducts in normal renal tissue, with a polar
apical distribution [18-20]. Leroy et al. reported that MUC1
is expressed in 54 % of PRCC. They found that MUCI is
predominantly expressed in type 1 PRCC and only rarely in
type 2 PRCC [21].

The most frequent type of renal cell carcinoma with mucin
production is MTS RCC, which is composed of tubules, many
of which are elongated and merge into cord-like structures
with transitions into spindle cells. Weakly basophilic mucin
is present at least focally in most tumors [22], located mostly
in the interstitium, and a proper term for such a finding would
be myxoid rather than mucinous. Fine et al. mapped the his-
tologic spectrum of MTS RCC and documented cases of MTS
RCC without conspicuous extracellular mucin in H&E-
stained sections [23]. However, scant mucinous material with-
in cellular areas has been reported in these “mucin-poor” MTS
RCC [24].

Our cases were completely different from MTS RCC.
Tumors from our series lacked typical dual architecture; tu-
bules lined by cuboidal cells were not encountered nor a spin-
dle cell component with characteristic myxoid changes in the
stroma. Immunohistochemical staining does not distinguish
between PRCC and MTS RCC because of an overlapping
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Table 3 Immunohistochemical

examination Case AMACR CANH9 VIM OSCAR  AEl/3  PAXS CK7 CK20 CDX2
1 R - 4+ - e ++ - -
2 -+ ++ Foc. o ++ - - - -
3 +++ - =+ 4 ++ -+ +++ Foc. - -
4 ++ - o - -t - - -
5 R - 4+ et e - - -
6 ++ - A+ + - ++ Foc. - - -
7 H - ++ + - - - ++ Foc. —

Foc.=<509% cells staining, — = negative, + = weak positivity, ++= moderate positivity, +++ = strong positivity,
AMACR racemase, CANHY carbonic anhydrase, 4£1/3 cytokeratin AE1-AE3, virm vimentin

marker profile. However, a molecular genetic profile might
help to differentiate between these entities. We have docu-
mented gain of chromosomes 7, 16, and 17 and loss of chro-
mosome Y using array CGH analysis, confirmed subsequently
by FISH. The pattern of these numerical chromosomal aber-
rations is not compatible with that of MTS RCC, which shows
disomy of chromosomes 7 and 17 and chromosomal loss,
notably of chromosomes 1, 4, 6, 8, 9, 13, 14, 15, and 22,
regardless of grade [23].

Mucin production has been described in three primary
papillary RCCs, which showed cosinophilic cuboidal to
columnar cells and extensive luminal or intracytoplasmic
acid mucin deposition, including sulphomucins as indicat-
ed by mucicarmine, Alcian blue (at pH 2.5), and high-
iron diamine staining. Furthermore, foam cells (in two
cases), hemosiderin, and siderophages (in two cases), cal-
cification (in one case), and an incomplete fibrous capsule
were described [2] [3]. Mucin production has also been
reported in four papillary adenomas. Mucin was of acid
type, as indicated by mucicarmine, Alcian blue (at
pH 2.5), and Mowry’s colloidal iron staining, intracellular
in numerous scattered tumor cells in two cases, focal

(B T

Fig. 8 CK 7 was diffusely positive in three cases

luminal in one case, and mixed intracellular and luminal
in another case [4].

In this study, all tumors were classified as PRCC.
Morphological and immunohistochemical features were most-
ly compatible with type 1 PRCC; however, some morphologic
variability was noted [25]. All tumors expressed AMACR,
vimentin, and OSCAR while four cases expressed CK 7.
Architecture was predominantly papillary, even in CK 7-
negative tumors. CK 7-negative PRCC has been reported no-
tably by Langner et al. who described variable CK 7 reactivity
in renal cell carcinoma subtypes, including PRCC [9].
Morphology and marker expression pattern (coexpression of
AMACR, vimentin, and CK 7-among others) of our case |
was typical of PRCC. However, for PRCC disomy of chro-
mosomes 7, 17, and Y is unusual. Case 5 showed polysomy of
chromosomes 7 and 17, supernumerary chromosome X, and
LOH3p, compatible with both PRCC and clear cell RCC but
morphology was consistent with PRCC. The marker expres-
sion pattern (CK 7 and carbonic anhydrase IX both negative)
in this case was unusual for PRCC. We used morphology as
ultimate criterion and considered the case as PRCC. Two more
cases were not entirely typical of PRCC (cases 6 and 7) be-
cause they were negative for CK 7. Genetic analysis could not
be performed on case 7 due to low quality of DNA. In case 6,
status of the VHL gene (mutations, LOH3p, and methylation
status) was normal but it showed loss of chromosome Y,
which fits with PRCC. However, analysis of chromosomes 7
and 17 failed because of low-quality DNA.

We introduced the term “mucin-like” instead of “mucin-
ous” because of the results of immunohistochemical stain-
ing for MUC antigens. The MUC antigens most commonly
expressed in human mucinous carcinomas are MUCI,
MUC2, MUC4, MUCSAC, and MUC6. Lack of expres-
sion of these antigens raises questions as to specificity of
traditional stains (mucicarmine, PAS, Alcian blue) used to
detect mucin. Reports on mucin deposits in tumors based
only on traditional stains should be interpreted with cau-
tion when the results are not corroborated by immunohis-
tochemistry. In all our cases, in H&E-stained sections,
mucin-like material was present. Mucin-like material was

@ Springer
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Table 4 Mucin staining

Case Mucicarmine Periodic Acid Schiff Alcian blue MUC1 MUC2 MUC4 MUCS5AC MUC6
1 & + = +++ Foc. == = = -
2 +++ Foc. + + +++ Foc. - - + -
3 + Foc. ++ = ++ Foc. = = = =
4 + - + ++ - - = -
5 + ++ % ++ = = + Foc. =
6 + Foc. + Foc. = = - — = -
7 + Foc. + Foc. - - - - - -

Foc. =< 50 % cells staining, — = negative, + = weak positivity, ++ = moderate positivity, +++ = strong positivity

intracytoplasmic in six cases, extracellular (intraluminal or
in the stroma) in four cases. The interstitial myxoid chang-
es were exclusively found in the core of papillac. Areas
with diffuse myxoid changes which are seen in MTS
RCC were absent. In five cases, we found cells with
signet-ring morphology. Signet-ring cells are tumor cells
with intracytoplasmic mucin that displaces the nucleus
and their presence favors a diagnosis of signet-ring cell
carcinoma regardless of site [26]. In two of our cases,
mucicarmine or PAS-positive cells with signet-ring mor-
phology were found which we considered as signet-ring
cells. In three other cases, the cells with signet-ring mor-
phology were negative for mucicarmine and PAS.

In the differential diagnosis of MTS RCC, several entities
should be considered.

1. Hereditary leiomyomatosis renal cell carcinoma
syndrome-associated renal cell carcinoma (HLRCC)
arises in patients with a germline mutation in the fimarate

A : 7 £
Fig. 9 MUC 1 was diffusely strongly positive in two cases and focally in
three cases

@ Springer

hydratase (FH) gene. These tumors often have a papillary
architecture but can be tubulopapillary, cribriform, or sol-
id [22]. Even though the morphology of our tumors was
not entirely compatible with HLRCC, we tested four
cases for FH gene mutation but all of them showed a wild
type FH gene.

Val-Bernal described a case of RO, composed of typical
oncocytes in a predominantly tubular pattern and
scattered tubules containing basophilic mucin (positive
with Alcian blue at pH 2.5 and Mayer’s mucicarmin), in
the lumen but not intracytoplasmic. Immunohistochemistry
was not reported. Tumor cells did not show gain of chro-
mosomes 7 and 17 [6]. Our cases differed from RO in
terms of morphology and marker profile, being mostly
papillary and with expression of different markers.
Chromosomal analysis with polysomy of chromosomes 7
and 17 supports our diagnosis of RCC. An oncocytic var-
iant of PRCC has been reported but with morphologic
characteristics different from our cases.

Val-Bemal also reported extracellular mucin within alve-
oli in CCRCC but only occasionally in the cytoplasm of
neoplastic cells [24]. The mucin stained with Mayer’s
mucicarmine, Alcian blue-PAS (at pH 2.5), and
Mowry’s colloidal iron. Staining with Alcian blue at
pH 0.4 indicated the presence of strongly acidic sulphated
mucosubstances [5]. Our cases showed characteristic pap-
illary architecture without clear cell elements. The marker
profile was typical of PRCC only in four cases, with
coexpression of vimentin and AMACR even in CK 7-
negative tumors. Moreover, VHL was not mutated and
its promoter not methylated. LOH of 3p was observed in
one out of five analyzable cases. The latter case showed
polysomy of chromosomes 7 and 17 and an unusual XXY
pattern of sex chromosomes.

Mucin/mucin-like secretion along with papillary archi-

tecture is more common in urothelial carcinomas (UC).
Primary adenocarcinoma, UC with signet-ring cells, UC
with gland-like lumina, and colonic types (villous
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Table 5 Results of molecular genetic analyses

Case Array CGH LOH3p TFE3F TFEBF VHL VHLM FISH 7 FISH16 FISH17 FISHY FH
1 NA - - NA - - - XY -
2 +7,+16, +17, =Y - - NA - - P P P -Y -
3 NA NP - NA - - NA NA NA -Y NA
4 NA - - - - - D NA P -Y -
5 NA + NA NA - - P NA P XXY NA
6 NA - NA NA - - NA NA NA -Y -
7 NA NA NA NA NA NA NA NA NA NA NA

—=negative, + = positive, N4 not analyzable, NP not performed, — Y loss of chromosome Y, VHL VHL mutation, VHLM VHL methylation, FH fumarate

hydratase gene mutation, P polysomy, D disomy

adenomas, villous carcinomas) are not extremely rare sub-
types, and several reports have been published of such
tumors in the whole urinary tract [27] [28]. Morphology
of UC can be polymorphic and histochemical features and
marker profile may vary. Glandular differentiation is ob-
served in less than 10 % of urothelial carcinomas, usually
in the form of small tubular or gland-like spaces in con-
ventional urothelial carcinoma [29] [30]. Less frequently,
foci similar to colonic-type adenocarcinoma can be found
in otherwise typical UC and, rarely, a signet-ring cell or a
mucinous component [31]. Primary adenocarcinoma is
extremely rare in the renal pelvis, while at approximately
2 % of primary epithelial malignancies in the urinary
bladder [6,8]. This entity includes primary bladder adeno-
carcinoma (non-urachal adenocarcinoma) and urachal car-
cinoma. Primary bladder adenocarcinoma develops in
transitional epithelium through gradual changes (intestinal
metaplasia) initiated by chronic inflammation [32].
Urachal carcinoma is less common than non-urachal ade-
nocarcinoma of the bladder and arises from urachal rem-
nants [10] [33]. Colonic-type villous adenoma and adeno-
carcinoma of the urinary tract are rare. Villous adenoma is
characterized by papillary structures covered by columnar
mucinous epithelium, as in colonic villous adenoma.
Often an infiltrating adenocarcinoma coexists, which em-
phasizes the need to adequate sampling of any lesion di-
agnosed by biopsy as villous adenoma [28]. Our cases
were located in the renal cortex or paracortex, without
any connection with pelvic-calyceal system. No signs of
urothelial differentiation were found, marker pattern was
also unlike UC. One case was focally positive for CK 20
but not for CK 7.

The patient of case 7 died of metastatic colorectal
carcinoma. In this case, the architecture of renal tumor
was papillary, without tubules or dirty necrosis.
Although the renal tumor was focally positive for CK
20, it also expressed vimentin and AMACR, which
would be extremely unusual for metastasis of colorectal
adenocarcinoma.

Conclusions

1. PRCCs with mucin/mucin-like secretion are rare (<0.5 %
of all PRCC), and defining their morphology, immunohis-
tochemical, and molecular genetic profile remains a
challenge.

2. Mucicarmine-positive secretion does not rule out a diag-
nosis of PRCC.

3. A genuine mucin nature of the secreted material still needs
to be confirmed by immunohistochemical analysis.
Whether what is secreted in these PRCC cases is mucin
or mucin-like remains to be clarified.

4. In the differential diagnosis of RCC with mucin/mucin-
like secretion, in addition to tumors originating in renal
parenchyma, also, lesions of urothelial origin should be
considered, as they are more often mucicarmine positive.

5. PRCCs with mucin/mucin-like secretion have metastatic
potential.
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WARTHINOVU TUMORU PODOBNY PAPILARNI RENALNI KARCINOM:
KLINICKOPATOLOGICKA, MORFOLOGICKA, IMUNOHISTOCHEMICKA A
MOLEKULARNE GENETICKA ANALYZA 11 PRiPADU

Renalni karcinom je velmi heterogenni skupina tumorti, nové vydand WHO
klasifikace (2016) ¢ita na 14 typa jednotek [4] a, zvlasté diky rychlému rozvoji genetickych
metod, nové rychle ptibyvaji. Papilarni renalni karcinom (PRK) se tradi¢né déli na typ 1 a 2,
pficemz typ 1 je pomérné¢ uniformni skupina, zatimco typ 2 je ve vice aspektech znacné
heterogenni. Jako ptiklad poslouzi neddvno popsané jednotky jako onkocyticky, ,,mucin‘-
secernujici, solidni, se svétlobunéénymi znaky ¢i bifazicky alveoloskvamoidni karcinom [22-
26],které se vsechny tadi pod typ 2 PRK. Onkocyticky papilarni renélni karcinom (OPRK) je
v sou¢asné WHO Kklasifikaci zatazen jako dalsi potencionalni podtyp PRK. Histologicky je
OPRK charakterizovan proliferaci velkych eosinofilnich bun¢k podobnych renalnimu
onkocytomu (RO), uspotadanych nejcastéji papilarng, vzacnéji tubularné nebo solidné.

Do studie bylo zatazeno 11 piipadi OPRK, které vykazovaly vyraznou denzni
lymfocytarni stromalni infiltraci a napodobovaly tak Warthiniv tumor slinnych Zlaz nebo
Warthin-like variantu papilarniho karcinomu $titné zlazy. Imunoprofil renalnich tumorti vSak
odpovidal PRK a reakce s TTF-1 byla negativni, coz metastaticky ptvod vylouéilo.

Tumor infiltrujici lymfocyty (TIL) a peritumoralni lymfocyty jsou castym
doprovodnym znakem karcinomi spojenych s Lynchovym syndromem. Imunohistochemicka
nuklearni exprese tzv. mismatch repair proteind MLH1 a PMS2 byla zachovana ve vSech
ptipadech Warthin-like PRK (WPRK), MSH2 a MSH6 byly v 1/11 pfipadu negativni. Tento
ptipad byl nasledné geneticky otestovan na ptitomnost mikrosatelitni instability, metylaci
MLH1 promotoru a mutaci genu BRAF V600E, vSe s negativnim vysledkem, coz nepoukazuje
na spojitost TIL v WPRK s Lynchovym syndromem a zaroven i vylucuje Gc¢ast vySetfovanych
MMR genil na tumorigenezi WPRK.

Cilem nasi prace bylo rozsifit fady heterogenni skupiny PRK o dalsi podtyp. Prognéza
a lécba pacientll samoziejmé odvisi hlavné od stadia (stage) tumoru v dobé diagnozy, avsak
rozpoznat, ze se jedna o PRK, je dulezité¢ a povédomi o spektru morfologickych variant PRK
ma tak klinicky vyznam.
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ARTICLE INEFO ABSTRACT

Available online oo Oncocytic papillary renal cell carcinoma (PRCC) is a distinct subtype of PRCC, listed as a possible new variant of
PRCCin the 2016 WHO classification. It is composed of papillae aligned by large single-layered eosinophilic cells

Keywords: showing linearly arranged oncocytoma-like nuclei.

Kidney We analyzed clinicopathologic, morphologic, immunohistochemical and molecular-genetic characteristics of 11

Oncaocytic papillary renal cell carcinoma

Y oncocytic PRCCs with prominent tumor lymphocytic infiltrate, morphologically resembling Warthin's tumor.
Woarthin's tumor

- The patients were predominantly males (8/11, 73%), with an average age of 59 years (range 14-76), and a mean
Warthin-like . ) ) . .
Lymphaid stroma Fumor size of 7 cm (range 1-22 an). Turna‘rs had the fEEltI:IrES quncoFytlc PRCCs Wlﬂ'.l focal pseudostratification
Immunohistochemistry in 8/11 cases and showed dense stromal inflammatory infiltration in all cases. Papillary growth pattern was
Chromosomal aberration pattern predominant, comprising more than 60% of tumor volume, Tubular and solid components were presentin 5

and 3 cases, respectively. Uniform immunohistochemical positivity was found for AMACR, PAX-8, MIA,
vimentin, and OSCAR. Tumors were mostly negative for carboanhydrase 9, CD117, CK20, and TTF-1. Immu-
nohistochemical stains for DNA mismatch repair proteins MLH1 and PMS2 were retained in all cases, while
MSH2 and MSH6 were negative in 1 case. Tumor infiltrating lymphocytes (TILs) consisted of both B and T
cells. Chromosomal copy number variation analysis showed great variability in 5 cases, ranging from a
loss of one single chromosome to complex genome rearrangements. Only one case showed gains of chromo-
somes 7 and 17, among other aberrations. [n 4 cases no numerical imbalance was found. Follow up data was
available for 9 patients (median 47.6 months, range 1-132). In 6 patients no lethal progression was noted,
while 3 died of disease.

[n conclusion, Warthin-like PRCC is morphologically very close to oncocytic PRCC, from which it differs by the
presence of dense lymphoid stroma. Chromosomal numerical aberration pattern of these tumors is variable;
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only one case showed gains of chromosomes 7 and 17. Warthin-like PRCC is a potentially aggressive tumor since
a lethal outcome was recorded in 3/9 cases.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Renal cell carcinoma (RCC) is a highly heterogeneous group of tu-
mors, consisting of at least 14 subtypes recognized in the latest WHO
classification, and several additional tentatively distinct variants [1-3].
The subgroup of papillary renal cell carcinoma (PRCC) is further divided
into type 1 and 2. Recently, a number of studies have described a small
series of morphologically distinctive PRCCs, such as oncocytic, solid, bi-
phasic squamoid alveolar, “mucin”-secreting, or clear cell types, not be-
longing to any of the two main types [4-9]. These tumors may be
associated with foci of type 2-resembling areas and are thus often des-
ignated as such, which may contribute to the molecular-genetic hetero-
geneity of PRCC type 2 tumors [10]. Some of these tumors are even
designated as unclassified [ 11]. Even though the tumor stage remains
the best determinant for the survival of patients after nephron sparing
surgery within the PRCC group [12], the histological variants of PRCC
are important to recognize. This is due to the fact that the papillary mor-
phology is also seen in other RCC subtypes, and thus the treatment and
outcome may significantly differ in patients with variant tumors as
compared with those who have two classical forms of PRCC.

Oncocytic PRCC [4,13,14] is mentioned in the 2016 WHO classifica-
tion as a tumor that has a papillary architecture, and is composed of
large cells with finely granular eosinophilic cytoplasm, mostly single-
layered, and linearly aligned oncocytoma-like nuclei [3). Such morphol-
ogy, with addition of a prominent lymphocytic infiltrate in stroma, may
commonly be seen in the papillary cystadenoma lymphomatosum
[Warthin's tumor) of the salivary glands. To the best of our knowledge,
carcinomas resembling benign Warthin's tumor have been described in
salivary glands [ 15] and thyroid [ 16], but not in the kidney. Tumor infil-
trating lymphocytes (TILs) may have prognostic value and that with the
advent of novel immune mediated therapies [17], tumors with TILs
could be considered for potential immunotherapy in the future. Of
note, lymphoid infiltrates are frequently found in tumors of other or-
gans associated with Lynch syndrome. However, a potential link be-
tween this hereditary syndrome and lymphoid infiltrates in some
renal tumors has not been explored.

The aim of this study was to analyze the clinicopathologic, morpho-
logic, immunohistochemical and molecular-genetic characteristics of 11
oncocytic PRCCs with prominent lymphoid stroma (Warthin-like papil-
lary renal cell carcinoma - WPRCC), morphologically reminiscent of
Warthin's tumor.

2. Materials and methods
2.1. Case selection and routine microscopy

There were 1147 in-house and consultation cases of PRCC in Plzen
Tumor Registry. We searched the database for keywords "oncocytic,
papillary, kidney, lymphoid stroma”, and reviewed 147 tumors. We sub-
sequently selected 11 cases with predominant oncocytic cytology and
abundant intratumoral lymphocytic infiltrate. All the cases were
reviewed by three pathologists (FS, MU, OH). There were 1-10 tissue
blocks available for each case, and 1-2 representative blocks were select-
ed for immunohistochemical and molecular-genetic studies. Clinical,
gross and follow-up data were collected by review of the institutional
medical records and by contacting the consulting pathologists.

Tissue for light microscopy was fixed in 4% formaldehyde, embed-
ded in paraffin using routine procedures. 5 um thin sections were cut
and stained with hematoxylin and eosin. Special stain technique for

evaluation of mucin was performed using mucicarmine, periodic acid
- Schiff (PAS) and alcian blue at pH 2.5. We evaluated percentages of
papillary, tubular, cystic, and solid architectural patterns, abundance of
TIL with reference to index case, nuclear grade according to the guide-
lines of ISUP (International Society of Urologic Pathology), nuclear
pseudostratification, single versus multiple cell layers forming papillae,
presence of foamy macrophages, and microscopic necrosis.

2.2, Immunohistachemistry

Immunohistochemical study was performed using primary antibod-
ies recognizing following antigens: racemase/AMACR (13H4, monoclo-
nal, Dako, Glostrup, Denmark, 1:200), carbonic anhydrase IX (rhCA9,
monoclonal, RD systems, Abingdon, GB, 1:100), vimentin (D9, monoclo-
nal, NeoMarkers, Westinghouse, CA, 1:1000), 0SCAR (OSCAR, monaoclo-
nal, Covance-SpinChem, San Diego, CA, 1:500), PAX-8 (polyclonal, Cell
Marque, Rocklin, CA, 1:25), cytokeratin 7 (OV-TL12/30, monoclonal,
Dako, 1:200), cytokeratin 20 (M7019, monoclonal, Dako, 1:100),
cytokeratins (AE1-AE3, monoclonal, BioGenex, San Ramon, CA,
1:1000), CD117 (CD117, polyclonal; Dako, Glostrup, Denmark; RTU),
EMA (E29, monoclonal; DakoCytomation, Carpinteria, CA; 1:1000),
CD10 (56C6, monoclonal; Novocastra, Newcastle upon Tyne, UK;
1:50), TTF-1 {5PT24, monoclonal; Novocastra, 1:400), anti-mitochon-
drial antigen (MIA, monoclonal; BioGenex; 1:100), CD3 {monoclonal,
LN10, Novocastra, 1:50), CD5 (monoclonal, 4C7, Novocastra, 1:50),
CD20 (monoclonal, L26, DakoCytomation, RTU), MSH2 (monoclonal,
G219-1129, Cell Marque, RTU), MSH6 (monoclonal, 44, Ventana,
Manheim, Germany, RTU), PMS2 (monoclonal, EPR 3947, Cell Marque,
RTU), MLH1 (monoclonal, G168-728, Cell Marque, RTU). The primary
antibodies were visualized using the supersensitive streptavidin-bio-
tin-peroxidase complex (BioGenex). Appropriate positive controls
were employed for all assays. Immunohistochemical staining was re-
corded negative if no staining, or less than 5% of staining was observed,;
asweak (+) for staining of up to 25% of tumor cells; moderate (+ +) for
staining 25-50% of tumor cells; and strong (+++) for staining in more
than 50% of tumor cells.

2.3. DNA extraction

DNA was extracted using the QIAsymphony DSP DNA Mini Kit on au-
tomated extraction system QlAsymphony SP (QIAGEN, Hilden, Germa-
ny) according to the manufacturer's supplementary protocol for FFPE
samples. Concentration and purity of isolated DNA were measured
using the NanoDrop ND-1000 (NanoDrop Technologies, Inc., Wilming-
ton, DE, USA). DNA integrity was examined by multiplex PCR amplifica-
tion of five fragments of lengths ranging from 100 to 600 base pairs (bp)
[18].

2.4. Low pass whole genome analysis

All samples were tested for copy number variations (CNV) in all
chromosomes using low pass whole genome sequencing on lon Torrent
PGM platform using kits and software from Life Technologies ( Thermo
Fisher Scientific, Waltham, MA USA). The extracted DNA (100 ng) was
enzymatically fragmented using a shear enzyme mix contained in lon
Xpress Plus Fragment Library Kit. Samples with DNA integrity control
result of 600 bp were sheared 10 min, and samples with lower integrity
were sheared 5 min. Sequencing adapters were ligated and the se-
quencing library was size-selected for 200 bp. Final libraries were
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Table 1
Clinicopathological data on Warthin-like papillary renal cell carcinoma.

Case No. Age Sex Size {cm) TNM stage Follow-up {months)

Case 1 48 M 1.0* - DUD 1 months, autopsy, no generalization
Case 2 64 M 6.0 pT3 DOD 9 m, generalization, retroperitoneal lymph nodes, liver, lung, bones
Case 3 69 F 30 pT1 AW 12

Case 4 76 M 22" pr3 DoD 12

Case 5 45 M 28 pT1 AW 108, then LFU

Case 6 64 M 14.5 pT2 LFU

Case 7 14 M 125 pT2 DOD 36

Case 8 NA M NA NA LFU

Case 9 59 M 25 pT1 AW 108

Case 10 74 F 42 pT1 AW 132

Case 11 75 F 1.5 pT1 AW 10

DUD = death of unrelated disease.

DOD = death of disease.

AW = alive and well.

LFU = lost to follow up.

NA = not available.
* Associated with renal oncocytoma 3.0 cm.
" Sarcomatoid component.

pooled and templating and enrichment steps were performed using Hi-
Q Template OT2 200 Kit. Sequencing was performed on a 316v2 chip
using Hi-Q Sequencing kit according to manufacturer's protocols aiming
to obtain minimum of 100 000 reads per sample. Signal processing,
mapping and quality control was performed with Torrent Suite v.5.0.
CNVs were called and visualized using lon Reporter v5.2 using low-
pass whole-genome aneuploidy workflow. The Median of the Absolute
values of all Pairwise Differences ( MAPD) score filter was set to 0.3. The
called CNVs passing the confidence filter (>1) were annotated using
ISCN cytogenetic coordinates and sequence positions using Hg19 ge-
nome assembly and reported in the Table 4. The aneuploidies of
gonosomes were adjusted manually regarding the sex of the patient.
For each sample several detected CNVs were confirmed by FISH using
enumeration probes as described elsewhere [19].

2.5, Mutation analysis of MLH1, MSH2 and MSHG genes

Mutation analysis of the MLH1, MSH2 and MSHG genes was per-
formed using PCR and Sanger sequencing as previously described in
Kacerovska et al. 2016 [20]. Whole coding sequences {including exon-
intron junctions) of the MLH1, MSH2 and MSH6 genes were obtained
and compared to the appropriate reference sequences.

2.6. Microsatellite instability (M5I) analysis
Five mononucleotide markers (BAT-25, BAT-26, NR-21, NR-24, and

MONO-27) were analyzed using the “MSI Analysis System"” kit
(Promega, Madison, W1) according to the manufacturer's instructions.

The PCR products were separated by capillary electrophoresis using
ABI 3130XL Genetic Analyzer (Applied Biosystems), and the output
data were analyzed with GeneMapper software (Applied Biosystems).

2.7. MLH1 promoter methylation analysis

To perform methylation analysis, the bisulfite conversion (“EZ DNA
Methylation-Gold Kit;" Zymo Research, Burlington, ON, Canada) was
followed by the methylation-specific PCR targeting the MLH1 promoter
according to Chan et al. [21].

2.8. BRAF VG600E mutation analysis

Presence of the BRAF VG600E mutation status was tested using the
real-time PCR kit Cobas® 4800 BRAF V600 Mutation Test (Roche;
Mannheim, Germany) according to the manufacturer's instructions.

3. Results
3.1. dinicopathologic data

Clinical and pathologic data were available for 10 0f 11 cases and are
summarized in Tables 1 and 2. The patients were predominantly males
[73%) with male to female ratio of 3:1. Average age was 59 years (range
14-76). One half of all tumors were at pT1 stage. The mean size of tu-
mors was 7 cm (range 1-22 cm).

Table 2

Morphalogical data on Warthin-like papillary renal cell carcinoma.
Case No. ISUP grade Foamy macrophages Architectural pattern® TIL abundance® Cell layers MNuclear pseudostr.® Necrosis
Case 1 2 + P ++ sl + -
Case 2 2 - S/PT +++ MU - +++
Case 3 2 - P/T +++ 51 + +
Case 4 4 - P ot Sl + +
Case 5 3 - P ++ s1 +++ -
Case 6 2 - T ++ sl + -
Case 7 3 - P/T ++ S1 ++ -
Case 8 2 + 5P ++ MU - -
Case 9 3 - P/s +++ s1 + +
Case 10 2 + 5/TA ++ 51 + -
Case 11 2 - P +4+ | - -

S1 - single cell layer; MU - multiple cell layers.
* Architectural pattern: P-papillary, S-solid, T-tubular.

b TIL- tumor infiltrating lymphocytes: abundance was assessed both on HE and CD3, CDS, and CD20 stained slides, in reference to index case which was designated as +++.
© Nuclear pseudostratification was assessed as negative [ —), sparse (4 ), moderate {++), prominent {++ ), in reference to index case.
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Fig. 1. On cross section the tumors were mostly brown to grey, compact, and well-
circumscribed.

In cases when gross description was available (8 of 11 cases), the tu-
mors were brown to grey, compact, and well-circumscribed (Fig. 1).
Grossly visible necroses or hemorrhages were not reported.

Follow up information was available for 9/11 patients. Follow up pe-
riod ranged from 1 to 132 months (median range 47.6 months). In 6 pa-
tients, there were no records about aggressive behavior or disease
progression. However, 3 patients died of disease 9-36 months after re-
section. Metastatic spreading was documented to lymph nodes, liver,
lung and bones. Sarcomatoid tumor differentiation was present in one
case with a lethal outcome.

3.2. Morphologic characteristics

Basic morphologic characteristics are summarized in Table 2. Most of
the tumors showed papillary growth pattern in more than 60% of tumor
volume (Fig. 2). However, tubular and solid/compressed papillary com-
ponents were also present in smaller volume percentages, in the major-
ity of the cases (Fig. 3). The tumors were composed of medium to large
eosinophilic cells, most of them had visible nucleoli at high

Fig. 3. Tubular and solid components. These were also present in smaller volume
percentages in the majority of cases.

magnification, corresponding to ISUP grade 2 (Fig. 4). Two cases were
ISUP grade 3 and one was grade 4. Nuclear pseudostratification was
present in 8/11 (Fig. 5A), however it was not prominent in the majority
of cases (Fig. 5B). Foamy macrophages were seen in 3/11 cases (Fig. 6
and Table 2). Prominent feature in all cases was moderate to strong stro-
mal inflammatory infiltration, predominantly composed of lympho-
cytes (Fig. 7A and B). The stroma was mostly loose, located within
papillary tufts and also in some cases within areas with tubulocystic ar-
chitecture. Desmoplastic stroma was not seen in any of the cases. Ne-
crotic foci were present in 4/11 cases.

One WPRCC contained in addition to the papillary architecture,
oncocytic cells and dense lymphoid stroma, a large component showing
nondescript spindle cell sarcomatoid differentiation. Clinically, this
tumor had an aggressive course and caused patient's death.

3.3. Immunohistochemical examinations

The results of the immunohistochemistry evaluation are summa-
rized in Table 3. Briefly, the tumor cells were positive for PAX-8 (11/
11, 100%), MIA (11/11, 100%) (Fig. 8A and B), vimentin (10/11, 91%)
and OSCAR (11/11, 100%); variable for AMACR (10/11, 91%), CK7 (5/
11, 54%) (Fig. 9 A + B), EMA (5/11, 45%), CD10 (7/11, 63%), and AE1/3
(4/11, 36%); mostly negative for carboanhydrase 9 (0/11, 0%), CD117

Fig. 2. Papillary growth pattern. It was seen in more than 60% of tumor volume in most
tumors.

Fig. 4. Medium to large eosinophilic cells. Most of these cells had visible nucleoli at high
magnification and corresponded to ISUP grade 2.
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Fig. 5. Nuclear pseudostratification. It was present in 8/11 (A), however it was not
prominent in the majority of cases (B).

(0/11, 0%), CK20 (1/11, 9%) and TTF-1 (0/11, 0%). DNA mismatch repair
proteins (MLH1, MSH2, MSH6, PMS2) were retained in all cases except
one case that exhibited a loss of MSH2 and MSH6 proteins (case no. 4).

Fig. 6. Foamy macrophages. These cells were seen in 3/11 cases.

Fig.7. A -+ B: lymphoid infiltration of the stroma. Moderate to strong stromal lymphoid
infiltration was seen in all tumors.

TILs consisted of both B and T cells, mostly CD5 and CD3 positive,
while in two cases CD20 positive lymphocytes were predominant.

34. Molecular genetic analysis

Nine cases produced good quality libraries and were successfully se-
quenced, while the remaining two samples were not analyzable. No
CNV were found in four samples. The remaining five samples showed
great variability in detected CNV ranging from loss of one chromosome
to complex genome rearrangements including gains and losses of vari-
ous parts of chromosomes as summarized in Table 4 and visualized in
Fig. 10. Only one of the cases showed gain of chromosomes 7 and 17
(among the other aberrations). The range and quality of every detected
CNV is summarized in Table 5.

Analyses of MMS and BRAF V600E were performed in one case (case
4), due to the loss of immunohistochemical reactivity with MSH2 and
MSHS.

In the DNA purified from FFPE sample no microsatellite instability
(MSI), no aberrant methylation of MLH1 promoter and no mutations
in MLH1, MSH2 and MSH6 genes were found. Also BRAF V600E mutation
was absent.

94



F Skenderi et al. { Annals of Diagnostic Pathology 27 {2017) 48-56 53

Table 3
Immunchistochemistry profile of Warthin-like papillary renal cell cardnoma.
Case No. AMACR PAX-38 Vimentin  MIA CD10  CD117 CANHY9 CK7 CK20 OSCAR  AE1/AE3 EMA TTF-1 MSH2  MSHG MLH1 PMS2
Case 1 +++  +++ +++ +++ + - - - = +++ - = - +++  +++ 4+ +++
Case2 - +++ +++ +++ + - - ++ - +++ +++  F - +++  +++ 4+ +++
Cased  +++ 4+ A+ ottt = - ot = R e +++ o+ Fd et
Cased  ++ ot = +tt = - + - bt = +tt - - - Fd et
Case 5 +++  +++ ++ +++ +++ = - - = +++ - = = +++  + +++ +++
Case 6 +++ -+ Fht At = - - - bt = - - At Fht
Case 7 +++  +++ +++ +++ - - - - = + - ++ - +++  +++ +++ +++
Case 8 +++  +++ +++ +++ ++ - - 4 = +++ - + - +4+4+ 4+ +++ +++
Case 9 +++  +++ +++ +++ ++ - - - +++ +++ - - - ++4+  + +++ +++
Case 10 +++ 44+  +++  +++ - - - + - + + - - A e e S o o R s
Case 11 ++ B S SR A A SR - - bt = R G ok o A S T S S T S R A O
1011 11711 1011 a7 o1 01 G111 141 41 541 0A1 1011 10411 111 111
(91%)  (100%) (91%)  (100%) (B3%) (0%) (0¥}  (54%) (9%) (100%) (36%)  [45%) (OX) (91%) (91¥)  (100%) (100%)

Intensity and percentage of positive tumor cells were scored as: negative (—) if no staining or less than 5% staining was observed; weakly pasitive {4}, iffocal positivity seenin up to 25% of
tumor cells; moderate ( ++ ), if positivity observed in 25-50% of tumor cells; diffuse { + + + ), ifmore than 50% of tumor cells positive. AMACR - alpha-methylacyl-CoA racemase; CANHO —
carboanhydrase 9; MIA - antimitochondrial antigen; MSH2, MSHG, PMS2, MLH1 - DNA mismatch repair enzymes/proteins.

4. Discussion

There are ongoing debates over the PRCC classification. Traditionally
these carcinomas have been classified morphologically as type 1 and
type 2. However, many cases of PRCC show only a part of the diagnostic
criteria or overlapping morphology between both of the types. Results
of immunohistochemical analyses are also more compact for type 1
PRCC and rather variable for type 2 PRCC [2]. Recent large multicentric
studies from The Cancer Genome Atlas group and Marsaud et al. report-
ed the genetic profile of large number of PRCCs and found that type 1
and type 2 are genetically distinct entities, but type 2 tumors may fur-
ther be genetically subdivided into three groups [10,11].

Herein we report the clinicopathologic, morphological, immunohis-
tochemical and molecular genetic profile of a distinct variant of renal
carcinoma, showing predominantly papillary architecture, oncocytic cy-
tology, and abundant tumor infiltrating lymphocytes, resembling be-
nign Warthin's tumors of the parotid gland.

A series of so-called oncocytic PRCC (OPRCC) and several case re-
ports of these tumors were previously published [4,13,22-25]. All of
the studies reported similar morphological characteristics of the tu-
mors, which are arranged mostly in papillary, but also tubular and
solid architecture, with deeply eosinophilic cells, arranged in a single
layer or in multiple layers, in some cases with pseudostratification. Nu-
clei are described mostly as bland and round, however, tumors with a
nuclear grade 3 were also reported. Necrosis is recorded rarely. Foamy
macrophages were occasionally present [13,25].

Our cohort of WPRCC was composed of tumors with similar mor-
phology, however there were some substantial differences. The most
striking feature was the presence of dense lymphocytic infiltration of
the stroma within core of the papillae or stroma interspersed among tu-
bular component. OPRCC are described mostly as tumors without
pseudostratification [25,26), however this feature is mentioned in
some papers [4,25]. In WPRCC series nuclear pseudostratification was
detected in 8 cases, whereas in 2 cases was prominent and in 6 cases
focal.

An interesting finding in our study was that of 10 cases with avail-
able follow-up data, 3 had an aggressive clinical course. Furthermore,
one tumor with characteristic morphology (papillary architecture,
oncocytic cells and dense lymphoid stroma) was associated with
sarcomatoid differentiation. Remaining 2 aggressive cases were graded
as grade 2 and 3 according ISUP grading system. Of note, the tumor with
grade 2 was staged as pT3 according to the TNM 2009.

Immunohistochemical profile of OPRCCs has been reported in sever-
al studies [4,13,27]. In the current study, we found the immunoprofile of
WPRCC almost identical to previously reported immunoprofile of
OPRCC. However, vimentin was diffusely positive in 91% of cases in

the current study, while it was variable in the OPRCC. WPRCCs were dif-
fusely positive for AMACR, PAX-8, vimentin, MIA, and OSCAR, variably
for cytokeratin AE1/AE3, CK7, CD10, EMA. Tumors were negative for
carboanhydrase 9, CD117, CK20 and TTF-1.

Copy number variation analysis was successful in 9/11 cases. No nu-
merical chromosomal aberrations were found in 4 tumors. The remain-
ing 5 cases revealed variable chromosomal gains and losses. Such CNV
variability is known in chromophobe RCC, in which, besides frequently
encountered multiple loses, variable CNV pattern has been documented
[19,28,29]. Only 1 of these 5 cases showed, among other chromosomal
abnormalities, a polysomy of chromosomes 7 and 17, which is believed
to be characteristic for PRCC. Given significant morphologic and genetic
heterogeneity of the PRCC, even within type 2 category, these results are
not too surprising. Recent large study from The Cancer Genome Atlas
group identified genomic profile of PRCC, concluding that type 1 and 2
PRCC are distinctly different entities, and that type 2 PRCC is a heteroge-
neous disease with multiple distinct subgroups [10]. These results were
also supported by previous studies comprising fewer cases [4,11,13,30,
31].

The role of TILs is currently investigated by numerous research
groups. Present data suggest that specific TIL phenotypes may have
prognostic, predictive, or therapeutic value, however, this is yet to be
clarified [17,32]. TIL and peritumoral lymphocytes are commonly
found in carcinomas associated with Lynch syndrome (LS). LS is a he-
reditary cancer syndrome caused by mutations in DNA mismatch repair
(MMR) proteins, resulting in deficient DNA repair machinery, eventual-
ly leading to a hypermutational phenotype and development of neo-
plasms in other organs. It is believed that renal cell carcinoma (in
contrast to urothelial carcinoma of the renal pelvis) is not associated
with LS. To find out whether WPRCC with its TILs could be associated
with LS, we analyzed immunoreactivity of four MMR proteins, namely
the MSH2, MSHG, PMS2, and MLH1. Except one case, we found in all tu-
mors moderate to strong nuclear expression of investigated proteins,
both in the tumor tissue and adjacent normal kidney tissue. In case
with lost of MSH2 and MSHG6 staining, microsatellite instability (MSI)
and methylation of MLH1 promoter analyses, as well as mutations anal-
ysis in MLH1, MSH2 and MSH6 genes and BRAF V600OE mutation were
performed, which showed no abnormalities. Our results suggest no re-
lationship between TILs in WPRCC and Lynch syndrome, and possibly,
exclude the involvement of investigated MMR genes in tumorigenesis
of WPRCC. The expression of MMR proteins was previously evaluated
in clear cell RCC [33,34), but this is a first report of such in this unusual
variant of PRCC.

Diagnostic features of WPRCC are not highly specific, and that sever-
al entities should be considered in the differential diagnosis. The most
important one is a metastasis. Oncocytic variant of papillary thyroid
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Fig. 8. Immunohistochemistry for PAX8 (A) and antimitochondrial antigen (B)-These
immunostainings were positive in n all cases.

carcinoma with lymphocytic stroma (Warthin-like variant) is a rare
tumor, generally reported to have a favorable prognosis but it may
show aggressive clinical behavior [35]. The possibility of a renal metas-
tasis of such a tumor was excluded in our series both clinically and by
the fact that TTF-1 was negative in all tumors.

All eosinophilic subtypes of RCC may be considered in the differen-
tial diagnosis of Warthin-like PRCC. Oncocytoma and chromophobe
RCC may rarely present with architecture mimicking PRCC, however
true papillae are not part of the morphologic spectrum of these tumors
[2]. Lymphocytic infiltrate in these tumors would be a highly unusual
morphologic feature as well.

Another morphologically similar, but much more aggressive entity
to be excluded is hereditary leiomyomatosis and renal cell carcinoma
(HLRCC)-associated RCC/fumarate hydratase-deficient RCC [2,36,37].
This tumor can be papillary/tubulocystic, composed of eosinophilic
cells with high grade nuclei and prominent deep red nucleoli. These tu-
mors are characterized by mutation of the fumarate hydratase gene (FH).
Oncocytic characteristics of cell population in these tumors are not men-
tioned in the literature. In contrast to HLRCC-associated RCC, we were
not able to find typical large nuclei with red nucleoli and perinucleolar
halo resembling cytomegalovirus inclusions. Moreover prominent TILs

ea
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7 ¢ 4 .t""-‘."f

Fig. 9. Immunohistochemistry for AMACR (A) and CK 7 (B). All but one case (case 2) were
positive for AMACR, 6 cases were immunoreactive for CK 7.

are not described in kidney tumors related to hereditary leiomyomatosis
[37]. MiT family translocation carcinomas (namely spectrum of Xp11.2
RCC) may also be considered in the differential diagnosis, as they have
papillary growth pattern, and may show areas composed of eosinophilic

Table 4
Summary of copy number variations of chromosomes.
Case No. Gains Loses
Case 1 None None
Case 2 5 1,3,
Case3 None None
Case 4 None None
Case 5 NA NA
Case 6 None None
Case 7 None 1,14, 18,22
Case 8 1,2,521 1,3,14,15 Y
Case 9 7,8,12,17 None
Case 10 None X
Case 11 NA NA

NA - not analyzable.
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Fig. 10. Chromosome aberration patterns. CNV ranged from loss of one chromosome to complex genome rearrangements including gains and losses of various parts of chromosomes.

cells. Our cases were uniformly composed of oncocytic cells and did not
show hyaline bodies, typical microcalcifications and areas with larger
pale/clear cells [2].

Tubulocystic RCC may also be considered in the differential diagno-
sis, mainly because some of our cases did not display CNV. However,
our cases differed from tubulocystic RCC by predominantly papillary ar-
chitecture. No single case from our series showed a predominant
tubulocystic growth pattern [38-40].

Succinate dehydrogenase-deficient RCC (SC-RCC) can be in the dif-
ferential diagnosis as itincludes tumors composed of vacuolated eosin-
ophilic to clear cells with inconspicuous nucleoli, usually with a solid
growth pattern, but rarely/less frequently showing a tubular or even
papillary pattern. This tumor is characterized by the presence of cells
with bubbly appearing eosinophilic cytoplasm. In addition to morpho-
logical differences, SC-RCC has different imunchistochemical and mo-
lecular hallmarks [2,41].

RCC in acquired cystic disease of the kidney (ACDK) is observed
exclusively in patients with end-stage renal disease. All our patients
had normal renal function, no one was dialyzed or had transplant
kidney. Histologically, a variety of RCC types can be found in ACDK

patients, including RCC with papillary and tubulopapillary architec-
tures. The tumor cells always have acidophilic cytoplasm with
oncocytic features and prominent nucleoli [2]. The presence of most-
ly abundant oxalate crystalloids is considered to be a typical mor-
phologic feature. We were not able to find oxalate crystals in our
cases.

In summary, we analyzed a cohort of PRCCs with oncocytic mor-
phology and dense lymphoid stroma. While the immunohistochem-
ical profile was consistent with PRCC, molecular genetic analysis
revealed variable chromosomal abnormalities, indicating that they
do not belong to neither type 1, nor type 2 PRCC. Nevertheless, due
to the mophological resemblance to the OPRCC, we believe that
WPRCC can be considered as part of the spectrum of this variant of
papillary renal cell carcinoma group. Since 3/11 cases of WPRCC ap-
peared to have metastatic potential, additional cases need to be stud-
ied to elucidate the true malignant potential of these tumors.
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Table 5
Details of detected copy number variations.

Case No. chr No. ISCN Hg19 Copies Confidence
2 1 1p36.33p11.2 521368-120697156 1 10.02
2 2p25.3p23.3 10000-25207815 1 1.50
2 2q22.1q37.3 137858809-243102476 3 2.66
3 3p26.3q29 60000-197962430 1 27.37
5 5q21.1935.3 99536286-180905260 3 13.43
13 15q11.2926.3 23564853-102521392 1 891
22 22q11.1q13.33  16847850-50364777 1 559
X Xp22.33q28 2699520-154931044 1 57.92
7 1 1p36.33p11.2 521368-120697156 1 23.06
14 14q11.1g32.33  19020000-107289540 1 11.64
18 18p11.32q23 10000-78017248 1 12.69
22 22q11.1q13.33  16847850-50364777 1 265
8 1 1p36.33p11.2 521368-120697156 1 12.12
1 1921.1q44 144810724-248908210 3 495
2 2q22.1q37.3 139830771-243102476 3 14.84
3 3p26.3q29 60000-197962430 1 24.09
5 5021.1935.3 101498825-180905260 3 35.77
14 14q24.3q32.33  75191525-107289540 1 1.22
21 21q11.2q22.3 14338129-48119895 3 239
X Xp22.33q28 2699520-154931044 1 104.37
9 7 7p22.3q36.3 282484-159128663 3 11.13
8 8p23.3q22.2 10000-100736467 3 5.95
12 12p13.33g24.33 145739-133841895 3 885
17 17p13.3g25.3 396626-81195210 3 632
10 X Xp22.33q28 2699520-154931044 1 2043

chr = chromosome, ISCN = International System for Human Cytogenetic Nomenclature.
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BIFAZICKY SKVAMOIDNI ALVEOLARNI RENALNI KARCINOM. ZVLASTNI
PODTYP PAPILARNIHO RENALNIHO KARCINOMU?

Bifazicky skvamoidni alveolarni renalni karcinom (BSARK) byl v nedavné dobé
popsan nasi instituci v sérii dvou ptipada [27]. Histologicky je charakterizovin napadnym
solidn¢-alveolarnim uspotfadanim, pficemz tumor se skladd z dudlni populace bunék ve
variabilnim pomeéru: 1) malé blandni nddorové buiky chudé na cytoplazmu, které lemuji
vnitini stranu alveoldrnich struktur; 2) vétsi skvamoidni buniky s objemnéjsi cytoplazmou a
vétsim méchyikovitym jadrem, které jsou usporadané do kompaktnich hnizd. Nepodatilo se
nam morfologicky prokazat pravou skvamocelularni diferenciaci (intercelularni muastky
a/nebo keratinové perly), povazujeme proto za vhodné&jsi druhou skupinu bunék nazyvat
skvamoidnimi namisto skvamoznimi. Dal§im neptehlédnutelnym znakem v obou tumorech
byla pfitomnost emperipolézy. V zadném z ptipadl jsme nezastihli jiné struktury, nez vyse
zminéné, proto jsme tyto tumory prohlasili za unikatni a difive nepopsané a navrhli jsme pro
tuto potencionalné novou jednotku deskriptivni termin bifazicky skvamoidni alveolarni
renalni karcinom.

Od té doby jsme shromazdili dalSich 20 ptipadd, které jsme zaradili do této studie
(jeden piipad byl po molekularné genetickém otestovani vyfazen), jejimz cilem bylo tuto
jednotku 1épe histopatologicky a biologicky definovat. VSechny ptipady jsme hodnotili
morfologicky, za pouziti IHC a molekularni genetiky (aCGH, FISH). Histologicky jsme v
9/21 tumorech identifikovali pfechod skvamoalveolarnich struktur do partii vzhledu
papilarniho renalniho karcinomu (PRK) (papilarni uspofadani, pénité makrofagy,
psammomat6zni téliska). Konstantni byla pfitomnost emperipolézy (ve vSech ptipadech). IHC
byly vSechny tumory pozitivni s CK7, EMA, vimentinem a cyklinem DI1. Molekularn¢
geneticky jsme ve vSech analyzovatelnych tumorech detekovali nadbyte¢né chromozomy 7 a
17.

Z dostupnych klinickych dat je zifejmé, ze BSARK ma metastaticky potencial
(metastazovalo 5 piipadil), nicméné na odhad progndzy je zatim sesbirdno malo piipadu.

Nalez histologickych znaku charakteristickych pro PRK spole¢né s imunoprofilem a
molekularni genetikou podporuji domnénku, ze BSARK patii do morfologického spektra
PRK a neni samostatnou jednotkou. NaSe studie pfispivd k nyni stile vice uzndvanému
pohledu, ze PRK nelze striktn€ délit na typ 1, 2 a potencionalni typ 3 (onkocyticky PRK), ale
ze jeho morfologické spektrum se s novymi poznatky stale rozsituje.
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Biphasic Squamoid Alveolar Renal Cell Carcinoma
A Distinctive Subtype of Papillary Renal Cell Carcinoma?
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Abstract: Biphasic squamoid alveolar renal cell carcinoma
(BSARCC) has been recently described as a distinct neoplasm.
Twenty-one cases from 12 institutions were analyzed using
routine histology, immunohistochemistry, array comparative
genomic hybridization (aCGH) and fluorescence in situ hy-
bridization. Tumors were removed from 11 male and 10 female
patients, whose age ranged from 53 to 79 years. The size of
tumors ranged from 1.5 to 16cm. Follow-up information was
available for 14 patients (range, 1 to 96mo), and metastatic
spread was found in 5 cases. All tumors comprised 2 cell pop-
ulations arranged in organoid structures: small, low-grade

From the Departments of *Pathology; ***Urology, Charles University,
Medical Faculty and Charles University Hospital Plzen; || Depart-
ment of Pathology, Charles University, Medical Faculty and Charles
University Hospital Hradec Kralove, Czech Republic; ¥Department
of Pathology, Bellvitge University Hospital, Bellvitge Biomedical
Research Institute (IDIBELL); {Department of Pathology and Ex-
perimental Therapeutics, University of Barcelona School of Medi-
cine: {fDepartment of Pathology, Consorci Sanitari Integral, Barcelona;
§Department of Pathology, Cruces University Hospital, Biocruces Re-
search Institute, University of the Basque Country, Barakaldo, Spain;
| Department of Pathology, University of Trieste, Trieste, Italy; 9De-
partment of Pathology, University Hospital Erlangen, Erlangen, Ger-
many; #Department of Pathology, The University of Kansas School of
Medicine, Kansas City, KS; **Department of Pathology, National
University Health System, Singapore, Singapore; fiDepartment of
Pathology, Clinical Hospital Center Zagreb; §§“Ljudevit Jurak™ Pathol-
ogy Department, Clinical Hospital Center “Sestre milosrdnice”, Zagreb,
Croatia; Y9Department of Pathology, East University, Riga, Latvia; and
##Department of Pathology, Petrov’s Research Institute of Oncology, St
Petersburg, Russia.

Conflicts of Interest and Source of Funding: Supported by the Charles
University Research Fund (project number P36) and by the project
CZ.1.05/2.1.00/03.0076 from European Regional Development Fund
(O.H.). The authors have disclosed that they have no significant re-
lationships with, or financial interest in, any commercial companies
pertaining to this article.

Correspondence: Ondrej Hes, MD, PhD, Department of Pathology,
Charles University, Medical Faculty and Charles University Hospi-
tal Plzen, Alej Svobody 80, 304 60 Pilsen, Czech Republic (e-mail:
hes@medima.cz).

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

664 | www.ajsp.com

neoplastic cells with scant cytoplasm usually lining the inside of
alveolar structures, and larger squamoid cells with more prom-
inent cytoplasm and larger vesicular nuclei arranged in compact
nests. In 9/21 tumors there was a visible transition from such
solid and alveolar areas into papillary components. Areas
composed of large squamoid cells comprised 10% to 80% of
total tumor volume. Emperipolesis was present in all (21/21)
tumors. Immunohistochemically, all cases were positive for cy-
tokeratin 7, EMA, vimentin, and cyclin D1. aCGH (confirmed
by fluorescence in situ hybridization) in 5 analyzable cases re-
vealed multiple numerical chromosomal changes including gains
of chromosomes 7 and 17 in all cases. These changes were fur-
ther disclosed in 6 additional cases, which were unsuitable for
aCGH. We conclude that tumors show a morphologic spectrum
ranging from RCC with papillary architecture and large squa-
moid cells to fully developed BSARCC. Emperipolesis in
squamoid cells was a constant finding. All BSARCCs expressed
CK7, EMA, vimentin, and cyclin D1. Antibody to cyclin D1
showed a unique and previously not recognized pattern of im-
munohistochemical staining. Multiple chromosomal aberrations
were identified in all analyzable cases including gains of chro-
mosomes 7 and 17, indicating that they are akin to papillary
RCC. Some BSARCCs were clinically aggressive, but their
prognosis could not be predicted from currently available data.
Present microscopic, immunohistochemical, and molecular ge-
netic data strongly support the view that BSARCC is a dis-
tinctive and peculiar morphologic variant of papillary RCC.

Key Words: kidney, biphasic squamoid alveolar renal cell car-
cinoma, papillary renal cell carcinoma, immunohistochemistry,
aCGH, FISH

(Am J Surg Pathol 2016;40:664-675)

hree years ago we reported 2 renal cell carcinomas
(RCCs) that we thought had unique and previously
unrecognized histopathologic features.! We named that
neoplasm descriptively as a biphasic alveolo-squamoid
renal cell carcinoma (BSARCC). Unique to this tumor
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Biphasic Squamoid Alveolar Renal Cell Carcinoma

were organoid structures composed of centrally located
solid nests of large squamoid cells surrounded in an al-
veolar manner by smaller cuboidal and flattened cells
reminiscent of dilated tubules or cysts. The squamoid cells
had vesicular large nuclei, which were surrounded by
eosinophilic cytoplasm with distinct cell borders. The al-
veolar cells were smaller and mostly cuboidal displaying a
high nuclear to cytoplasmic ratio." The clinicopathologic
significance of these histopathologic data was not ad-
dressed, and thus we decided to assemble a much larger
number of similar cases.

In the present paper we present 20 additional cases
of this tumor type, providing evidence that BSARCCs are
histogenetically closely related to papillary RCC (PRCC).
Clinical follow-up shows that some of these cases had an
adverse outcome. We hope that our study will stimulate
other uropathologists to review their databases and fur-
ther contribute to the characterization of BSARCC as a
clinicopathologic entity.

MATERIALS AND METHODS
A search algorithm including the keywords
“unclassified, squamoid, squamous, glomeruloid” was
used to identify renal tumors from the Plzen Tumor
Registry and multiple other institutional archives and
consult files of the other authors. All cases were reviewed
by 3 pathologists (O.H., K.Pe., M.M.) and compared

with the index case to identify matching features. One or
more hematoxylin and eosin-stained slides were available
for review in all cases (1 to 23 slides/case). Altogether 21
cases were identified from a total of 18,500 cases. Three
cases have already been published previously and were
included into the present study (cases 7, 14, and 15).
These cases are marked by the sign § in Table 1.2

Light Microscopy

Tissue for light microscopy had been fixed in 4%
formaldehyde and embedded in paraffin using routine
procedures. Sections of 5pm thickness were cut and
stained with hematoxylin and eosin.

Immunohistochemistry

A relatively broad panel of antibodies was used for
complex analysis of tumors with apparently dual population.
All staining analyses were performed in | institution (Uni-
versity Hospital Plzen). The immunohistochemical study was
performed using a Ventana Benchmark XT automated
stainer (Ventana Medical System Inc., Tucson, AZ).

The following primary antibodies were used: epi-
thelial membrane antigen (EMA) (E29, monoclonal;
DakoCytomation, Carpinteria, CA; 1:1000), cytokeratins
(AE1-AE3, monoclonal; BioGenex, San Ramon, CA;
1:1000), CK5/6 (D5/16B4, monoclonal; DakoCytoma-
tion; 1:100), CD10 (56C6; Novocastra, Burlingame,
CA; 1:20), cytokeratin 7 (OV-TL12/30, monoclonal;

TABLE 1. Basic Clinicopathologic Data

Case Sex Age Size (cm) Side Follow-up (mo) Squamoid Area-extend in % Emperipolesis
1 M 65 10x9.5x7 R 24, AWD* 10 Yes
2 M 57 6x5x4 UN ND 20 Yes
3 F 60 10.5 L 29, DOD 20 Yes
4 F 53 3.2 R 1, DUN+¥ 10 Yes
5 F 70 UN UN UN 40 Yes
6 M 66 35 R 6, AWD, then ND} 10 Yes
78 F 54 3 R 72, AW, then ND 100 (minimal papillary focus) Yes
8 F 54 1.9%1.4x2 R 24, AW 40 Yes
9 M 63 3.5 UN UN 60 Yes
10 M 57 3 UN ND 45 Yes
11 F 79 4.5 UN ND 30 Yes
12 F 70 29x1.7x1.5 R 18, AW 30 Yes
13 F 62 28x1.9x2 L 13, AW| 35 Yes
14§ M 55 2 R 48, AW, then DUNY 30 Yes
15§ F 54 2.2 R 96, AW, then DUN# 20 Yes
16 M 46 1.5 R UN 40 Yes
17 M 60 2 R 24, AW 40 Yes
18 M 78 16.0 L 45, DOD** 45 Yes
19 M 53 3.0 R 6, AWD} 5 Yes
20 M 65 5 UN ND 30 Yes
21 F 72 6 L 3, AW 40 Yes

*pT3, pN2: lymph nodes paracaval (TNM 09).
+Dead of hemorrhagic shock 3 weeks after surgery, 18 years on hemodialysis.
16 months after nephrectomy, multiple bilateral lung metastases, lymph node metastases.

$Previously published cases.'=
[[Ductal invasive carcinoma of breast treated 1 year before nephrectomy.

4Dead of small cell carcinoma of the lung.
#Dead of cholangiogenic carcinoma of the liver.
**Metastases in mediastinal lymph nodes.
AW indicates alive and well; AWD, alive with disease; DOD, dead of disease; DUN, dead of unrelated condition; F, female; L, left; M, male; ND, not documented; R,
right; UN, unknown.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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DakoCytomation; 1:200), cytokeratin 20 (M7019, mon-
oclonal; DakoCytomation; 1:100), racemase/AMACR
(P504S, monoclonal; Zeta, Sierra Madre, CA; 1:50), vi-
mentin (D9, monoclonal; NeoMarkers, Westinghouse,
CA; 1:1000), parvalbumin (PA-235, monoclonal; Sigma
Aldrich, St Luis, MO; 1:500), Ki-67 (MIB1, monoclonal;
Dako, Glostrup, Denmark; 1:1000), c-kit (CD117, poly-
clonal, Dako, Glostrup, Denmark, 1:300), CD10 (mon-
oclonal, Sp67; Ventana, RTU), E-cadherin (12H6,
monoclonal; Zymed, San Francisco, CA; 1:200), carbonic
anhydrase IX (thCA9, monoclonal; RD systems, Abing-
don, GB; 1:100), p63 (4A4, monoclonal; Ventana, Tucson,
AZ, RTU), p53 (DO-7, monoclonal; DakoCytomation;
1:30), antimelanosome (HMB45, monoclonal; DakoCyto-
mation; 1:200), TFE3 (polyclonal; Abcam; 1:100), cathe-
psin K (3F9, monoclonal; Abcam; 1:100), WT1 (GF-H2,
monoclonal; DakoCytomation; 1:150), TTF-1 (SPT24,
monoclonal; Novocastra, Newcastle, UK; 1:400), antibody
against cyclin D1-M 30 (M30 monoclonal; Lobome, Enzo
Life Sciences, Ann Arbor, MI; 1:100), bcl-2 (monoclonal,
124; Cell Marque, Rocklin, CA; 1:100), cyclin D1 (SP4-R,

FIGURE 2. Color ranges from whitish to tan/brown. Tan color
of the gross section seen on a formalin-fixed tissue/specimen.
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FIGURE 3. Some tumors were solid, firm with whitish color.

monoclonal; Cell Marque; 1:100), (SP4-R, monoclonal;
Ventana, RTU), (polyclonal; NeoMarkers, Fremont, CA;
1:100), and PAX-8 (polyclonal; Cell Marque; 1: 25). The
primary antibodies were visualized using the supersensitive
streptavidin-biotin-peroxidase complex (BioGenex). Ap-
propriate positive controls were used.

FIGURE 4. Well-developed BSARCC in which squamoid cells
forming the majority of the tumors mass.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. Solid-alveolar pattern of BSARCC is clearly seen.

DNA Extraction

DNA from macrodissected formalin-fixed paraffin-
embedded (FFPE) tissue was extracted using a QIA-
symphony DNA Mini Kit (Qiagen, Hilden, Germany)
on automated system (QIAsymphony SP, Qiagen) ac-
cording to the manufacturer’s supplementary protocol
for FFPE samples (purification of genomic DNA from
FFPE tissue using the QIAamp DNA FFPE Tissue Kit
and Deparaffinization Solution). Samples were then
purified using Qiaquick kit (Qiagen) and eluted in EB
buffer (Qiagen). Concentration and purity of isolated
DNA was measured using NanoDrop ND-1000
(NanoDrop Technologies Inc., Wilmington, DE). DNA
integrity was examined by amplification of control genes
in a multiplex polymerase chain reaction.’

Array Comparative Genomic Hybridization

Five cases (no 3, 9, 12, 13, 14) were suitable for analysis
using array comparative genomic hybridization (aCGH).

CytoChip Focus Constitutional (BlueGnome Ltd,
Cambridge, UK) array was used for aCGH analysis. It
uses BAC technology and covers 143 regions of known
significance with 1 Mb spacing across a genome. Probes
are spotted in triplicates. First, 400 ng of DNA was la-
beled using the Fluorescent Labeling System (BlueGnome
Ltd). The procedure included Cy3 labeling of a test
sample and CyS5 labeling of a reference sample. Com-

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 6. Squamoid areas surrounded by smaller cells with
scant cytoplasm.

mercially produced reference of opposite sex was used in
cases in which no reference sample was available
(MegaPool Reference DNA Male/Female, Kreatech
Diagnostics, Amsterdam, Netherlands). The labeled
reference and the test sample were mixed, dried, and
hybridized overnight at 47°C using Arrayit hybridization
cassette (Arrayit Corporation, CA). Posthybridization
washing was done using SSC buffers with increasing
stringency. Dried microarray was scanned with InnoScan
900 (Innopsys, France) at a resolution of 5um. Scanned
image was analyzed and quantified by BlueFuse Multi
software (BlueGnome Ltd). The software uses Bayesian
algorithms to generate intensity values for each Cy5 and
Cy3 labeled spot on the array according an appro-
priate.gal file. Cutoff values for log 2 ratio are preset to
—0.3 for loss and to 0.3 for gain by BlueFuse software.

Fluorescence In Situ Hybridization

Eleven cases were suitable for fluorescence in situ
hybridization (FISH) analysis. A 4-um-thick FFPE tissue
section was placed onto a positively charged slide.
The target area was circled with a diamond pen according
to the corresponding hematoxylin and eosin-stained slide.
The slide was routinely deparaffinized, incubated in the
x 1 Target Retrieval Solution Citrate pH 6 (Dako) for
40 minutes at 95°C, then cooled for 20 minutes at room
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FIGURE 7. Scanning, low-power magnification shows RCC
with papillary architecture comprising areas composed of
large squamoid cells.

temperature in the same solution. The slide was washed in
deionized water and digested in protease solution with
pepsin (0.5mg/mL) (Sigma Aldrich) in 0.01M HCI at
37°C for 15 minutes. The slide was then immersed in de-
ionized water for 5 minutes, dehydrated in a series of
ethanol solutions (70%, 85%, and 96% for 2min each)
and air-dried. FISH probes CEP 7 Spectrum Orange
(D7Z71), CEP 17 Spectrum Orange, CEP X (DXZ1)
Spectrum Green/CEP Y (DYZ3) Spectrum Orange (Vysis/
Abbott Molecular, Des Plaines, IL) were mixed with water
and hybridization buffers according to manufacturer’s
protocol. The slide was incubated in a ThermoBrite
instrument (StatSpin/Iris Sample Processing, Westwood,
MA) with codenaturation at 85°C for 8 minutes and
hybridization at 37°C for 16 hours. Posthybridization
wash was performed in 2 x SSC/0.3% NP-40 solution at
72°C for 2 minutes. The slide was counterstained with
DAPI I (Vysis) and stored in the dark at —20°C until
examined. FISH signals were assessed using an Olympus
BX51 fluorescence microscope. Scoring of aneuploidy was
performed by counting the number of fluorescent signals
in 100 randomly selected, nonoverlapping tumor cell nu-
clei. The slide was independently enumerated by 2 ob-
servers (P.M., T.V.). Cutoff values were set for each probe
as shown in previous study.*
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FIGURE 8. In some areas, foci of foam cells are present.

RESULTS

The clinicopathologic features of 21 cases of
BSARCC are summarized in Table 1. Eleven of the pa-
tients were male and 10 were female; their ages ranged from
53 to 79 years (mean, 61.57y). Tumor size ranged from 1.5
to 16cm in greatest dimension (mean, 4.63cm; median,
3.1cm). All cases were solitary lesions. Follow-up data were
available for 14/21 patients, with follow-up period ranging
from 1 to 96 months (mean, 29.21 mo; median, 24 mo);
metastatic spread was confirmed in 5 cases.

Three patients were alive with disease (lymph node
involvement and bilateral lung metastases) after periods
ranging from 6 to 24 months. However, 1 patient from
this group (lung and lymph node metastases) was lost to
follow-up 6 months after nephrectomy. Two patients died
of widespread metastatic disease 29 and 45 months status
post nephrectomy. Six patients were alive and well 3 to 72
months after diagnosis, whereas another 3 patients were
without evidence of disease at 1, 48, and 96 months after
surgery but died of unrelated diseases or conditions.

On gross examination the tumors were described as
solid with color varying from whitish to tan or light brown
(Figs. 1-3). Small areas of hemorrhage were reported in 4
cases with grossly visible necrotic foci noted in a single case.

All tumors were composed of a distinctly dual cell
population. The first contained relatively uniform, small,
low-grade neoplastic cells with scant cytoplasm. Such

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 9. Transition between areas composed nearly ex-
clusively of large squamoid cells and an area of more typical
PRCC.

small cells with scant cytoplasm had mostly round slightly
elongated nuclei, resembling those of normal lympho-
cytes. These cells were arranged in rows forming alveolar-
like structures, reminiscent of dilated tubules, microcystic
structures, or Bowman capsular spaces. Alveolar spaces
were often attached to the vascular septa contributing to
their walls. Alveolar cells were separated by a slit space
from the solid nests composed of larger squamoid cell,
which formed the second cell population of all tumors.
This second population was made up of large cells con-
taining voluminous pink cytoplasm and large nuclei with
prominent nucleoli. These eosinophilic cells were ar-
ranged in solid islands, forming the centers of alveolar
structures and often revealing retraction artifacts, most
likely related to the biphasic cell populations that were
so closely intermixed. A retraction from the walls of the
alveoli formed by smaller cells with scant cytoplasm may
be seen in Figures 4-6. Neither the keratin pearls nor
the intercellular bridges observed in true squamous epi-
thelium were noted in any case. Large squamoid cells
formed between 5% and 100% of the total tumor volume.
Small foci of necrosis were identified on histologic ex-
amination in 3/21 cases, and a larger necrotic area was
seen in just 1 case. Rare psammoma bodies were present
in 7 tumors.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 10. Emperipolesis was present in 21/21 tumors. This
was found in large cells within squamoid areas. Scanning low-
power magnification showing numerous foci of emperipolesis
within squamoid areas.

A visible transition from areas with a papillary
pattern containing groups of large squamoid cells
(Figs. 7, 8) to a fully developed solid-alveolar pattern was
seen in 9 tumors (Fig. 9). These former areas were char-
acterized by the presence of well-developed papillae and
tubules all lined by mostly cuboidal low-grade epithelial
cells with round nuclei. Focally, tubulopapillary for-
mations with glomeruloid morphology were also noted.

Of particular note was the presence of emperipol-
esis, a highly unusual phenomenon among renal cell tu-
mors. It was easily identified in all 21 cases. Emperipolesis
was present only in large squamoid cells and was a very
prominent feature within solid squamoid islands in some
cases (Figs. 10-12). In fact, it was a conspicuous mor-
phologic feature in a majority of the cases.

One case (case 3) included metastatic neoplastic tissue
from multiple foci on the peritoneal surface and omentum.
The metastatic deposits showed a mostly solid-alveolar
pattern with large squamoid cells (Fig. 13), rare psammoma
bodies (Fig. 14), and absent emperipolesis.

Immunohistochemical data are summarized in
Table 2. One of the cases were not available for im-
munohistochemical examination. All analyzable tumors
were positive for CK7 (Fig. 15), EMA, and vimentin in
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FIGURE 9. Transition between areas composed nearly ex-
clusively of large squamoid cells and an area of more typical
PRCC.

small cells with scant cytoplasm had mostly round slightly
elongated nuclei, resembling those of normal lympho-
cytes. These cells were arranged in rows forming alveolar-
like structures, reminiscent of dilated tubules, microcystic
structures, or Bowman capsular spaces. Alveolar spaces
were often attached to the vascular septa contributing to
their walls. Alveolar cells were separated by a slit space
from the solid nests composed of larger squamoid cell,
which formed the second cell population of all tumors.
This second population was made up of large cells con-
taining voluminous pink cytoplasm and large nuclei with
prominent nucleoli. These eosinophilic cells were ar-
ranged in solid islands, forming the centers of alveolar
structures and often revealing retraction artifacts, most
likely related to the biphasic cell populations that were
so closely intermixed. A retraction from the walls of the
alveoli formed by smaller cells with scant cytoplasm may
be seen in Figures 4-6. Neither the keratin pearls nor
the intercellular bridges observed in true squamous epi-
thelium were noted in any case. Large squamoid cells
formed between 5% and 100% of the total tumor volume.
Small foci of necrosis were identified on histologic ex-
amination in 3/21 cases, and a larger necrotic area was
seen in just 1 case. Rare psammoma bodies were present
in 7 tumors.
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FIGURE 10. Emperipolesis was present in 21/21 tumors. This
was found in large cells within squamoid areas. Scanning low-
power magnification showing numerous foci of emperipolesis
within squamoid areas.

A visible transition from areas with a papillary
pattern containing groups of large squamoid cells
(Figs. 7, 8) to a fully developed solid-alveolar pattern was
seen in 9 tumors (Fig. 9). These former areas were char-
acterized by the presence of well-developed papillae and
tubules all lined by mostly cuboidal low-grade epithelial
cells with round nuclei. Focally, tubulopapillary for-
mations with glomeruloid morphology were also noted.

Of particular note was the presence of emperipol-
esis, a highly unusual phenomenon among renal cell tu-
mors. It was easily identified in all 21 cases. Emperipolesis
was present only in large squamoid cells and was a very
prominent feature within solid squamoid islands in some
cases (Figs. 10-12). In fact, it was a conspicuous mor-
phologic feature in a majority of the cases.

One case (case 3) included metastatic neoplastic tissue
from multiple foci on the peritoneal surface and omentum.
The metastatic deposits showed a mostly solid-alveolar
pattern with large squamoid cells (Fig. 13), rare psammoma
bodies (Fig. 14), and absent emperipolesis.

Immunohistochemical data are summarized in
Table 2. One of the cases were not available for im-
munohistochemical examination. All analyzable tumors
were positive for CK7 (Fig. 15), EMA, and vimentin in
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: A
FIGURE 11. High-power magnification of squamoid cells with
emperipolesis.

both types of neoplastic cells. Nineteen of 21 cases were
positive for cytokeratin AEI-AE3, and racemase
(AMACR). All large squamoid cells expressed cyclin
DI1. There were no major differences among all 3 dif-
ferent antibodies against cyclin D1 (2 monoclonal and 1
polyclonal) (Figs. 16, 17). Large squamoid cells weakly
expressed M30. All tumors were completely negative for
TTF1, TFE 3, HMB45, and parvalbumin. Nineteen of
21 tumors were negative for CK 20, and 17/21 were
negative for CD117 with documented positivity being
focal, weak, and within the small-cell component.

Molecular-Genetic Data

Complete results of molecular genetic analyses, that
is, aCGH and FISH, are summarized in Table 3. All
analyzed samples (11/21) showed gains of chromosomes 7
and 17 (Fig. 18). Four of 5 analyzed male samples showed
loss of chromosome Y. Additional gains of chromosome
20 were found in 3 of 5 analyzable cases using aCGH.
Further chromosomal numerical changes including gain
of chromosomes 16 and 12, loss of chromosome 21, and a
loss of Xp22.33 were found in a single case.

DISCUSSION

Two cases of the so-called biphasic alveolo-squamoid
renal carcinoma were reported in 2013.! Subsequently, 3
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FIGURE 12. Similar to Figure 10. Emperipolesis in squamoid
cells seen with foam cell macrophages intermingled among
large squamoid cells.

additional cases of the same tumor type were published in an
abstract form in 2014.1? The described tumors were com-
posed of a distinctly dual cell population in which the larger
tumor cells displayed squamoid features and formed round
well-demarcated solid alveolar areas that, in large part, were
surrounded by smaller neoplastic cells. Since publication of
the above-mentioned paper, we have collected 20 additional
cases from 12 institutions worldwide. In case 1 from Pe-
tersson et al’s! paper, there was a very small, inconspicuous
focus of papillary formation within the tumor. However,
there were no other distinctive features to suggest the diag-
nosis of PRCC. Still we thought that the link of BSARCC
and PRCC deserves to be explored.

PRCC is the second most frequently diagnosed
RCC and is usually defined as a tumor derived from renal
tubular epithelium with either papillary or tubule-papil-
lary architecture. PRCC has traditionally been divided
into 2 types. Type 1 PRCCs are mostly papillary, wherein
the papillae are covered by cells with nuclei arranged in a
single cell layer. The cells are relatively uniform with
scant, pale, or basophilic cytoplasm and round nuclei.
Type 2 is more polymorphic. Pseudostratification of nu-
clei is the key feature distinguishing type 2 from type 1
PRCC. PRCC type 2 usually has a higher nuclear grade,
and cytoplasm is frequently eosinophilic.>7 A so-called

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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alveolar pattern with large squamoid cells.

oncocytic variant of PRCC has also been described in the
literature. These tumors are composed of cells with eosi-
nophilic oncocytic cytoglasm, usually without pseudos-
tratification of nuclei.”® Some PRCCs are not easy to
characterize as type 1, type 2, or oncocytic, and in such
cases the diagnosis of PRCC, not otherwise specified, is
usually established.

The fact that 10/21 cases of BSARCC exhibited
components of classical PRCC suggests that BSARCC may
be closely related to PRCC, or it may be a variant thereof
with a peculiar and unusual morphology. The identified
papillary component in these tumors was mostly compat-
ible with type 1 PRCC according to Delahunt classi-
fication®; most papillae were covered by a single layer of
smaller cells that had regular nuclei and scant cytoplasm.

In some areas the compression of papillae leads to
the formation of tubulopapillary structures. Groups of
larger, more pleomorphic cells with eosinophilic cyto-
plasm were found with such a pattern in the background.
These larger cells displayed the same squamoid features
seen in classical BSARCC and were immunohistochemi-
cally positive for cyclin D1. These transitional areas were
either intermingled with areas exhibiting a more prom-
inent biphasic pattern and with large areas of squamoid
cells showing prominent emperipolesis or the transition
between both patterns was in some cases more abrupt.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 14. Rare psammoma bodies were present in meta-
stases.

PRCC with large eosinophilic cells like the cases reported
herein has been described in the literature previously. It is
shown in Sternberg’s Diagnostic Pathology textbook
(page 1982, figure 42.20).10 The same type of PRCC is
illustrated for example in the paper written by Mantoan
Padilha et al.'! We believe that so-called PRCC with
formation of glomeruloids could be an early stage and
BSARCC late stage of 1 neoplastic lesion and that we can
consider such morphology as opposite ends of the same
morphologic spectrum.

FISH analysis showed gains of chromosomes 7 and
17 in all 11 analyzable cases. Loss of chromosome Y was
detected in 4 of 5 male cases, which is in line with patterns
found in PRCC.'>!3 aCGH revealed some additional
chromosomal changes, the most frequent being gain of
chromosome 20. Case 2, which has been presented by
Petersson et al' revealed a different chromosomal aber-
ration pattern (losses on chromosomes 2, 5, 6, 9, 12, 15,16,
17, 18, and 22, including biallelic loss of the CDKN2A
locus, and gains on chromosomes 1, 5, 11, 12, and 13).
This case, after careful reevaluation of all available blocks
and materials, was excluded from the current study and
was rediagnosed as unclassified RCC. Hence, the pattern
of chromosomal numerical aberrations was very uniform
in all analyzable cases in our current study and was fully
compatible with a diagnosis of PRCC.”14
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TABLE 2. Results of Immunohistochemical Examinations

Case CANH MIBI1 /hpf TTF1 WT1 Cath TFE3 HMB45 p53 p63 AE1/3 EMA CK7
1 + 2-38C 5-6 LC — — — — — — — — + + + + foc
2 - 0-1 SC3-4LC — - - - - - - +++ ++ ++
3 — 0-1 SC 4-6 LC — — — — — + LC — +++ foc +++ foc +++
4 + 0-1 - - - - — — - + 4+ +++ foc  +++
5 NP NP NP NP NP NP NP NP NP NP NP NP
6 ++ 0-1SC23LC — - — — — — - + 4+ 4+ + 4+
7 + 0-2 - - - - - ++ LC  — +++ foc A+t +++
8 ++ 0-1 — + foc. — — — - - +++ foc +++ +++
9 ++ 0-1 - - - - - - - +++ +++ +++
10 ++ 0SC 12 LC - — — — — — - + 4+ 4+ + 4+
11 ++ 0SC 12 LC — — — — — — - + 4+ +++ + 4+
12 - 0-1 - - - - — — - +++ foc 4+ ++ +
13 — 0SC 36 LC — — — — — — - + 4+ +++ + 4+
14 - 0-1 - - - - — — - +++ + 4+ ++ +
15 - 0-1 - - - - - - - +++ +++ +++
16 ++LC 128C47LC — + foc. — — — + + foc +++ + 4+ +++
17 - 0-1 - - ++ foc  — - + foc - +++ +++ +++
18 - 0-1 SC 5-7 LC - - - - - + LC - +++ +++ ++ +
19 - 0-1 - - - - - - - +++ +++ ++
20 — 0-1 — — — — — + foc — +++ +++ +++
21 - 0-1 SC,2-3LC — - - - - — — + + ++ + ++
+ + + indicates strong positivity; + +, intermediate positivity; +, weak positivity: —, negative; AE1/3, AEI-AE3; CANH, carbonic anhydrase 9; cath, cathepsin K;

E-cadh, E-cadherin; foc, focal; hpf, high-power field (> 400); LC, large cells (squamoid); NP, not performed; parval, parvalbumin; SC, small cells; vim, vimentin.

Like in previous reports, we were not able to iden-
tify definitive morphologic proof of full squamous dif-
ferentiation by light microscopy (intercellular bridges
and/or keratin pearl formation) in any case.! Immuno-
histochemically, the absence of nuclear expression of p63
and only focal positivity with CKS5/6 in 3/21 cases is in
line with the light microscopic impression of “squamoid”
rather than true squamous differentiation.

The presence of emperipolesis within the large squa-
moid cells is a very interesting phenomenon. Emperipolesis is
defined as the presence of a non-neoplastic cell within the
cytoplasm of another cell. An example of an entity featuring
prominent emperipolesis is Rosai Dorfman disease.!® Al-
though the presence of emperipolesis is well recognized in
several different tumorous entities, it is a highly unusual
finding within RCCs. Emperipolesis was noted in all 21 cases
and was a very prominent feature in some tumors. Staining
with cyclin D1 proved helpful in revealing cells with em-
peripolesis, and such positivity was found exclusively in
the large squamoid cell areas. Interestingly, cyclin Dl
immunostaining has also proven helpful in disclosing cells
with emperipolesis in cases of myxoinflammatory fibro-
blastic sarcomas.!® Cyclin DI/PRAD I, a cell cycle-related
gene mapped to chromosome 11q13, has been found to be
amplified in some breast cancers, certain squamous cell
carcinomas of the head and neck and esophagus, several
different lymphomas, etc.!” Expression of cyclin D1 in RCCs
has only recently been studied; Leroy et al'® described
overexpression of cyclin D1 in clear cell PRCC. Lima et al'
looked at the prognostic significance of cyclin D1 expression
in RCCs and concluded that high expression is associated
with favorable prognosis. In addition, cyclin D1 has been
used as part of the immunohistochemical panel for dis-
tinguishing between chromophobe RCC (CHRCC), clear
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cell RCC, and renal oncocytoma.2® It seems that cyclin DI
positivity is one of the characteristic features of BSARCC;
however, expression of cyclin D1 is not a specific diagnostic
marker for BSARCC.

Differential Diagnosis

Squamoid differentiation described in all the 21 tu-
mors of this series is one of the defining morphologic
features of BSARCC. Generally speaking, squamous
differentiation in RCC occurs extremely rarely. If ever
found it should raise the possibility that particular tumor
might be of urothelial origin. There have been several
reports describing urothelial carcinoma within the kidney
displaying squamous or squamoid features and even
typical morphology of squamous carcinoma.?! 26 The
present tumors differ, however, from such urothelial
carcinomas: they were located inside the kidney paren-
chyma, and none of them was related to the urothelium of
the renal pelvis or calices. No urothelial carcinoma in situ
or urothelial dysplasia was detected in any of the current
21 cases. Thus we have excluded the possibility that the
squamoid differentiation in BSARCC was related to
squamous metaplasia of the urothelium.

Further evidence supporting the above interpretation
was derived from the immunohistochemical data. Coex-
pression of CK7 and CK20 was noted within some large
cells of the squamoid component in 1 case (case 7), but the
small cells were completely negative for CK20. The vast
majority of analyzable tumors were negative for CK20 in
both cell components. Finally, we are not aware of any
urothelial lesions with such a distinctly biphasic population
of neoplastic cells in an organoid arrangement as seen in
these renal tumors. Moreover, the cases with well-preserved
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TABLE 2. (continued)

CyclinD1 CK20 CK5/6 CD10 AMACR E-cadh vim Parval  CDI117 M30 bel2  PAXS
+++ — — s ik — +++ foc — — ++ foc. S s
+++ — - - +++ - ++ - - ++ - +
+++ — — + foc +++ + foc. +++ — — ++ — + dif
+++ - - - +++ + foc. +++ foc — - +++ - -
NP NP NP NP NP NP NP NP NP NP NP NP
+++ - - - +++ — +++ - - +++ - —
+++ ++focLC ++ — +++ — +++ - — +++ +SC ++
+++ - - — +++ + + foc. +++ — - +++ - + dif.
+++ = ++ = +++ + + + foc. +++ — — + = =
+4++—- - - - — + foc. +++ — - +++ - + dif.
+++ - = — +++ - +++ - - ++ foc. + +
+++ - ++ — +++ + + foc. +++ foc — = +++ - + foc.
+++ — - - +++ + + + foc. +++ - +++ +++ ++
+++ - - - +++ + foc. +++ - - ++ foc.  + dif. + dif
+++ - - — +++ + foc. +++ — + +++ - +++
+++ - - +foc ++ +++ ++ +++ — ++ foc SC +++ +foc. ++ foc
+++ - - - +++ + + foc +bt - + foc SC +obt + +++
+ e = - ++ foc +++ ++SC+++LC +++ - - ++ dif = +
+++ - - - $=h —SC+ LC e 2 — — +pudif, — =
+++ — - — +++ — +++ . — Foc + + foc ++
+++ - - - ++ foc. + +++ — - — - ++

FIGURE 15. All tumors were positive for cytokeratin 7.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 16. All large, squamoid cells expressed cyclin D1, reacting
with both monoclonal antibodies (DAB-positive cells are brown).
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FIGURE 17. Squamoid cells were also positive with polyclonal
antibody against cyclin D1 (alkaline phosphatase-positive cells
are red).

DNA submitted to aCGH showed gains of chromosomes 7
and 17, which is suggestive of a connection to PRCC rather
than urothelial carcinoma.

TABLE 3. Results of aCGH and FISH Analysis

Case Sex aCGH Result CEP7 CEP17 CEP XY
1 M NA NA NA NA
2 M NA NA NA NA
3 F +7, +17, +20, =21 P P XX
4 F NA P P XX
5 F NA NA NA NA
6 M NA NA NA NA
7 F NA P P XX
8 F +7, +16, +17 P P XX
9 M NA NA NA NA
10 M +7, +17, —Xp22.33, X- P P X-
11 F +7, +12, +17, +20 P P XX
12 F +7, +17, +20 P P XX
13 F NA NA NA NA
14 M NA NA NA NA
15 F NA NA NA XX
16 M NA P P X-
17 M NA NA NA NA
18 M NA P P XY
19 M NA P P X-
20 M NA P P X-
21 F NA NA NA NA

CEP indicates centromeric probe; F, female; M, male; NA, not analyzable; P,
polysomy; X-, loss of chromosome Y.
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FIGURE 18. Gains of chromosomes 7 and 17 and losses of
chromosomes 21 (variable) and Y were detected by aCGH
analysis.

Squamous differentiation has been reported in
RCC, but it seems to be a very rare phenomenon. Prac-
tically all RCCs with such morphology reported in the
literature were CHRCCs with sarcomatoid trans-
formation.?”?° The cases presented here differ from
CHRCC not only by morphology but also by their im-
munohistochemical and chromosomal profiles. There are
2 main variants of CHRCC that have been recognized:
classical and eosinophilic.’® Microscopically, these tu-
mors are described as mostly solid or solid alveolar.
However, the morphologic spectrum has been expanded
to include microcystic, oncocytoma-like, adenomatoid,
and tumors with neuroendocrine differentiation, and
papillary arrangements.3' 37 There were no leaf-like cells
or small eosinophilic cells present within the included
tumors, and we were not able to identify raisinoid nuclei
with perinuclear clearing typical of CHRCC. The sarco-
matoid transformation seen in some CHRCCs has not
been seen in our cases. The immunohistochemical profile
of these cases differed from that of CHRCC. In this
respect it is most important to note that CDI17 was
negative in 17/21 cases, and vimentin was positive in
all analysable cases, which excludes the diagnosis of
CHRCC. CD117 was only weakly positive within a small
cell population of the 2 cases not counted above.
CHRCCs are usually further characterized by multiple
chromosomal losses of chromosomes 1, 2, 6, 10, 13, 17,
and 21 in both classic and eosinophilic CHRCC.?® Other
studies also report numerical gains of chromosomes 4, 7,
15, 19, and 20,438:39 but the significance of these findings
is still a topic of discussion. The molecular genetic find-
ings in all analyzed cases in this paper are completely
different from the profiles identified in CHRCCs.

From the available clinical data, it is evident that
BSARCC has metastatic potential. The morphology of
the metastatic neoplasms did not differ significantly from
that of the primary tumors, and it could be possible, al-
beit difficult, to recognize this unique pattern within a
metastatic lesion even without information about the
morphology of the primary tumor.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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SOLIDNI PAPILARNI RENALNI KARCINOM: KLINICKOPATOLOGICKA,
MORFOLOGICKA A IMUNOHISTOCHEMICKA ANALYZA 10 PRIPADU A
PREHLED LITERATURY

Solidni papilarni renalni karcinom (SoPRK) je vzacny tumor s doposud popsanymi
pouze 53 pripady. Histologicky je slozen z malych epitelovych bunék uspotaddanych do
stlaCenych tubult a abortivnich papil, které tumoru propujcuji solidni vzhled. Buiiky s malymi
jadry a chudé na cytoplazmu by dovolovaly tento typ zafadit k papilarnimu renalnimu
karcinomu typu 1, avSak architektonika SOPRK je zcela odlisna.

Do této studie jsme na podkladé morfologickych znaka zatadili 10 ptipadi SoPRK,
které jsme vySetfili imunohistochemicky a molekularné geneticky a zaméfili jsme se zvlaste
na diferencialni diagnostiku tohoto vzacného typu PRK.

SoPRK postihuje castéji muze (pomér 3,5:1). VétSina piipadit se diagnostikuje ve
stadiu pT1 a ackoliv klinicka data jsou k dispozici zatim jen omezen¢, SOPRK se zda byt
indolentnim tumorem. Imunohistochemicky (reaktivita s protilatkami CK7, AMACR, EMA)
a molekularné geneticky (polysomie/trisomie chromozomi 7 a 17, ztrata chromozomu Y) je
SoPRK shodny s konvenénim PRK.

Diferencidln¢ diagnosticky je tieba vyloucit zvlasté metanefricky adenom (MA),
epiteloidni nefroblastom (EN), mucindézni tubuldrni a vietenobunéény rendlni karcinom
(MTVRK) a solidni onkocyticky renalni karcinom (SOOPRK). MA se vyskytuje u mladSich
pacientll, pievazné u zen. Ackoliv oba typy tumorid se mohou morfologicky piekryvat,
imunoprofil a molekuldrné genetické znaky se lisi: MA adenom je typicky CK7 a AMACR
negativni, WT1 a CD57 pozitivni a vykazuje mutace genu BRAF V600E. EN lze téz snadno
odlisit pomoci IHC a geneticky, navic se tento typ tumoru jen velmi raritné vyskytuje u
dospé€lych pacientl. Protoze epitelové buiiky u SoPRK mohou nabyvat az vietenit¢ho
vzhledu, v diferencialni diagnostice piipada v Uvahu v MTVRK. Tento tumor dle své definice
obsahuje myxoidni stroma. Existuji v§ak i na hlen chudé MTVRK a tomto ptipadé¢ mize byt
odliSeni svizelné. Doporucujeme ditkladné zablockovani tumoru, po kterém jsou vétSinou
partie typické pro MTVRK objeveny. SoOPRK uvadime spise zdavodu solidni
architektoniky, jinak plati, Ze tento tumor miZe byt bez nesnazi od SoPRK odliSen na zaklad¢
histologie.

113



Annals of Diagnostic Pathology 23 (2016) 51-57

Contents lists available at ScienceDirect

Annals of Diagnostic Pathology

Solid papillary renal cell carcinoma: clinicopathologic, morphologic, and @msm
immunohistochemical analysis of 10 cases and review of the literature

Monika Ulamec *P, Faruk Skenderi <, Kiril Trpkov 9, Bozo Kruslin *P, Semir Vranic ¢, Stela Bulimbasic ¢,
Sandra Trivunic f, Delia Perez Montiel & Kvetoslava Peckova , Kristyna Pivovarcikova h Ondrej Ondic h
Ondrej Daum ", Pavla Rotterova ", Martin Dusek ", Milan Hora , Michal Michal ", Ondrej Hes ™*

* Ljudevit Jurak Pathology Department, Clinical Hospital Center Sestre milosrdnice, Zagreb, Croatia

® pathology Department, Medical University, Medical Faculty Zagreb, Croatia

© Department of Pathology, Clinical Centre of the University of Sarajevo, Sarajevo, Bosnia and Herzegovina

4 Department of Pathology, Calgary Laboratory Services and University of Calgary, Calgary, AB, Canada

© Department of Pathology, Clinical Hospital Center Zagreb, Zagreb, Croatia

f Department of Pathology, Medical Faculty, University of Novi Sad, Serbia

& Department of Pathology, Institute Nacional de Cancerologia, Mexico City, Mexico

" Department of Pathology, Charles University, Medical Faculty and Charles University Hospital Plzen, Czech Republic
! Department of Urolology, Charles University, Medical Faculty and Charles University Hospital Plzen, Czech Republic

ARTICLE INFO ABSTRACT

Keywords: Solid papillary renal cell carcinoma is rarely reported in the literature, and its tumor characteristics are not entire-
Kidney ly compatible with the concept of 2 histological subtypes of papillary renal cell carcinoma (PRCC). Tumor is com-
Solid ) posed mostly of small compressed tubules and short abortive papillae giving solid appearance of monomorphic
Papillary renal cell cardnoma epithelial cells with scanty cytoplasm and small nuclei, sometimes mimicking spindle cells, without or with
Review

sparse true papillae. It shows immunohistochemical (+ CK7, +EMA, +AMACR) and genetic hallmarks
(polysomy/trisomy 7/17, loss of Y) of conventional PRCC. About 53 cases have been described in the literature,
with male predominance and age ranging from 17 to 82 years. By available follow-up data, solid PRCC has a fa-
vorable clinical course. We describe 10 cases compatible with the diagnosis of solid PRCC. All patients were
males age range was from 34 to 70 years, and all but one were pT1 according to TNM 2009, On follow-up, 9 pa-
tients were without evidence of disease, and 1 had recurrent tumor. Size of the tumor ranged from 1.4 to 5.5 cm
(mean, 3.32 cm). Tumors were well-circumscribed whitish to yellow masses with granular surface. Although
solid architecture was a prominent morphologic feature, detailed analysis revealed that the tumors were com-
posed of compressed short abortive papillae and compressed tubules admixed with true solid areas. Well-
formed papillae were exceptionally present. All 10 cases were strongly and diffusely positive for CK7 and nega-
tive for WT-1. In conclusion, solid PRCC is a rare tumor with an incidence of less than 1% of all renal tumors. In
majority of the cases, tumors were composed of tightly compressed tubular structures and short abortive papillae
that render a solid morphologic appearance. Immunohistochemical and molecular features do not differ from
conventional PRCC. Metanephric adenoma; epithelioid nephroblastoma; and, rarely, mucinous tubular and
spindle cell carcinoma and oncocytic variant of PRCC should be considered in the differential diagnosis.

© 2016 Elsevier Inc. All rights reserved.

Differential diagnosis

1. Introduction accepted in the 2004 World Health Organization (WHO) classification
[1-2]. It was described as a malignant renal tumor with characteristic

Papillary renal cell carcinoma (PRCC) was first formally recognized papillary or tubulopapillary architecture and with specific immunohis-

as a specific entity in the Heidelberg classification, and then it was tochemical and cytogenetic profile. PRCC is the second most common
renal cell carcinoma (RCC) subtype occurring in up to 18.5% of all

Disclosure of conflict of interest: All authors declare no conflict of interest RCCs [3-5]. The description of PRCC dates back to 1974 in the study of
The study was supported by the Charles University Research Fund (project number Mancilla-Jimenez et al [6]. The authors reported in detail the ultrasono-
P36) and by project CZ.1.05/2.1.00/03.0076 from the European Regional Development graphic, macroscopic, and microscopic features of PRCC and recognized

Fund. : . : . . .
* Corresponding author at: Department of Pathology, Charles University, Medical Facul- 2_ consistent hlStOlOg?C patterns, namely, the paplll;'ie lined either ]?y a
ty and Charles University Hospital Plzen, Alej Svobody 80, 304 60 Pilsen, Czech Republic. single row of cells with scant cytoplasm or cells with pseudostratifed
E-mail address: hes@medima.cz (O. Hes). nuclei and abundant eosinophilic cytoplasm. Besides these 2 patterns,
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1092-9134/© 2016 Elsevier Inc. All rights reserved.
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Table 1

Clinicopathological features and follow-up of solid PRCC
Case Age (y) Sex Size (cm) Follow-up
1 49 M 5.5 NED-8 y
2 70 M 15 DOC-3 y°
3 37 M 35 NED
4 66 M 25 NA
5 60 M 45 NED
6 54 M 28 NED-5 y
7 63 M 4 NED
8 34 M 25 NED-13 y
9 52 M 14 NED-9.5y
10 48 M 5 AWD-8 y"

NED, no evidence of desease; DOC, dead for other reasons; NA, not available; AWD, alive
with desease.

2 Bilateral nephrectomy for PRCCs; dead for metastatic prostate cancer 3 years later;
MSCT during follow-up diagnostics showed nephrectomy area without tumor.

" Only T3NOMx tumor, recidivant tumor after 8 years, placed in the prior nephrectomy
area.

they also reported papillary tumors with clear cells and other morpho-
logical features. PRCCs were later characterized in more details in sever-
al studies [7-9]. In 2004, the WHO classification adopted 2 types of
PRCC: type 1, with papillae lined by a single cell layer of cuboidal cells
with scant cytoplasm, and type 2, in which papillae are lined by large
eosinophilic cells with pseudostratified nuclei [2]. Although less fre-
quently encountered, several additional patterns were subsequently re-
ported in the literature, including oncocytic [10-11], PRCC with clear
cells [12], and solid PRCC. Solid variant of PRCC is composed of mono-
morphic epithelial cells with scant cytoplasm and small nuclei, arranged
in tightly packed, ill-defined tubules or papillae and solid sheets
[3,13-18]. It closely resembles metanephric adenoma (MA) and may
share similar morphologic features with epitheloid nephroblastoma or
mucinous tubular and spindle cell carcinoma (MTSC).

In this study, we describe a series of 10 cases collected from multiple
institutions, and we discuss the diagnostic pitfalls and the differential
diagnosis of the solid form of PRCC.

2. Material and methods

Ten cases compatible with the diagnosis of solid PRCC were re-
trieved out of 1311 papillary RCCs (including institutional, consultation,
and archive cases) in the Pilsen Tumor Registry. Pathologic examination
of all available hematoxylin and eosin-stained sections from each case
(range, 1-18 slides) was performed by at least 3 pathologists (MU, FS,
and OH). Cases were reevaluated, and solid, tubular, and papillary com-
ponents were accessed as percentage of the tumor. Tissue for light mi-
croscopy was fixed in 4% formaldehyde and embedded in paraffin
using routine procedures. Three-micrometer thin sections were cut
and stained with hematoxylin and eosin to evaluate the architecture
of the tumors. Basal membranes were highlighted by periodic acid Schiff
(PAS) stain.

Fig. 1. Using scanning magnification, most of the tumors appeared completely solid.

The immunohistochernical study was performed using a Ventana Bench-
mark XT automated stainer (Ventana Medical Systemn, Inc, Tucson, AZ).

The following primary antibodies were used in the immunohistochemi-
cal study: racemase/AMACR (13H4, monoclonal, DAKO, Glostrup, Denmark,
1:200), cytokeratin 7 (OV-TL12/30, monoclonal, DakoCytomation,
Carpenteria CA, 1:200), epithelial membrane antigen (EMA) (E29,
monoclonal, DakoCytomation, 1:1000), (D10 (monoclonal, Sp67, Ventana,
RTU), CD34 (QBEnd-10, monoclonal, Dako, 1:100), CD57(NK 1, Leica
Biosystems, Newcastle upon Tyne, UK, 1:200), WT1 (GF-H2, monoclonal,
DakoCytomation, 1:150), Ki-67 (MIB1, monoclonal, Dako, 1:1000). Appro-
priate positive and negative controls were used. Immunostains were scored
as 1+ (focal in small clusters of individual cells), 2 + (up to 50% positive
cells), and 3 + (diffuse strong positivity in more than 50% of cells).

3. Results

The clinicopathologic data are summarized in Table 1. The age of the
patients ranged from 34 to 70 years (mean age, 53.30); all patients were
male. Size of the tumor in the largest diameter ranged from 1.4t0 5.5 cm
(mean, 3.32 cm). Most of the cases were pT1 stage (TNM 09); 1 tumor
was pT3. Most of the patients (8/10) were alive and well without
signs of metastatic disease or relapse within follow-up period of 3-13
years. One patient was faced with recurrent tumor 8 years after resec-
tion. One patient had bilateral nephrectomy due to multiple small
PRCCs and died of metastatic prostate cancer 3 years later.

Table 2
Gross and microscopic features of solid PRCC
Patient  Gross description True Compressed  Compressed abortive papillae; True Capsule  ISUP
solid (%)  tubuli (%) occasional glomeruloid formations (%)  papillae (%) grade
1 Yellow well-circumscribed nodule 10 40 50 0 + 1
2 Yellow well-circumscribed nodule, bilateral papillary RCCs 20 70 10 0 + 1
3 Gray well-circumscribed nodule 5 80 10 5 + 2
4 Yellow well-circumscribed nodule 80 10 5 5 + 1
5 Gray well-circumscribed nodule 20 30 50 0 - 1
6 Yellow well-circumscribed nodule 5 10 80 5 + 1
7 Yellow well-circumscribed nodule 20 70 10 0 + 1
8 Yellow well-circumscribed nodule 10 50 40 0 —/+ 1
9 Yellow well-circumscribed nodule 30 10 60 0 + 1
10 Yellow well-circumscribed nodule, necrotic — 50% 60 20 20 o + 2
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Fig. 2. Only 2 cases from our series were mostly arranged in solid-alveolar pattern.

Morphologic features are summarized in Table 2. Macroscopically,
tumors were well-circumscribed yellow to white homogeneous nod-
ules, sometimes with fine-granulated surface. One tumor showed ne-
crotic area in up to 50% of the tumor.

Nine tumors were encapsulated. Using scanning magnification, most
of the tumors appeared completely solid (Fig. 1), but on closer examina-
tion, true solid areas comprised 5% to 80% of the tumor. On high power
and using PAS staining, only 2 tumors were mostly solid (60% and 80% of
the tumors, respectively, comprised solid areas) (Fig. 2). Four tumors
were composed mostly of compressed tubules (between 50% and 80%
of the 2 tumors) (Fig. 3A and B), whereas the remaining 4 were com-
posed mostly of compressed abortive papillae with occasional
glomeruloid formations (between 50% and 80% of these contained com-
pressed abortive papillae) (Fig. 4). True papillae with fibrovascular
cores were found in 3 cases in up to 5% of the tumor. Tumor cells had
scant cytoplasm and small, round to elongated nuclei with occasional
nuclear grooves (International Society of Urological Pathology [ISUP] nu-
cleolar grade was 1 or 2) (Fig. 5). In all but 1 case, the cells with scant but
eosinophilic cytoplasm were also focally found. Small foci of tubules with
cells showing sparse but clear cytoplasm were found in 2 cases.

The immunohistochemistry results are summarized in Table 3. All
10 cases were strongly and diffusely positive for CK7 (Fig. 6) and
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negative for WT-1. AMACR was diffusely positive in 9 cases (Fig. 7).
EMA was positive diffusely in 8 cases and focally in 2. Vimentin was dif-
fusely positive in 6 cases, and 4 were positive focally (less than 50% of
cells). CD10 was focally positive in 4 cases. CD57 showed weak and
focal positivity in 1 case. Proliferation activity was less than 2% in all tu-
mors using Ki-67 labeling.

4. Discussion and review of the literature
4.1. Clinical and pathological characteristics

So-called solid PRCC, as a part of the morphologic PRCC spectrum,
has been described for the first time by Renshaw et al [13]. The inci-
dence was less than 1% of all renal tumors [3], and this estimation corre-
sponds with the proportion of solid PRCCs in this series. In our study, the
incidence was actually 0.76% of all PRCCs in the Pilsen Tumor Registry.

In toto, about 53 cases have been described in the literature with tu-
mors showing distinctive solid PRCC features. The data from the English
literature are summarized in Table 4. There is a male predominance,
with a male to female ratio of 3.5:1. Age at time of diagnosis was from
17 to 82 years. The follow-up data are however limited, and it seems
that solid PRCC has favorable clinical course. Most cases were classified
as pT1 tumors, with nuclear grade up to 2, according to Fuhrman grad-
ing system [3,13-19]. In our study, the age range was from 34 to 70
years (mean age, 53.3), and all patients were male. The largest tumor
size ranged from 1.4 to 5.5 cm (mean, 3.3 cm), which is similar to the
previously published data. Nine of our cases were pT1 stage (TNM 09).
One case was pT3 and demonstrated infiltration through the renal cap-
sule with invasion into the perirenal fat. This patient had recurrent
tumor after 8 years. Seven of the 10 cases were without evidence of dis-
ease during the follow-up from 3 to 13 years. One patient had multiple
small PRCCs and died of metastatic prostate cancer 3 years later.

In the previous studies, the tumors were well-circumscribed, solid,
homogeneous, and nodular masses, grayish white in color and located
in the renal cortex. Hemorrhage and necrosis in the central areas were
also described, as well as presence of multifocal tumors [13,16-17]. In
this study, the tumors represented well-circumscribed solid nodules,
mostly yellow in color and often showing finely granular cut surface.
In 1 case, multifocal, bilateral PRCCs were found, together with the
solid PRCC. Abundant necrosis was found in only 1 case.

Solid PRCC is typically composed of cells with scant cytoplasm and
small, round to elongated nuclei, cytologically resembling type 1 PRCC.
The cells are organized in solid sheets or tubular structures that are
tightly packed, sometimes mimicking spindle cells, with no true papillae
and lacking fibrovascular stalks. Some tumors may exhibit completely

Fig. 3. (A) Four tumors were composed of small tubules. (B) Predominantly tubular architecture highlighted by PAS staining.
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Fig. 4. (A-B) Four tumors in our series were composed of short compressed abortive papil-
lae (hematoxylin and eosin = A, PAS = B).

solid morphology and distinct micronodules, with the cells showing eo-
sinophilic cytoplasm. Abortive papillae are also frequently found.

In the current study, true solid areas comprised 5%-80% of the indi-
vidual tumors; on high power and PAS stain, only 2 tumors had more
than 50% solid pattern, without any visible tubules or papillae. Areas
of compressed, tightly packed tubular structures and abortive papillae
comprised the rest of the tumors, usually mimicking solid areas and
rarely showing focal spindle cell appearance. Four tumors were mostly
composed of compressed and abortive papillae, and 4 were composed

Table 3

histochemical

results in solid PRCC

Patient CK7  AMACR EMA  WI-1 CD57 (D10 Vim  Ki-67
1 +++ A+ — + - + 1%
2 +++  +++ A+ — - + +++ 1%
3 +++  +++ + - - &= ++  <1%
4 +++ A+t At — - ++ o+ 1%
5 +++ A+ — - - +++ <1%
6 +++ A+ — - - +++ <1%
7 +++ - +++ - - - +++ <1%
8 +++ A+ — - - +++ $1%
9 +H+ - - + +++ <1%
10 +++ A+t A — - ++ o+ <2%

+: focal positivity, in small clusters or single cells; ++: up to 50% of positive cells; +++:
diffuse, strong positivity, more than 50% of positive cells. Vim, vimentin.

mostly of compressed tubules. True papillae with fibrovascular cores
were found in 3 cases and formed up to 5% of the tumor volume.

The amount of cytoplasm in the neoplastic cells may be variable. In most
of the cases, the cells had scant cytoplasm and appeared basophilic, but cells
having more abundant cytoplasm and low-grade nuclear features were also
noted. The spindle cell-like component was usually low grade with slightly
elongated nuclei, moderate pleomorphism, finely dispersed chromatin, and
distinct nucleoli. These cells were different from true sarcomatoid morphol-
ogy and resembled the cells of mucinous tubular and spindle cell RCC. Mi-
toses were rarely found [3,13-19]. Cantley et al [16] described a case of a
young male patient with renal tumor showing sarcomatoid RCC, with an
epithelial component identical to the solid PRCC. In some cases, foamy mac-
rophages and psammoma bodies were found in the stroma of the tumor
[17]. Occasionally, isolated foam cells and psammoma bodies were also
present in our cases, but mitotic figures were not found. Most of the neo-
plastic cells had scant cytoplasm and small, round to elongated nuclei,
with ISUP nucleolar grade 1 and 2. In all cases, there were low-grade nuclei,
except in 1 case in which cells showed scant eosinophilic cytoplasm.

Although small solid areas in conventional PRCC are compatible with
the diagnosis of PRCC, specific criteria for the diagnosis of solid PRCC are
not provided in the recent renal tumor classifications [5]. In published
studies, however, variable percentages of solid architecture, compressed
papillae, or tubules were used to define this entity. Some authors pro-
posed that solid PRCC should not contain true papillae, whereas others
suggested that true papillae could comprise up to 20% [3,16-17].

4.2. Immunohistochemical profile and genetics
PRCC usually stains positive for cytokeratin AE1/AE3, CAMS5.2, high-

molecular weight cytokeratins, CK7, EMA, vimentin, CD10, AMACR, and
RCC [2,4-5,7-9]. Of note, CK7 positivity can be variable, and it is not a

Fig. 5. Tumor cells had scant cytoplasm and small, round to elongated nuclei.

Fig. 6. All 10 cases were strongly and diffusely positive for CK7.
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Fig. 7. Racemase (AMACR) was diffusely positive in 9 cases.

constant feature of PRCC; however, CK7 is frequently expressed in PRCC
type 1. Solid PRCC shows immunoprofile similar to “conventional type”
of PRCC, with strong, diffuse positivity for EMA, CK7, and AMACR and
usually focal positivity for CD10 [3,13-19]. According to some studies,
vimentin may be also focally positive.

In our experience, all10 evaluated cases were strongly and diffusely
positive for CK7 and negative for WT-1. CK7 may in fact highlight the
collapsed tubular architecture. AMACR was diffusely positive in 9 and
EMA in 7 cases. CD10 was focally positive in 4 cases. CD57 showed
weak and individual cell positivity in 9 cases. Proliferation activity, eval-
uated by Ki-67, was between 1% and 2% in all tumors.

4.3. Molecular genetic profile

Trisomy and tetrasomy of chromosome 7 and trisomy of 17, as well
as loss of Y, are nearly pathognomic for PRCC. According to the

published data, this also applies to solid PRCC [3,13-19]. According to
WHO 2016, however, a wide variety of other chromosomal aberrations
can be seen in PRCC, including trisomy 8, 12, 16, and 20 and loss of 1p,
4q, 6q, 7, 9p, 13q, Xp, and Xq, as well as amplification of 8q and overex-
pression of MYC. Thirteen percent of sporadic PRCCs demonstrate MET
mutations, Loss of heterozygosity of VHL and FHIT can also be found.
Type 1 PRCC shows gains of 7p and 17p, whereas LOH of 1p, 3p, 5¢, 6,
8,9p, 10, 11, 15, 18, and 22 was found in PRCC type 2. Allelic imbalance
of 9q13 has been shown to be of prognostic significance in PRCC [5].
Renshaw et al [13] described cytogenetic changes in 1 case of solid
PRCC, which demonstrated a karyotype of 45XXX, +X, + 3, +5, + 12,
—14, +16, +17, — 18, +20, and —21.

44, Pitfalls and differential diagnosis

Several entities should be considered in the differential diagnosis of
solid PRCC, such as MA, epithelioid nephroblastoma, MTSC, and solid
oncocytic PRCC (Table 5).

Metanephric adenoma of the kidney is a benign tumor usually found
in younger patients, predominantly in women. It accounts for 0.2%-0.7%
of adult renal epithelial neoplasms. It is sharply demarcated without a
distinct pseudocapsule and consists of bland, small blue cells forming
small, tightly packed tubular structures and acini but infrequently may
also show more solid growth. Some tubules are typically elongated
and branching. Both PRCC and MA may contain glomeruloid bodies
with abortive papillae, tightly packed tubules, or solid tumor cell sheets,
Psammoma bodies can be present in both MA and solid PRCC [20-22].

MA typically shows CK7—, AMACR—, WT1+, and CD57 +
immunoprofile and does not exhibit the chromosomal changes typical
of PRCC [20-25]. In fact, MA with polysomy 7 and 17 or loss of Y de-
scribed in the literature most likely represents solid PRCC [20]. Accord-
ing to more recent data, BRAF V60OE mutations were identified in
nearly 90% of MAs, but similar BRAF exon 15 mutations are extremely
rare in other renal tumors, including PRCCs. Immunohistochemistry
for detection of BRAF V600E mutations was also validated, and it can
be used as an additional tool in the differential diagnostic process [26].
According to the study of Yakirevich et al [27], majority of MAs are pos-
itive for kidney-specific catherin, whereas PRCCs and nephroblastomas
are negative,

Table 4
Literature data
Renshaw et al Ngan et al Argani et al Zhanget al Mantoan Padilha et al Kinney et al Cantley et al
No. cases 6° 1 5 2 23 15 1
Age 35-82 36 17-68 50-51 30-80 69-83 31
Sex (M/F) 4/2 1/0 1/0 2/0 15/8 1172 10
Size (cm) 1-12 - 2.1-52 2-8 09-10 19-2 45
Nuclear grade 1/2/3/4 2/2/2/0 - 0/5/0/0 0/1/1/0 - - -
pTNM 2T1,4T2 - 4Tla, 1T1b 1T1a, 1 T2 11T1a, 9T1b, 3 T2 - Tib
Follow-up (mo) 2-108 - Upto8 8,14 - - 24
Follow-up 1 AWD (6 mo) 4 NED - 5 NED 2 NED - - NED
No. cases 6° 1 5 2 23 15 1
Papillae/solid encount 4-S S 2-8° 2-T 108 - T
2-T 3-1P 13T

CK7 6+ 1+ 5+ 2+ 23+ 14+ 1+
AMACAR - - - 2+ 23+ 15+ -
EMA 6+ 1+ - 2+ 21+ - 1+
Vimentin - 1- - 2+ 23— - 1+
cD10 - - 5+ (focal) 1 (focal) - - -
WT-1 - - - - 23— 15— 1—
D57 - - - - 16+ (focal) 14— 1+ 1—
Trisomy 7 2 - 5 2 14 8 1
Trisomy 17 3 - 3 2 15 8 -
Y loss - - - 2 - 1 -

S, predominantly solid with small micronodules and abortive papillae; T, mostly tubular pattern and compressed tubules; -, no data; AWD, alive with disease; NED, no evidence of disease; M, male; F, female.

2 Three were multifocal.

b Tumors with spindle cell foci.
© Foci with high-grade nuclei, with spindle cells.
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Table 5
Differential diagnosis of solid PRCC

Characteristics S PRCC MA

EN MTSC OPRCC

Age (y) 17-83, average 54
Sex (M/F ratio) M (3.5/1) F(1/9)
Fibrous pseudocapsule + —

Multifocality + —
Cytology

Cells with eosinophilic cytoplasm +2

Cells with scant cytoplasm +

Nuclei

True solid areas

Spindle cells with low-grade features

Compressed tubuli

Compressed abortive papillae (glomeruloid)

Real papillae with fibrovasc. CORE

Visible tubuli on LPF

Mucinous stroma

AE1/3

CK7

EMA

AMACAR

WT-1

CD57

Trisomy 7

Trisomy 17

Loss of Y

g
-
@
g+
H
o

4

(sparse) (sparse)

(sparse)

I+ ++

Lttt 1+ o+

< <
Z2Z2Z+ + |

Children, young adults,
5-83, average 49

Mostly children up to 6;
in adult 21-67, average 32
Equal M (5/1)
+ +

+ - +

32-79, average 56 40-82, average 67

F(1/15)

+

+* + (abundant)
+ _
Low-high gr

S+ 1

ow-high gr

L+ T+ + 1+

[
I+ +
ot H+ 1+

222+ + |
zzz |
< <= |

Y, yes; N, no; LPF, low-power field; SPRCC, solid PRCC; EN, epithelioid nephroblastoma; OPRCC, oncocytic PRCC; gr, grade; MA, metanephric adenoma; MTSC, mucinous tubulary and spin-

dle cell carcinoma.
2 Not so abundant cytoplasm as in oncocytic PRCC.

In a recently published study, 21 MAs and 23 solid PRCCs shared
similar morphologic features. Eleven solid PRCCs lacked papillae
completely but showed typical immunoprofile and genetic aberrations
of PRCCs [3]. Some of these cases with solid and glomeruloid structures
were composed of larger eosinophilic cells and resembled a renal tumor
described by Petersson et al [28], provisionally named biphasic
alveolosquamoid renal carcinoma. This entity was further analyzed in a
larger cohort and was recently recognized as a subtype of PRCC. There-
fore, a solid-alveolar morphology of this newly described PRCC variant
should also be considered in the differential diagnosis of solid PRCC.
However, it appears that there is little difference in the clinical manage-
ment and the prognosis of this entity [29]. It is also worth mentioning
that the diagnostic criteria for malignant MA described in the literature
were never generally accepted, and likely all malignant MAs represent ex-
amples of extremely well-differentiated epithelioid nephroblastomas [20].

Nephroblastoma is very rare in adult patients, but adult
nephroblastomas generally do not differ from their pediatric counter-
part. Pure epithelioid nephroblastoma is exceptionally rarely seen in
adult patients. However, this tumor type should also be considered in
the differential diagnosis of solid PRCC. The morphology typically
shows tubulopapillar and solid patterns; the cells are small and uniform
with scant cytoplasm, and there are absent or very rare mitotic figures
[18-19,30-32]. Kinney et al [18] analyzed 37 tumors originally diag-
nosed as MA, 13 solid PRCCs, and 20 epithelial-predominant
nephroblastomas using immunohistochemistry and fluorescence in
situ hybridization for trisomy of chromosomes 7 and 17 and loss of Y.
All epithelial-predominant nephroblastomas were diffusely positive
for WT-1, and only 1 was focally positive for CK7. All tumors showed
disomy of chromosomes 7, 17, and Y present [18].

Another renal tumor which frequently shows solid architecture is
MTSC. It is characterized by elongated and compressed tubules or
cordlike formations of uniform, cuboidal cells with eosinophilic, focally
vacuolated cytoplasm and distinct cell spindling, and usually demon-
strates low-grade nuclei. The stroma is typically myxoid and contains
variable amount of extracellular mucin. Focal clusters of foamy macro-
phages may also be seen. In cases with limited myxoid stroma (so-called
mucin-poor variant) and limited presence of well-formed papillae, it
may be difficult to distinguish MTSC from solid PRCC [33-34]. In rare

examples of MTSC, the cells form solid and compact areas with minimal
amount of interstitial mucin. Such cases can truly mimic solid PRCC, but
in well-sampled tumors, more typical areas of MTSC are usually found.
Both solid PRCC and MTSC can have tubular structures, papillary archi-
tecture, spindle cell appearance, psammoma bodies, foamy macro-
phages, and interstitial mucin and demonstrate positive staining for
vimentin, CK7, CK19, EMA, AMACR, CD10, and RCC [15,17].

There are several studies that consider the issue of MTSC in the dif-
ferential diagnosis of solid PRCC, raising the possibility that MTSC repre-
sents a subtype of PRCC [33-37]. Peckova et al [38] analyzed 54 MTSCs
using array comparative genomic hybridization and divided the MTSCs
into 3 categories: low grade, high grade, and MTSC overlapping with
PRCC. They showed multiple chromosomal losses and no gains in low-
and high-grade MTSC groups, supporting the concept that MTSC repre-
sents a distinct type of RCC. However, the group showing overlapping
features with PRCC demonstrated more heterogeneous status, with fre-
quent gains of chromosomes 7 and/or 17, suggesting that this MTSC
subgroup should be considered in the spectrum of PRCC [38].

An oncocytic variant of PRCC different from PRCC type 1 and 2 was
also reported, composed of papillae lined by single or rarely
pseudostratified layers of cells with granular, deeply eosinophilic cyto-
plasm and round regular nuclei. In the new 2016 WHO classification
of renal tumors, the oncocytic PRCC is considered as a possible new var-
iant of PRCC [5]. This type of PRCC can also show solid pattern in up to
90% of the tumor. The immunoprofile and the genotype are compatible
with PRCC [10-11,39-41]. Despite the solid architecture, oncocytic
PRCC can be differentiated from solid PRCC mostly by histology. The
oncocytic cells of oncocytic PRCC are eosinophilic and contain volumi-
nous cytoplasm and differ from the smaller epithelial cells of solid
PRCC which contain scanty cytoplasm.

5. Conclusion

In conclusion, solid PRCC is a rare tumor with an incidence less than
1% of all renal tumors. In the majority of cases, it is composed of solid
areas and compressed tubular structures or short abortive papillae
that result in a solid appearance. The immunohistochemical and molec-
ular genetic features do not differ from conventional PRCC, Metanephric
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adenoma, epithelioid nephroblastoma, and less often MTSC and an
oncocytic variant of PRCC should all be considered in the differential di-
agnosis of solid PRCC.

References

[1] Kovacs G, Akhtar M, Beckwith BJ, Bugert P, Cooper CS, Delahunt B, et al. The Heidel-
berg classification of renal cell tumours. ] Pathol 1997;183(2):131-3.

[2] Eble JN, Sauter G, Epstein JI, Sesterhenn IA, editors. Tumours of the urinary system
andmale genital organs. World Health Organization classification of tumours. Press
LI; 2004. p. 27-9.

[3] Mantoan Padilha M, Billis A, Allende D, Zhou M, Magi-Galluzzi C. Metanephric ade-
noma and solid variant of papillary renal cell carcinoma: common and distinctive
features. Histopathology 2013;62(6):941-53.

[4] Klatte T, Said JW, Seligson DB, Rao PN, de Martino M, Shuch B, et al. Pathological, im-
munochistochemical and cytogenetic features of papillary renal cell carcdinoma with
clear cell features. ] Urol 2011;185(1):30-5.

[5] Moch H, Humphrey PA, Ulbright TM, Reuter VE, editors. WHO classification of tu-
mours of the urinary system and male genital organs. 4th ed. Lyon: IARC; 2016.

[6] Mancilla-Jimenez R, Stanley R], Blath RA. Papillary renal cell carcinoma: a clinical, ra-
diologic, and pathologic study of 34 cases. Cancer 1976;38(6):2469-80.

[7] Delahunt B, Eble JN. Papillary renal cell carcinoma: a clinicopathologic and immuno-
histochemical study of 105 tumors. Mod Pathol 1997;10(6):537-44.

[8] Amin MB, Corless CL, Renshaw AA, Tickoo SK, Kubus JK, Schultz DS. Papillary (chro-
mophil) renal cell carcinoma (PRCC): evaluation of conventional pathologic prog-
nostic parameters in 62 cases. Am J Surg Pathol 1997;21:621-35.

[9] Delahunt B, Eble JN, McCredie MR, Bethwaite PB, Stewart JH, Bilous AM. Morpholog-
ic typing of papillary renal cell carcinoma: comparison of growth kinetics and pa-
tient survival in 66 cases. Hum Pathol 2001;32(6):590-5.

[10] Lefevre M, Couturier J, Sibony M, Bazille C, Boyer K, Callard P, et al. Adult papillary
renal tumor with oncocytic cells: clinicopathologic, immunohistochemical, and cy-
togenetic features of 10 cases. Am ] Surg Pathol 2005;29(12):1576-81.

[11] Hes O, Brunelli M, Michal M, Cossu Rocca P, Hora M, Chilosi M, et al. Oncocytic pap-
illary renal cell carcdinoma: a clinicopathologic, immunohistochemical, ultrastructur-
al, and interphase cytogenetic study of 12 cases. Ann Diagn Pathol 2006;10(3):
133-9.

[12] Gobbo S, Eble JN, Maclennan GT, Grignon DJ, Shah RB, Zhang S, et al. Renal cell car-
cinomas with papillary architecture and clear cell components: the utility of immu-
nohistochemical and cytogenetical analyses in differential diagnosis. Am J Surg
Pathol 2008;32(12):1780-6.

[13] Renshaw AA, Zhang H, Corless CL, Fletcher JA, Pins MR. Solid variants of papillary
(chromophil) renal cell carcinoma: clinicopathologic and genetic features. Am J
Surg Pathol 1997:21(10):1203-9.

[14] Ngan KW, Ng KF, Chuang CK. Solid variant of papillary renal cell carcinoma. Chang
Gung Med ] 2001;24(9):582-6.

[15] Argani P, Netto GJ, Parwani AV. Papillary renal cell carcinoma with low-grade spin-
dle cell foci: a mimic of mucinous tubular and spindle cell carcinoma. Am ] Surg
Pathol 2008;32(9):1353-9.

[16] Cantley R, Gattuso P, Cimbaluk D. Solid variant of papillary renal cell carcinoma with
spindle cell and tubular components. Arch Pathol Lab Med 2010;134(8):1210-4.

[17] Zhang Y, Yong X, Wu Q, Wang X, Zhang Q, Wu S, et al. Mucinous tubular and spindle
cell cardnoma and solid variant papillary renal cell carcinoma: a clinicopathologic
comparative analysis of four cases with similar molecular genetics datum. Diagn
Pathol 2014;9:194.

[18] Kinney SN, Eble JN, Hes O, Williamson SR, Grignon DJ, Wang M, et al. Metanephric
adenoma: the utility of immunohistochemical and cytogenetic analyses in differen-
tial diagnosis, including solid variant papillary renal cell carcinoma and epithelial-
predominant nephroblastoma. Mod Pathol 2015 Sep;28(9):1236-48.

[19] Chen L, Deng FM, Melamed ], Zhou M. Differential diagnosis of renal tumors with
tubulopapillary architecture in children and young adults: a case report and review
of literature. Am J Clin Exp Urol 2014;2(3):266-72.

[20] Arroyo MR, Green DM, Perlman EJ, Beckwith JB, Argani P. The spectrum of meta-
nephric adenofibroma and related lesions: clinicopathologic study of 25 cases
from the National Wilms Tumor Study Group Pathology Center. Am J Surg Pathol
2001;25(4):433-44.

[21] Gatalica Z, Grujic S, Kovatich A, Petersen RO. Metanephric adenoma: histology,
immunophenotype, cytogenetics, ultrastructure. Mod Pathol 1996:9(3):329-33.

[22] Jones EC, Pins M, Dickersin GR, Young RH. Metanephric adenoma of the kidney. A
clinicopathological, immunohistochemical, flow cytometric, cytogenetic, and elec-
tron microscopic study of seven cases. Am ] Surg Pathol 1995;19(6):615-26.

[23] Brown JA, Anderl KL, Borell T}, Qian J, Bostwick DG, Jenkins RB. Simultaneous chromo-
some 7 and 17 gain and sex chromosome loss provide evidence that renal metanephric
adenoma is related to papillary renal cell carcinoma. ] Urol 1997;158(2):370-4.

[24] Brunelli M, Eble ]N, Zhang S, Martignoni G, Cheng L. Metanephric adenoma lacks the
gains of chromosomes 7 and 17 and loss of Y that are typical of papillary renal cell
carcinoma and papillary adenoma. Mod Pathol 2003;16(10):1060-3.

[25] Obulareddy S, Xin J, Truskinovsky AM, Anderson JK, Franklin M]J, Dudek AZ Meta-
nephric adenoma of the kidney: an unusual diagnostic challenge. Rare Tumors
2010;2(2), e38.

[26] Udager AM, Pan |, Magers M]J, Palapattu GS, Morgan TM, Montgomery |S, et al. Mo-
lecular and immunohistochemical characterization reveals novel BRAF mutations in
metanephric adenoma. Am J Surg Pathol 2015;39(4):549-57.

[27] Yakirevich E, Magi-Galluzzi C, Grada Z, Lu S, Resnick MB, Mangray S. Cadherin 17 is a
sensitive and specific marker for metanephric adenoma. Am J Surg Pathol 2015;
39(4):479-86.

[28] Petersson F, Bulimbasic S, Hes O, Slavik P, Martinek P, Michal M, et al. Biphasic
alveolosquamoid renal carcinoma: a histomorphological, immunohistochemical,
molecular genetic, and ultrastructural study of a distinctive morphologic variant of
renal cell carcinoma. Ann Diagn Pathol 2012;16(6):459-69.

[29] Hes O, Condom Mundo E, Peckova K, Lopez ]I, Martinek P, Vanecek T, et al. Biphasic
Squamoid alveolar renal cell carcinoma: a distinctive subtype of papillary renal cell
carcinoma? Am ] Surg Pathol 2016;40(5):664-75.

[30] Huser ], Grignon DJ, Ro JY, Ayala AG, Shannon RL, Papadopoulos NJ. Adult Wilms'
tumor: a clinicopathologic study of 11 cases. Mod Pathol 1990;3(3):321-6.

[31] Muir TE, Cheville JC, Lager DJ. Metanephric adenoma, nephrogenic rests, and Wilms'
tumor: a histologic and immunophenotypic comparison. Am ] Surg Pathol 2001;
25(10):1290-6.

[32] Reinhard H, Aliani S, Ruebe C, Stockle M, Leuschner [, Graf N. Wilms' tumor in adults:
results of the Society of Pediatric Oncology (SIOP) 93-01/Society for Pediatric Oncol-
ogy and Hematology (GPOH) study. ] Clin Oncol 2004;22(22):4500-6.

[33] Fine SW, Argani P, DeMarzo AM, Delahunt B, Sebo TJ, Reuter VE, et al. Expanding the
histologic spectrum of mucinous tubular and spindle cell carcinoma of the kidney.
Am ] Surg Pathol 2006;30(12):1554-60.

[34] Paner GP, Srigley |R, Radhakrishnan A, Cohen C, Skinnider BF, Tickoo SK, et al. Immu-
nohistochemical analysis of mucinous tubular and spindle cell carcinoma and papil-
lary renal cell carcinoma of the kidney: significant immunophenotypic overlap
warrants diagnostic caution. Am ] Surg Pathol 2006;30(1):13-9.

[35] Alexiev BA, Burke AP, Drachenberg CB, Richards SM, Zou YS. Mucinous tubular and spin-
dle cell carcinoma of the kidney with prominent papillary component, a non-classic
morphologic variant. A histologic, immunchistochemical, electron microscopic and
fluorescence in situ hybridization study. Pathol Res Pract 2014;210(7):454-8.

[36] Cossu-Rocca P, Eble JN, Delahunt B, Zhang S, Martignoni G, Brunelli M, et al. Renal
mucinous tubular and spindle carcinoma lacks the gains of chromosomes 7 and 17
and losses of chromosome Y that are prevalent in papillary renal cell carcinoma.
Mod Pathol 2006:19(4):488-93.

[37] Shen SS, Ro JY, Tamboli P, Truong LD, Zhai Q, Jung SJ, et al. Mucinous tubular and
spindle cell carcinoma of kidney is probably a variant of papillary renal cell carcino-
ma with spindle cell features. Ann Diagn Pathol 2007;11(1):13-21.

[38] Peckova K, Martinek P, Sperga M, Montiel DP, Daum O, Rotterova P, et al. Mucinous
spindle and tubular renal cell carcinoma: analysis of chromosomal aberration pat-
tern of low-grade, high-grade, and overlapping morphologic variant with papillary
renal cell carcinoma. Ann Diagn Pathol 2015;19(4):226-31.

[29] Allory Y, Ouazana D, Boucher E, Thiounn N, Vieillefond A. Papillary renal cell carcino-
ma. Prognostic value of morphological subtypes in a clinicopathologic study of 43
cases. Virchows Arch 2003;442(4):336-42.

[40] Kunju LP, Wojno K, Wolf ]r JS, Cheng L, Shah RB. Papillary renal cell carcinoma with
oncocytic cells and nonoverlapping low grade nuclei: expanding the morphologic
spectrum with emphasis on clinicopathologic, immunohistochemical and molecular
features. Hum Pathol 2008 Jan;39(1):96-101.

[41] Mai KT, Kohler DM, Robertson SJ, Belanger EC, Marginean EC. Oncocytic papillary
renal cell carcinoma with solid architecture: mimic of renal oncocytoma. Pathol
Int 2008:58(3):164-8.

120



30 K. Peckova et al. / Annals of Diagnostic Pathology 26 (2017) 23-30

[20] Delahunt B. Advances and controversies in grading and staging of renal cell carcino-
ma. Mod Pathol 2009;22(Suppl. 2):524-36.

[21] Delahunt B, Bethwaite PB, Nacey JN. Outcome prediction for renal cell carcinoma:
evaluation of prognostic factors for tumours divided according to histological sub-
type. Pathology 2007;39:459-65.

[22] Delahunt B, Bethwaite PB, Miller R], Sika-Paotonu D, Srigley JR. Re: Fuhrman grade
provides higher prognostic accuracy than nucleolar grade for papillary renal cell car-
cinoma: T. Klatte, C. Anterasian, ]. W. Said, M. de Martino, F. F. Kabbinavar, A. S.
Belldegrun and A. ]. Pantuck. J Urel 2010;183:2143-2147. ] Urol 2011;185:356-7
[author reply 357-358].

[23] Kumar V, Abbas AK, Fausto N, Aster JC. Robbins and Cotran pathologic basis of dis-
eases. , 3-42 Philadelpia: Saunders Elsevier; 2010.

[24] Sukov WR, Lohse CM, Leibovich BC, Thompson RH, Cheville JC. Clinical and patho-
logical features associated with prognosis in patients with papillary renal cell carci-
noma. ] Urol 2012;187:54-9.

[25] Onishi T, Ohishi Y, Goto H, Suzuki M, Miyazawa Y. Papillary renal cell carcinoma:
clinicopathological characteristics and evaluation of prognosis in 42 patients. BJU
Int 1999;83:937-43.

[26] Moch H, Gasser T, Amin MB, Torhorst ], Sauter G, Mihatsch M]. Prognostic utility of the
recently recommended histologic classification and revised TNM staging system of
renal cell carcinoma: a Swiss experience with 588 tumors. Cancer 2000;89:604-14.

[27] Kim H, Cho NH, Kim DS, Kwon YM, Kim EK, Rha SH, et al. Renal cell carcinoma in
South Korea: a multicenter study. Hum Pathol 2004;35:1556-63.

[28] Cheville JC, Lohse CM, Zincke H, Weaver AL, Blute ML Comparisons of outcome and
prognostic features among histologic subtypes of renal cell carcinoma. Am ] Surg
Pathol 2003;27:612-24.

[29] FuZ SunL,HuangY, Zhang J, Zhang Z, Wang L, et al. A type 2 papillary renal cell car-
cinoma presenting as an intracystic necrotic lesion: a case report. Mol Clin Oncol
2013;1:318-20.

[30] Pichler M, Hutterer GC, Chromecki TF, Pummer K, Mannweiler S, Zigeuner R. Presence
and extent of histological tumour necrosis is an adverse prognostic factor in papillary
type 1 but not in papillary type 2 renal cell carcinoma. Histopathology 2013;62:219-28.

[31] Pichler M, Hutterer GC, Chromecki TF, Jesche ], Kampel-Kettner K, Rehak P, et al. His-
tologic tumor necrosis is an independent prognostic indicator for clear cell and pap-
illary renal cell carcinoma. Am J Clin Pathol 2012;137:283-9.

[32] Klatte T, Remzi M, Zigeuner RE, Mannweiler S, Said JW, Kabbinavar FF, et al. Devel-
opment and external validation of a nomogram predicting disease specific survival
after nephrectomy for papillary renal cell carcinoma. ] Urol 2010;184:53-8.

[33] Chan JK, Cheuk W, Shimizu M. Anaplastic lymphoma kinase expression in inflam-
matory pseudotumors. Am J Surg Pathol 2001;25:761-8.

[34] Roquero L, Kryvenko ON, Gupta NS, Lee MW. Characterization of fiboromuscular
pseudocapsule in renal cell carcinoma. Int | Surg Pathol 2015;23:359-63.

121



MOLEKULARNE GENETICKA ANALYZA JE NEZBYTNA PRO SPRAVNOU
DIAGNOZU RENALNIHO KARCINOMU NAPODOBUJICIHO Xp11.2
TRANSLOKACNI RENALNI KARCINOM

Xp11.2 transloka¢ni renalni karcinom (TRK) je definovén translokacemi chromosomu
Xpl1.2 vedouci ke genové fuzi casti kratkého raménka chromosomu X v lokusu 11.2
zahrnujici TFE3 gen. TFE3 flzuje s raznymi partnery, jmenovité ASPL, PRCC, PSF, CLTC,
NONO, piicemz fuze TFE3-ASPL je zdaleka nejéastéjsi [4]. V dobé své inicialni deskripce
byl Xp11.2 TRK morfologicky charakterizovan svétlymi bunkami s objemnou cytoplazmou,
uspofadanymi pievazné do papilarnich struktur [28]. Jako dalsi voditka ke spravné diagnoze
jsou uvadéna psammomatdzni téliska, hyalinni globule a pfimés eosinofilnich bunék.
Nicméné, s pfibyvajicimi publikacemi na toto téma se morfologické spektrum Xpl11.2 TRK
znaéné rozsitilo; byly popsany ptipady rostouci ¢asteéné solidné, alveolarné, papilarné nebo
v hnizdech [29, 30] a téz se vyskytly piipady histologicky napodobujici PECom, melanom
anebo alveolarni sarkom mékkych tkani [31]. Imunohistochemicky jsou Xpll.2 TRK
negativni nebo jen fokalné pozitivni v reakci s cytokeratiny a EMA a negativni v prikazu
CANH-9 a AMACR, coz je dulezité¢ v diferenciadlni diagnostice se svétlobunéénym a
papilarnim realnim karcinomem (SRK;PRK). Specificka pro Xpll.2 TRK je nuklearni,
respektive cytoplazmatickd pozitivita s TFE3 a cathepsinem K, ackoliv z technickych diivoda
jsou tyto reakce Casto fale$né pozitivni ¢i faleSné negativni a nelze na né s jistotou spoléhat
[32].

Do nynéjsi studie jsme vybrali 20 piipadd morfologicky suspektnich (avSak
necharakteristickych) z Xp11.2 TRK. Devét ptipadt bylo diky break-apart FISH analyze
potvrzeno jako Xpl1.2 TRK. 9/11 zbyvajicich pfipadl bylo geneticky analyzovatelnych a
tyto se staly pfedmétem dalsiho zkoumani. Zminéné tumory se vyznacovaly diverzni
morfologii, ¢asto bylo mozno v jednom tumoru zastihnout rysy SRK i PRK dohromady.
Heterogenita byla patrna i1 imunohistochemicky. Napftiklad, z 5 ptfipadd, které byly ptevazné
papilarni, pouze 1 reagoval s CK7 a tento byl zaroven pozitivni s CANH-9 (marker SRK).
Tumory morfologicky odpovidajici SRK byly pozitivni s AMACR (marker PRK). Dva
ptipady byly pozitivni v reakci s TFE3 a dva v cathepsinu K. Z uvedenych piikladi vyplyva,
7e ke spravnému zafazeni podobnych tumori je molekularné genetické vySetfeni zasadni
(ptipady byly finaln¢ klasifikovany na zéklad¢ genetickych znaki).

Zavérem naSeho vyzkumu lze fici, ze v ptipadé TRK je cytogeneticka analyza
nadfazena morfologickym znakim a IHC pritkkazu TFE3 a cathepsinu K. Obzvlasté dilezité je
si uvédomit, ze pokud narazime na morfologicky neklasifikovatelny tumor, ktery by
potenciondlné¢ mohl spadat do kategorie TRK, je imunohistochemické vySetfeni znacné
nespolehlivé a ve snaze o zafazeni takového tumoru do jednoho ze subtypti RK spiSe zmate,
nez pomize. V tomto ptipadé¢ doporucujeme aplikovat FISH, konkrétné break-apart TFE3
analyzu k vylouc¢eni Xp11.2 TRK. Diky soucasné éfe cilené terapie a jejimu raketovému
rozvoji povazujeme diagnostiku translokacnich karcinomil za dileZitou.
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Abstract Xpll.2-translocation renal carcinoma (TRCC) is
suspected when a renal carcinoma occurs in young patients,
patients with a prior history of exposure to chemotherapy and
when the neoplasm has morphological features suggestive of
that entity. We retrieved 20 renal tumours (from 17,500 archi-
val cases) of which morphology arose suspicion for TRCC. In
nine cases, TFE3 translocation was confirmed by fluorescence
in situ hybridisation analysis. In 9 of the remaining 11 TRCC-
like cases (7 male, 4 female, aged 22-84 years), material was
available for further study. The morphological spectrum was
diverse. Six tumours showed a mixture of cells with eosino-
philic or clear cytoplasm in tubular, acinar and papillary
architecture. One case was high grade with epithelioid, spindle
cell and sarcomatoid areas. Another showed tubular, solid,
and papillary areas and foci containing spindle cells reminis-
cent of mucinous tubular and spindle cell carcinoma. The third
showed dyscohesive nests of large epithelioid and histiocytoid
cells in a background of dense lymphoplasmacytic infiltrate.
By immunohistochemistry, keratin AE1/AE3 was diffusely
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positive in three tumours, while CK7 strongly stained one
tumour and another focally and weakly. CD10 and Pax8 were
expressed by eight, AMACR and vimentin by seven, CA-IX
by four and TFE3 and cathepsin K by two tumours. Of the two
TFE3-positive tumours, one showed polysomy of chromo-
some 7 and the other of 17; they were VHL normal and
diagnosed as unclassifiable RCC. Of the seven TFE3-
negative tumours, three showed polysomy of 7/17 and VHL
abnormality and were diagnosed as combined clear cell RCC/
papillary RCC. One TFE3-negative tumour with normal 7/17
but LOH 3p (VHL abnormality) was diagnosed as clear cell
RCC. One TFE3-negative tumour with polysomy 7/17 but
normal VHL was diagnosed as papillary RCC, and two with
normal chromosomes 7/17 and VHL gene were considered
unclassifiable. As morphological features and IHC are hetero-
geneous, TRCC-like renal tumours can only be sub-classified
accurately by multi-parameter molecular-genetic analysis.

Keywords Translocation - Renal cell carcinoma - TFE3 -
Xpll - FISH - Molecular genetics - MiTF -
Immunohistochemistry

Introduction

Translocation-associated renal cell carcinoma (TRCC)
resulting from Xpl1.2 (TFE3) translocation was recognised
first in paediatric and young adult patients [30, 41]. Subse-
quently TRCC was documented in older adults, and its fre-
quency in the adult population is probably underestimated [8,
13, 20, 25, 48]. While TRCC has a favourable prognosis in
children, these neoplasms may be aggressive in adults [24, 27,
31, 40].

Several variants of TRCC with translocation of TFE3 to
different partner genes are now described [1, 2, 6, 7, 17, 42,
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43]. The more common partners are ASPL and PRCC genes.
TFE3 translocation also occurs in other neoplasms including
alveolar soft-part sarcoma and some forms of PEComa [3, 22,
47]. TRCC involving the closely related TFEB gene, which is
also part of the MiTF gene family, is rarer than TFE3-TRCC
but has a similar clinical presentation and may have overlap-
ping morphology [4, 9, 18, 38]. The two variants of MiTF-
TRCC lack a familial history and are not multifocal, in con-
trast to renal cancers of the hereditary CCRCC syndrome
associated with chromosome 3 translocations, and the hered-
itary PRCC associated with c-MET mutations [46].

Renal carcinoma occurring in a child, or in a patient ex-
posed to chemotherapy for an earlier cancer, suggests the
possibility of TRCC. Morphological studies of TRCC delin-
cated an association with histological features that include a
mixed papillary and alveolar architecture, a mixture of cells
with clear and eosinophilic cytoplasm and clear cells with
abundant voluminous cytoplasm. Presence of blood lakes,
psammoma bodies, stromal hyaline globules and eosinophilic
cytoplasmic inclusions are additional features described in
TRCC. None of these morphological features is specific for
TRCC, and some of the features depend on the precise trans-
location partner of the 7FE3 gene fusion. Demonstration of
the TFE3 translocation is the defining characteristic of TRCC.
This is best demonstrated by break-apart fluorescence in situ
hybridisation (FISH) [32]. Over-expression of the TFE3 pro-
tein can be shown by immunohistochemistry, but the test
requires careful calibration and adherence to strict standards
of fixation and controls to avoid false results. Furthermore,
TRCC has relatively specific immunohistochemical and gene
expression profiles that assist in its distinction from CRCC
and PRCC [5, 14, 38].

The present study was performed on a group of 20 renal
neoplasms selected for their unusual morphology or clinical
presentation, which were considered suspicious for TRCC.
Having excluded the bona fide cases of TFE3-TRCC by FISH
testing, the remaining nine TRCC-like cases with adequate
material were studied further in an attempt to classify them in
terms of the currently accepted Vancouver classification. This
exercise entailed the development of an investigative algo-
rithm for future recommendation.

Materials and methods

Twenty tumours suspect for TRCC based mostly on morpho-
logical features were identified in the Plzen archive of 17,500
renal neoplasms. Haematoxylin and eosin-stained (H&E)
glass slides and formalin-fixed paraffin embedded blocks
were retrieved, and the pathology reports and clinical records
were studied to obtain demographic and follow-up data of the
patients and for gross descriptions of the tumours. In addition
to the original archival slides, standard 4-um sections were cut

@ Springer

from formalin-fixed, paraffin-embedded blocks selected from
the tumours. These were stained with H&E for light micro-
scopic examination using standard methodology and spare
sections were cut for IHC. The number of blocks per case
ranged from 3 to 30.

All H&E-stained sections and IHC stains were reviewed by
three authors of this paper (MH, KP and OH).

The immunohistochemical study was performed using a
Ventana Benchmark XT automated stainer (Ventana Medical
System, Inc., Tucson, AZ, USA). Antibodies against CK7
(monoclonal, OV-TL 12/30, 1:200, Dako, Glostrup, Den-
mark), pan keratin (polyclonal, AE1-AE3/PCK26, RTU,
Ventana-Roche), CD10 (monoclonal, 56C6, 1:20,
Novocastra, Burlingame, CA, USA), AMACR (monoclonal,
13H4, 1:200, Dako), TFE3 (polyclonal, Abcam, 1:100, Cam-
bridge, UK), vimentin (D9, monoclonal, Neomarkers, Wes-
tinghouse, CA, USA, 1:1000), CA-IX (monoclonal, 303123,
1:100, RD systems, Minneapolis, MN, USA), cathepsin K
(monoclonal, 3F9, Abcam, 1:100), PAX-8 (polyclonal,
Abcam, Cambridge, UK, 1:100) and anti-melanosome
(monoclonal, HMB45, DakoCytomation, 1:200) were applied
to all cases. Selected cases were also stained for S-100 protein
(polyclonal, DakoCytomation, 1:400), wide spectrum keratin
(OSCAR, monoclonal, Covance, Princetown, NJ, 1:2000),
cytokeratin 20 (M7019, monoclonal, DakoCytomation,
1:100) and cytokeratin (CAM 5.2 monoclonal, Becton-Dick-
inson, San Jose, CA, USA, 1:200) as part of their initial
diagnostic work-up.

For each case, 3-30 blocks were available; for immunohis-
tochemical study, 1-2 selected blocks were used per case.

Molecular genetic study

FISH analysis was performed for 7FE3 break and for
enumeration of chromosomes X, Y, 7 and 17. The FISH
procedure using centromeric probes for chromosomes 7
and 17 was described in paper of Petersson et al. [34].
The same technique of analysis and cut-off setting was
used with probes CEP X/CEP Y (VYSIS/Abbott Molec-
ular, Des Plaines, IL, USA) and ZytoLight® SPEC TFE3
Dual Color Break Apart Probe (ZytoVision GmbH, Bre-
merhaven, Germany). Monosomy and polysomy for chro-
mosomes X and Y was defined as the presence of one
signal per cell in >45 % and three and more signals in
>10 % of cells, respectively. The cut-off value for TFE3
break was set to more than 10 % of nuclei with break
signals. Mutation analysis of the VHL gene and loss of
heterozygosity for chromosome 3p region (LOH3p) were
studied by PCR and sequencing and fragmentation analy-
sis, respectively. Methylation of the promoter of the VHL
gene was analysed by methylation-specific PCR. All these
methods were thoroughly described in paper of Petersson
et al. [34].
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Results
Clinical and gross findings

The patients, six male and three female, ranged in age from 43
to 84 years, 7 exceeding 50 years of age (Table 1). Tumour
size ranged from 2.6 to 13 cm with six cases equal to or
exceeding 5 cm in greatest dimension. Six cases were stage
pT1 according TNM 09, two cases pT2 and one pT3. Four
were from the left kidney and five from the right kidney. Most
tumours were tan coloured with areas of brown, yellow to tan
(Fig. 1a), white or grey with occasional, grossly visible necro-
ses (Fig. 1b).

Follow-up was available in six cases. This ranged from 1 to
3 years. One patient died 1 year afler diagnosis, and the other
five patients are alive and well.

Histological findings

Three tumours had a prominent tubulopapillary architecture
admixed with some solid nests of cells (Fig. 2a, b). Two
tumours had a predominantly nested and alveolar pattern with
alveolar spaces filled with eosinophilic secretions reminiscent
of thyroid follicles (Fig. 3). One of these tumours contained
small foci with a papillary architecture. Blood lakes were
prominent in these two tumours and were seen focally in six
other tumours. These two tumours and one of the neoplasms
with a tubulopapillary architecture contained abundant clear
cells with voluminous cytoplasm, prominent lateral cell bor-
ders and irregular apical cytoplasmic borders (so-called “blis-
ter” cells; Fig. 4). Such cells were seen focally in three other
tumours. A population of cells with abundant eosinophilic
(oncocyte-like) cytoplasm was also present in four of these
tumours and predominated in two of the neoplasms (Fig. 5).
One tumour with a nested and alveolar architecture mostly
resembled CCRCC but had focal papillary architecture and
some cells with eosinophilic granular cytoplasm (Fig. 6).

Three of the above tumours contained varying numbers of
psammoma bodies and one demonstrated prominent eosino-
philic hyaline cytoplasmic inclusion bodies. None showed
extracellular hyaline nodules of the type descried in some
cases of TRCC. These six tumours were within the classically
described morphological spectrum of TFE3-TRCC. Nuclei
were Fuhrman grade 2 in three tumours and grade 3 in the
other 3 tumours. Necrosis was seen in four of the six tumours.

Three tumours had unusual morphology. One unusual tu-
mour exhibited a mixture of compressed tubules, papillary
structures and spindle cells associated with a myxoid stroma
that in places resembled the mucinous tubular and spindle cell
renal carcinoma. Other areas had a so-called “solid papillary™
pattern. The spindle cells in this neoplasm had eosinophilic
cytoplasm imparting a myoid appearance. Nuclei were pre-
dominantly grade 2, but focally nuclei were highly pleomor-
phic; grade 34 and necrosis was identified in several foci
(Fig. 7). Mitoses were scanty and not atypical. Therefore, in
our opinion, this tumour did not represent sarcomatoid carci-
noma but was too atypical to be considered mucinous tubular
and spindle cell renal carcinoma. The second showed poorly
cohesive nests of large plump polygonal cells some with
abundant eosinophilic cytoplasm imparting a histiocytoid
and rhabdoid appearance. Some cells showed peripheral clear-
ing and vacuolation of their cytoplasm resembling that seen in
Touton giant cells. In many areas, the neoplastic cells were
overrun by numerous lymphocytes and plasma cells simulat-
ing a lymphoepithelial carcinoma or recalling the morphology
of Hashimoto’s thyroiditis. The third unusual tumour was
composed predominantly of markedly atypical spindle cells
arranged in poorly cohesive nests lying within a background
of myxoid collagen imparting a sarcomatoid appearance. Fo-
cally, the spindle cell component was associated with inter-
cellular eosinophilic matrix resembling osteoid. Elsewhere,
this neoplasm showed poorly cohesive nests of large epitheli-
oid cells with large vesicular nuclei containing macronucleoli
suggesting melanoma or alveolar soft-part sarcoma. This

Table 1  Clinicopathologic data

Case Sex Age Site Size (cm) pT TNMO09 Color Follow-up

1 M 51 Left 13 pT2 Yellowish NA

2 M 80 Left 10x6%3 pT3a Tan to brown DOD 1 year after dg
3 F 60 Right 6x4x3 pT1b Whitish 3 years AW

4 F 75 Right 2.6%x2x2 pTla Gray to tan 1 year AW

5 F 84 Left Diam. 5 pTlb Gray to tan NA

6 M 57 Right 2.5%2.7%29 pTla Yellowish 2 years AW

7 M 48 Right 9x8x7 pT2 Brownish-yellow NA

8 M 72 Left 5x%4.5%3.5 pT1b Tan to brow 1 year AW, CRL, HT
9 M 43 Right 5.5%4.5%3 pT1b Tan 1 year AW

M male, F female, N4 not available, DOD dead of disease, 4 alive and well, CRI chronic renal insufficiency, HT hypertension, dg diagnosis
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Fig. 1 Tumours were mostly yellow to tan on gross section (a) with foci
of grossly visible necrosis (b)

tumour contained extensive necrosis, numerous mitoses and
some atypical mitoses. It was invasive into perinephric fat and
exhibited extensive lymphovascular invasion. This tumour
was initially considered to potentially fall within the spectrum
of ASPL-TFE3 or TFEB-TRCC and required exclusion of
metastatic melanoma.

Immunohistochemical analysis

Results of the immunohistochemical analysis are listed in
Table 2. None of the tumours showed an immunoprofile
diagnostic of any particular type of RCC. Importantly, TFE3
was positive in two tumours neither of which was strongly
positive for cathepsin K. A third tumour was initially
interpreted as positive for TFE3 but presence of staining in
adjacent benign tissues prompted repeat of the stain, which
was negative. None of the tumours was positive for HMB45.
Cathepsin K was positive in two tumours but one showed only
weak focal staining. The latter tumour was positive for TFE3
by IHC but not FISH (Fig. 8). All but one of the nine TRCC-
like tumours were positive for CD10, seven were positive for
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Fig. 2 Some tumours had a prominent tubulopapillary architecture
admixed with solid nests of cells admixed with solid nests of cells(a, b)
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vimentin and four for carbonic anhydrase-IX (CA-IX). Seven
were positive for AMACR. Keratin AE1I/AE3 was diffusely
positive in three tumours and was negative in six. CK7
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Fig. 3 Two tumours had a predominantly nested and alveolar pattern
with alveolar spaces filled with eosinophilic secretions reminiscent of
thyroid follicles
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Fig. 4 Tumours with tubulopapillary architecture contained abundant
clear cells with voluminous cytoplasm, prominent lateral cell borders
and irregular apical cytoplasmic borders (so-called “blister” cells)

strongly stained one tumour, was weakly and focally positive
in 1 and was negative in six cases. Pax 8 was positive in all but
one case.

Molecular and cytogenetic analysis

One TFE3-negative tumour (case 8) showed normal copy
numbers of 7,17 and LOH 3p (VHL abnormality) (Table 3).
This tumour was diagnosed as clear cell RCC (CCRCC). One
TFE3-negative tumour (case 1) with polysomy 7 and 17 but
normal VHL status was diagnosed as papillary RCC (PRCC).
Two TFE3-negative tumours (cases 4 and 6) had a normal
complement of chromosomes 7 and 17 and no abnormality of
the VHL gene. These tumours were considered unclassifiable.
Three TFE3-negative tumours (cases 5, 7 and 9) that showed
both polysomy of 7 and 17 and VHL abnormality were
regarded as composite or combined CRCC/PRCC (unclassi-
fiable). One of the two TFE3-IHC positive tumours (cases 2

% So \ » A ‘ f%'{..

Fig. 5 A population of cells with abundant eosinophilic cytoplasm was
also present in four of these tumours

A

Fig. 6 One tumour with a nested and alveolar architecture mostly
resembled CCRCC but had focal papillary architecture and some cells
with eosinophilic granular cytoplasm

and 3) showed only polysomy 7 and the other only polysomy
17, and both were negative for VHL gene abnormalities. These
were also regarded as unclassifiable RCC.

Discussion

RCCs associated with TFE3 gene fusions are relatively rare
tumours in adults but comprise approximately 30-50 % of
renal cell carcinomas in children. There is an established
association between TRCC and prior exposure to chemother-
apy [14, 39]. The rarity of TRCC cases in our archive could be
explained by the fact that a large majority of the renal neo-
plasms in the archive were obtained from hospitals concen-
trating on adult clinical practice (age of the patients is over
18 years). TFE3 translocation can occur to several different

. I
Fig. 7 Areas of necrosis were noted in the vicinity of papillary and
micropapillary structures
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Table 2 Immunohistochemical examination

Case: TFE3 CANH9 CD10 Vim AMACR Cathep HMB45 AEI-AE3 CK7 Pax8
1 - - +++ -+ ++ - - - - ++
2 + - ++ foc ++ - - - - + foc -

3 +++ - +++ foc -+ - + foc - - - +

4 - - ++ foc - +H +H - - - +

5 - - - +++ +H+ - - ++ - +

6 - ++ foc ++ ++ +H+ - - - - ++
7 - ++ foc - - +H - - +H - ++
8 - ++ foc -+ -+ - - - o 4t +

9 - + -+ H +++ foc - - - - +

foc=<25 % cells staining

CANHY carbonic anhydrase IX, Fim Vimentin, AMACR alpha-methylacyl-CoA racemase, Cathep. cathepsin K, (—) negative, (+) weak, (++) moderate,

(+++) strong

partner genes including ASPL, PRCC, PSF, CLTC, NonO, and
others not yet fully clarified [7, 8, 10, 11, 19]. Prior to the
recognition of translocation carcinomas of the kidney, most of
these tumours were classified in the categories of clear cell
renal cell carcinoma and papillary renal cell carcinoma [15,
35, 37]. Young age at presentation is one of the main indica-
tors of a possible translocation-associated renal carcinoma and
prompts the pathologist to consider such a diagnosis. Howev-
er, since classical CCRCC and PRCC comprise the most
common renal neoplasms in adults, the possibility of TRCC
is seldom considered in that age group so the incidence of
TFE3 translocation carcinomas in adults aged >50 years is not
known but is likely underestimated. Recent studies have
shown that TRCC occurs in younger adults who typically
present a higher clinical stage than in paediatric patients.
The more aggressive behaviour of TRCC in adults may also
be explained by the progressive acquisition of chromosomal
copy number alterations [33]. The importance of recognising
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TRCC is increasing in the era of potential targeted therapy
[23, 28]

At the time of initial description, TRCC was noted to have
mostly papillary architecture and to be composed of cells with
voluminous clear cytoplasm. Additional histological pointers
to possible TRCC include an admixture of cells with clear and
eosinophilic cytoplasm, presence of psammoma bodies and
hyaline stromal globules [2, 44]. However, larger studies have
expanded the histological profile to include mixed solid,
nested, alveolar and papillary patterns such that accurate dis-
tinction from CCRCC and PRCC is impossible based only on
morphology [1, 45]. The cells may have clear or eosinophilic
cytoplasm, which may or may not be voluminous. Rare cases
of TRCC contain melanin, express melanocytic markers by
immunohistochemistry and exhibit a morphology that over-
laps with PEComa, melanoma and even alveolar soft part
sarcoma [3]. Different variants of TFE3 translocation were
thought to result in different morphological appearances, but
cases with overlapping morphological features were described
later. Furthermore, a closely related form of TRCC involving
the TFEB gene, another member of the MiTF gene family,
was likewise initially thought to have a distinctive morpholo-
gy but more experience with larger numbers of cases has
shown morphological overlap with the more common TFE3
neoplasms and the more usual variants of renal carcinoma [8,
14, 18].

Immunohistochemical analysis may be helpful in differen-
tiating TRCC from PRCC in that TRCC is negative or only
weakly and focally positive for keratins and EMA, and is
negative for racemase (AMACR) [1, 2, 12, 14]. Similar to
clear cell carcinoma, TRCC is positive with the antibody to
vimentin and strongly positive with CD10. However,
vimentin staining is patchy in TRCC but diffuse in CCRCC,
and TRCC is negative for carbonic anhydrase-9 (CA-IX).
Positive nuclear staining for TFE3 protein and cytoplasmic
staining for cathepsin K have been regarded as specific for
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Table 3  Results of molecular and cytogenetic analyses

Case TFE3 ba CEP7 CEP 17 XY LOH3p Mut VHL Methyl VHL Diag

1 Neg Polysomy™ Polysomy™ 4~5X/0Y; 2X/1Y" Neg Neg Neg PRCC

2 Neg Polysomy Disomy NA NA Neg NA UNC

3 Neg Disomy Polysomy® NP Neg Neg Neg UNC

4 Neg Disomy Disomy NP Neg Neg Neg UNC

5 Neg Polysomy® Polysomy® NP Pos Neg Neg CRCC/PRCC
6 Neg Disomy Disomy 2X1Y Neg Neg Neg UNC

7 Neg Polysomy Polysomy 2X2Y Pos Pos® Neg CRCC/PRCC
8 Neg Disomy Disomy 2X0Y Pos Neg Neg CCRCC

9 Neg Polysomy* Polysomy* Neg Pos Pos® Neg CRCC/PRCC

Pos positive, Neg negative, N4 not analysable, NP not performed, PRCC papillary renal cell carcinoma, UNC unclassified renal cell carcinoma, CRCC
clear cell renal cell carcinoma, Mut VHL mutation of VHL gene, Methyl VHL methylation status of VHL gene, Diag diagnosis

*Polysomy in large nuclei only

®Gain X, loss Y (4~5X/0Y) in large nuclei; gain X (2X/1Y) in small nuclei

€ Somatic mutation ¢.504_508del/p.Leul 68GlInfsTer3
4Somatic mutation ¢.393C>G/p.Asn131Lys

TRCC [5, 29, 38], but false positive and negative results have
been reported in several studies not all of which have been
explained on the basis of technical problems [21]. Indeed, it
seems that over-expression of wild-typeTFE3 protein tran-
seript may occur as a result of up-regulation of the normal
gene, or as the result of increased gene copy number due to
polysomy or amplification particularly in high grade CCRCC
and in carcinomas with sarcomatoid and cystic features [26,
48]. Similarly, positive immunostains for melanocytic
markers such as HMB45 may be seen in some variants of
TFE3-TRCC, in the TFEB-TRCC and in PEComas [14, 16].

In the present study of 20 cases of RCC in which there was
a suspicion of TRCC, nine cases were confirmed as X11.2-
TRCC by break-apart FISH analysis. The remaining TRCC-
like carcinomas showed a diverse morphology that precluded
definite classification of these tumours on morphological
grounds. Thus, many showed a mixture of papillary and
CCRCC patterns. Seven cases contained clear cells with vo-
luminous cytoplasm, so-called “blister” cells, a well-known
feature of TRCC. IHC was also contradictory to the morphol-
ogy in many cases, again suggesting possible TRCC. Of five
cases exhibiting a predominantly papillary architecture, only
one was strongly positive for CK7 and that tumour was also
positive for CA-IX, a marker of CCRCC. Those tumours with
morphology similar to CCRCC were all positive for AMACR,
amarker of PRCC. The sarcomatoid tumour with morphology
suggestive of melanoma or APSL-TFE3 TRCC posed a diag-
nostic challenge. It was positive for TFE3 by IHC, negative
for HMB45 and showed only focal weak staining for cathep-
sin K. Although the stain for Pax-8 was negative, there was no
clinical history of prior cutaneous melanoma or other visceral
malignancy. Furthermore, metastatic melanoma was excluded
by negative immunostaining for S-100 protein and diffusely

positive staining for wide spectrum keratin (OSCAR). Posi-
tive immunostaining for TFE3 in the absence of the translo-
cation has been described previously in sarcomatoid and other
high-grade RCCs sometimes explained by gene polysomy or
amplification [26]. Because of the contradictory morphologi-
cal and immunohistochemical profiles of these TRCC-like
neoplasms, we conclude that molecular/genetic analysis is
the most reliable method extant to classify this group of
unusual renal tumours.

The final molecular/genetic diagnosis did not correlate
exactly with the histomorphology and immunoprofile in some
cases (Table 4). In the case diagnosed as CCRCC on the basis
of isolated abnormality of the FHL locus, the histology
showed a prominent papillary architecture and alveolar nests
with a micropapillary pattern within them. Immunostains for
CK7 and AMACR were strongly positive. However, CA-IX
was also positive. The case diagnosed as PRCC on the basis of
polysomy of chromosomes 7 and 17 in the absence of VHL
abnormality had prominent papillary architecture but showed
a predominance of clear cells with voluminous vacuolated
cytoplasm suggesting TRCC. On IHC, the tumour was nega-
tive for CK7 and positive for CD10 and vimentin. However,
the stain for AMACR was positive. One of the three tumours
diagnosed as combined PRCC-CCRCC on the basis of mor-
phology, immunohistochemical examination and polysomy of
chromosomes 7 and 17 and VHL abnormality showed a com-
bined papillary, tubular and nested architecture and a predom-
inance of cells with eosinophilic cytoplasm and scanty clear
cells. One PRCC—CCRCC did not contain papillary structures
and had a morphology most consistent with CCRCC but with
clear cells showing voluminous cytoplasm suggesting TRCC.
The third PRCC-CCRCC was the unusual tumour with a
solid papillary pattern and areas of spindle cells in a mucinous
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Table 4 Summary of unusual features

Molecular category Case

Unusual features

CRCC 8

PRCC 1

Combined PRCC-CCRCC 5.7.9

Unclassifiable NOS

(SRR N

Papillary architecture
AMACR and CK 7 strongly positive

Clear cells with voluminous cytoplasm
Glassy hyaline intra-cytoplasmic globules
CK 7 negative

Spindle cell component and myxoid stroma and no
alveolar or solid nest patterns in 1 case

Papillary pattern absent in 1 case

Very scanty clear cell component in 2 cases

CK 7 negative in all

AMACR positive in all

CA-IX positive in 2 cases

2 cases had mixed PRCC and CCRCC morphology.
Both contained clear cells with voluminous cytoplasm

CK 7 negative but AMACR and cathepsin K positive

Strong TFE3 positivity (by IHC), not confirmed by FISH

CRCC clear cell renal cell carcinoma, PRCC papillary renal cell carcinoma, NOS not otherwise specified, /HC Immunohistochemistry

stroma described above. By IHC, all three tumours were
negative for CK7, positive for AMACR, and two were posi-
tive for CA-IX.

The study reported herein confirms the conclusion of
other workers [36] that cytogenetic analysis is preferable
to morphology and immunostains for TFE3 and cathepsin
K in the diagnosis of TRCC. Furthermore, when TRCC-
like tumours are selected on the basis of histological
changes that do not conform to those classically described
for other subtypes of RCC, immunohistochemistry is
shown to be especially unreliable in further classifying
these unusual renal neoplasms.

In conclusion, the molecular/genetic algorithm used
herein is recommended for tumours with a TRCC-like
morphology. This algorithm could also be applied in the
investigation of unclassifiable RCC. Firstly, break-apart
FISH analysis for TFE3 is performed and true cases of
X11.2 translocation separated out. Next, numerical analy-
sis of chromosomes 7 and 17 is performed together with
thorough investigation of the status of the VHL gene on
chromosome 3p using PCR for mutation analysis and
LOH and methylation-specific PCR for the methylation
analysis of the promoter region of the VHL gene. This
enables true CCRCC and PRCC to be separated from the
tumours that have combined features of CCRCC-PRCC.
The remainder of unclassifiable RCCs may contain rare
cases of TFEB-TRCC. These tumours are usually positive
for cathepsin K and melanocytic markers on immunohis-
tochemistry and can be confirmed by break-apart FISH
analysis for the t(6;11) TFEB translocation [9]. Further,
such unclassifiable cases may benefit from whole genome
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sequencing studies. Molecular features are indeed one of
the characteristics useful for classification of unusual re-
nal tumours. However, in group of TRCC and TRCC-like
cases, it seems that they play a key role in the differential
diagnostic process.
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MORFOLOGICKA, IMUNOHISTOCHEMICKA A CHROMOZOMALNI ANALYZA
MULTICYSTICKEHO CHROMOFOBNIHO RENALNIHO KARCINOMU,
ARCHITEKTONICKY NEOBVYKLEHO A DIAGNOSTICKY OBTIZNEHO
PODTYPU

Chromofobni rendlni karcinom (CHRK) je uspofadan vétSinou solidné nebo solidné
alveolarné, pfiCemz se skladd ze smési vétSich bunck s listovitym tvarem a svétlou
cytoplazmou a mensich onkocytickych bun¢k. Rozeznaviji se dvé zakladni varianty: klasicka
a eosinofilni [4]. Morfologické spektrum je vSak znac¢né SirSi a jiz bylo popsano nékolik
morfologickych  variant, jmenovit¢ mikrocystickd adenomatoidni  pigmentovana,
s neuroendokrinnimi znaky, s fokalni papilarni proliferaci a varianta napodobujici renalni
onkocytom [12, 14, 33-38].

Tento projekt si klade za cil rozsifit vySe zminénou mnozinu o dalSiho c¢lena:
multicystickou variantu CHRK. Do studie bylo na zaklad¢ morfologického obrazu zatazeno
10 ptipadi CHRK s pfizna¢nym multicystickym uspotadanim, které byly nasledné vysetfeny
za pomoci imunohistochemie (IHC) a array komparativni genové hybridizace. Histologicky
vykazovaly vSechny tumory rlstové uspotadani dvojiho typu: 1) riizné velké cysty budici
dojem multilokularni cystické neoplazie nizkého maligniho potencialu a 2) stlaené cysty a
tubuly se Stérbinovitymi prostory. Ve vSech vysetienych tumorech byla konzistentné pfitomna
hrozinkovité tvarovana jadra patognomicka pro CHRK a ve ¢étyfech pripadech jsme zastihly
depozita lipochromu. IHC wvySetfeni (pozitivita s EMA, CK7, OSCAR, CD117,
parvalbouminem, MIA, PAX8 a negativita s vimentinem, TFE3, CANH9, HMBA45,
cathepsinem K, AMACR a Ki-67) bylo kompatibilni s diagn6zou CHRK, stejn¢ tak jako
molekularné genetickd analyza (2/5 analyzovatelnych piipadi vykazovalo mnohocetné
choromozomalni ztraty a zbyvajici 3 byly bez numerickych aberaci).

Dtive popsana adenomatoidné mikrocystickd pigmentovana varianta CHRK [33, 35,
36], jak uz deskriptivni nazev napovida, roste adenomatoidné a mikrocysticky a obsahuje
hnédy pigment odpovidajici lipochromu. Na zaklad¢ ndlezu lipochromu u témét poloviny
pripadii a architektoniky spadajici do ,,cystického spektra (multicysticky rist ve formé
»opravdovych® ¢i zkolabovanych, stlatenych cyst) vnimame multicystické CHRK jako
extrémni formu adenomatoidné mikrocystické pigmentované varianty CHRK. IHC 1
molekularné jsou zde popisované tumory kompatibilni s konvenénim CHRK, avsak
diferencidln¢  diagnosticky je tfeba zvazovat odliSné  jednotky, jmenovité
cystickou/multicystickou variantu renalniho onkocytomu, multilokularni cystickou neoplazii
nizkého maligniho potencidlu, granularni/eosinofilni high grade variantu svétlobunééného
renalniho karcinomu, tubulocysticky renalni karcinom nebo smiSeny epitelidlni a stromalni
tumor ledviny.
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Abstract Chromophobe renal cell carcinoma (ChRCC) is
typically composed of large leaf-like cells and smaller eosin-
ophilic cells arranged in a solid-alveolar pattern. Eosinophilic,
adenomatoid/pigmented, or neuroendocrine variants have also
been described. We collected 10 cases of ChRCC with a dis-
tinct multicystic pattern out of 733 ChRCCs from our registry,
and subsequently analyzed these by morphology, immunohis-
tochemistry, and array comparative genomic hybridization. Of
the 10 patients, 6 were males with an age range of 5089 years
(mean 68, median 69). Tumor size ranged between 1.2 and
20 cm (mean 5.32, median 3). Clinical follow-up was avail-
able for seven patients, ranging 1-19 years (mean 7.2, median
2.5). No aggressive behavior was documented. We observed
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two growth patterns, which were similar in all tumors: (1)
variable-sized cysts, resembling multilocular cystic neoplasm
of low malignant potential and (2) compressed cystic and
tubular pattern with slit-like spaces. Raisinoid nuclei were
consistently present while necrosis was absent in all cases.
Half of the cases showed eosinophilic/oncocytic cytology, de-
posits of pigment (lipochrome) and microcalcifications. The
other half was composed of pale or mixed cell populations.
Immunostains for epithelial membrane antigen (EMA), CK7,
OSCAR, CD117, parvalbumin, MIA, and Pax 8 were positive
in all tumors while negative for vimentin, TFE3, CANH 9,
HMB45, cathepsin K, and AMACR. Ki67 immunostain was
positive in up to 1 % of neoplastic cells. Molecular genetic
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examination revealed multiple chromosomal losses in two
fifths analyzable tumors, while three cases showed no chro-
mosomal numerical aberrations. ChRCC are rarely arranged
in a prominent multicystic pattern, which is probably an ex-
treme form of the microcystic adenomatoid pigmented variant
of ChRCC. The spectrum of tumors entering the differential
diagnosis of ChRCC is quite different from that of conven-
tional ChRCC. The immunophenotype of ChRCC is identical
with that of conventional ChRCC. Chromosomal numerical
aberration pattern was variable; no chromosomal numerical
aberrations were found in three cases. All the cases in this
series have shown an indolent and non-aggressive behavior.

Keywords Kidney - Chromophobe renal cell carcinoma -
Multicystic - Immunohistochemistry - ArrayCGH

Introduction

Chromophobe renal cell carcinoma (ChRCC) is the third most
common type of adult renal epithelial tumor, accounting for
approximately 5 % ofrenal carcinomas [1, 2]. ChRCC usually
carries a more favorable prognosis than clear cell renal cell
carcinoma (CCRCC). However, sarcomatoid differentiation,
which is associated with worse prognosis, is found in approx-
imately 8 % of ChRCC [2].

ChRCC usually shows solid or solid-alveolar archi-
tectural patterns, composed of a combination of cells
with leaf-like morphology and pale cytoplasm, and
smaller eosinophilic cells with oncocytic cytoplasm.
The two main recognized ChRCC morphologic variants
are classic and eosinophilic. However, the morphologi-
cal spectrum has expanded to pigmented microcystic
adenomatoid, oncocytoma-like, ChRCC with neuroendo-
crine differentiation, and ChRCC with focal papillary
proliferations [3—10].

In this study, we describe a subset of ChRCC tumors with a
pure multicystic architecture using morphologic, immunohis-
tochemical, and array comparative genomic hybridization
(aCGH) features.

Material and methods

From 733 ChRCCs in the Plzen Tumor Registry, 10 cases of
ChRCC with a multicystic pattern were selected. The tissues
had been fixed in neutral formalin, embedded in paraffin, cut
into 4-5-pm-thin sections and stained with hematoxylin and
eosin (H&E). One to seven paraftin blocks were available for
each case. All tumors were independently reviewed by two
pathologists (MPF and OH). Clinicopathologic and follow-up
data were collected using medical records available from each
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participating institution. Selected cases were further analyzed
using immunohistochemistry and aCGH.

Immunohistochemistry

The immunohistochemical study was performed using a
Ventana Benchmark XT automated immunostainer (Ventana
Medical System, Inc., Tucson, AZ, USA) on formalin fixed,
paraffin embedded tissue. Primary antibodies against the fol-
lowing antigens were employed: epithelial membrane antigen
(EMA) (E29, monoclonal, DakoCytomation, Carpinteria CA,
1:1000); cytokeratin 7 (OV-TL12/30, monoclonal,
DakoCytomation, 1:200); OSCAR (OSCAR, 1:500,
Covance, Herts, UK, 1:500), racemase/AMACR (P504S,
monoclonal, Zeta, Sierra Madre, CA, 1:50); vimentin (D9,
monoclonal, NeoMarkers, Westinghouse, CA, 1:1000);
parvalbumin (PA-235, monoclonal, Sigma Aldrich, St. Luis,
MO, 1:500): antimelanosome (HMB45, monoclonal,
DakoCytomation, 1:200); Ki-67 (MIB1, monoclonal, Dako,
Glostrup, Denmark, 1:1000); c-kit (CD117, polyclonal, Dako,
Glostrup, Denmark, 1:300); carbonic anhydrase [X (thCA9,
monoclonal, RD systems, Abingdon, GB, 1:100); TFE3
(polyclonal, Abcam, Cambridge, UK, 1:100), cathepsin K
(3F9, monoclonal, Abcam, 1:100); progesterone receptor
(monoclonal, 1E2, Ventana, RTU); estrogen receptor (mono-
clonal, SP1, Ventana, RTU); antimitochondrial antigen (113-
1, monoclonal, Biogenex, Fremont, CA, 1:500); smooth mus-
cle actin (1A4, monoclonal, DakoCytomation, 1:1000); des-
min (D33, monoclonal, Dako, 1:100); CD31 (JC70A, mono-
clonal, DakoCytomation, 1:50); CD34 (QBEnd-10, monoclo-
nal, Dako, 1:100); and PAX-8 (polyclonal, Cell Marque,
Rocklin, CA, 1: 25). The primary antibodies were visualized
using the supersensitive streptavidin-biotin-peroxidase com-
plex (BioGenex). Appropriate positive controls were
employed.

Molecular genetic methods
DNA extraction

DNA was extracted from formalin-fixed paraffin-embedded
(FFPE) tumor and non-tumor tissues (when available) of each
case using QIAsymphony DNA Mini Kit (QIAGEN, Hilden,
Germany) on an automated extraction system (QlAsymphony
SP, QIAGEN) according to the manufacturer’s supplementary
protocol for FFPE samples (purification of genomic DNA
from FFPE tissue using the QIAamp DNA FFPE Tissue Kit
and Deparaffinization Solution). Concentration and purity of
isolated DNA were measured using NanoDrop ND1000
(NanoDrop Technologies Inc., Wilmington, DE, USA).
DNA integrity was examined by amplification of control
genes in multiplex PCR, producing fragments from 100 to
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600 base pairs. Only cases with DNA integrity equal to or
higher than 400 bp were used for further analysis by aCGH.

Array comparative genomic hybridization

A CytoChip Focus Constitutional (BlueGnome Ltd.,
Cambridge, UK) microarray processor was used for analysis.
CytoChip Focus Constitutional uses BAC technology and
covers 143 regions of known significance with 1-Mb spacing
across a genome. Probes were spotted in triplicate. First,
400 ng of gDNA was labeled using the Fluorescent Labeling
System (BlueGnome Ltd., Cambridge, UK). The procedure
consisted of Cy3 labeling of a test sample and CyS5 labeling
ofa reference sample. MegaPool Reference DNA of opposite
sex was used as a reference sample (Kreatech Diagnostics,
Amsterdam, Netherlands). Each labeled pair was mixed,
dried, and hybridized overnight at 47 °C using Arraylt hybrid-
ization cassettes (Arrayit Corporation, CA, USA).
Posthybridization washing was done using SSC buffers with
increasing stringency. Dried microarrays were scanned with
InnoScan 900 (Innopsys, France) at a resolution of 5 pm.

Image and data analysis: scanned images were analyzed
and quantified using BlueFuse Multi software (BlueGnome
Ltd., Cambridge, UK). BlueFuse Multi uses Bayesian algo-
rithms to generate intensity values for each Cy5 and Cy3
labeled spot on the array according to an appropriate .gal file.
The reported changes were browsed and interpreted using
BlueFuse Multi as well. Cutoff values were set to a log 2 ratio
of —0.193 for loss and 0.170 for gain.

Results
The clinicopathological features of the 10 selected cases are

summarized in Table 1. Six patients were male with an age
range of 50-89 years (mean 68, median 69). Tumor size

ranged between 1.2 and 20 cm (mean 5.32, median 3.7).
Clinical follow-up was available for seven patients, ranging
1-19 years (mean 7.2, median 2.5). An aggressive clinical
course was not observed in any of these patients.

At gross examination, tumors were relatively well-demar-
cated. No grossly visible angioinvasion or invasion into the
renal sinus, pelvicalyceal system, or perirenal fat was encoun-
tered. The tumor cut surface was brown in three cases, tan/
yellow in three cases, and tan to gray in one case. Gross in-
formation on color and consistency of the tumor was not
available in three cases.

Morphologic features are presented in Table 2. The major-
ity of the tumors showed predominantly eosinophilic/
oncocytic morphology (6/10), a smaller proportion of cases
demonstrating a pale and leaf-like neoplastic cell population
(3/10) and one case a mixture of both. Raisinoid nuclei with
perinuclear halo were present in all cases, with occasional
binucleated cells. All cases were low grade according to the
Paner grading system (grade 1 or 2). No cases with grade 3 or
sarcomatoid differentiation were noted.

By histology, we separated the cases into two groups based
on architectural pattern. The first group of seven cases includ-
ed tumors showing a prominent multicystic pattemn (Fig. 1).
These were all demarcated, three with a fibrous pseudocap-
sule. Cysts were irregular in shape and size. Glands appeared
cribriform focally in some tumors. Septa of the cysts were
thin, mostly lined by a single layer of neoplastic cells.
However, larger aggregates of mostly eosinophilic/oncocytic
cells were present within the septa. Deposits of dark brown
pigment (lipofuscin and hemosiderin) were focally present in
four cases. Dystrophic calcification was noted in four cases.
Necrosis was not present.

Tumors in the second group (3/10) had a more solid ap-
pearance due to arrangement of neoplastic cells in compressed
elongated tubules resembling a solid architectural appearance
(no true solid areas were seen) (Fig. 2). The whole tumor was

Table 1 Clinicopathologic data

Case Age (years) Sex Size (cm) Site color FU (years)
1 56 F 4.0 L Brown/yellow 19 AW

2 68 F 3.0 L Yellow 6 AW

3 70 M 5.0 R Pink/yellow 4 AW

4 64 F 12 R NA LFU

5 72 M 25 R Brown 2.5 AW

6 50 M 20.0 NA NA LFU

7 74 M NA NA NA LFU

8 67 M 3.7 R Dark brown 15 NED, then DOD
9 89 F 7.0 R Tan 1 AW

10 70 M 15 R Tan/gray 3 AW

M male, FF female, L left, R right, FU follow-up, AW alive and well, LFU lost for follow-up, NED no evidence of
disease, DOD death of other disease, NA not available
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Table 2  Basic morphological features
Case Architecture Percentage of cysctic Cell type (predominant) Capsule Calcifications Necrosis Pigment P grade
component (%)

1 cystic 80 Eosinophil P P A P 1
2 cystic 100 Pale cells A A A P 1
3 Cystic/aden 60 Pale cells A A A P 2
4 Slit-like 100 Eosinophil A A A A 1
5 Cystic 100 Pale cells A P. A A 2
6 Cystic/aden 80 Eosinophil P P A A 2
7 Cystic 100 Eosinophil P P A P 2
8 Slit-like 100 Eosinophil A A A A 2
9 Cystic/aden 70 Pale/Eosinophil A A A A 2
10 Slit-like/cyst 100 Eosinophil A A A P 1

P grade Paner grading, P present, A absent, aden adenomatous, eosinophil eosiniphilic cells

exclusively composed of tubules. Lumina of compressed
elongated tubules displayed a slit-like pattern. In all three
cases, the tumors were well-demarcated and without pseudo-
capsule. None of the cases showed necrosis or calcification,
while focal pigment deposits were present in one case (Fig. 3).

Results of immunohistochemical examinations are summa-
rized in Table 3. All tumors were positive for CK 7, OSCAR,
CD117, EMA, parvalbumin, antimitochondrial antigen, and
Pax 8. It should be noted that CK 7 positivity was moderate
to strong with a rather patchy pattern in seven cases.
Immunoreactivity for CD117 was diffuse but varied in inten-
sity, ranging from weak (three cases) to strong (four cases).
Proliferative activity as indicated by nuclear Ki67 staining

Fig. 1 Histotopogram showing multicystic nature of this rare
morphologic variant of chromophobe RCC
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was low (<1 %) in all cases. All tumors were negative for
vimentin, AMACR, CANH IX, estrogen and progesterone
receptors, TFE3, HMB45, cathepsin K, CD31, and CD34.

Table 4 presents aCGH results of the five cases suitable for
aCGH analysis. Multiple losses of chromosomes 1p, 2q, 6, 13,
17,21, and X were found in two cases. Three cases showed no
numerical chromosomal aberrations.

Discussion

Chromophobe renal cell carcinomas represent approximately
5 % of all renal cell carcinomas. They are usually well-
demarcated and composed of an admixture of smaller eosin-
ophilic cells and larger clear cells with prominent cell mem-
branes (leaf-like cells) (Fig. 4). The nuclei are usually irregu-
lar, with a raisinoid appearance and perinuclear clearing (halo)
(Fig. 5). Binucleated cells are not rare. Tumors are typically
arranged in a solid sheet-like pattern, separated by incomplete
vascular septa [11].

Two main morphological variants are traditionally recog-
nized: the classical variant demonstrating both cell types with

i
!

Fig. 2 Three tumors were composed of compressed cystic spaces/large
tubules
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Fig. 3 Deposits of dark brown pigment (lipochrome) were seen in 5/10
tumors

a solid-alveolar growth pattern and the eosinophilic variant
composed almost exclusively of smaller eosinophilic cells
[2]. Several additional morphological variants have been de-
scribed. The oncocytic variant is characterized by a solid mass
of proliferating cells with typical oncocytic cytoplasm and
minimal variation in size. Nuclei are round and centrally lo-
cated and a perinucelar halo is mostly absent. Nonetheless, the
immunohistochemical marker profile and pattern of numerical
chromosomal aberrations are characteristic of ChRCC [4].

The adenomatoid microcystic pigmented variant of
ChRCC has some features similar to those seen in our cases
[3. 5, 6]. The cystic areas contain a mixture of eosinophilic and
paler cells, both with the typical raisinoid nuclei and a
perinuclear halo. The adenomatous structures in the
adenomatoid microcystic pigmented variant are lined by
smaller cylindrical cells with basal nuclei. Complex architec-
ture and cribriform formations, similar to those seen in
intraductal carcinoma of the breast, can also be observed in
the adenomatoid microcystic pigmented variant of ChRCC, as
well as areas with prominent fibrous stroma. Raisinoid nuclear
shape has also been described in this variant. These cases
characteristically contain areas with light to dark brown pig-
mentation corresponding to lipochrome [5]. Tumors in our
series were multicystic even at low magnification. No com-
pact solid areas were noted and lipochrome deposits were seen
in four cases. We perceive multicystic ChRCC as the extreme
end of the morphologic spectrum of ChRCC with
adenomatoid microcystic pattern.

ChRCCs with neuroendocrine differentiation have been
recently described [8, 9, 12]. Although many cases of
ChRCC may show a neurondocrine-like morphological pat-
tern, few show true neuroendocrine differentiation by immu-
nohistochemical staining for neuroendocrine markers
(chromogranin, synaptophysin, CD56 and neuron-specific
enolase) or electron microscopy confirming neuroendocrine
granules. Cytologic features are not remarkably different from
classic ChRCC and from cases examined in this study.

Table 3 Results of immunohistochemical examination
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Table 4 Results of arrayCGH

Case ked aCGH

1 300 NP

2 300 NP

3 200 NP

4 400 Normal

5 400 =1p;=20;~6
6 600 Normal

7 200 NP

8 100 NP

9 600 =Ip=6;=13,-17,—21,—=X
10 600 Normal

aCGH array comparative genomic hybridisation, NP not performed,
Normal no chromosomal numerical abberations

Chromophobe carcinomas occasionally undergo sarcomatoid
differentiation, with high-grade transformation associated with
aggressive clinical course and unfavorable prognosis [13].
Histologically, these lesions can differentiate into heterologous
elements such as osteosarcoma, rhabdomyosarcoma,
chondrosarcoma, or even liposarcoma [14-19]. No sarcomatoid
differentiation was identified in our series.

Architecturally, our cases were all multicystic without solid
component but two different patterns emerged. A multicystic
appearance, with large cystic spaces, slightly irregular in shape
and size was found in seven cases while the other three appeared
rather compact at low magnification but at higher magnification
appeared to be composed of elongated compressed tubules and
cysts, resulting in growth pattern with slit-like spaces. Raisinoid
shape of nuclei, considered as landmark of all ChRCC, with
perinuclear clearing (halo) was a constant finding in all our
cases. Hence, cytologic features in were not different between
the two patterns (large cysts and slit-like cysts) and similar to
those of conventional ChRCC (Fig. 6).

Immunohistochemical stains performed in this series showed
a profile similar to that of conventional ChRCC [20-22]. Our
cases were positive for PAX 8, parvalbumin, antimitochondrial
antigen, and CD117. The latter has been suggested as a useful

Fig. 4 Tumor composed of predominantly eosinophilic neoplastic cells
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Fig. 5 Tumor composed of large pale cells with perinuclear halo and
raisinoid nuclei

stain to differentiate ChRCCs and oncocytomas from other renal
neoplasms [23] and was at least weakly positive in all cases. CK.
7 staining was patchy in 30 % and diffuse in 70 % but strong in
all cases. Of seven multicystic CHRCC with patchy CK 7 stain-
ing 2 were weakly but diffusely positive for CD117 while the
remaining cases were diffusely and strongly positive (Fig. 7).
These results are in concordance with those of previous studies
reporting CK 7 staining in approximately 76 % of ChRCC
(range 50-100 %). Focal CK 7 staining therefore does not ex-
clude a diagnosis of CHRCC [22, 24-26].

EMA and OSCAR were diffusely positive in all cases.
Actin staining was positive in the stroma of six tumors.

W gl ¥ 7

Fig. 6 a, b Large nuclei with wrinkled edge were constant finding in all
10 cases
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Fig. 7 a, b All tumors were positive for CK 7, as well as for CDI17

Ki67-based proliferation index was low (<1 %) in all cases.
Reactivity for other markers including hormone receptors
(ER/PR), melanocytic markers, TFE3, cathepsin K, and endo-
thelial markers was not observed in any case.

Previous molecular genetic studies performed on ChRCC
revealed some recurrent alterations which are now considered
a genetic hallmark for this entity. Multiple losses of chromo-
somes 1, 2, 6, 10, 13, 17, and 21 are usually detected in both
classic and eosinophilic ChRCC [27]. Furthermore, some
studies showed gains in chromosomes 4, 7, 15, 19, and 20
[28-31], but the significance of these numerical chromosomal
aberrations is not entirely clear. These findings do suggest,
however, that the spectrum of chromosomal anomalies of
ChRCC may be broader than as yet reported. In two of our
five cases suitable for arrayCGH analysis, we found multiple
losses of chromosomes 1p, 2q, 6, 13, 17, 21, and X while the
remaining three showed no numerical chromosomal aberra-
tions. Absence of chromosomal aberrations has been reported
for renal oncocytomas. Our three cases without chromosomal
aberrations were predominantly composed of eosinophilic
cells but raisinoid nuclei with perinuclear clearing were also
present and the immunohistochemical marker pattern these
cases was consistent with CHRCC. We emphasize that cases
of ChRCC with a normal numerical chromosomal status have
been reported previously in the literature [27, 32-36].

In the differential diagnosis of multicystic ChRCC, the fol-
lowing diagnoses should be considered: cystic/multicystic

variant of renal oncocytoma, multilocular cystic clear cell
carcinoma/neoplasm of low malignant potential (MCCCC),
granular/eosinophilic high-grade variant of clear renal cell car-
cinoma (CCRCC), tubulocystic renal cell carcinoma (TCRCC),
and mixed epithelial stromal tumor (MEST)/cystic nephroma
(CN).

The cystic/multicystic variant of renal oncocytoma has been
reported recently and also is included in the most recent WHO
classification [11, 37, 38]. Although such cases occasionally
show prominent cystic areas, foci of solid tumor with the typical
islets of oncocytic cells in a background of fibrotic stroma can be
easily identified, if sampling is adequate. Furthermore,
cytomorphologic features, notably raisinoid nuclei, perinuclear
clearing, and at least focal presence of a dual cell population
strongly point towards the diagnosis of ChRCC.

Multilocular cystic clear cell carcinoma/neoplasm of low
malignant potential (MCCCC) typically presents as a
multicystic lesion without conspicuous solid areas [11, 39].
The cysts are lined by low-grade clear cells (maximum grade
2 according to the ISUP grading system) with a variable
amount of usually pale cytoplasm or atrophic flattened epithe-
lium. Architecture of multilocular cystic clear cell carcinoma/
neoplasm is very similar to that of our tumors and yet, cyto-
logically, our cases differ significantly from MCCCC. Pale,
leaf-like cells as well as smaller oncocytic cells are completely
different from clear cell elements characteristic of MCCCC.
Further, raisinoid nuclei, which we easily encountered in our
cases, have never been described in MCCCC. In addition,
MCCCC expresses vimentin and CANH 9 but, as a rule, not
CK 7, parvalbumin, antimitochondrial antigen, or CD117 [11].

The granular/cosinophilic high grade variant of clear renal
cell carcinoma (CCRCC) are occasionally, at least focally, ar-
ranged in a multicystic pattern. High-grade CCRCCs usually
have architectural and cytological features different from
multicystic ChRCC. They mostly show alveolar or acinar
growth patterns with delicate thin-walled blood vessels and
abundant cytoplasmic lipid vacuoles and glycogen deposits [2,
40]. On the other hand, the typical ChRCC morphology (i.e.,
raisinoid nuclei with perinuclear clearing) is usually not ob-
served in typical CCRCC. Marker profiles are also different,
CCRCC expressing CANH 9, CD10, and vimentin, while
CD117 and CK 7 are usually negative, although CK7 can be
focally positive in up to 15 % of CCRCC.

Tubulocystic renal cell carcinoma (TCRCC) presents
grossly as a solid or spongy mass. On microscopic examina-
tion, the lesion shows multiple cystic spaces lined by a single
layer of flat, cuboidal, or low columnar cells. These cells have
a moderate amount of eosinophilic cytoplasm and can show a
hobnail appearance [41—43]. In contrast, the cystic areas in
cystic ChRCC are lined by larger cells with wide, usually
eosinophilic cytoplasm and typical irregular nuclei. The neo-
plastic cells in TCRCC are usually monotonous while tumor
cells in ChRCC can show some degree of polymorphism, with
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presence of both eosinophilic and leaf-like cells. TCRCC is
usually positive for CK 18, CK 19, EMA, CD10, high molec-
ular weight cytokeratin 34betaE12, and vimentin, while neg-
ative for CK7 [44]. Genome abnormalities of both entities are
also different, TCRCC displaying mainly gains of chromo-
somes 7 and 17 [11, 45] although TCRCC with normal nu-
merical chromosomal status have been reported recently [46].

Another renal tumor presenting with predominantly cystic
morphology is mixed epithelial stromal tumor (MEST)/cystic
nephroma (CN) [47, 48]. The currently accepted concept is that
CN of adult onset and MEST are the same tumor at the two
ends of the morphological spectrum of a single entity. This
concept is supported not only by clinical data but also by mor-
phology and molecular genetic analyses [11]. These tumors
mostly occur in perimenopausal women. Histologically,
MEST is defined as a dimorphic tumor with an epithelial com-
ponent lining cystic structures embedded in a spindle cell
Mullerian type of stroma [49]. The stromal component is usu-
ally of ovarian type and typically expresses estrogen and pro-
gesterone receptors, as well as desmin, smooth muscle actin,
and vimentin. Of note, pediatric CN is a completely different
tumor, unrelated to MEST. Of our 10 patients, 4 were female
and none of the tumors showed morphologic features resem-
bling Mullerian differentiation. In addition, the cytological fea-
tures of cystic ChRCC in our series were different from the cell
populations described in MEST. Immunoreactivity for estrogen
or progesterone receptors was not noted.

We conclude that in rare cases, ChRCC displays a promi-
nent multicystic pattern which we perceive as an extreme form
of the microcystic adenomatoid pigmented variant of ChRCC.
The immunophenotype of multicystic ChRCC is identical to
that of conventional ChRCC but its differential diagnosis is
quite different from that of conventional ChRCC. Its pattern of
numerical chromosomal aberrations is variable and in three
cases, none were found. All our cases have shown an indolent,
non-aggressive behavior.
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KOMPARATIVNI STUDIE MUTACNI ANALYZY GENU TERT MEZI VZORKY
MOCI ZPRACOVANYMI METODOU LIQUID BASED CYTOLOGIE A VZORKY
TUMORU MOCOVEHO MECHYRE ZPRACOVANYMI STANDARDNI
PARAFINOVOU TECHNIKOU

Karcinom moc¢ového méchyfe je znamy svoji tendenci k recidivdm. Standardni
follow-up metodu piedstavuje cytologie, ultrasonografie a cystoskopie. Detekce mutace genu
TERT v relativné vysokém poctu urotelidlnich karcinomti rtizného typu zpracovanych
parafinovou technikou nahravd mysSlence, ze by tyto mutace mohly byt rozpoznany i
v neoplastickych buiikach zachycenych v moci odebrané na cytologické vySetieni, tedy pro
pacienta mén¢ zatézujici neinvazivni procedury.

Ugelem naseho vyzkumu bylo porovnat zachyt mutace genu TERT ve vzorcich modi
zpracovanych metodou liquid based cytologie (LBC) s nasledné odebranymi vzorky tumoru
mocového meéchyfe zpracovanymi parafinovou technikou. Do studie bylo zatazeno 29
pacientll, od kterych jsme méli k dispozici LBC moci a parafinové bloky neoplastické tkané
mocového méchyte ziskané transuretralni resekci. Mutace genu TERT byla v obou typech
vzorkll vySetfena za pouziti Sanger sekvenovani a next generation sequencing (NGS;
sekvenovani nové generace).

Vysledkem nasi studie byla 100% shoda mezi LBC odbérem a parafinovym vzorkem
u high grade urotelidlnich karcinomt, avSak u low grade 1ézi byla komparativni analyza
nespolehliva. Nase vysledky nasvédéuji tomu, Ze analyza mutace genu TERT (z LBC) miize
byt spiSe prospésna pro screening pacientd s jiz diagnostikovanym TERT pozitivnim (detekce
Z histologického vzorku) urotelidlnim karcinomem, nez jako spolehliva metoda pro
prvozachyt urotelidlni malignity. Zaroven je tieba zduraznit, Ze nikoliv u vSech urotelidlnich
karcinomli byla prokazana mutace genu TERT (pouze u 72% urotelidlnich karcinomi
zatazenych do této studie bylo TERT mutovanych) a negativni vysledek mutacni analyzy
TERT tak nevylucuje ptitomnost urotelialni neoplastické léze.
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ARTICLE INFO ABSTRACT

Keywords: Noninvasive reliable urine-based screening method for detection of urothelial carcinoma (UC) is still highly elusive.
Voided urine cytology Recently, studies have shown the presence of telomerase reverse transcriptase (TERT) gene mutation in a high
liquid-based cytology number of UCs. This finding can be used as a marker in screening voided urine samples. The aim of this study
Histology was to assess sensitivity of TERT mutation in detecting UC between liquid-based cytology (LBC) voided urine and
Urothelial carcinoma formalin-fixed, paraffin-embedded neoplastic tissue (FFPE). Voided urine of 29 patients was collected before

TERT gene mutation analysis surgery via LBC. Subsequently, neoplastic tissue from transurethrally resected tumors of the same patients was

analyzed. Both LBC and paraffin-embedded tissues were analyzed independently for the TERT gene mutation
using Sanger sequencing and next-generation sequencing. Using Sanger sequencing, TERT mutation was detected
in 17 of 29 samples of voided urine, whereas 4 cases showed weak positivity. Of 17 patients with TERT mutation, 6
had mutation in C250T and 11 in C228T. Using next-generation sequencing, 19 of 28 LBC (1 case was not suitable for
analysis) were positive for TERT mutation, of which 5 contained C250T mutation and 14 had C228T
mutation. Sanger sequencing was performed in all 29 resected UC cases. TERT gene mutation was found in
21 cases in FFPE, for which 6 tumors had mutation in C250T, and C228T mutation was found in the remaining 15
tumors. TERT promoter mutation is not positive in all UCs, and that negative result in LBC samples does not exclude
the possibility of UC. It is evident from our results that there is 100% agreement of results between the material from
FFPE and the corresponding LBC material in cases of high-grade UC. In contrary, the agreement rate between results
of FFPE and LBC material (analyzed by Sanger sequencing or next-generation sequencing) varied in low-grade
lesions. The use of such a test is more clinically relevant for detecting recurrence in the surveillance setting such
as known UC patients with associated TERT promoter mutation ( from routine-processed histologic samples).

© 2016 Elsevier Inc. All rights reserved.

1. Introduction main difference between the 2 methods is in processing of the material.
Both methods serve, among others, to detect neoplastic cells in urine, but
Voided urine cytology is used for screening patients with hematuria, their predictive value is very limited, especially for detecting low-grade

follow-up in patients with known urothelial carcinoma (UC), and detec- UC. Therefore, cystoscopy still remains the standard method for the
tion of “flat” lesions (ie, UC in situ). Two types of cytologic techniques detection of early low-grade bladder neoplasms,
used for voided urine screening include conventional cytology (CC) Great efforts have been expended on exploring urine-based tests/

and the relatively new technique liquid-based cytology (LBC). The biomarkers for the noninvasive detection of UC, with particular success
being achieved measuring tumor-specific nucleic acid variants. Two of

the most frequently mutated genes in bladder cancer with point

* The study was supported by the Charles University Research Fund (project number mutation hotspots are FGFR3 and TERT, which have been assessed as

P36) and by Institutional Rescarch Fund FN 00569806, o biomarkers for detecting UC in urinary DNA in different studies [1].
Disdosure of conflict of interest: All authors declare no conflict of interest. The TERT promoter is mutated in approxirnately 65% of bladder tumors
* Corresponding author at: Department of Pathology, Charles University, Medical Faculty ) A
and Charles University Hospital Plzen, Alej Svobody 80, 304 60, Pilsen, Czech Republic. regardless of stage and grade and represents the best single biomarker
E-mail address: hes@medima.cz (0. Hes). for UC for detecting primary bladder tumors [1].

http://dx.doi.org/10.1016/j.anndiagpath.2016.06.002
1092-9134/© 2016 Elsevier Inc. All rights reserved.
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We designed a comparative study to assess sensitivity of TERT muta-
tion in detecting UC between LBC voided urine and formalin-fixed,
paraffin-embedded (FFPE) neoplastic tissue.

2. Materials and methods

Twenty-nine patients who suspected to have either primary or recur-
rence UC were prospectively enrolled in the study. These patients had
abnormal finding during dispensary cystoscopy (patients with recurrent
UC) and/or had positive findings on ultrasonography or computed tomo-
graphic scan with initial presentation of macroscopic hematuria.

Voided urine was collected before surgery and fixed using LBC tech-
nique. Subsequently, transurethral resection of neoplastic tissue was
performed and was fixed in 4% formaldehyde and embedded in paraffin
using routine procedures. Two-micrometer-thin sections were cut and
stained with hematoxylin and eosin. Grading system according to the
1973 World Health Organization (WHO) as well as the most recent
2016 WHO classification was used in all cases [2,3].

Both samples from LBC and FFPE tissues were analyzed independently
for the TERT gene mutation using Sanger sequencing (SS) and next gener-
ation sequencing (NGS).

2.1. DNA extraction and quality control

DNA from FFPE tissue was extracted using a QIAsymphony DNA Mini
Kit (Qiagen, Hilden, Germany) on the automated extraction system
(QlAsymphony SP; Qiagen) according to the manufacturer's supplemen-
tary protocol for FFPE samples (purification of genomic DNA from FFPE
tissue using the QlJAamp DNA FFPE Tissue Kit and Deparaffinization Solu-
tion). The content of each LBC vial was centrifuged at 600g for 10 minutes,
the pellet was resuspended in 600 L of phosphate-buffered saline, and
DNA was isolated using the QIAsymphony DNA DSP mini kit. Concentra-
tion and purity of isolated DNA were measured using NanoDrop ND-1000
(NanoDrop Technologies Inc, Wilmington, Delaware). DNA integrity was
examined by amplification of control genes in a multiplex polymerase
chain reaction (PCR) [4].

2.2. Mutation analysis by 5SS

Mutation analysis of part of TERT promoter was performed using
PCR and direct sequencing. Polymerase chain reaction was carried out
using primers shown in Table 1. The reaction conditions were as follows:
12.5 pL of HotStar Taq PCR Master Mix (Qiagen), 10 pmol of each primer
(Table 1), 10 ng of template DNA, and distilled water up to 25 pL. The
amplification program consisted of denaturation at 95°C for 15 minutes
and then 40 cycles of denaturation at 95°C for 1 minute, annealing at
65°C for 1 minute, and extension at 72°C for 1 minute. The program
was finished with 72°C incubation for 7 minutes. The PCR products
were checked on 2% agarose gel electrophoresis. Successfully amplified
PCR products were purified with magnetic particules Agencourt AMPure
(Agencourt Bioscience Corporation, A Beckman Coulter Company,
Beverly, Massachusetts). Products were then bidirectionally sequenced
using Big Dye Terminator Sequencing kit (Life Technologies, Foster
City, California), purified with magnetic particules Agencourt CleanSEQ
(Agencourt Bioscience Corporation), all according to the manufacturer’s
protocol, and run on an automated sequencer ABI Prism 3130xl (Life
Technologies) at a constant voltage of 13.2 kV for 11 minutes.

Table 1
Primers used for amplification of hotspot TERT mutation [23]

Name Primer sequence 5'-3'
TERT-F2 CACCCGTCCTGCCCCTTCACCTT
TERT-R2 GGCTTCCCACGTGCGCAGCAGGA

2.3. Mutation analysis by NGS

Targeted sequencing of LBC urine samples was performed on the lon
Torrent PGM platform (Life Technologies) with Hi-Q Sequencing Kit
(Life Technologies). Sequencing library was prepared by ligation of
adapters to the same PCR products that were used for SS using lon
Plus Fragment Library Kit (Life Technologies).

Sequencing data were processed by the Torrent Suite Software
V5.0.2 and analyzed via the Integrative Genomics Viewer. The minimum
coverage depth for each sample was set to 500 x with the cutoff value
for positive samples set to 2.5% [1].

3. Results

Table 2 presents clinicopathologic data on 29 patients enrolled in this
study. Thirteen patients had recurrent UC, whereas 16 were newly diag-
nosed UC cases. Patients' age ranged from 35.2 to 87.4 (median, 69 years;
mean, 68.6 years), with 26 being male and 3 female.

Urothelial carcinoma was confirmed histologically in all 29 cases.
Pathologic staging included pTa in 19 cases, pT1 in 9 cases, and pT2a in
1 case. Grade 1 (WHO 1973) or low-grade (WHO 2016) was found in
14 cases, grade 2 (WHO 1973) or low-grade (WHO 2016) in 5 cases,
and grade 3 (WHO 1973) or high-grade (WHO 2016) in 10 cases [2,3].

Results of molecular genetic analyses are summarized in Table 3. De-
tection of TERT mutation in LBC was performed in all 29 cases—using
both SS and NGS methods. Sanger sequencing detected TERT mutation
in 17 of 29 cases (4 case with weak positivity). Six of 17 mutation
C250T, and 11 of 17 had mutation C228T. Analysis with NGS methods
was performed in 28 LBC (1 case was not suitable for analysis), which
demonstrated positivity in 19 cases. Five of 19 LBC contained C250T mu-
tation and 14 of 19 had C228T mutation. Sanger sequencing of FFPE was
performed in all 29 cases and showed TERT gene mutation in 21 cases.
Six of 21 tumors had mutation in C250T, and C228T mutation was
found in 15 of 21 tumors.

Among the low-grade UC cases, TERT mutation was detected in 13 of
19 FFPE specimens, with concurrently positive cases in 9 of 19 LBC
samples (using SS), and 11/18 LBC specimens (using NGS). Among the
high-grade UC patients, positive TERT mutation was found in 8 of
10 cases, with similar findings for corresponding LBC materials.

Among the newly diagnosed low-grade UC cases, TERT mutation was
found in 7 of 12 cases using FFPE tissue. Concurrent positive with TERT
mutation were identified in 6 of 12 LBC samples using SS and 6 of 11
LBC materials using NGS. For low-grade recurrent UC cases, 6 of 7 pa-
tients were found to have TERT mutation using FFPE tissue. This corre-
sponds to 3 of 7 LBC materials using SS and 5 of 7 LBC samples using
NGS, concurrently. Furthermore, TERT mutation was found in 3 of 4
newly detected high-grade UC and in 5 of 6 cases of recurrent high-
grade UC via FFPE tissue as well as corresponding LBC materials.

4. Discussion

Urothelial carcinoma is the seventh most common neoplasm world-
wide, with an estimated global incidence of 330 380 new cases in 2012,
Mortality rate differs by sex, with 2 to 10 deaths per 100 000 males per
year and 0.5 to 4 deaths per 100 000 females per year [3]. The high recur-
rence rate of UC presents constant challenge for urologists and stress for
the patients. Standard follow-up procedure comprises voided urine
cytology, ultrasonography, and cystoscopy. However, less invasive pro-
cedures are highly in demand for years. Conventional cytology provides
relatively good results in the diagnosis of high-grade tumors, with a
sensitivity of 79% and a much higher specificity up to 100%. Conventional
cytology in cases of low-grade UC has a sensitivity of 25% to 45% and a
spedificity of 98% [5-7]. Despite this, more sensitive and reliable methods,
which would be comparable to cystoscopic findings, are desirable.

In recent years, attention has been directed toward TERT gene muta-
tion, The mutations of TERT gene have been detected in several human
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Clinicopathologic information of patients with UC
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Case Sex Age (y) Newly detected Clinical presentation ‘WHO 1973/WHO TNM 09: stage
UC/recurrence of UC 2016: grade

1 M 69 Newly detected UC MAH 206G pT1
2 M 69 Newly detected UC MAH, CSK 3/HG pTa
3 M 35 Newly detected UC UsG 11G pTa
4 M 76 Recurrence MAH, USG 3/HG pT1
5 M 67 Recurrence USG, CSK 3/HG pT1
6 M 62 Newly detected UC MAH, USG 1/LG pTa
7 M 84 Recurrence CSK 3MG pT1
8 M 87 Recurrence CSK 3/HG pT2a
9 M 75 Recurrence Miction impairment, USG 3/HG pT1
10 M 72 Newly detected UC MAH, CSK 1/LG pTa
11 M 66 Newly detected UC MAH, MRI with tumorous mass 2/LG pTa
12 M 64 Recurrence MAH, USG 11.G pTa
13 M 77 Recurrence MAH, CSK 11.G pT1
14 F 62 Newly detected UC MAH, USG 3MG pT1
15 M 75 Recurrence AC 11G pTa
16 M 63 Recurrence MAH, USG 11.G pTa
17 F 58 Newly detected UC MAH, USG 2/G pTa
18 M 69 Recurrence MAH, CSK 2/LG pT1
19 M 65 Newly detected UC MAH, USG, CSK 1/LG pTa
20 M 74 Recurrence MAH, CSK 114G pTa
21 M 72 Newly detected UC Dysuria, MAH, CT 3/HG pT1
22 M 74 Newly detected UC MAH, CSK 114G pTa
23 M 58 Newly detected UC CSK 3/HG pTa
24 M 69 Recurrence MAH, USG 1/1.G pTa
25 F 62 Newly detected UC MAH, USG, CSK 1/LG pTa
26 M 86 Newly detected UC usG 2/LG pTa
27 M 84 Recurrence MAH 3/HG pTa
28 M 62 Newly detected UC usG 114G pTa
29 M 54 Newly detected UC USG, CSK 11G pTa

Abbreviations: AC, abnormal cytologic finding; CSK, abnormal cystoscopy findings; CT, computed tomography; F, female; HG, high grade; LG, low grade; M, male; MAH, macroscopic
hematuria; MRI, magnetic resonance imaging; USG, suspect ultrasonography finding.

neoplasms including sporadic and familial melanoma, gliomas, thyroid,
and bladder cancer [8]. Telomerase is an RNA-dependent DNA polymerase
that synthesizes telomeric DNA [9]. The main function of telomeres is to

Table 3
Results of molecular genetic analyses of FFPE and LBC samples

Case SS of FFPE SS of LBC material NGS of LBC material
1 +C250T +C250T +C250T (18%)
2 +C250T +C250T +C250T (58%)
3 — — —

4 +C250T +C250T +C250T (66%)
5 +C228T +C228T* +C228T (15%)
6 +C228T + (2281 +C228T (14%)
7 +C228T +C228T +C228T (63%)
8 +C228T -+ C228T* +C228T (13%)
9 +C228T +C228T +C228T (57%)
10 — — —

11 +C228T +C228T +C228T (42%)
12 +C228T +C228T +C228T (41%)
13 +C228T +C228T +C228T (66%)
14 - - -

15 - - -

16 +C228T — +C228T (4%)
17 +C228T +C228T* +C228T (12%)
18 +C228T +C228T +C228T (45%)
19 +C250T +C250T +C250T (25%)
20 +C228T — +C228T (4%)
21 +C228T +C228T +C228T (63%)
22 +C228T - +C228T (7%)
23 +C250T +C250T +C250T (80%)
24 +C228T — —

25 — — —

26 - - -

27 - - -

28 - - -

29 +C250T +C250T NP

Abbreviation: NP, not performed.
2 Weak positivity, — negative, + positive.

preserve chromosome integrity and genome stability by preventing the
chromosome end from degradation. Telomerase activity is reactivated
in up to 90% of human cancers, and it allows proliferating cancer cells
to maintain telomere length [ 10]. TERT is catalytic subunit of telomerase
complex, and the TERT protein is limiting for activity of telomerase
[8,9,11,12]. The TERT gene consists of 16 exons spanning 35 kb [9], located
on chromosome 5 [8].

The TERT gene mutations seem to be the most frequent somatic mu-
tations in tumors of the urinary bladder. The mutations occur with similar
frequency, regardless of stage or grade, and are not associated with prog-
nosis [8,13,14]. The presence of the TERT promoter mutations was shown
in different subtypes of UC such as small cell carcinoma of the bladder
[15], the nested variant of UC [16], UC with glandular differentiation
[17], and squamous carcinoma of the urinary bladder [18]. A recent
study also described the presence of TERT promoter mutation in a small
percentage (15%) of inverted papillomas [19]. On the other hand, the
TERT promoter mutation was not found in other benign lesions of the
urinary bladder [16,17]. Similarly, the TERT promoter mutation was not
identified in primary bladder adenocarcinoma [17].

Disclosure of TERT gene mutation in a relatively high number of UCs
and their different subtypes raised the possibility of detecting the TERT
gene mutation in neoplastic cells present in voided urine in patients
with bladder cancer.

Conventional cytology is widely used as a noninvasive diagnostic/
screening test. It is used for long-term observation of patients after
transurethral resection of bladder tumor or as a screening test for pa-
tients presenting with microscopic/macroscopic hematuria. This test
has high specificity, but its sensitivity is limited [20,21]. The sensitivity
and even specificity of CC are very high in high-grade urothelial lesions;
however, it poorly performs in identifying low-grade urothelial neo-
plasms. There are studies that investigated the detection of TERT muta-
tion in voided urine processed via conventional cytologic techniques.
Allory et al [9] showed that urine can be used for the detection of
TERT mutation, with a sensitivity of 62% at initial diagnosis and 42% at
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recurrence. This high frequency of hotspot mutations renders TERT a
very attractive target for diagnosis of bladder tumors, using voided
urine [1,13].

Liquid-based cytology is a more efficient alternative cytologic
method to CC. The second most commonly used platforms for urine
LBC are ThinPrep and MonoPrep2. The LBC urine sample is processed
differently from voided urine by preparing a uniform thin cellular
monolayer with no cellular overlap. This method also provides a rela-
tively clean background without obscuring elements and enhanced cel-
lular preservation [21]. Because the urine sample is placed directly in
cytofixative, it provides better preservation of the cellular material
which can be further used for immunohistochemical and/or molecular
genetic testing [22].

Laucirica et al [22] reported statistically higher detection rate of UC
using ThinPrep cytology compared with conventional preparation.

We used ThinPrep LBC urine samples to detect TERT promoter muta-
tion and subsequently compared it with TERT promoter mutation in
FFPE neoplastic tissues, Sanger sequencing on FFPE and LBC samples
demonstrated TERT gene mutation in 21 (72.4%) of 29 FFPE samples
and 17 (58.6%) of 29 LBC materials, respectively. The NGS method
showed positive TERT mutation in 19 (67.8%) of 28 LBC samples. We
compared the results of SS on FFPE with that of NGS on LBC materials
(which is of course more sensitive than SS of LBC), demonstrating an
agreement of 95% between these 2 different types of materials. This
led us to conclude that in tumors with previously demonstrated TERT
mutation, NSG of LBC material can be used as a noninvasive method
for dispensary of patients with recurrent UC.

In our study, we detected TERT mutation in 13 of 19 cases in FFPE
tissue, 9 of 19 of LBC specimens using SS, and 11 of 18 LBC specimens
using NGS in patients with low-grade lesions. Positivity of TERT muta-
tion was confirmed in 8 of 10 cases of high-grade UC (in FFPE tissue
and LBC material). Two of 10 cases of high-grade UC were negative for
TERT mutation.

This study faced a number of limitations. We examined a relatively
small number of patients with narrow spectrum of examined types of
the lesions. We did not use series of samples from healthy patients as
negative control, considering that the aim of the study was to compare
sensitivity of examining LBC vs FFPE material in detecting UC. Neverthe-
less, our findings clearly showed that not only there are differences
between LBC and FFPE materials, but also the quality of test results is
influenced by method of sequencing (SS vs NGS).

In conclusion, it is very crucial to note that not all UCs are positive for
TERT promoter mutation (in our study, 72% of UC had the mutation) and
that a negative finding does not exclude the possibility of UC.

It is evident from our results that there is 100% agreement of re-
sults between the material from FFPE and the corresponding LBC
material in cases of high-grade UC. In contrary, the agreement rate
between results of FFPE and LBC material (analyzed by SS or NGS)
varied in low-grade lesions.

Furthermore, our findings suggest that TERT promoter mutation can
be helpful in screening known UC patients with associated TERT pro-
moter mutation from a routine-processed histologic sample. In other

words, the use of such a test is more clinically relevant for detecting
recurrence in the surveillance setting.

References

[1] Ward DG, Baxter L, Gordon NS, Ott S, Savage RS, Beggs AD, et al. Multiplex PCR and
Next Generation Sequencing for the Non-Invasive Detection of Bladder Cancer. PLoS
One 2016;11:e0149756.

[2] Mostofi FK, Sobin LH, Torloni H. International histological classification of tumors.
Geneva: World Health Organization; 1973.

[3] Moch H, Humphrey PA, Ulbright TM, Reuter VE. WHO classification of tumours of
the urinary system and male genital organs. Lyon: IARC; 2016.

[4] van Dongen J], Langerak AW, Briiggemann M, Evans PA, Hummel M, Lavender FL,
et al. Design and standardization of PCR primers and protocols for detection of
clonal immunoglobulin and T-cell receptor gene recombinations in suspect
lymphoproliferations: report of the BIOMED-2 Concerted Action BMH4-CT98-
3936. Leukemia 2003;17:2257-317.

[5] Bastacky S, Ibrahim S, Wilczynski SP, Murphy WM. The accuracy of urinary cytology
in daily practice. Cancer 1999;87:118-28.

[6] KossLG, Deitch D, Ramanathan R, Sherman AB. Diagnostic value of cytology of voided
urine. Acta Cytol 1985;29:810-6.

[7] Raab SS, Lenel JC, Cohen MB. Low grade transitional cell carcinoma of the bladder.
Cytologic diagnosis by key features as identified by logistic regression analysis. Cancer
1994;74:1621-6.

[8] Vinagre ], Pinto V, Celestino R, Reis M, Pépulo H, Boaventura P, et al. Telomerase pro-
moter mutations in cancer: an emerging molecular biomarker? Virchows Arch
2014;465:119-33.

[9] Cong YS, Wen ], Bacchetti S. The human telomerase catalytic subunit hTERT: organiza-
tion of the gene and characterization of the promoter. Hum Mol Genet 1999;8:137-42.

[10] Kyo S, Takakura M, Fujiwara T, Inoue M. Understanding and exploiting hTERT promoter
regulation for diagnosis and treatment of human cancers. Cancer Sc 2008;99:1528-38.

[11] Nandakumar J, Cech TR. Finding the end: recruitment of telomerase to telomeres.
Nat Rev Mol Cell Biol 2013;14:69-82.

[12] Cifuentes-Rojas C, Shippen DE. Telomerase regulation. Mutat Res 2012;730:20-7.

[13] Allory Y, Beukers W, Sagrera A, Fldndez M, Marqués M, Marquez M, et al. Telomerase
reverse transcriptase promoter mutations in bladder cancer: high frequency across
stages, detection in urine, and lack of association with outcome. Eur Urol 2014;65:
360-6.

[14] Hurst CD, Platt FM, Knowles MA. Comprehensive mutation analysis of the TERT
promoter in bladder cancer and detection of mutations in voided urine. Eur Urol
2014;65:367-9.

[15] Zheng X, Zhuge ], Bezerra SM, Faraj SF, Munari E, Fallon 1l JT, et al. High frequency of
TERT promoter mutation in small cell carcdnoma of bladder, but not in small cell car-
cinoma of other origins. ] Hematol Oncol 2014;7:47.

[16] Zhong M, Tian W, Zhuge ], et al. Distinguishing nested variants of urothelial carcinoma
from benign mimickers by TERT promoter mutation. Am ] Surg Pathol 2015;39:127-31.

[17] Vail E, Zheng X, Zhou M, et al. Telomerase reverse transcriptase promoter mutations
in glandular lesions of the urinary bladder. Ann Diagn Pathol 2015;19:301-5.

[18] Cowan M, Springer S, Nguyen D, et al. High prevalence of TERT promoter mutations in
primary squamous cell carcinoma of the urinary bladder. Mod Pathol 2016;29:511-5.

[19] Cheng L, Davidson DD, Wang M, et al. Telomerase reverse transcriptase (TERT)
promoter mutation analysis of benign, malignant and reactive urothelial lesions
reveals a subpopulation of inverted papilloma with immortalizing genetic change.
Histopathology 2015.

[20] Lotan Y, Roehrborn CG. Sensitivity and specificity of commonly available bladder
tumor markers versus cytology: results of a comprehensive literature review and
meta-analyses. Urology 2003;61:109-18 [discussion 118].

[21] Hwang EC, Park SH, Jung SI, Kwon DD, Park K, Ryu SB, et al. Usefulness of liquid-
based preparation in urine cytology. Int ] Urol 2007;14:626-9.

[22] LaudiricaR, Bentz JS, Souers R, Wasserman PG, Crothers BA, Clayton AC, et al. Do liquid-
based preparations of urinary cytology perform differently than classically prepared
cases? Observations from the College of American Pathologists Interlaboratory Compar-
ison Program in Nongynecologic Cytology. Arch Pathol Lab Med 2010;134:19-22.

[23] Wang K, LiuT, Ge N, Liu L, Yuan X, Liu ], et al. TERT promoter mutations are associ-
ated with distant metastases in upper tract urothelial carcinomas and serve as uri-
nary biomarkers detected by a sensitive cast PCR. Oncotarget 2014;5:12428-39.

148



PRITOMNOST PENITYCH BUNEK (NAPODOBUJICICH HIBERNOM) JE
VZACNYM RYSEM RENALNICH KARCINOMU

Pénité bunky nebo mikrovakuolizace cytoplazmy prototypické pro hibernom se
mohou vyskytnout v Sirokém okruhu riznych neoplazii, nejcastéji v prostatickém
adenokarcinomu,  sebacedznich a  adrenokortikalnich ~ tumorech,  pleomorfnim
xantoastrocytomu, vzacné i v mnoha dalSich tumorech.

V nasi studii pfindSime popis deviti hibernomu podobnych renalnich karcinomi (RK)
se  signifikantni  komponentou neoplastickych  epitelovych  bun€k s népadnou
mikrovakuolizovanou cytoplazmou. Sedm tumord bylo klasifikovano jako papilarni RK,
NOS, zbyvajici 2 byly zatazeny jako neklasifikované RK. VSechny tumory byly vySetieny
elektronovou mikroskopii, imunohistochemicky (napf. adipophilin, MIA, CD68, CK7,
AMACR, CANH, CD10, HMB45) a molekularné geneticky (analyza SDHB genové mutace
pomoci PCR a nésledného piimého sekvenovani). Ultrasktukturdlné jsme v cytoplazmé
hibernoma-like bunék mohli pozorovat mitochondrie a mikrovezikly. VSechny ptipady
vykazovaly signifikantni IHC pozitivitu s adipophilinem a antimitochondrialni protilatkou
(MIA), zaroven bylo potvrzeno, ze hibernoma-like buiky jsou epitelie a nikoliv makrofagy
(pozitivni, resp. negativni reakce s cytokeratiny a CD68). Jelikoz 2/9 tumort, diagnostikované
jako neklasifikované RK, vykazovaly solidn¢ alveolarni a nikoliv papilarni architektoniku,
spole¢né s pfitomnosti bublinovité cytoplazmy se nabizela moznost, Ze by se mohlo jednat
SDHB deficientni RK. Avsak IHC ani molekularni analyza tuto domnénku nepotvrdily.

Na zakladé naSich vysledkl se domnivame, ze mikrocysticky, hibernoma-like vzhled
popisovanych RK je dan abnormalnim intracelularnim zpracovanim lipida. IHC byly vSechny
tumory kompatibilni s renalni neoplazii a jednalo se o malé tumory (primérna velikost 4,2
cm) omezené na ledvinu, coz vylucuje, Ze by zde prezentované piipady mohly byt zaménény
za sekundarni infiltraci parenchymu ledviny primérnim retroperitonedlnim dobfe
diferencovanym liposarkomem ¢i adrendlnim kortikalnim karcinomem.
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Abstract We report nine patients (seven males and two fe-
males, median age 64 years (range 51-79 years)) with a renal
cell carcinoma, each of which contained a significant compo-
nent of neoplastic epithelial cells with a striking
microvacuolated (hibernoma-like) cytoplasmic appearance.
Tumor sizes ranged from 1.5 to 8.0 cm (mean 4.2 cm, median
4.3 cm). The basic architecture of the tumors was solid-
alveolar in two cases (classified as renal cell carcinoma-not
otherwise specified (NOS)) and papillary in seven cases (clas-
sified as papillary renal cell carcinoma NOS). The nuclear
grade according to the Fuhrman grading system was three in
all cases. By immunohistochemistry, the cells with
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microvacuolated cytopasm and significantly expressed
adipophilin and anti-mitochondrial antigen in a similar cyto-
plasmic pattern. On ultrastructural examination, the cyto-
plasm of the neoplastic epithelial cells was packed with
distended mitochondria, most of which displayed
lamellated cristae. Numerous microvesicles were dispersed
between the mitochondria. No mutations in the succinate
dehydrogenase B gene were identified. Based on our
findings, we propose that the mechanism behind this
phenomenon is an abnormal intracellular processing of
lipids. No aggressive behavior was observed in six out
of nine patients with available follow-up information.
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Introduction

Foamy or microvacuolated cytoplasmic features have been de-
scribed in a wide range of different neoplasms. Most commonly,
this is present in some prostatic adenocarcinomas, hibernoma,
sebaceous and adrenocortical tumors, pleomorphic
xanthoastrocytoma, and Erdheim-Chester disease. On rare occa-
sions, it can also be seen in ductal adenocarcinoma and endo-
crine neoplasms of the pancreas [3, 4], pancreatic intraepithelial
neoplasia [2], neuroendocrine tumors of the appendix [5], cuta-
neous angiosarcoma [18], hepatocellular carcinoma [13], ac-
quired cystic disease-associated (ACDA) renal cell carcinoma
(RCC) [1], and sclerosing polycystic adenosis of salivary glands
[15]. We report nine cases of non-ACDA-RCC which displayed
a significant component of neoplastic epithelial cells with a
striking microvacuolated (hibernoma-like) cytoplasmic appear-
ance. Such structures are highly unusual for renal cell carcino-
mas. The cytoplasm of all nine cases contained a similar type of
microvacuoles, which have been studied in detail by electron
microscopy. Results were further validated using immunohisto-
chemical examination (antibodies against mitochondrial antigen
(MIA) and adipophilin among others). Adipophilin has been
used as a marker for lipid droplet accumulation. MIA (113-1)
recognizes a 60-kD antigen of human mitochondria and has
been useful in identification of mitochondria.

Material and methods

Out of 17,000 renal tumors and tumor-like lesions in the
institutional and consultation files of Sikl’s Department of
Pathology, Charles” University, Plzen, Czech Republic, nine
cases of RCC displayed a significant component of neoplastic
cells with a distinct foamy, microvacuolated character of the
cytoplasm. Of these nine cases, seven cases had been diag-
nosed as papillary renal cell carcinoma NOS (PRCC) and two
cases as unclassified RCC. The tissue had been fixed in neutral
formalin and embedded in paraffin; 4- to 5-pum thick sections
were cut and stained with hematoxylin and eosin (H&E).

Immunohistochemistry

The following primary antibodies were employed: cytokeratins
(CAM 5,2, monoclonal, Becton-Dickinson, San Jose, CA, USA,
1:200; AE1-AE3, monoclonal, Biogenex, San Ramon, CA,
USA, 1:1,000; cytokeratin 7 OV-TL12/30, monoclonal,
DakoCytomation, 1:200; OSCAR, monoclonal, Covance, Herts,
UK, 1:500), CD10 (56C6, Novocastra, Burlingame, CA, USA,

@ Springer

1:20), racemase/AMACR (P504S, monoclonal, Zeta, Sierra
Madre, CA, USA, 1:50), vimentin (D9, monoclonal,
Neomarkers, Westinghouse, CA, USA, 1:1,000), anti-
mitochondrial antigen (113—1, monoclonal, Biogenex, 1:800),
Ki-67 (MIB1, monoclonal, Dako, Glostrup, Denmark, 1:1,000),
carbonic anhydrase IX (thCA9, monoclonal, RD systems,
Abingdon, GB, UK 1:100), anti-melanosome (HMB45, mono-
clonal, DakoCytomation, 1:200), TFE3 (polyclonal, Abcam,
1:100), cathepsin K (3F9, monoclonal, Abcam, 1:100), S100
(polyclonal, DakoCytomation, 1:400), PAX 2 (polyclonal,
Invitrogen, Camarillo, CA, USA 1:100), adipophilin (ADFP
5-27, monoclonal, ACRIS, Herford, Germany, 1:20), and
CD68 (KP1, monoclonal, NeoMarkers, 1:200).

Binding of primary antibodies was visualized using the
supersensitive streptavidin-biotin-peroxidase complex
(Biogenex). Appropriate positive controls were employed.

Ultrastructural study

Neoplastic, paraffin embedded tissue from six cases was
deparaffinized and was further routinely processed for elec-
tron microscopy.

Molecular genetic analysis of SDHB
DNA extraction

DNA from formalin-fixed paraffin-embedded (FFPE) tumor
tissue was extracted using QIlAsymphony DNA Mini Kit
(Qiagen, Hilden, Germany) on an automated extraction sys-
tem (QIAsymphony SP, Qiagen) according to the manufac-
turer’s supplementary protocol for FFPE samples (Purification
of genomic DNA from FFPE tissue using the QlAamp DNA
FFPE Tissue Kit and Deparaflinization Solution). Concentra-
tion and purity of isolated DNA was measured using
NanoDrop ND-1000 (NanoDrop Technologies Inc., Wilming-
ton, DE, USA). DNA integrity was examined by amplification
of control genes in a multiplex PCR [19].

Analysis of SDHB gene mutation

Mutational analysis of complete CDS and exon-intron junc-
tions of the succinate dehydrogenase B (SDHB) gene was
performed using PCR and direct sequencing. Briefly, a 100-
ng DNA was added to a reaction mixture consisting of 12.5 ul
of FastStart PCR Master (Roche Diagnostic, Mannheim, Ger-
many), 10 pmol of forward and reverse primers (Table 1), and
distilled water up to 25 pl. The amplification program com-
prised denaturation at 95 °C for 9 min, 35 cycles of denatur-
ation at 95 °C for 1 min, annealing 62 °C for 1 min, and
extension at 72 °C for 1 min. The program was terminated by
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Table 1 Basic clinicopathological data

Cases Sex Age Site Size (cm) Color Follow-up (years) Diagnosis

1 M* 64 Left Diameter 1.5 Yellow/tan AW (2.5) Unclass RCC
2 M 74 NA Diameter 4.5 NA LE PRCC NOS
3 M 52 Right §x7.5%4 Yellowish AW (11) PRCC NOS
4 F 79 NA 5x5x4.5 Gray to brown LE Unclass RCC
5 M 66 Right 4.3x4x3.5 Yellowish AW (1), then LE PRCC NOS
6 M 70 Right 3.5 Yellowish LE PRCC NOS
7 M 58 Left 3.1x2.2x%2 Gray AW (8) PRCC NOS
8 F¢ 51 Right 4.5x3.5%2 Yellow AW (11) PRCC NOS
9 M 58 NA 3 NA AW (10) PRCC NOS

PRCC NOS papillary renal cell carcinoma-not otherwise specified, Unclass RCC unclassified renal cell carcinoma, AW alive and well, LE loss of

evidence, N4 not available

“ History of radical prostatectomy

®Bilateral tumors, contralateral kidney-clear cell renal cell carcinoma, pTla

“History of idiopathic thrombocytopenic purpura

incubation at 72 °C for 7 min. The PCR products were
separated by electrophoresis through a 2 % agarose gel.
Successfully amplified PCR products selected for sequencing
analysis were purified with magnetic particles Agencourt®
AMPure® (Agencourt Bioscience Corporation, A Beckman
Coulter Company, Beverly, MA, USA), both sides sequenced
using Big Dye Terminator Sequencing kit (Applied Biosystems)
and purified with magnetic particles Agencourt® CleanSEQ®
(AgencourtBioscience Corporation, A Beckman Coulter Com-
pany), all according to the manufacturer’s protocol. Samples were
then run on an automated sequencer ABI Prism 3130x! (Applied
Biosystems) at a constant voltage of 13.2 kV for 20 min.

Results

The clinicopathological features are summarized in Table 1.
Briefly, there were seven males and two females. The median
age was 64 years (range 51-79 years). Follow-up was avail-
able for five out of nine patients. The follow-up period ranged
from 1 to 11 years (mean 7.25 years, median 11 years). The
tumor size ranged from 1.5 to 8.0 cm (mean 4.2 cm, median
4.3 c¢cm). The cut surface was yellowish to tan in five cases, and
in two cases, the color was grayish (Fig. 1). Information about
the color and consistency was not available in the other two
cases. No aggressive behavior was observed in six out of nine
patients with available follow-up information.

Histology

All cases displayed a significant component of neoplastic
epithelial cells with a striking microvacuolated appearance

of the cytoplasm, reminiscent of the neoplastic cells in
hibernomas (Fig. 2a, b).

The basic architecture of the tumors was solid-alveolated
in two cases and papillary in seven cases. The nuclear
grading according to the Fuhrman nucleolar grading system
was 3 in all cases. The seven cases with papillary architec-
ture (cases 2, 3, 5-9) (Fig. 3) were composed of epithelial
cells with microvacuoles (Fig. 4) as described above, and
they also contained non-epithelial, macrophage-type foam
cells (confirmed immunohistochemically; cytokeratin-
negative, CD68-positive) within the fibrovascular stalks;
these tumors were classified as PRCCs. However, the ar-
chitecture resembled type 2 PRCC; cells were mostly dif-
ferent with eosinophilic to clear cell appearance. A majority
of the cells displayed the above-mentioned microvacuolated
pattern. We classified these tumors as papillary renal cell

Fig. 1 The cut surface was yellowish in five cases (case 7)
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Fig. 2 Neoplastic epithelial cells with a striking microvacuolated appearance of the cytoplasm, reminiscent of the neoplastic cells in hibernomas, a case

1 and b case 2

carcinoma NOS. The other two tumors (cases 1 and 4)
displayed a solid-alveolar architecture (Fig. 5). Small tu-
bules were focally present within some of these tumors
which were composed of slightly eosinophilic cells with
microvacuolated/bubbly cytoplasm (Fig. 6a, b). Occasional
tumor cells formed larger cytoplasmic vacuoles. The nucle-
ar grading according to the Fuhrman nucleolar grading
system was 3 in both cases. Based on the histological
features, immunohistochemical, and molecular genetic find-
ings (vide infra), these tumors were labeled as unclassified
renal cell carcinomas.

Fig. 3 The basic architecture of
the tumors was papillary in seven
out of nine cases. A small group
of foam macrophages is located in
the right lower comer of the
image

Q Springer

Immunohistochemistry

The findings of the immunohistochemical study are summa-
rized in Table 2. Briefly, all tumors exhibited significant
expression of adipophilin located to the cells with
microvacuolated cytoplasm. The expression of anti-
mitochondrial antigen (Fig. 7a) showed a similar pattern as
that of adipophilin (Fig. 7b). Interestingly, the neoplastic
epithelial cells with foam cell morphology exhibited weak
cytoplasmic expression of CD68. In contrast, the non-
neoplastic macrophage-type foam cells were strongly positive
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Fig. 4 Papillary tumors were
composed of epithelial cells with
microvacuoles

for CD68. The neoplastic epithelial cells were also strongly
positive for vimentin and various cytokeratins (Fig. 8). All
tumors were completely negative for cathepsin K and TFE3.

Ultrastructure

Six cases were examined by electron microscopy. The cyto-
plasm of the neoplastic epithelial cells was packed with
distended mitochondria, most of which displayed lamellated
cristae. Numerous microvesicles were dispersed between the

Fig. 5 Two out of nine tumors
displayed mostly solid
architecture

mitochondria. No other prominent organelles were found
within the cytoplasm (Fig. 9).

Molecular genetic analysis of succinate dehydrogenase
B (SDHB) gene mutations

DNA sequences were compared to the reference sequence
(http://www.ncbi.nlm.nih.gov) by the online program
BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi). No
mutations were detected in any of the studied samples.
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Fig. 6 Solid unclassified RCC
were composed of eosinophilic
cells with prominent
microvacuolated cytoplasm (a, b)

Discussion

In this paper, we present a series of renal cell carcinomas with
a significant component of neoplastic epithelial cells with a
striking microvacuolated cytoplasmic appearance reminiscent
ofthat encountered in hibernomas. In addition to hibernomas,
a wide range of other neoplasms (as listed in “Introduction”)
may on occasion display a similar light-microscopic appear-
ance. The mechanism behind the development of this
microvacuolated cytoplasmic appearance is most probably
the result of the accumulation of various membrane-bound
molecules. This in turn may be caused by disturbance(s) in
one or more cellular processes involved in the degradation,

Q Springer

transport, synthesis, or endocytosis of lipids and/or various
proteins.

Adipophilin is a protein that coats intracellular lipids and is,
together with perilipin, a tail-interacting protein crucial for the
maintenance of the integrity of intracellular lipid droplets [12].
As such, it is a good immunohistochemical marker for ab-
normal accumulation of intracytoplasmic fat as seen, for
example, in neoplasms with sebaceous differentiation, and
in secretory carcinomas of mammary and salivary glands,
liposarcomas, and several different pathologic situations, like
in atheroma, etc. [11, 14]. All our cases exhibited significant
cytoplasmic immunohistochemical expression of adipophilin
thus supporting the concept that the microvacuoles in the
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Table 2 Results of immunohistochemical staining

HMB45 S100 MIA

CD10 CD68 PAX2 adi

CANH

AMACR

Cam 5,2 CK7 0SC

Case AEL3

100 Yt+++
100 %t++

0 0

100 %+++
100 %, +++ 0

5%, ++

50 %, ++
90 %, +

90 %, +++

90 %, +to ++
90 %, ++

100 %, ++to +++ 100 %, +++
90 %, +++

30 %, +to +++ 50 %, + to +++

30 %, +

0

<5 %, +
5 %, ++

1

2

0

5 %, ++

90 %, +++

to
75 %, +

100 %+++

0 0

40 Y+

0

5 %, +

100 %, +++ 100 %, + to ++

75 %, +to +++ 100 %, +++ 100 %, +++

100 %, ++

3

to ++
30 %, +

fo +++

100 %, ++

0 0

5 %, +++

0

90 %, ++

90-100 %, +

10 %, focal +++

20 %, +

Single cells +++ 0

o +++

(toc)

NA

o +++

to +++ (foc)
NA

NA

NA
0

NA

0

NA

NA

NA

NA

NA

NA

NA

70 Yt++

100 %+++

25-50 %, +

80 %, ++to +++ 20 %, +to +++ 25 %, +++

100 %, ++

90-100 %, +++

90-100 %, + 80-90 %, +

6

o +++

-

0 +++

o +++
75-100 %, + 75-100 %, ++

100 %+++

0 0

40 Y%+

25-50 %, +

<5 %, +

100 %, ++ to +++  75-100 %, +

100 %, ++

7

to ++ (foc)

<5 %, +++ (foc) 50-75 %, +++ 50-75 %, +

o +++
30 Yott++

to ++
25 %, +

100 %, +++

0

10 %, ++ (foc) 100 %, +++ 0

75-100 %, ++

75-100 %, +

20 %, +++

8

to ++

o +H+

to +H+

to ++

0 negative, foc focally, + weak positivity, ++ moderate positivity, +++ strong positivity, CK cytokeratin, AE1-4E3 cytokeratin, OSC Oscar, CAM 5.2 cytokeratin, AMACR racemase, vim vimentin, CANH

carboanhydrase IX, adi adipophilin, HMB45 melanocytic marker, MIA anti-mitochondrial antigen, NA not available

cytoplasm can be attributed to abnormal accumulation of
lipids in the tumor cells.

The immunohistochemical study clearly confirmed the
light-microscopic impression in that the microvacuolated cells
were epithelial in nature and not macrophages. In the ultra-
structural study, we found the cytoplasm of the hibernoma-
like cells to be filled with distended mitochondria and
microvesicles. The former finding was corroborated by the
findings in the immunohistochemical study, i.e., diffuse and
strong expression of anti-mitochondrial antibody (MIA).
Whether the presumed abnormally accumulated lipid material
is compartmentalized to the mitochondria or the microvesicles
cannot be clearly inferred from our findings, but intuitively,
involvement of the latter structures (microvesicles) seems to
be the more plausible alternative.

Regarding the histopathological differential diagnosis, the
microvacuolated morphology of the cancer cells may present
particular problems, especially when confronted with limited
material on a core- or fine-needle aspiration biopsy. Papillary
renal cell carcinoma frequently contains macrophages with
foamy cytoplasm. However, these are always in a minority,
whereas the malignant epithelial cells constitute the majority
of the cellular population. Interestingly, in our cases (but
perhaps not surprisingly) was the detection of weak expres-
sion of CD68 in the neoplastic foam cells. CD68 is present in
all cell types with a significant component of lyso-/endosomes
and is not restricted to macrophages. That these cells were
epithelial in nature was substantiated by the finding of
cytokeratin expression. Moreover, the true macrophage-type
foam cells exhibited significantly stronger immunohistochem-
ical staining for CD68 compared to the neoplastic epithelial
cells with similar cytoplasmic features.

Very rarely, lipomatous neoplasms (lipomas and
hibernoma) may appear as primary renal masses [6, 17]. With
large tumors, the exact primary site may be difficult to deter-
mine. For example, a locally advanced primary retroperitoneal
(well-differentiated liposarcoma) or adrenal tumor (mainly
cortical carcinoma) with involvement of the kidney may be
radiologically and even grossly almost impossible to separate
from a primary renal neoplasm with extension outside the
confines of the kidney [9]. However, our cases were undoubt-
edly intrarenal tumors with no involvement of the retroperito-
neal space or surrounding structures.

Other tumors to consider are renal angiomyolipoma
(AML), which can include vacuolated cells; similarly,
extrarenal AML may very rarely contain cells with foamy
cytoplasm. In both instances, a limited immunohistochemical
panel (cytokeratins, smooth muscle actin, and HMB-45) will
aid in the differential diagnosis.

Even clear cell RCC may very rarely contain lipomatous
tissue and can mimic (at least radiologically) a true lipomatous
tumor [16]. None of our cases displayed any
histomorphological features of clear cell RCC.
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Fig. 7 The expression of anti-
mitochondrial antigen (a) showed
a similar pattern as that of
adipophilin (b)

Another differential diagnostic problem is those renal
cell carcinomas of which the architecture is papillary and
the tumor cells exhibit clearing of the cytoplasm, i.e., not
with the basophilic or eosinophilic/oncocytic cytoplasm
that characterizes type 1, type 2, and oncocytic PRCC.
Studies dealing with tumors composed of more or less
clear cells arranged in a papillary pattern have been pub-
lished [8, 10]. Our cases differed from these tumors on a
cytologic (cytoplasmic) level. However, the light-
microscopic appearance on low-power magnification of
these papillary carcinomas with clear cells is somewhat

@ Springer

similar to our cases. On high-power magnification, how-
ever, the distinction is easy, given the prominent cyto-
plasmic vacuolization in our tumors. Moreover, a similar
combination of papillary architecture and cells with clear
to pale cytoplasm is frequently encountered in the Mit-
family-related RCC. To resolve this, an immunohisto-
chemical study with TFE3/B and in selected cases
performing a molecular genetic with eventually FISH
and/or RT PCR examination would be instrumental. All
cases in our study (nine out of nine) were completely
TFE3 negative.
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Fig. 8 The neoplastic epithelial
cells were also strongly positive
for various cytokeratins.

Positivity for OSCAR is shown

Two of our nine cases showed light-microscopic features
that distinguished them from the other seven tumors. These
cases (no. 1 and 4) exhibited a non-papillary, solid-alveolar
architecture and were composed of neoplastic cells resem-
bling hibernoma cells. In this setting, i.e., faced with a
renal tumor with a solid-alveolar architecture and where
the tumor cells display a bubble-like cytoplasm, one should
bear in mind the possibility of a renal tumor with SDH
gene mutations [7]. This group of tumors occurs in patients

Fig. 9 The cytoplasm of the neoplastic epithelial cells was packed with
distended mitochondria, most of which displayed concentric or
lamellated cristae. Numerous microvesicles were dispersed between the
mitochondria

which frequently also develop pheochromocytomas/
paragangliomas and lack immunohistochemically detectable
succinate dehydrogenase B (SDHB). None of our patients
had a documented history of any paraganglioma/
pheochromocytoma. Moreover, both our tumors were clearly
positive for with SDHB. In addition, the SDHB-deficient
renal neoplasms generally display tumor cells with an eosin-
ophilic cytoplasmic appearance (in addition to the “bubbly”
appearance) which was conspicuously absent in all our cases.
Exclusion of this diagnosis in our cases was further supported
by the results of molecular analysis of the SDHB gene status,
in which no mutations in the SDHB gene were identified.
Modified Fuhrman nucleolar grading system was easily
applicable to all cases used in our study. The nuclear grade
was 3 in nine out of nine cases. Apparently, the above
discussed “hibernoma-like” cytoplasmic change had no influ-
ence on grade.

In summary, we describe nine cases of renal cell carcinoma
with a highly unusual cytomorphological, foamy cytoplasmic
(hibernoma-like) appearance. Based on our findings, we pro-
pose that the mechanism behind this phenomenon is abnormal
intracellular processing of lipids.
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MOLEKULARNE GENETICKE ALTERACE V RENALNICH KARCINOMECH
S TUBULOCYSTICKOU ARCHITEKTONIKOU: TUBULOCYSTICKY RENALNI
KARCINOM, TUBULOCYSTICKY RENALNI KARCINOM S HETEROGENNI
KOMPONENTOU A RENALNI KARCINOM ASOCIOVANY S HEREDITARNI
LEIOMYOMATOZOU. KLINICKOPATOLOGICKA A MOLEKULARNE
GENETICKA STUDIE 15 PRiPADU.

Tubulocysticky renalni karcinom (TCRK) byl v roce 2012 mezinarodni spole¢nosti
uropatologti (ISUP, International Society of Urological Pathology) oznacen za samostatnou
jednotku [16] a toto oznaceni bylo akceptovano ve WHO Kklasifikaci 2016 [4]. Histologicky je
charakterizovan tubularné cystickym uspotadanim, pfiemz tyto struktury jsou lemované
atypickymi cvockovitymi bunikami ¢asto vysokého nukleoldrniho grade. Morfologie TCRK se
muze pirekryvat s papilarnim renalnim karcinomem (PRK) v tom smyslu, ze nékteré piipady
TCRK Vv sobé mohou skryvat struktury napodobujici PRK. V nékterych ptipadech lze nalézt
typicky TCRK s dobife ohrani¢enym loziskem ,,pravého* PRK: tato situace stile dovoluje
tumor diagnostikovat jako TCRK. Tumory se slozkami TCRK a PRK bez ostrého ohraniceni
promichané mezi sebou vsak jiz nejsou kompatibilni s diagnézou TCRK. TCRK vSak muze
byt morfologicky pestfejSi a obsahovat i pfimési jinych tumorli nez PRK. Molekularné
geneticky neni TCRK zatim nijak obsirn¢ prozkouman, nejcastéji pozorované abnormality
zahrnuji trisomii chromozomti 7 a 17, spolecné se ztratou chromozomu Y, coZ je sblizuje
s PRK [4].

NaSe studie zahrnuje 15 piipadt renalnich karcinomi (RK) s tubulocystickym
usporadanim: 6 TCRK, 1 high-grade RK s tubulocystickou architekturou, 5 TCRK s dobie
ohrani¢enymi lozisky PRK, 2 high-grade RK, NOS a 1 RK s komponentu napodobujici
svétlobunécny papilarni RK/rendlni angiomyoadenomatézni tumor (RAT). Molekuldrné
geneticky jsme vysSetfili aberace numerické aberace chromozomt 7, 17 a Y, mutaci genu VHL
a fumaréat hydratazy (FH), ztratu heterozygozity kratkého raménka 3. chromozomu (3p).

Z naseho vyzkumu plyne, Ze TCRK ma variabilni status chromozomt 7, 17 a Y, a to
dokonce i v morfologicky uniformnich pfipadech. Biologické chovani tumort s Useky
napodobujicimi PRK/high-grade RK neni zatim zcela zietelné. Nase vysledky naznacuji, Ze
TCRK s heterogenni komponentou spiSe nepatii do této jednotky, protoze se chovaji
agresivnéji nez ,,Cisté* TCRK. Tyto pfipady dle naseho nazoru nejlépe spadaji do kategorie
neklasifikovatelnych RK. Jelikoz jsme v jednom piipadé high-grade tubulocysticky
uspofadané¢ho RK detekovali mutaci genu FH, je zfejmé, ze v n€kterych piipadech mize byt
morfologicky velice heterogenni RK spojeny s hereditarni leiomyomat6zou ukryt i v kategorii
TCRK. Navrhujeme proto, aby vsechny ,,high-grade TCRK byly geneticky otestovany na
pritomnost mutace genu FH a pfipadné pfediagnostikovany.
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Abstract: The characteristic morphologic spectrum of tubulo-
cystic renal cell carcinoma (TC-RCC) may include areas resem-
bling papillary RCC (PRCC). Our study includes 15 RCCs with
tubulocystic pattern: 6 TC-RCCs, 1 RCC-high grade with tu-
bulocystic architecture, 5 TC-RCCs with foci of PRCC, 2 with
high-grade RCC (HGRCC) not otherwise specified, and 1 with a
clear cell papillary RCC/renal angiomyoadenomatous tumor-like
component. We analyzed aberrations of chromosomes 7, 17, and
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Y; mutations of VHL and FH genes; and loss of heterozygosity
at chromosome 3p. Genetic analysis was performed separately in
areas of classic TC-RCC and in those with other histologic
patterns. The TC-RCC component demonstrated disomy of
chromosome 7 in 9/15 cases, polysomy of chromosome 17 in 7/15
cases, and loss of Y in 1 case. In the PRCC component, 2/3
analyzable cases showed disomy of chromosome 7 and polysomy
of chromosome 17 with normal Y. One case with focal HGRCC
exhibited only disomy 7, whereas the case with clear cell papillary
RCC/renal angiomyoadenomatous tumor-like pattern showed
polysomies of 7 and 17, mutation of VHL, and loss of hetero-
zygosity 3p. FH gene mutation was identified in a single case with
an aggressive clinical course and predominant TC-RCC pattern.
The following conclusions were drawn: (1) TC-RCC demon-
strates variable status of chromosomes 7, 17, and Y even in cases
with typical/uniform morphology. (2) The biological nature of
PRCC/HGRCC-like areas within TC-RCC remains unclear. Our
data suggest that heterogenous TC-RCCs may be associated with
an adverse clinical outcome. (3) Hereditary leiomyomatosis-as-
sociated RCC can be morphologically indistinguishable from
“high-grade” TC-RCC; therefore, in TC-RCC with high-grade
features FH gene status should be tested.

Key Words: kidney, tubulocystic renal cell carcinoma, papillary
renal cell carcinoma, hereditary lelomyomatosis-associated renal
cell carcinoma, chromosomal aberration
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enal neoplasms constitute a wide spectrum of entities
with an extensive array of morphologic features and
molecular alterations. Genetic alterations in many tumor
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subgroups remain unknown. The most frequently studied
genetic alterations in renal neoplasms include chromo-
some 3p abnormalities, VHL gene changes, and, in cases
of papillary renal cell carcinoma (PRCC), the status of
chromosomes 7 and 17. Alteration of many other genes is
also seen in these tumors, as well as in other infrequent
histologic subtypes of renal cell carcinoma (RCC), sug-
gesting that multiple molecular pathways are involved in
their pathogenesis.

Tubulocystic RCC (TC-RCC) is recognized as a
distinct epithelial neoplasm by the Vancouver Interna-
tional Society of Urological Pathology Classification 2012
(ISUP).! Up to 100 cases of this rare tumor have been
reported in the literature. TC-RCC has a characteristic
macroscopic and microscopic appearance. It is a well-
circumscribed, encapsulated, gray-colored tumor with
multiple cysts of varying size, giving it a bubble wrap
appearance. Histologically, it is composed of well-formed
tubules and cysts lined by atypical cells with abundant
eosinophilic cytoplasm, often having a hobmail appear-
ance. The nuclei are usually high grade, enlarged, with
prominent nucleoli, although mitoses are rarely seen. The
intervening stroma is fibrotic.!—#

The morphology of TC-RCC may overlap with
PRCC, given that, in some cases, PRCC-like areas are
found in TC-RCC. Small foci of high-grade RCC
(HGRCC) not otherwise specified (NOS) areas have also
been described in the literature and are, according to
these studies, compatible with a TC-RCC diagnosis 51
Occasionally, it is possible to find cases of otherwise
typical TC-RCC with well-formed, circamscribed areas of
PRCC or, more rarely, of different types of RCC15

The most frequently observed cytogenetic abnor-
malities in PRCC include trisomy of chromosomes 7 and
17 with loss of the Y chromosome in male individuals.'>1?
As a result of these findings, some authors suggest there is
a relationship between PRCC and TC-RCC.6510,15

However, the status of tumors with otherwise typi-
cal TC-RCC morphology admixed and intermingled with
PRCC-like/other RCC-like areas is not entirely eluci-
dated.

In this study we investigated the status of chromo-
somes 7, 17, and Y in 15 tumors initially diagnosed as
TC-RCC, of which 7 presented with foci of PRCC-like
morphology, 2 contained areas of HGRCC NOS, and 1
showed a clear cell papillary RCC/renal angiomyoade-
nomatous tumor-like component (CCPRCC/RAT). FH
gene analysis was performed in 3 cases with an earlier age
of onset, followed by a more aggressive clinical course.

MATERIALS AND METHODS

Fifteen cases were retrieved from the > 17,500 renal
tumors (institutional, consultation cases, and archive cases
from other institutions) in the Pilsen Tumor Registry.
Pathologic examination of routine hematoxylin-eosin—
stained sections was performed in each case by at least 3
pathologists (M. U., F.S., and O.H.). Cases were reevaluated
and further histologic patterns were described (PRCC,
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CCPRCC/RAT-like pattern, and solid HGRCC). The ex-
tent of the heterogenous component was assessed as a per-
centage of the tumor. In 2 cases, separate structures of
papillary adenomas were found in the adjacent kidney pa-
renchyma but were not analyzed further.

Molecular Genetic Methods

Heterogenous structures (PRCC, CCPRCC/RAT-
like pattern, and HGRCC) were analyzed separately from
areas of typical TC-RCC. Chromosomal aberrations were
determined independently in areas with classic TC-RCC
and in those with other histologic patterns.

Fluorescence In Situ Hybridization (FISH)

For each case a 4-pm-thick section was placed onto a
positively charged slide. Hematoxylin-eosin—stained slides
were examined for determination of areas for cell counting.
The unstained slide was routinely deparaffinized and in-
cubated in the 1 x Target Retrieval Solution Citrate pH 6
(Dako, Glostrup, Denmark) for 40 minutes at 95°C and
subsequently cooled for 20 minutes at room temperature in
the same solution. The slide was washed in deionized water
for 5 minutes and digested in protease solution with pepsin
(0.5 mg/mL) (Sigma Aldrich, St Louis, MQO) in 0.01 M HCl
at 37°C for 20 minutes. The slide was then placed into de-
ionized water for 5 minutes, dehydrated in a series of
ethanol solutions (70%, 85%, 96% for 2min each), and air-
dried. Probes for aneuploidy detection of chromosomes 7,
17, and Y (Vysis/Abbott Molecular, IL) (Table 1) were
mixed with water and CEP Hybridization buffer (Vysis)in a
1:2:7 ratio. An appropriate amount of probe mix and fac-
tory premixed XY probe was applied to each specimen,
which was then covered with a glass coverslip and sealed
with rubber cement. The slide was incubated in the Ther-
moBrite instrument (StatSpin/Iris Sample Processing,
Westwood, MA) with codenaturation parameters of §5°C
for 8§ minutes and hybridization parameters of 37°C for 16
hours. The rubber cemented coverslip was then removed
and the slide was placed in posthybridization wash solution
(2 x 88C/0.3% NP-40) at 72°C for 2 minutes. The slide was
air-dried in the dark, counterstained with 4, 6-diamidino-2-
phenylindole (DAPIT) (Vysis), coverslipped, and examined
immediately.

The sections were examined with an Olympus BX51
fluorescence microscope (Olympus Corporation, Tokyo,
Japan) using a x 100 objective with Triple Band Pass
(DAPI/SpectrumGreen/SpectrumOrange) and  Single
Band Pass (SpectrumGreen/SpectrumOrange) filter sets.

TABLE 1. FISH Probes for Detection of Aneuploidy of
Chromosomes 7, 17, and Y

Chromosome Probe

7 CEP 7 (D7Z1)/7p11.1-q11.1 Alpha Satellite DNA

17 CEP 17 (D17Z1)/17p11.1-¢11.1 Alpha Satellite DNA
Y CEP X (DXZ1) SpectrumGreen/CEP Y (DYZ3)//

Ypll.1-q11.1 Alpha Satellite DNA/Xp11.1-q11.1
Alpha Satellite DNA

FISH indicates fluorescence in sitn hybridization.
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Scoring of aneuploidy was performed by counting the
number of fluorescent signals in 100 randomly selected,
nonoverlapping tumor cell nuclei. The slides were in-
dependently enumerated by 2 observers (P.M. and P.G.).
Monosomy and polysomy for chromosomes 7 and 17 were
defined as the presence of 1 signal in >45% and 3 or more
signals in >10% of nuclei (mean +3 SD in normal non-
neoplastic control tissues), respectively. Samples showing
2 signals between these cutoffs ( < 45% of 1 signal and
<10% of 3 or more signals per nucleus) were considered
disomic. In male cases, aneuploidies of chromosome X
and Y were defined as the absence of signal in >45% or
presence of 2 or more signals in >10% of nuclei
(mean—+ 3 SD in normal non-neoplastic control tissues).

DNA Extraction

DNA for molecular genetic investigation was ex-
tracted from formalin-fixed, paraffin-embedded (FFPE)
tissue. Several 5-um-thick sections were placed on each
slide. Hematoxylin-eosin—stained slides were examined for
identification of neoplastic tissue. Subsequently, neoplastic
and non-neoplastic tissue was scraped from unstained slides
and DNA was isolated by the NucleoSpin Tissue Kit
(Macherey-Nagel, Diiren, Germany). All procedures were
performed according to the manufacturer’s protocols.

VHL Gene Analysis

Mutation analysis of exons 1, 2, and 3 of the VHL
gene was performed using polymerase chain reaction (PCR)
and direct sequencing. PCR was carried out using the pri-
mers shown in Table 2. The reaction conditions were as
follows: 12.5puL of HotStar Tag PCR Master Mix (Qia-
gen), 10 pmoL of each primer, 100ng of template DNA,
and distilled water up to 25 pL. The amplification program
consisted of denaturation at 95°C for 15 minutes and then
40 cycles of denaturation at 95°C for 1 minute, annealing at
55°C for 1 minute, and extension at 72°C for 1.5 minutes
for all amplicons. The program was finished by 72°C in-
cubation for 7 minutes. The PCR products were checked on
2% agarose gel electrophoresis. Successtully amplified PCR

TABLE 2. PCR Primers Used in Mutation Analysis of the VHL
Gene and Designed in Primer3 Software

Gene/Exon Name Primers (Sequence 5 — 3)
VHL/exon 1 VHL el-1 CGCGAAGACTACGGAGGT
VHL el-2 GTCTTCTTCAGGGCCGTA
VHL el-3 GAGGCAGGCGTCGAAGAG
VHL el-4 GCGATTGCAGAAGATGACCT
VHL el-5 GCCGAGGAGGAGATGGAG
VHL el-6 CCCGTACCTCGGTAGCTGT
VHL el-7 CCGTATGGCTCAACTTCGAC
VHL el-8 GCTTCAGACCGTGCTATCGT
VHL[exon2 VHL e2-1 ACCGGTGTGGCTCTTTAACA
VHL e2-2 TCCTGTACTTACCACAACAACCTT
VHLlexon 3  VHL e3-1 GCAAAGCCTCTTGTTCGTTC
VHL e3-2 ACATTTGGGTGGTCTTCCAG
VHL ¢3-3 CAGGAGACTGGACATCGTCA
VHL ¢3-4C  CCATCAAAAGCTGAGATGAAAC

products were purified with magnetic particles Agencourt
AMPure (Agencourt Bioscience Corporation, A Beckman
Coulter Company, Beverly, MA), both side sequenced us-
ing Big Dye Terminator Sequencing Kit (Applied Bio-
systems, Foster City, CA) and purified with magnetic
particles Agencourt CleanSEQ (Agencourt Bioscince Cor-
poration) all according to the manufacturers’ protocol. The
samples were subsequently run on an automated sequencer
ABI Prism 3130xl (Applied Biosystems) at a constant
voltage of 13.2kV for 20 minutes. All samples were ana-
lyzed in duplicates and analysis of positive samples was
repeated. For 3p loss of heterozygosity (LOH) analysis of
neoplastic tissue DNA, 10 STR (short tandem repeats)
markers: D3S666, D3S1270, D381300, D3S1581, D3S1597,
D351600, D3S1603, D3S1768, D3582338, and D353630 lo-
cated on the short arm of chromosome 3 (3p) were chosen
from the database (Gene Bank UniSTS). The primers are
listed in Table 3. PCR conditions were the same as men-
tioned above. Successfully amplified PCR products were
mixed with GeneScan 500 LIZ dye Size Standard (Applied
Biosystems) and run on an automated genetic analyzer ABI
Prism 3130x1 (Applied Biosystems) at a constant voltage of
15kV for 20 minutes. A sample was considered LOH
positive if the ratio of nontumor DNA to tumor DNA was
>1.5 or <0.66. All samples were analyzed in duplicates.

FH Gene Mutation Analysis

Three cases occurring in young patients (29, 31,
44 y) were further analyzed. DNA from FFPE tissue was
extracted using a QIAsymphony DNA Mini Kit (Qiagen)
on the automated extraction system (QIAsymphonySP,
Qiagen) according to the manufacturer’s supplementary
protocol for FFPE samples (Purification of genomic DNA
from FFPE tissue using the QlAamp DNA FFPE Tissue
Kit and Deparaffinization Solution). Mutation analysis of

TABLE 3. PCR Primers Used in LOH Analysis of Chromosome
3p

Marker Name Primers (Sequence 5 —3)

D3S666 D3S666-SK#15 CAAGGCATTAAAGTGGCCACGC
D3S666-SK#16 GTTTGAACCAGTTTCCTACTGAG

D3S1270 D3S1270-F TGGAACTGTATCAAAGGCTC
D3S1270-R. TTGCATTAGNATTCTCCAGA

D3S1300 D3S1300SF AGCTCACATTCTAGTCAGCCT
D3S1300A GCCAATTCCCCAGATG

D3S1581 D3S1581-F CAGAACTGCCAAACCA
D3S1581-R. GGGTAACAGGAGCGAG

D3S1597 D3S1597-F AGTACAAATACACACAAATGTCTC
D381597-R. GCAAATCGTTCATTGCT

D3S1600 D3S1600-F ATCACCATCATCTGCCTGTC
D3S1600-R. TGCTTGCCTTGGGATTTA

D3S1603 D3S1603-F CCCTAACTCCACTTGAAAGC
D3S1603-R. TCAGCGAACAGCAACAAAT

D381768 D3S1768SF GGTTGCTGCCAAAGATTAGA
D3S1768A CACTGTGATTTGCTGTTGGA

D382338 D3S2338-F GAAGCCAGCAGTTTCTC
D382338-R. CTGTATTGTTTTCCAGGATAAG

D3S83630 D3S3630-F AAGGGATAAGCTGCAAATCA
D383630-R ACCAAATACAATTCATGAGACCTGA

PCR indicates polymerase chain reaction.

LOH indicates loss of heterozygosity; PCR, polymerase chain reaction.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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the whole coding sequence of the FH gene was performed
using PCR and direct sequencing. PCR was carried out
using the primers shown in Table 4. The reaction conditions
were as follows: 12.5 uL. of HotStar Taq PCR Master Mix
(Qiagen), 10pmoL of each primer (Table 4), 100ng of
template DNA, and distilled water up to 25pL. The am-
plification program consisted of denaturation at 95°C for
15 minutes and then 40 cycles of denaturation at 95°C for
| minute, annealing at 60°C for 1 minute, and extension at
72°C for 1.5 minutes for all amplicons. The program was
finished with 72°C incubation for 7 minutes. The PCR
products were checked on 2% agarose gel electrophoresis.

Successfully amplified PCR products were purified
with the magnetic particles Agencourt AMPure (Agen-
court Bioscience Corporation, A Beckman Coulter
Company), both side sequenced using the Big Dye Ter-
minator Sequencing Kit (Applied Biosystems) and puri-
fied with the magnetic particles Agencourt CleanSEQ
(Agencourt) all according to the manufacturers’ protocol.
Subsequently, the sequencing products were run on an
automated sequencer ABI Prism 3130xl (Applied Bio-
systems) at a constant voltage of 13.2kV for 20 minutes.

RESULTS
The clinical data and pathologic features of 15 cases
are summarized in Table 5. The age of the patients ranged
from 29 to 78 (mean = 59.53). There were 10 men and 5

TABLE 4. PCR Primers Used in FH Gene Mutation Analysis

Product

Primer Name Sequence 5’ -3 Size (bp)
FH-el-F GCGGAACGGTTTCTGACA 263
FH-el-R CAGGAGGGCTGAAGGTCACT
FH-e2-F GATGCGATTACTTTTGATCCTG 235
FH-e2-R CCAAAATAGCCAACATTTCCA
FH-e3-F GCCAAAATAATAAACTTCCATGC 230
FH-e3-R AGTATGGCATGGGTCTGAGG
FH-e4-F GGCATAATCAGCATTATTATTTCCTT 262
FH-e4-R AAAAACAGCAAAGCTCACATACTG
FH-e3a-F TTTGTTTTTGTTGCCTCTGATTT 169
FH-e5a-R GGATTTTGCATCAAGAGCATC
FH-e5b-F CTTTTCCCACAGCAATGCAC 218
FH-e5b-R CATTTGTACCAAGCTCTAAATTGAA
FH-c6a-F CTTTGCTCATCATAAGATTTGAAGT 262
FH-e6a-R CAACAGCAGTGCCTCCAG
FH-e6b-F TCAGGAATTTAGTGGTTATGTTCAA 224
FH-e6b-R CAGACCACGTATAATGAGAAATGAA
FH-c7a-F TTGCTAATGGTAGAAAAATGTT 200

TAGTT
FH-e7a-R CCCAAAAATCGAATATCATTITGC
FH-e7b-F CTCATGACGCTCTGGTTGAG 197
FH-e7b-R CAAGTTTTAGCTCCAACATTTAC

TAGC
FH-e8-F TTTCTTTATTCTCCTGATTATTTGCAT 249
FH-e8-R CCAAGATAATAAGCCTITTGGTCA
FH-e9-F CTCTCTCTCTCTCTCTCTCTCACTCAC 244
FH-e9-R TGGTTTAGCTTTITTAATTITTGCATT
FH-el0-F AACCCATATGTCGTCTTTTTATTITT 245
FH-el0-R TTTTTAAGAAATGGGAGTCTGTTTTT

PCR indicates polymerase chain reaction.
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women (male to female ratio 2:1). Size of the tumor, in
the greatest dimension, ranged from 2 to 10cm
(mean = 5.21 cm). Fourteen patients were treated by
radical nephrectomy and 1 underwent partial neph-
rectomy. All of the tumors presented as a solitary mass;
11 were in stage pT1, 3 in pT2, and a single case in pT3.
Six of the cases were pure TC-RCCs that formed well-
circumscribed masses with classic histologic features—
closely packed well-formed tubules and cysts separated by
thin fibrous septa (Figs. 1A, B). The epithelial cells lining
the cysts were eosinophilic with a cuboidal or flattened
appearance and hobnail cells were commonly found. The
lining cells contained prominent nucleoli, mostly equiv-
alent to ISUP nucleolar grade 3. Six of the 15 patients
with TC-RCC had associated PRCC-like areas (Figs. 2A,
B). In 1 case, the PRCC-like pattern was present in close
proximity to the principle lesion, whereas in the others it
was an integral part of the main tumor mass. However,
PRCC-like component was well-separated from main TC-
RCC areas. There were 2 cases with small foci of solid
tumor, which were designated as HGRCC NOS (Fig. 3).
One of these also contained well-circumscribed PRCC-
like areas. In another case, a highly unusual histologic
picture was found: typical TC-RCC with areas containing
CCPRCC/RAT-like features. This case was particularly
interesting because of its advanced stage at the time of
presentation and further aggressive course; the patient
died of metastatic disease 1 year after surgery. An autopsy
was not performed.

One case, in which the lesion was mostly arranged in a
tubulocystic pattern (cells were mostly large and eosinophilic
with prominent nuclei and conspicuous red nucleoli), was
later diagnosed as hereditary leiomyomatosis-associated
RCC (HLRCC) using molecular genetic testing (Fig. 4).

Ten of 15 patients were alive and well after a 1.5- to
9-year follow-up period. Four of 15 had died of the dis-
ease (metastatic dissemination, cachexia, or other com-
plications). Two of the deceased patients were under the
age of 45 (1 male; 29y and 1 female; 31 y) as was another
with metastatic disease (male; 44). Three of the 4 deceased
patients had heterogenous components within the TC-
RCC. In 2 patients, the period from establishing of di-
agnosis to death was 1 and 2 years. Information about
delay between cancer detection and death was not avail-
able in remaining 2 patients. The patient whose tumor
was later designated as HLRCC was a 44-year-old man.
His tumor was composed of 95% TC-RCC-like areas and
5% PRCC-like areas. The patient is alive with regressive
changed metastases in lung and mediastinum (after su-
nitinib treatment) 7 years after surgery. Patients with pure
TC-RCC who were over 45 years of age showed no evi-
dence of residual disease after treatment.

Molecular Genetic Findings

The FISH results are reported in Table 6. Thirteen
tumors were informative for FISH in TC-RCC areas for
chromosome 7, and 14 were informative for chromosome
17. The remaining samples were not suitable for analysis.
Nine cases had disomy and 4 had polysomy of chromo-

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

164



Appl Immunohistochem Mol Morphol = Volume 24, Number 7, August 2016

Renal Cell Carcinomas With Tubulocystic Pattern

TABLE 5. Clinical and Histopathologic Data

TC-RCC PRCC HGRCC RAT Size Nuclear TNM (7th ed. Follow-up

Cases (%) (%) (%) PA (%) Age Sex (cm) Grade 2009) ¥)

1 100 — — — — 62 M 2.0 1 pTla 9 NED

2 100 — — — — 68 M 25 2 pTlaNxMx 6 NED

3 100 — — — — 31 F 5.1 2 pT1bNxMx DOD
UKP

4 100 — — — — 4 F 3.0 3 pTlaNxMx 4 NED

5 100 — — — — 75 M 9.0 3 pT2NxMx 3 NED

6 100* — — 3mm _ 71 F 4.5 3 pT1bNxMx 1.5 NED

focus

7 95% 5% — — — 4 M 8.0 3 pT2NxMx 7 AWD

8 60%* 40%* — — — 68 M 6.5 2 pT1bNxMx 4 NED

9 90* 10* — — — 29 M 6.0 3 pT1bNxM1 DOD | AD

10 95% 5% — 2mm — 60 M 22 3 pTlaNxMx 4 NED

focus

11 99% 1* — — — 60 M 25 2 pTlaNxMx 1 NED+

12 99% 1* — — — 61 F 5.0 3 pT1bpNOMx 3 NED

13 70% 25% 5% — — 63 M 9.0 2 pT2, ¢NO,cMX 3 NED

14 95% — 5% — — % M 2.8 1 pTla, NX, MX DOD
UKP

15 50% — — — 50% 74 F 10.0 2 pT3NxMx DODf
2AD

*Both components were separated from each other, no intermingled areas were encountered.

tRadical prostatectomy performed 1 year after nephrectomy.
iMetastases to the bones.

AD indicates after establishing of diagnosis; AWD, alive with disease; DOD, dead of discase; HGRCC, high-grade RCC, not otherwise specified; NED, no evidence of
discase; PA, papillary adenoma in the adjacent kidney; PRCC, papillary renal cell carcinoma; RAT, clear cell (tubulo) papillary renal cell carcinoma/renal angiomyoa-
denomatous tumor-like arca; TC-RCC, tubulocystic renal cell carcinoma; UKP, unknown period.

TABLE 6. FISH Analyses for Different Patterns of the Tumor

Number Histologic Pattern (%) Chromosome 7 Chromosome 17 Chromosome Y FH Mutation

1 TC-RCC (100) Polysomy Disomy Normal (XY) NP

2% TC-RCC (100) NA Polysomy NA NP

3 TC-RCC (100) Disomy Polysomy NP Negative

4 TC-RCC (100) Disomy Polysomy NP NP

5 TC-RCC (100) Disomy Disomy NP NP

6 TC-RCC (100) Disomy Disomy Loss of Y (X0) NP

7 TC-RCC (95) Polysomy Polysomy Polysomy of Y (XYY) mutf
PRCC (5) Disomy Polysomy Normal (XY)

8 TC-RCC (60) Disomy Polysomy Normal (XY) NP
PRCC (40) Polysomy Polysomy Polysomy of X (XXY)

9 TC-RCC (90) Disomy Disomy NA NA
PRCC (10) NA NA NA

10 TC-RCC (95) Disomy Polysomy NA NP
PRCC (5) NA NA NA

11 TC-RCC (99) Polysomy Disomy Normal (XY) NP
PRCC (1) NA NA NA

12 TC-RCC (99) Disomy Disomy NP NP
PRCC (1) NA NA NP

13 TC-RCC (70) Disomy Polysomy NA NP
PRCC (25) Disomy Polysomy Normal (XY)
HGRCC (5) Disomy Polysomy Normal (XY)

14 TC-RCC (95) NA NA NA NP
HGRCC (5) NA NA NA

15% TC-RCC (50) Polysomy Polysomy NP NP
RAT (50) Polysomy Polysomy NP

*4 M74431/08- NA for VHL and LOH3p.
+FH mutation in exon 7: ¢.911_917delCTTTTGT/p.(Phe305Leufs¥22).

115, M27460/13(RAT)- VHL- mutation in exon 1¢.202T > A, p.(S68T); LOH3p-positive.
FISH indicates fluorescence in situ hybridization; HGRCC, high-grade RCC, not otherwise specified; NA, not analyzable; NP, not performed; PRCC, papillary renal
cell carcinoma; RAT, clear cell (tubulo) papillary renal ccll carcinoma/renal angiomyoadenomatous tumor-like arca; TC-RCC, tubulocystic renal cell carcinoma.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. A, Scanning magnification showed typical tubulocystic renal cell carcinoma. B, The same tumor in detail. Cysts were

lined mostly by low cylindrical epithelial cells.

some 7, 8 cases had polysomy and 6 had disomy of
chromosome 17. Chromosome Y showed polysomy in 1
case and loss in another case; 3 cases had normal status of
chromosome Y. In the whole cohort, the most frequent
aberrancies were disomy of chromosome 7 and polysomy
of chromosome 17.

Three tumors were informative for FISH in PRCC
areas and others were not analyzable due to low DNA
quality. In 2 cases, disomy of chromosome 7, gain of
chromosome 17, and normal Y was found. The case later
proven to be HLRCC had polysomy of 7 and 17 with gain
of Y in TC-RCC-like areas and disomy of 7 and gain of 17
with normal Y in PRCC-like areas. One of the 2 tumors
containing a small focus of HGRCC was not analyzable
due to the small number of tumor cells present in the area

of interest. The focus of HGRCC in the second tumor
showed disomy of chromosome 7, polysomy of chromo-
some 17, and normal Y. This tumor also contained a
PRCC focus that showed the same status of chromosomes
7 and Y with gain of chromosome 17. The TC-RCC
component in the aforementioned tumor showed disomy
of chromosome 7 and polysomy of chromosome 17.

In the single case with a CCPRCC/RAT-like pat-
tern, both components (CCPRCC/RAT and TC-RCC)
showed gains of chromosomes 7 and 17. In addition,
mutation of the VHL gene and LOH 3p were found in the
CCPRCC/RAT-like area.

Three cases with aggressive forms of TC-RCC (pa-
tients being younger than 45 at the time of diagnosis)
were analyzed for mutations of the FH gene. One was not

FIGURE 2. A, Well-demarcated focus of papillary renal cell carcinoma is clearly visible on the left part of the photo, whereas on the
right side is the tubulocystic renal cell carcinoma component. B, Papillary renal cell carcinoma component, corresponding mostly

with type 1.
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FIGURE 3. There were 2 cases with small foci of solid tumor
that were designated as high-grade renal cell carcinoma not
otherwise specified.

analyzable due to low quality of DNA, 1 was negative for
mutations, and 1 showed a deletion of exon 7 of the FH
gene: ¢.911_917delCTTTTGT, p.(Phe305Leufs*22).

DISCUSSION

TC-RCC is a rare tumor with characteristic fea-
tures, which were first described by MacLennan and
colleagues in 1997. The original name for the tumor was
“low-grade collecting duct carcinoma,” suggesting an
origin in the cells of the collecting ducts. However, part of
the original series was later recognized as mucinous tub-
ular and spindle cell carcinoma.?®2* Ultrastructural
studies and immunohistochemical results showed mixed
features of proximal and distal tubules.!*® Numerical
chromosomal aberrations, mostly gains of chromosomes

FIGURE 4. One case, in which the lesion was mostly arranged
in a tubulocystic pattern, was later diagnosed as hereditary
leiomyomatosis-associated renal cell carcinoma using molec-
ular genetic testing.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

7 and/or 17, have been studied and considered to be
characteristic for TC-RCC.>-6-813

To our knowledge, up to 100 cases of TC-RCC have
been published previously, with few studies suggesting a
relationship between TC-RCC and PRCC.>!0 However,
there were neither discriminating immunohistochemical
markers nor conclusive evidence to identify a specific lin-
eage of histogenesis for TC-RCC. Unfortunately, the im-
munohistochemical profiles of TC-RCC and PRCC are
also very similar. AMACR is usually diffusely and
strongly positive in both TC-RCC and PRCC. Other
stains, including PAX-2, CD10, 34bE12, cytokeratin 19,
and cytokeratin 7, mostly exhibited heterogenous patterns
and it is extremely difficult to use immunohistochemical
examination for establishing a correct diagnosis in com-
plicated cases.’

The ultrastructural features are distinctive and show
characteristics of both proximal convoluted tubules and
intercalated cells. Tumor cells exhibit short microvilli with
brush border organization, cytoplasmic interdigitation,
and abundant mitochondria.*

In our series, 15 cases of tumors with a tubulocystic
pattern were analyzed, including 7 with well-demarcated
foci of PRCC-like features and 1 with PRCC/RAT-like
features. There were other 2 cases with small areas of
HGRCC NOS and 1 of these also contained PRCC-like
areas. All of the distinct histologic components were ana-
lyzed separately. FISH results for chromosomes 7, 17, and
Y were variable. The majority of cases showed disomy of
chromosome 7, whereas half of the cases showed polysomy
or gain of chromosome 17 and 1 showed loss of Y chro-
mosome within the TC-RCC pattern. Three of 7 possible
cases with PRCC components were suitable for analysis
and revealed different profiles than the “host” TC-RCC
tumors. All 3 cases showed polysomies of chromosome 17
and 1 showed polysomy of chromosome 7. In 1 case pol-
ysomy of chromosome X (XXY) was found. The case later
proven to be HLRCC showed polysomy of 7, 17, and Y in
TC-RCC-like areas and disomy of 7 and polysomy of 17
with disomy of Y in PRCC-like areas.

Yang and colleagues demonstrated a unique mo-
lecular signature of TC-RCC in comparison with other
renal tumors using comparative genomic microarray
analysis. TC-RCC showed gains of chromosome 17 but
not chromosome 7, whereas most PRCCs showed chro-
mosomal gains in both chromosomes 7 and 17.3 Chen and
colleagues described 2 cases, 1 was pure TC-RCC and the
other was TC-RCC with foci of PRCC. Both components
in the described cases showed gains of chromosomes 7
and 17, affirming the theory about the relationship be-
tween PRCC and TC-RCC.° Identical findings have been
published in the paper of Kong et al’ describing a unique
case of bilateral TC-RCC in a background of diabetic
end-stage renal disease.

Amin and colleagues studied 31 TC-RCC cases and
showed that immunohistochemistry and ultrastructural
examination reveal features of proximal convoluted tu-
bules and distal nephron. Gene expression profiling
showed that tubulocystic carcinoma displays a distinct
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molecular signature compared with clear cell and chro-
mophobe carcinoma. Amin and colleagues also performed
microarray analysis that revealed 53 overexpressed and
126 underexpressed transcripts from different gene loci.
Only 1 of the proteins (ubiquitin-specific protease 36) was
located on chromosome 17 and it was underexpressed,
whereas none of the studied gene products was found on
chromosomes 7 or Y.# Zhou and colleagues included 20
cases of renal tumors comprising partially or exclusively
TC-RCC in their study. Ten of 12 TC-RCCs had a
chromosome 7 gain, 8 of 12 cases had a chromosome 17
gain, and 8 of 9 cases had a loss of the Y chromosome. Six
of 9 cases in which all 3 chromosomes were studied
showed a gain of chromosomes 7 and 17 and a loss of Y.
On the basis of these results, theg' concluded that these
tumors are closely related entities.

Results of our study differ slightly from those in the
series of Zhou et al.? It is possible to consider genetic changes
found in our cases as compatible with results of the study
performed by Yang et al.> Our study emphasizes the im-
portance of good tissue sampling and careful morphologic

SC §

evaluation of the given tumor. According to ISUP Van-
couver Classification Criteria, cases that display a tubulo-
cystic pattern admixed with the usual elements of PRCC [or
collecting duct carcinoma (CDC)] should not be diagnosed
as TC-RCC, whereas cases with focal, well-circamscribed
PRCC-like areas allow for a diagnosis of TC-RCC.! Cases
examined in our study were typical TC-RCC with well-de-
marcated foci of PRCC-like areas. No RCCs with inter-
mingled areas of TC-RCC and PRCC component were
involved in our series (Figs. SA-C).

The pattern of chromosomal aberration present in
our cases demonstrates the heterogenic nature of TC-
RCC even within single tumorous lesions. Moreover,
gains of chromosomes 7 and 17 were found in only 1 case
with areas morphologically resembling PRCC. Results of
our FISH analysis raised the question of whether PRCC-
like areas are simply an illustration of morphologic
heterogeneity or whether they represent legitimate dif-
ferentiation toward PRCC. Unfortunately, the number of
analyzable cases in our study is limited and we are,
therefore, unable to further elucidate this phenomenon.

FIGURE 5. A-C, In some tumors it is possible to find areas where structures characteristic for tubulocystic carcinoma are admixed
with those typical for papillary renal cell carcinoma. Such cases were not included into our study and should not be classified as
tubulocystic renal cell carcinoma according International Society of Urological Pathology recommendations.
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In the case with CCPRCC/RAT-like areas (case 15),
results of FISH analysis were particularly interesting.
Both components showed the same genetic profile, that is,
gains of chromosomes 7 and 17, whereas VHL gene
mutation and LOH 3p were identified in the heterologous
(CCPRCC/RAT-like areas) component only. Al-Hussain
and colleagues also described 3 cases of TC-RCC with a
high-grade component using the term “dedifferentiated
foci.” The authors performed FISH on 2 of these tumors
and their results showed the same genetic aberrations in
the TC-RCC component and the dedifferentiated com-
ponent. Both cases exhibited disomy of chromosome 7
and trisomy of chromosome 17, whereas only 1 of the 2
showed disomy of chromosome Y.!2

An aggressive form of RCC, which is mostly con-
sistent with PRCC type 2 according to WHO 2004, can also
be found in hereditary leiomyomatosis—characterized by a
germline mutation of the gene encoding for the tricarbox-
ylic acid cycle enzyme fumarate hydratase (FH). Hereditary
leiomyomatosis is a tumor predisposition syndrome that
increases the risk for a triad of features: cutaneous leio-
myomas, uterine leiomyomas, and RCCs. Usually it is di-
agnosed early in life and 50% of patients have metastatic
disease at the time of diagnosis.”*%

Merino and colleagues described the morphologic
spectrum of RCC in hereditary leiomyomatosis. Of 40
tumors reviewed, besides papillary architecture, several
different patterns were recognized: tubulo-papillary (8
cases), tubular (2 cases), and solid (1 case).26 In the study
of Chen and colleagues, the clinicopathologic features of
9 patients with renal tumors presenting as sporadic cases
but later proven to have FH germline mutations were
reviewed. Similar morphologic features to those observed
in a previous study were disclosed.?’

In our study, 3 cases with an aggressive form of TC-
RCC in patients under 45 years of age were analyzed for
possible FH gene mutation. One tumor (case 7), which
showed a predominantly tubulocystic pattern (95%) with
only a small area of papillary architecture (5%), was
positive for FH gene mutation. The second case demon-
strated classic TC-RCC only and was negative for FH
mutation, and a third case could not be analyzed due to
insufficient quality of DNA.

Genetic heterogeneity and clinical data—fatal outcomes
in 3 of 9 patients with heterogenous tumors—raise questions
about diagnosing TC-RCC in cases with heterogenous his-
tologic patterns. On the basis of our results, TC-RCCs have
variable status of chromosomes 7 and 17, a characteristic that
is also observed in other kidney tumors such as mucinous
tubular and spindle cell tumors. The PRCC-like components
exhibited chromosome 7 and 17 aberrancy patterns that were
distinct from those of host TC-RCCs.

Recently, discussion about a possible relationship
between TC-RCC and CDC has been revisited.'> How-
ever, Osunkoya and colleagues has shown that TC-RCC
is distinct from CDC based on immunohistochemical
examination. TC-RCC was characterized by vimentin,
p53, and o-methylacyl CoA racemase overexpression
when compared with CDC.26 Thus, at this point in time,

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

there is an insufficient number of studies elucidating this
possibility and further comparative studies are needed in
the future.

CONCLUSIONS

(1) TC-RCC has variable status of chromosomes 7, 17,
and Y even in morphologically uniform cases with
typical morphology.

(2) The biological nature of PRCC/HGRCC-like areas
within TC-RCC remains unclear. Our data support the
notion that TC-RCCs with a heterogenous component
should not be diagnosed as TC-RCC and can have an
adverse outcome. For such cases, unclassified RCC is
probably the best diagnostic category.

(3) HLRCC can be morphologically indistinguishable
from “high-grade” TC-RCC; therefore, in cases of
TC-RCC with high-grade features, the status of FH
gene should be tested.
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PRIMARNI STROMALNI TUMOR VARLETE Z PRSTENCITYCH BUNEK:
STUDIE 13 PRIPADU DOKAZUJICIi JEJICH FENOTYPICKOU A
GENOTYPICKOU OBDOBU S PANKREATICKYM SOLIDNIM
PSEUDOPAPILARNIM TUMOREM.

Na myslenku, Ze existuje spojitost mezi primarnim stromalnim tumorem varlete a
solidnim pseudopapildrnim tumorem (SPT) pankreatu nas pfivedl jeden ptipad, ktery se
vyskytl v pravém varleti u 32 letého muze. Tumor mél rozméry 4,8x3x4 c¢cm a histologicky
byl velmi zajimavy. Skladal se ze dvou distinktnich komponent: 1) solidni komponenta
neodliSitelnd od SPT pankreatu, slozend z monomorfni populace epiteloidnich bunék
s pravidelnymi kulatymi jadry. V nékterych c&astech tumoru byla solidni komponenta
usporddand 1 trabekuldrné nebo do hnizd, 2) komponenta z prstencitych bunck, kterd tvotila
vétSinu objemu tumoru a byla histologicky charakterizovdna uniformnimi epiteloidnimi
buiikami s velkou prédzdnou cytoplazmatickou vakuolou, kterd odtlacovala jadro na periferii.
Stejné jako solidni komponenta, i tato prstencita byla blandniho vzhledu. V mnoha mistech
tumoru bylo patrné promichani obou komponent, piechdzely jedna v druhou. Dalsi struktury,
Které jsme v tumoru vidéli, byly hyalinni globule. Ackoliv je nadnesené povazovat je za
specifické, je dobfe znadmo, Ze jsou piitomny v podstaté ve 100% SPT pankreatu.
Imunohistochemicky reagoval tumor pozitivné s p-kateninem, cyklinem D1 (nukleérni
pozitivita u obou protilatek), CD10, vimentinem, galektinem-3, Kklaudinem7, o-1-
antitrypsinem, CD56, NSE a byl negativni v prukazu chromograninu, inhibinu, kalretininu,
NANOG, OCT3/4 a SALL4. Molekularné geneticka analyza detekovala onkogenni
somatickou mutaci v exonu 3 CTNNB1 genu kodujiciho B-katenin. Jak imunoprofil, tak
molekularné genetické vlastnosti jsou shodné se SPT pankreatu, coz jsme spolu
s morfologickym ptekryvem povazovali za prikaz, ze jde o pfibuzné tumory. Nazvali jsme
tento tumor Pankreaticky analog solidniho pseudopapilarniho tumoru paratestikularni oblasti
(PA-SPT) a tento ptipad byl odpublikovan jako case report [5]. Kratce na to jsme obdrzeli 3
ptipady testikularnich tumord, které se skladaly pouze ze solidni komponenty, jinymi slovy,
byly histologicky identické se SPT pankreatu. ZkouSeli jsme do v mikroskopu naslepo
vkladat tyto testikularnimi tumory a pankreatické SPT a nebyly jsme schopni je lokalizovat,
tumory byly jednoduse identické. Tyto 3 pfipady nas ujistily, Ze PA-SPT neni osamocen a ze
tyto pfipady vazné existuji. Rozhodli jsme se proto dale podrobné zkoumat, co vSechno jesté
maji pankreatické SPT spole¢ného s testikularnimi tumory. V plzefiském registru nadortu jsme
nechali vyhledat vS§echny dostupné SPT pankreatu (22 piipadt) a vS§echny zrevidovali s cilem
objevit dalsi spolecné znaky. 19/22 SPT pankreatu obsahovalo prstencité bunky, coz
dokazuje, Ze jde o jejich charakteristicky, a d& se fici konstantni znak. Kdyz jsme dali do
souvislosti vySe popsané postichy, uvédomili jsme si, ze PA-SPN je stejny jako SPT
pankreatu, kromé toho, Ze obsahuje komponentu prstencitych bunck. Nicméné¢, jak jsme se
pozdéji presvedcili, prstencité builky jsou charakteristické 1 pro SPT pankreatu. Nabizela se
tedy hypotéza, Ze SPT pankreatu maji mozna néjakou souvislost s primarnimi stromalnimi
tumory varlete z prstencitych bun¢k (PSTVPB).

Tato hypotéza se stala predmétem naseho vyzkumu. Od dob popisu prvniho piipadu
PSTVPB [39] jsme nashromazdili 13 pfipadi téchto tumort, které jsme zafadili do studie.
Velikost primarnich tumora se pohybovala mezi 0,5 a 2 cm (pramér 1,2). Histologicky by se
daly rozd¢lit do dvou skupin: 7 ptipada se skladalo pouze z prstencité komponenty, stejné,
jakou disponoval PA-SPT (tzv. Cisté tumory) a 6 piipadi vykazovalo jak komponentu
prstencitych bunék tak solidni, neprstencitou. Jinymi slovy, druhd skupina tumord méla
histologicky velmi blizko k PA-SPT. Vsechny tumory byly vySetieny imunohistochemicky
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(IHC) a molekularn¢ geneticky a vysledky nasledné porovnany s pankreatickymi SPT a
jednim piipadem PA-SPT. IHC reagovaly PSTVPB pozitivné s B-kateninem, cyklinem D1
(nuklearni pozitivita u obou), CD10, vimentinem, galektinem-3, klaudinem7, o-1-
antitrypsinem, CD56, NSE a negativné s chromograninem, sex-cor markery (inhibinem,
kalretininem, SF-1 a FOXL2), NANOG, OCT3/4 a SALL4. Molekularné geneticka analyza u
vSech tumorti, které byly vySettitelné (10 ptipadl), detekovala mutace v exonu 3 CTNNBI1
genu kodujiciho B-katenin. Z vysledki je ziejmé, Ze PA-SPT a PSTVPB reprezentuji
morfologické spektrum stejné jednotky a ze ob& skupiny maji vztah k SPT pankreatu.
Otazkou ziistdva, co znamena primarni stromalni tumor z prstencitych bunék varlete a proc i
tento nema svij protéjsek v pankreatu? Rozdil mezi testikularnimi a pankreatickymi tumory
je v jejich velikosti: zatimco tumory varlete jsou malé (0,5-2 ¢m u tumort v této studii),
pankreatické tumory jsou typicky velké. VSechny ,,Cisté* tumory varlete z prstencitych bunck
mély nejmensi velikost (nejvetsi metil 0,9 cm). Myslime si, Ze ,,Cisté™ tumory z prstencitych
bunck predstavuji inicidlni ristovou fazi a jak tumor roste, objevuje se i solidni komponenta,
ktera se zvétSujici se velikosti pfevazuje. Tato hypotéza mize byt podpofena jednim piipadem
PA-SPT, ktery byl mnohem vétsi neZ PSTVPB (téméf 5 cm) a jak jsme demonstrovali, solidni
komponenta byla velmi dobie vyvinuta. Protoze SPT pankreatu jsou resekovany objemné,
pravdépodobné u nich ,,prstencité stadium mineme a vidime pouze solidni komponentu.
Nemame osobné v registru jediny maly SPT pankreatu a tak naSe domnénka nemiize byt
vérohodné doloZzena. SPT byl jiz popsan v i ovariu [40-43] a v nedavné dob¢ byl publikovan
jeden piipad ovarialniho stromalniho ovarialniho tumoru z prstenéitych bun¢k [44], ktery byl
imunohistochemicky i geneticky identicky s pfipady nami popisovanymi testikularnimi
pripady.

Na zékladé naSich vysledkid ptredpokladame, Ze SPT pankreatu, ovaria, PA-SPT a
primarni stromalni tumor z prstenéitych bunék varlete a ovaria ptedstavuji identickou
jednotku vyskytujici se v riznych organech. Domnivame se, ze primarni stromalni tumor
z prstencitych bunék varlete, ovaria a pravdépodobné i pankreatu piedstavuje inicialni
ristovou fazi SPT.
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Abstract

Primary signet ring stromal tumor of the testis (PSRSTT) is an extremely rare
tumor described only twice in the literature. Pancreatic-analogue solid
pseudopapillary neoplasm (SPN) of the testis is a recently reported entity with
morphological overlap with PSRSTT. We reviewed our files to find all cases of
PSRSTT in order to better characterize this entity. We studied 13 cases of PSRSTTs
using histological, immunohistochemical (IHC) and molecular genetic methods and
compared the results with pancreatic SPN. Grossly, the size of PSRSTTs ranged
from 0.5 to 2 cm (mean 1.1). Microscopically, PSRSTTs predominantly showed a
proliferation of low-grade epithelioid cells containing characteristic cytoplasmic
vacuole dislodging the nucleus (signet ring cells) separated by fibrous septa into
trabeculae and nests. The immunoprofile was characterized by immunoreactivity
for B-catenin, cyclin D1 (nuclear positivity for both antibodies), CD10, vimentin,
galectin 3, claudin7, a-1-antitrypsin, CD56, NSE and negativity with
chromogranin, inhibin, calretinin, SF-1, NANOG, OCT3/4 and SALLA4. In some
cases, the IHC panel was restricted due to a limited amount of tissue. Molecular
genetic analysis revealed mutations within exon 3 of the CTNNBI encoding B-
catenin in all analyzable cases. Based on histological similarities between

pancreatic SPN and PSRSTT and their identical IHC and molecular genetic
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features, we assume that both neoplasms share the same pathogenesis and thus

PSRSTT can be considered as a testicular analogue of pancreatic SPN.

Introduction

Primary signet ring stromal tumor of the testis (PSRSTT) was first described in
2005 by Michal et al. [1] and subsequently by Kuo et al [2] as single case reports.
Microscopically, both tumors were characterized by the proliferation of low-grade
epithelioid cells containing characteristic cytoplasmic vacuole dislodging the
nucleus to the periphery of the cells (signet ring cells) which were separated by
fibrous septa resulting in a trabecular and/or nested architecture [1]. Pancreatic
solid pseudopapillary neoplasm (SPN) is a rare tumor with uncertain histogenesis
traditionally encountered in the pancreas [3]. However, recent small series and
several case reports have described an ovarian tumor identical to that seen in the
pancreas [4-8] and, most recently, a pancreatic analogue solid pseudopapillary
neoplasm of the testis (PA-SPN) has been described by our group [9].
Microscopically, PA-SPN consisted of two distinct components: a signet ring cell
component histologically identical to that seen in the primary signet ring stromal

tumor of the testis blending with a component identical to pancreatic SPN by
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showing a solid (and in minor parts also pseudopapillary) component comprised by
poorly cohesive low grade cells with eosinophilic cytoplasm. The purpose of this
study is to morphologically, immunohistochemically and molecular genetically
investigate 13 cases of primary signet ring stromal tumors of the testis and compare
their features with pancreatic SPN and with one published case of PA-SPN [9] in

order to establish their possible pathogenetic relationship.

Materials and Methods

Cases cross-matching the keywords ,.testis“, ,,signet ring stromal tumor”, ,,
unclassified sex-cord tumor®, ,,male adnexal tumor of probable Wolffian origin®,
,Sertoli cell tumor, benign, NOS* were retrieved from the Plzen tumor registry;
they came from the period 1993-2017. Additional cases were retrieved from the
routine and consultation files of the authors. Upon reevaluation, 13 cases of
primary testicular tumors that fulfilled the diagnostic criteria for this study were
selected. The clinical information was extracted from the registry records, and
follow-up data obtained from attending clinicians. In all but 2 cases, paraffin blocks
or unstained reserve slides were available for the study. To compare PSRSTT with
SPN we reviewed 20 pancreatic cases from Plzen tumor registry. For conventional
microscopy, tissues were fixed in formalin, routinely processed and stained with

hematoxylin-eosin (H&E).
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Immunohistochemistry

The IHC analysis was performed using a Ventana BenchMark ULTRA (Ventana
Medical System, Inc., Tucson, Arizona). The list of antibodies and basic technical
specifications are summarized in the Table 1. Due to the limited amount of tissue
blocks or reserve slides the utilization of the entire immunohistochemical panel was
restricted. Following stains (pB-catenin, CD10, CD56, NSE, inhibin, calretinin,
S100, OSCAR) were performed on most cases, whereas additional stains (vimentin,
synaptophysin, chromogranin, SF-1, OCT3/4, SALL4, NANOG, cyclin D1,
AE1/3, galectin 3, MIB-1, claudin 5, claudin 7, a-1-antitrypsin) were applied in
only a few of them. Antibodies were visualized using the enzymes alkaline
phosphatase or peroxidase as detecting systems (both purchased from Ventana

Medical System, Inc., Tucson, Arizona).

Molecular Genetic Analysis of the f-Catenin Gene

Mutational analysis of exon 3 of the CTNNBI1 gene was performed via polymerase

chain reaction and direct sequencing as described previously [10].

Results

Clinical features

181



The clinical features are summarized in the Table 2. The age of the patients at the
time of diagnosis ranged from 23 to 58 years (mean 39, median 35). Follow-up was
available for 5 patients. One patient died of unrelated disease (prostatic
adenocarcinoma). The remaining patients were alive and well without progression,
recurrence or evidence of metastatic disease. None of the patients had a tumor in

the pancreas and/or suffered from familiar adenomatous polyposis (FAP).

Gross and microscopic findings

Grossly, the tumors were predominantly well circumscribed and encapsulated, solid
and grey in color. No cystic or necrotic foci were noted. The size of the tumors
ranged from 0.5 to 2 cm (mean 1.1, median 1). 12/13 tumors were located in the
testis (Figure 1A), the remaining tumor was paratesticular. All tumors were
unilateral. Microscopically, all of them showed a signet ring cell population. Signet
ring cells were characterized as monomorphic rounded epithelioid cells which
contained single, large cytoplasmic vacuoles (Figure 1B). These vacuoles
compressed and displaced the nuclei, which caused some nuclei to acquire a
crescent shape, while others retained an original round shape. Signet ring cells were
separated by fibrous septa into trabeculae and nests, which sometimes resulted in
an Indian file appearance reminiscent of metastatic signet ring cell carcinomas.
Beside the signet ring cell proliferation, six tumors contained a trabecular, nested or

solid, non-signet ring cell component consisting of benign looking cells with
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eosinophilic cytoplasm (Figure 2A-E). Both components were often intermixed,
with the signet ring cell component gradually blending with non-signet ring areas
(Figure 2F). The smallest tumor containing both components measured 0.9 cm in
largest dimension.

Cellular atypia was absent and mitoses were extremely rare in both components.
Nuclei were uniform, with finely dispersed chromatin and occasional grooves.
Focally, hyaline PAS-positive globules were intermingled within tumors in four
cases (Figure 3). The adjacent non-neoplastic testis was devoid of germ cell
neoplasia in situ or any other pathologic changes.

After reviewing of 20 cases of pancreatic SPN we found a signet ring cell
component in 17 neoplasms and it was morphologically identical to the one seen in

PSRSTT.

Immunohistochemistry

The IHC findings are summarized in Table 3. Neoplastic cells in all studied tumors
reacted diffusely with antibodies to B-catenin, cyclin D1 (nuclear positivity for both
antibodies) CD10, vimentin, galectin-3, claudin7 and a-1-antitrypsin (Fig 4A-C).
CD56 was diffusely positive in 5/9 analyzable cases, whereas in the remaining 4
cases immunoreactivity was focal. Neuron specific enolase (NSE) was diffusely
positive in 6/7 cases and reacted focally in the remaining case. Expression of

synaptophysin, S100 protein, pan-cytokeratins (AE1/3, OSCAR), claudin 5 was
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variable and there was no expression of chromogranin, inhibin, calretinin, SF-1,

NANOG, OCT3/4, and SALLA4 (Fig 4D).

Mutations in Exon 3 of the CTNNBI gene

The molecular genetic features are summarized in Table 4 and examples are
depicted in Figure 5SA-C. In all (10/10) analyzable cases, a mutation was detected in
exon 3 of the CTNNBI. 2 cases revealed mutation ¢.98C>G (p.Ser33Cys), 2 cases
c.110C>T (p.Ser37Phe), 1 case ¢.110C>G (p.Ser37Cys), 1 case ¢.94G>T
(p.Asp32Tyr), 1 case c.94G>C (p.Asp32His), 1 case ¢.94G>A (p.Asp32Asn), 1
case ¢.122C>T (p.Thr41lle) and 1 case featured c.88_99dell2 (p.Tyr30_Ser33del).

The remaining 3 cases were not analyzable.

Discussion

Primary signet ring stromal tumor of the testis (PSRSTT) is an extremely rare
tumor, with only 2 cases published so far. Both reported neoplasms were
asymptomatic, unilateral and small in size (1 and 0.7 cm) and followed a benign
clinical course without recurrence or metastasis [1, 2]. Histologically, both tumors
were well circumscribed and demonstrated a monomorphic population of bland
signet ring cells separated by fibrous septa into trabeculae and nests [1, 2].

Immunohistochemically, the tumor cells in both cases reacted with vimentin and
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were negative with cytokeratin, epithelial membrane antigen (EMA), inhibin,

estrogen and progesterone receptors.

Pancreatic solid pseudopapillary neoplasm (SPN) is a rare tumor [11] usually
affecting young adults (mean age 28 y) with a striking female predominance (F:M
ratio 10:1). When clinically apparent, it is usually large. Pancreatic SPN is
generally considered as a tumor with an indolent behavior, although some
neoplasms may pursue an aggressive course, causing on rare occasions death of the
patients [12]. Microscopically, they are characterized by poorly cohesive
monomorphic bland tumor cells growing in a solid, and focally, pseudopapillary
fashion (as a result of cellular discohesion and necrosis). The diagnosis can be
confirmed by the typical coexpression of B-catenin (nuclear positivity), CD10,
vimentin, galectin-3, CD 56, NSE, cyclin D1 (nuclear positivity) and a -1-
antitrypsin in addition to the negative reaction with chromogranin in most cases.
Sex-cord markers and smooth muscle markers are not expressed by pancreatic SPN

[13].

Extrapancreatic primary SPN is a rare entity. There have been few isolated case
reports and one small series of SPN arising outside the pancreas and without the
presence of an ectopic pancreatic tissue at the site of occurrence: 9 cases were
recorded arising primarily in the ovary [4-7, 14], and one case of testicular tumor

has recently been reported by our group [9]. The tumor was described under the
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name “pancreatic analogue solid pseudopapillary neoplasm arising in paratesticular
location™. In fact, although the bulk of the tumor originally seemed to be
paratesticular in location, recently after making a large amount of recuts for
educational purposes, in the deeper levels was evident that it originated in testicular
parenchyma. Accordingly, we will use the name “pancreatic analogue solid
pseudopapillary neoplasm of the testis” (PA-SPN) instead of the original term.
Microscopically, PA-SPN exhibits two distinct components, namely a signet ring
cell component indistinguishable from that occurring in the aforementioned
PSRSTT and a solid (and in minor parts also pseudopapillary) component of poorly
cohesive low grade cells with eosinophilic cytoplasm identical to that seen in
pancreatic SPN. Clusters of foamy macrophages, deposits of hemosiderin, and
small foci of oncocytic change were sporadically found within the solid areas and
hyaline PAS-positive globules were scattered between tumor cells in both
components. Such features are well described in the pancreatic SPN [15, 16].
Owing to the very pronounced signet ring cell component in the PA-SPN, we came

to the idea that the PSRSTT might belong into the same category.

For this purpose, we have collected 13 cases of PSRSTT which are included in this
study. While 7 of them featured only the signet ring component, the remaining 6
cases exhibited both signet ring cell and solid non-signet ring cell components in

various proportions. These cases with both components were morphologically

11
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similar to the PA-SPN. The immunoprofile of PSRSTT included positivity with -
catenin, cyclin D1 (both nuclear), CD10, NSE, CD56, a -1-antitrypsin, vimentin,
galectin — 3, claudin 7 and negativity for chromogranin, sex-cord markers and germ
cell markers. In some cases, the IHC panel was restricted due to a limited amount
of tissue. These striking IHC similarities between PSRSTT and PA-SPN provide

indirect evidence that these tumors are very closely related if not entirely identical.

An oncogenic somatic mutation in exon 3 of the CTNNB/ (pB-catenin) gene has
been found in pancreatic SPN [17] and recently detected in ovarian solid
pseudopapillary neoplasm [14] and PA-SPN [9], thus linking them at the molecular
genetic level, in addition to morphological similarities. B-catenin is a key regulatory
molecule of the Wnt signaling pathway, which is important for cell homeostasis,
differentiation and proliferation and its activity is tightly regulated [18]. B-catenin is
activated by Wnt binding, after which it is transferred to the nucleus where it works
as a transcriptional cofactor. In the absence of Wnt, B-catenin remains in the
cytoplasm where it is rapidly degraded by the destruction complex containing
among others adenomatous polyposis coli (APC) protein [18]. Missense mutations
of B-catenin lead to an abnormal stabilization and nuclear overexpression of its
protein, which can be highlighted immunohistochemically. In the current study, all
analyzable cases of PSRSTT revealed a mutation in exon 3 of the CTNNB! gene.

The family of B-catenin driven neoplasia is gradually growing and include among

12
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variety of epithelial neoplasms and continuously enlarging group of soft tissue
neoplasms also parenchymal lesions of uncertain histogenesis. To the former
category belong neuromuscular choristomas [19] and to the latter sclerosing
hemangioma of the lung, calcifying nested stromal epithelial tumor of the liver,
microcystic stromal tumor of the ovary [20, 21], and pancreatic SPN together with
SPN of the ovary [18]. Our study adds to this list primary signet ring stromal tumor

of the testis and PA-SPN.

We retrieved 20 pancreatic SPN from our files in order to determine the frequency
of a signet ring cell component in these tumors. This was found in 17/20 cases,
indicating that this feature is one of the morphological characteristics of pancreatic
SPNs. Because all pure PSRSTTs were the smallest tumors in our series, we
hypothesize that testicular examples that have mostly a signet ring cell component
represent neoplasms in the incipient growth of phase, and as the lesions grow solid
areas with trabecular or pseudopapillary arrangement typical for pancreatic SPN
develop. This hypothesis can be further supported by the PA-SPN as its size (nearly
5 cm) was significantly larger than PSRSTTs and the solid, SPN-like component

was here very well developed.

There is no consensus regarding the line of differentiation of pancreatic SPN. It is
traditionally classified as an epithelial neoplasm, however, the cytokeratin

expression is rare and mostly absent. Thus the origin and phenotypic relationship of
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pancreatic SPN tumor cells to the pancreatic tissue still remains enigmatic [13].
Kosmahl et al in their study suggested an extrapancreatic origin of solid
pseudopapillary neoplasms. Genital ridges are very close to the pancreatic anlage
during embryogenesis, allowing the possibility that cells from the primitive gonads
may migrate to the developing pancreas [13]. This theory has been discussed for
mucinous cystic neoplasms and serous microcystic adenomas of the pancreas and
may be also valid for pancreatic SPN [22, 23]. The occurrence of the herein
discussed cases in the testicular area together with the previously published cases in

the ovary may serve as arguments in favor for this theory.

In the differential diagnosis, distinction from Sertoli cell tumor NOS is the most
interesting. It is our view that in the past PSRSTTs were diagnosed as Sertoli cell
tumor NOS, as this category included even cases that were immunohistochemically
negative for sex-cord markers inhibin, calretinin and SF-1 [24]. It seems to us that
immunohistochemically inhibin, calretinin and SF-1 negative testicular tumors with
signet ring cell histology that featured positive immunoreactivity for B-catenin,
cyclin D1 (both nuclear), CD10, NSE, CD56, o -1-antitrypsin, vimentin, galectin —
3, claudin 7 and negativity for chromogranin represented in fact PSRSTTs and not
Sertoli cell tumors of any kind. Real testicular tumors with Sertoli cell
differentiation are in our view mostly immunohistochemically positive for sex-cord

markers such as inhibin and calretinin ,SF-1 or FOXL2 [25].
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It is not our intention to question the entity of Sertoli cell tumors, but rather to set
apart morphologically well-defined group of tumors with consistent IHC and
molecular characteristics which we think deserves separation from the rather

heterogeneous category of Sertoli cell tumors, NOS.

In conclusion, we have described a series of primary signet ring stromal tumors of
the testicular region showing morphologic, immunohistochemical and molecular
genetic overlap with PA-SPN. We believe that primary signet ring stromal tumor of
the testis and SPN of the pancreas, ovary and pancreatic analogue SPN of the testis
are similar tumors probably represening a single entity occurring in different
organs. We further think that the recently published case of a 1.1 cm large signet
ring stromal cell tumor of the ovary with CTNNB/ mutation and vimentin, cyclin
D1, CD10, B-catenin immunohistochemical positivity and cytokeratins, calretinin,
EMA and inhibin negativity is the ovarian counterpart of PSRSTT and represents
incipient growth phase of ovarian SPN [26].

Our concept was further strengthened by a recently published letter to the editor by
Mengoli et al. The authors reported another 2 identical cases with the same results
and conclusion [27, 28]. Notwithstanding, we acknowledge that the final proof that
PSRSTT is identical to pancreatic SPN will bring only the genetic comparison of

these two entities.
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Legends to Figures:

Figure 1: The tumors were well circumscribed and small in size (A). Signet ring
cells were characterized as monomorphic rounded epithelioid cells which contained
single, large and clear cytoplasmic vacuole compressing and displacing the nucleus,
which caused some nuclei to acquire a crescent shape, while others retained an

original round shape (B).

Figure 2: Signet ring cells component was characteristic feature of every case.
Small tumors were composed entirely of signet ring cells (A). Beside the signet
ring cell proliferation, larger tumors contained additional non-signet ring cell

component arranged in solid (B), nested (C) or trabecular (D and E) fashion. The
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components were often intermixed with the signet ring cell component gradually

blending with a non-signet ring area (F).

Figure 3: Focally, hyaline PAS-positive globules were intermingled within tumors

in four cases.

Figure 4: The immunoreaction with B-catenin was relatively strong and diffuse (A)
and the positivity with this antibody was nuclear (B). All tested cases were positive

with CD10 (C) and negative with calretinin (D).

Figure 5: The sequenogram data involving mutations in exon 3 of CTNNBI gene;
used nomenclature NM_001904.3. Substitution ¢.94G>T, p.Asp32Tyr (A),

substitution c.98C>G, p.Ser33Cys (B), substitution c.110C>G, p.Ser37Cys (C).
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Table 1: List of antibodies

Antibody Clone Manufacturer Dilution
[-catenin polyclonal Thermo Fischer Scientific, Freemont, CA, USA 1:150
CDI10 SP67 Ventana Medical System, Inc., Tucson, Arizona, USA RTU
Vimentin A% Cell Marque, Rocklin, CA, USA RTU
CD56 MRQ-42 Cell Marque, Rocklin, CA, USA RTU
Synaptophysin SP11 Ventana Medical System, Inc., Tucson, Arizona, USA RTU
Chromogranin DAK-A3 Dako, Glostrup, Denmark 1:400
NSE BBS/NC/VI-H14 Dako, Glostrup, Denmark 1:1000
Inhibin R1 Ventana Medical System, Inc., Tucson, Arizona, USA RTU
Calretinin SP65 Ventana Medical System, Inc., Tucson, Arizona, USA RTU
SF-1 N1665 R+D Systems, Minneapolis, Minnesota, USA 1:100
OCT3/4 NINK Novocastra, Newcastle, UK RTU
SALLA4 6,00E+03 Sigma-Aldrich, Saint Louis, MO, USA 1:800
NANOG polyclonal Abcam, Cambridge, UK 1:100
Cyclin D1 polyclonal Thermo Fisher Scientific, Fremont, CA 1:100
S-100 protein polyclonal Ventana Medical System, Inc., Tucson, Arizona, USA RTU
AEI-AE3 AE1/AE3/PCK26 Ventana Medical System, Inc., Tucson, Arizona, USA RTU
OSCAR IsoType:lgG2a Covance, Emeryville, CA, USA 1:100
Galectin-3 9C4 Cell Marque, Rocklin, CA, USA RTU
MIB 1 Ki-67 Dako, Glostrup, Denmark 1:400
Claudin 5 4C3C2 Invitrogen Corporation, Camarillo, CA, USA 1:100
Claudin 7 LS-B2918 LSBio, Seattle, WA, USA 1:200
o-1 -antitrypsin polyclonal Cell Marque, Rocklin, CA, USA 1: 200

Table 2: Clinicopathologic features

Case Age Size (cm) | Localisation | Follow-up
PA-SPN 32 | 4,8x4x3 paratestis AW in 1 yr FU
! 34 |diam. 0.9 | testis NA
2 NA [diam. 0,5 testis NA
3 NA |NA testis NA
4 55 | 2xIx1 paratestis AW in 4 yrs FU
5 43 [NA testis AW in 4 yrs FU
6 32 | diam. 0.9 testis AW in 6 yrs FU
! 57 | NA testis NA
8 23 |diam. 1 testis NA
9 35 |diam. 1 testis NA
10 29 |diam 1.2 testis AW in 5 yrs FU
11 58 diam. 1 testis Died from prostatic adenocarcinoma in 2001
12 20 | diam. 2 testis NA
13 35 | 0.8x0.7x0.6 | testis NA
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Table 3: Immunohistochemical results

Case | p-cat |CD10| Vim [CD 56| Syna | Chro | NSE | Inh |Calret| SF-1 (;f,:f SA}L NAN (]J)ylc S100 (AEL/3| OSC | Gal3 MJIB ) CI;" Cl;m a-1-antitr
PA- + + + | Foc+ | foc+ - + - - NP + + foc+ | + + NP + + +
SPN
1 + + | NP |foc+| + [ NP | + - NP | NP | NP | NP | o+ foc+ | foc+ | + | low Wiak + +
2
+ + NP | foc+ - - NP NP NP - NP NP NP NP - NP NP NP NP NP NP
3 + + NP | foc+ - NP + - NP NP NP NP NP NP - NP NP NP NP NP
4 + + NP NP - NP + - NP NP NP NP + NP | foc+ | NP low NP NP NP
5 NP NP NP NP NP NP NP - NP - NP NP NP NP NP NP NP NP
6 + + + + NP + - NP NP + foc+ | NP | foc+ | NP NP NP NP NP
7 + + + NP + NP | foc+ - - NP NP NP NP NP NP NP NP low NP NP NP
8
NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP
? + + NP | foc+ | NP NP NP - NP NP NP NP NP NP NP - NP NP NP NP NP
10 + + + + NP NP NP - - NP NP NP NP NP NP - NP NP NP NP NP
1
+ + + + - NP + - NP NP NP NP + - - NP NP NP NP NP
12 weak
+ + + + NP NP NP - NP NP NP NP + foc + - - + NP - + +
3 + + NP + NP NP + - - - NP NP NP | foc+ | NP NP NP NP NP

Table 4: Molecular genetic features

Case Mutations in Exon 3 of the CTNNBI gene
PA-SPN |c.101G>T (p.Gly34Val)

1 ¢.110C>T, p.Ser37Phe

2 c.88_99del12, p.Tyr30_Ser33del

3 |c.122C5T, p.Thra e

4 c.98C>G, p.Ser33Cys

5 c.110C>T, p.Ser37Phe

6 c.98C>G, p.Ser33Cys

7 INA

8 NA

9 |c.110C>G, p.Ser37Cys

10 c.94G>T, p.Asp32Tyr

11 ¢.94G>C, p.Asp32His

12 NA

13

c.94G>A, p.Asp32Asn
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SOLIDNI PSEUDOPAPILARNI TUMOR: NOVA NADOROVA JEDNOTKA VE
VARLETI?

Koncept studie tykajici se primarnich stromalnich tumort varlete z prstencitych bunék
(popsano Vv predchozi studii, str. 166) byl nedavno podpoien skupinou italskych autort, ktefi
reagovali na prvopopis PA-SPT. Formou dopisu editorovi pfidali 2 pfipady testikularnich
tumortt ve vSech aspektech shodnych s ndmi popisovanymi piipady a podpofiili tak nasi
hypotézu, ze PA-SPT a PSTVPB reprezentuji distinktni jednotku analogickou SPT pankreatu.

Nize je ptilozen jak dopis editorovi, tak nase odpovéd’ na néj.
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Solid pseudopapillary tumor: a new tumor @ i
entity in the testis?

To the Editor,

We greatly appreciated the case by Michal et al [1] report-
ing on a pancreatic analogue solid pseudopapillary tumor
(SPT) of the paratesticular location. Analogously, we recently
dealt with 2 cases arising in the right testis of a 60-year-old
man and in the left testis of a 56-year-old man. The patients
have an uneventful medical history, and the testicular
nodules (1.5 and 3.2 cm, respectively) were incidentally
disclosed during an ultrasound echosonography performed

Human
PATHOLOGY

www_elsevier.com/locate/humpath

for hydrocele. Routine laboratory test results and serum
tumor markers were unremarkable. The patients each under-
went orchiectomies, grossly revealing a gray-brownish
nodule with well-defined margins surrounded by normal
testicular parenchyma.

At histology, the tumors showed a solid, cystic, and pseu-
dopapillary growth pattern with myxohyaline core and micro-
cystic spaces in the first case and a signet ring cell proliferation
with nuclear grooves and pseudoinclusion in the second case
(Figure). Mitotic activity was inconsistent, necrosis was ab-
sent, whereas hyaline periodic acid—Schiff—positive globules
were intermingled within cells. Tumor cells strongly displayed
nuclear and cytoplasmic expression for f-catenin (Figure E)

o

Figure  The tumors appear as a well-defined lesion with a fibrous pseudocapsule (A), a pseudopapillary (B) and solid (C) growth pattern, fibrous
septa, hemorrhagic foci, microcystic spaces, and signet ring cells (D) (hematoxylin and eosin stain). At immunohistochemistry, tumor cells express
P-catenin (E, nuclear and cytoplasmic staining) and CD10 (F) but lack E-cadherin reactivity (G).

0046-8177/© 2017 Elsevier Inc. All rights reserved.
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and diffusely stained with CD10 (Figure F), CD56, CD117,
CD99, progesterone receptors, and cyclin D1 (Figure D).
Negative staining was observed with a-inhibin, E-cadherin
(Figure G), pan-cytokeratins, SALL-4, OCT-4, CDX2,
a-fetoprotein, CD30, p-HCG, DOG-1, calretinin, chromo-
granin, synaptophysin, glypican-3, and SF1. Mutations in the
CTNNBI gene exon 3 were identified by direct sequencing.
An abdominal computed tomographic scan performed in both
patients gave a negative result. These features consistently
supported the diagnosis of SPT of the testis. No further therapy
was performed after surgery, and the patients are alive and well
at 15- and 27-month follow-up, respectively.

In 2010, Deshpande et al [2] first deseribed 3 primary
ovarian neoplasms histologically and immunohistochemically
identical to SPT of the pancreas. Since then, different
examples have been reported in the ovary, leading to the
introduction of SPT as a distinct tumor entity in the
last WHO Classification of Tumours of Female Reproductive
Organs [3].

The main differential diagnosis in these cases is with Sertoli
cell tumor (SCT), including its sclerosing-type variant, with
which SPT may share some morphologic and immunohisto-
chemical features. Interestingly, protein nuclear expression
and mutations of -catenin gene have been demonstrated in
SCT [4], and signet ring cell stromal tumor is generally consid-
ered an uncommon variant of SCT [5]. However, we agree
with Michal et al [1] that signet ring cell stromal tumor of
the testis does represent an “orphan” neoplasm of uncertain
histogenesis, possibly representing a peculiar morphologic
variant of SPT in the testis. As in the ovary, the exact patho-
genesis of SPT remains unclear, and the lack of a teratoma
component does not support the possibility of a neoplastic
transformation from ectopic pancreatic tissue. Because several
other SPTs of the ovary have been published after the initial
description by Deshpande et al [2], it will be not surprising
to “officially” recognize the occurrence of SPT also in the tes-
tis among tumors showing solid, pseudopapillary, and signet
ring cell growth pattern and f-catenin alterations.

Maria Cecilia Mengoli, MD

Luca Reggiani Bonetti, MD, PhD

Department of Anatomic Pathology, Azienda
Ospedaliero-Universitaria Policlinico di Modena
71-41124 Modena, ltaly

E-mail address: cecilia.mengoli@gmail.com

Donatella Intersimone, MD

Franco Fedeli, MD

Operative Unit of Pathologic Anatomy

Azienda Ospedaliera S. Andrea, 19121 La Spezia, Italy

Giulio Rossi, MD, PhD
Pathologic Anatomy, Hospital of Aosta, 11100 Aosta, ltaly
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Solid pseudopapillary tumor: a new
tumor entity in the testis? Reply

@ CrossMark

To the Editor,

We would like to thank Dr Mengoli et al for their letter to
the editor concerning our previously published article [1].
Their observations are valuable, and the authors confirm our
suggestion that most signet ring cell tumors of testis [2] are

n “orphan neoplasm” representing a peculiar variant of solid
pseudopapillary neoplasm (SPN) known for the long time to
occur in the pancreas and recently described in the ovary as
well [3].

In the meantime, we have collected 13 cases of
testicular tumors being entirely (Fig. 1) or partly composed
of signet ring cells. Interestingly, the non—signetring cell com-
ponent in some of these tumors appeared very distinctive. It
contained areas characteristically seen in pancreatic SPN in-
cluding solid, pseudopapillary, oncocytic (oxyphilic) areas,
foamy cells, deposits of hemosiderin, trabecular areas, and
hyaline globules (Fig. 2A-D). In addition, the immunohisto-
chemical profile comprising CD10, synaptophysin, CD56, >
catenin, and neuron-specific enolase positivity and chromo-
granin, inhibin, calretinin, SF1, and FOXL2 negativity is en-
tirely identical to SPN of the pancreas.

Signet ring cell stromal tumors of the testis were likely mis-
diagnosed as Sertoli cell tumors, not otherwise specified in the
past [4]. Itis our view that tumors with such an immunoprofile
can hardly be regarded as any tumor with Sertoli cell differen-
tiation, and a much simpler explanation is to consider them as
the testicular analogue of SPN.

Kvetoslava Michalova, MD

Department of Pathology, Charles University

Medical Faculty and Charles University Hospital Plzen
Pilsen 30460, Czech Republic
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CHORIOGONADOTROPIN POZITIVNI SEMINOM — KLINICKOPATOLOGICKA
A MOLEKULARNE GENETICKA STUDIE 15 PRIPADU

Klasické ¢isté seminomy jsou typicky negativni v imunohistochemickém (IHC)
prikazu lidského choriogonadotropinu (hCG), avsak pfitomnost syntitiotrofoblastii (ST),
pozitivnich v IHC reakci s hCG, je zde dobfe dolozena [45]. S klasickym seminomem
s extenzivni IHC pozitivitou s hCG a zaroven bez piitomnosti ST se vSak setkame ziidkakdy.
Ze 168 klasickych seminomu v plzeiiském registri nadortt jsme vybrali 15 takovychto
ptipadd, které jsme nésledné rozdélili do 2 skupin:

1. 10 ptipadu s extenzivni imunoreakci s hCG ve vice nez 60% nadorovych bunék a
signifikantni expresi mMRNA beta pojednotky hCG (detekovano pomoci RT-PCR).
Osm prtipada bylo stage pT1 a dva pT3a. 6/10 pacientii mélo zvysenou krevni hladinu
hCG.

2. 5 ptipadi s hCG imunoreaktivitou pouze v roztrousenych nadorovych bunkach a se
slabou expresi mRNA beta pojednotky hCG (BCG). Ctyfti ptipady byly stage pT1 a
jeden pT2. Jeden pacient m¢l zvySené krevni testy na hCG.

Jako negativni kontrolu jsme pouzili 4 ptipady klasickych seminomu areaktivnich s hCG,
které jsme jiz dale nevysetiovali molekuldrné a oznacili je pracovné jako skupina 3.

Piiblizné 7-25% pacientt s klasickym seminomem ma v dobé diagnézy zvysené krevni
hodnoty hCG, coz je pfi¢itano pritomnosti ST [46-48] a/nebo vyssimu stage tumoru. Piipady
zatazené¢ do této studie vSak byly prosty ST a vétSina tumortd byla pT1. N&§ vyzkum
poukazuje na fakt, ze IHC exprese hCG v Kklasickych seminomech nemusi byt omezena pouze
na ST, ale mize byt produkovéna ,typickymi“ neoplastickymi bunikami seminomu. ITHC
pozitivita s hCG muze byt v téchto tumorech bud’ diftzni (skupina 1 v nasi studii) anebo
omezena pouze na nékteré nadorové buiiky (skupina 2 v nasi studii). Zda se, ze hCG pozitivni
seminomy bez syntitiotrofoblastli se svym biologickym chovanim nijak neliSi od castéjsich,
hCG negativnich seminomi, ackoliv prognostické zavéry se ztakto malé studie nedaji
vyvozovat. Zarovén bychom chtéli zdiraznit jiz znamou, ale ¢asto opomijenou dilleZitost
extenzivniho zabloCkovani tumord, které zlstavd i1 pres rapidni rozvoj sofistikovanych
diagnostickych metod stale stézejnim diagnostickym pomocnikem v rukach patologa. Zvlasté
u pacientii se zvySenymi krevnimi hodnotami hCG by vzdy méla byt zvazovana mozZnost
pfitomnosti neseminomové (zvlaste¢ choriokarcinomové) komponenty a vyloucena aZz na
zéklad¢ prohlednuti velkého mmnozstvi blokG negativnich na pfitomnost neseminomové
komponenty.
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ARTICLE INFO ABSTRACT

Keywords: The presence of human chorionic gonadotropin (hCG) positive syncytiotrophaoblastic cells (STC) in classic
Testis seminoma (CS) is well documented. CS with extensive hCG positive, non-syncytiotrophoblastic tumour cells
Seminoma (without STC) is exceptionally rare. In this study, we present 15 such cases. 168 CSs were retrieved from the
Human chorionic gonadotropin Plzen Tumor registry. Cases of mixed germ cell tumors (with CS) and CSs with typical STC were excluded.
Immunohistochemistry Cases with completely embedded tumor mass were selected for further study and immunohistochemically
RT-PCR examined with anti-hCG. Positive cases were further analyzed by reverse transcriptase polymerase chain
reaction. Two groups of hCG-positive CSs were identified. Group 1 comprised 10 patients with a mean patient
age of 37.7 years and mean tumor size of 4.96 cm. Eight cases were pT1 (TMN 2009) and 2 cases pT3a. Blood
levels of hCG were elevated in 6 of the 10 patients preoperatively. [n 2 patients the blood level of hCG was not
tested. Mean follow-up period was 6.1 years. No metastatic behavior was noted. All tumors were extensively
immunoreactive for hCG in more than 60% of tumor cells. The expression of hCG beta subunit (CGB)—mRNA in
tumor tissue was documented. Group 2: Comprised 5 patients with a mean age was 34 years. Mean tumor size
was 4.7 cml. Four cases were stage pT1 and 1 case was pT2. The mean follow-up period was 3.1 years. No
metastatic behavior was noted. Preoperative blood levels of hCG were elevated in 1/5 of the patient. Strong
hCG positivity was limited to scattered single tumor cells distributed throughout the entire tumor. Only weak
expression of CGB mRNA was detected. We can conclude that immunochistochemical detection of expression
of hCG in CS is not limited to syncytiotrophoblastic cells. In this study, we report two immunochistochemical
patterns of hCG expression in classic seminomas: diffuse hCG staining in the majority of tumor cells and

scattered hCG-positive cells within the tumor.
© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Seminoma is the most common type of testicular germ cell tumor.
The peak incidence is around 40 years of age. Pure seminomas account

* Disclosure of conflict of interest: All authors declare no conflict of interest. for about 50% of all testicular germ cell tumors, Patients mostly present

WX The study was supported by the Charles University Research Fund (project
number P36) and by the project by the project CZ.1.05/2.1.00/03.0076 from European
Regional Development Fund.

* Corresponding author. Department of Pathology, Charles University, Medical
Faculty and Charles University Hospital Plzen, Alej Svobody 80, 304 60 Pilsen, Czech
Republic. Tel.: +420 377104643; fax: +420 377104650.

E-mail address: hes@medima.cz (O. Hes).

1092-9134/$ - see front matter © 2014 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.anndiagpath.2013.12.004

with a testicular mass. Only about 2% to 3% of seminomas are diagnosed
because of symptoms attributed to metastatic disease [1]. Very rarely,
gynecomastia occurs, most likely as a result of elevated levels of serum
human chorionic gonadotropin (hCG). Itis believed that elevated blood-
levels of hCG are a result of the activity of intermingled syncytiotropho-
blastic cells or large cell mono/multinucleated cells (STC) within the
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tumor [2-4]. Such syncytiotrophoblastic cells are present in 10% to 20%
of classic seminomas (CS) [5].

In this study, we present 15 cases of hCG positive CSs without
typical syncytiotrophoblastic cells. The majority of the patients
showed elevated level of hCG in blood preoperatively.

2. Material and methods

All cases that had been coded as seminoma during 1997 to 2013
were retrieved from the institutional archive of the Charles University
Department of Pathology and University Hospital in Plzen and
reviewed. All mixed germ cell tumors were excluded from the
study. Total number of 168 CSs were found. Only cases where the
tumorous mass was completely embedded were further examined.
Seminomas with typical syncytiotrophoblastic elements were also
excluded from the study. Hence, only cases with pure classic
seminoma pattern were further submitted to immunohistochemical
examination. The remaining cases consisted of 98 classic seminomas.
The immunohistochemical study was performed using a Ventana
Benchmark XT automated stainer (Ventana Medical System, Inc,
Tucson, AZ, USA) on formalin-fixed, paraffin-embedded tissue.
Antibody against hCG (polyclonal-isolated beta chain, 1:10 000,
DakoCytomation, Glostrup, Denmark) was applied.

Blocks from human placental tissue were used as positive control.
Non-neoplastic testicular or adnexal tissue was used as internal
negative control in each case.

Slides from each case were evaluated as follows:

Negative = no cells expressed hCG; Focally positive = less than
60% of the tumor cells expressed hCG or when scattered single
cell positivity were identified; Diffusely positive = more than 60%
of the tumor cells expressed hCG.

2.1. Molecular genetic study (reverse transcriptase polymerase
chain reaction)

15 cases of hCG positive seminomas were further examined
by reverse transcriptase polymerase chain reaction (RT-PCR).
Four immunohistochemically hCG negative seminomas were
used as negative control. This cohort was labeled as Group 3
(see below),

RNA from tumor and non-tumor tissue was extracted and
treated by DNase according to the manufacturer's instructions
using the RecoverAll Total Nucleic Acid Isolation Kit (Ambion,
Austin, TX, USA). cDNA was synthesized using the Transcriptor First
Strand cDNA Synthesis Kit (RNA input 2 pg) (Roche Diagnostics,
Mannheim, Germany).

Table 1
Group 1—diffusely hCG positive seminomas—basic clinicopathological features

Each PCR reaction consisted of 3.5 L of sterile PCR water, 10 pL of
“iQ SYBR Green Supermix” (Bio-Rad Laboratories, Alfred Nobel Drive,
Hercules, CA, USA), 0.75 pL of each primer (10 pmol/L) and 5 pL of
cDNA. All amplifications were carried out on a Rotor-Gene Q
instrument (Qiagen, Hilden Germany) for 40 cycles (95°C for 20
seconds, 60°C for 30 seconds, and 72°C for 30 seconds) following an
initial denaturation/Taq activation step (94°C for 4 minutes). Primers
used for chorionic gonadotropin beta subunit (CGB) amplification
(CGB-F1 5'-GCTACTGCCCCACCATGACC-3' and CGB-R1 5'-GGACTC-
GAAGCGCACATCG-3") are specific and do not amplify sequentially
very similar luteinizing hormone-B mRNA [6]. The abundance of B2M
reference transcript (32-microglobulin) was also quantified in each
sample as described previously [7]; the following primers were used:
B2M-F 5’-GTCTCGCTCCGTGGCCTTA-3' and B2M-R 5'-TGAATCTITG-
GAGTACGCTGGATA-3'. To further prevent amplification of genomic
DNA, CGB-F1 and B2M-R primers were designed to anneal specifically
to a template corresponding to the spliced transcript only. Product
sizes of specific PCR products (CGB = 92 bp, B2M = 81 bp) were
confirmed by 2% agarose gel electrophoresis.

Rotor-gene Q series original software (version 1.7) was used for
data analysis. First, efficiencies of individual primer pairs were
calculated from slopes of PCR curves (CGB = 1.66 and B2M = 1.7)
in “Comparative analysis” mode of the software. Then, expression
ratio of target CGB mRNA to reference B2M mRNA was calculated for
each sample from the respective PCR efficiencies and crossing points
according to Pffafl [8].

2.2, Statistical analysis

Differences in CGB mRNA expression among each group [1-3] and
between tumor and normal tissue within each group were analyzed
with Kruskal-Wallis exact test and Wilcoxon exact test, respectively.

3. Results

Of the 168 cases that had been coded as “classic seminoma”, which
were retrieved and reviewed for the study, 10 cases of pure
seminomas with extensive hCG positive areas were found (Group 1).

Basic clinicopathologic data for this group are summarized in
Table 1.

The mean age of the patients was 37.7 years, median 36.5 years.
Mean size of the tumors was 4.96 cm, median 3.8 cm.

Eight cases were stage pT1 (TNM 2009); 2 cases were pT3a. No
distant metastases had been documented at the time of surgery and
during the follow-up period. Six tumors were located in the right and
4 in the left testicle.

Age Side Size (cm) Stage (TNM 09) hCG blood (IU/L)* Recurrence/metastasis Follow-up
Case 1 35 Sin. 0.8x05x06 pT1 2 0 2mAW (0.2 y)
Case 2 33 Dx. 47 x4 x4 pT1 151 0 5.7y AW
Case 3 35 Dx. 55x25x%3 pT1 378 0 3y AW
Case 4 51 Dx. 4x21x22 pT1 NA 0 3.5y AW
Case 5 23 Sin. 33x15x%x1 pT1 10 0 5.4y AW
Case 6 44 Dx. 125 % 7% 8 pT1 9 0 4y AW
Case 7 42 Dx. 36x25x2 pT1 13 0 2y AW
Case 8 46 Sin. 7x9x%x5 pT3, pNO NA 0 12y AW
Case 9 38 Dx. 3x25%x15 pT3, pNO 142 0 125y AW
Case 10 30 Sin. 32x22x%x25 pT1 Not elevated?® 0 13y AW

Dx, right; sin, left; AW, alive and well; LE, lost of evidence; NA, not available preoperatively; y, year/years; m, month.
* Patient underwent left radical orchidectomy for classic seminoma 9 years ago, no expression of hCG has been noted.

'_" Normal level: 0-5 IU/L
§ Not elevated, as was expressed in clinical record.
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Fig. 1. Diffusely positive classic seminoma. A, Herr osin. B, I
staining with hCG. C, Detail of hCG diffusely positive area in classic seminoma.

Follow-up was available for 10/10 of the patients. The average
follow-up was 6.13 years, median 4.7 years. No metastatic behavior
was noted in any of the patients.

Serum levels of hCG were elevated in 6/10 of the patients at the
time of diagnosis. In 2 patients, the preoperative blood level of hCG
had not been analyzed.

Table 2
Group 1—diffusely hCG positive seminomas—morphology and immunoreactivity
Pattern Necrosis Extend Intensity

Case 1 Solid 0 Diffuse Strong
Case 2 Solid + Diffuse Moderate/strong
Case 3 Solid/tubular 0 Diffuse Moderate/strong
Case 4 Solid 0 Diffuse Moderate/strong
Case 5 Solid 0 Diffuse Strong
Case 6 Solid 0 Focal Strong
Case 7 Solid 0 Diffuse Moderate/strong
Case 8 Solid + Focal Strong
Case 9 Solid 0 Diffuse Moderate/strong
Case 10 Solid/Tubular ¥ Focal Strong

Morphologically, all cases were exclusively composed of the charac-
teristic monotonous, atypical, neoplastic seminoma-cells exhibiting
clear cytoplasm with variable lymphocytic infiltration. Limited areas
(<10% of tumor volume) of necrosis were present in 3 cases. The
architecture was predominantly solid, with 2 cases (nos. 3 and 10)
showing focal tubular pattern (Fig. 1A). The tubular architecture was
most prominent in case 10. No typical syncytiotrophoblastic tumor
cells were present in any of the cases.

Results of the immunohistochemical study are summarized in
Table 2.

Fig. 2. Focally positive classic seminoma. A, Hematoxylin-eosin. B, Inmunohistochem-
ical staining with hCG showed scattered single strongly positive cells.
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Table 3
Group 2—focally hCG positive seminomas—basic clinicopathological features
Age Side Size (cm) Stage (TNM 09) hCG blood (IUA)* Recurrence/metastasis Follow-up

Case 1 26 Dx. 45x4x3 pT1 2 LE LE
Case 2 35 Dx 65x45x4 pT1 3 0 2y AW
Case 3 29 Dx 9x45x4 pT2 17 0 1y AW
Case 4 48 Dx. 2x15x1 pT1 0.5 0 13y AW
Case 5 32 Sin. 15x13x1 pT1 0 0 83y AW

Abbreviations: Dx, right; sin, left; AW, alive and well; LE, lost of evidence; y, year/years.

*+ Normal level: 0-5 IU/L

Diffuse reactivity for/expression of hCG (more than 60% of the
tumor cells was identified in 7 cases, focal immunoreactivity (<60%)
was present in 3 cases. The immunohistochemically labeled hCG was
cytoplasmatic (Fig. 1B and C).

A second group (5 cases) exhibited scattered strongly hCG-
expressing tumor cells was also identified. Basic clinicopathologic data
are summarized in the Table 3 (Group 2). The mean age of the patients
was 34 years, median 32 years. The mean size of the tumors was 4.7 cm,
median 4.5 cm., Four cases were of pT1 stage (according TNM 2009), 1
case of pT2. No distant metastases were noted at the time of surgery.
Four cases were located in the right testicle, 1 case in the left testicle.
Follow-up was available for 4 of the 5 patients, with an average period of
3.15 years, median 1.65 years. No metastatic behavior was noted in any
patients, Serum level of hCG was elevated in 1 of the 5 patients at the
time of diagnosis.

Morphologically, all cases in this group were exclusively composed
of typical seminoma-cells with clear cytoplasm and with variable
Iymphocytic infiltration (Fig. 2A). Small foci of necrosis (<5% of tumor
volume) were present in 1 case. The architecture was exclusively with
no unusual patterns in any of the tumors. No typical syncytiotropho-
blastic or giant cells were present.

All cases from this group showed identical pattern of immunore-
activity. Scattered single tumor cells with strong cytoplasmic
immunoreactivity for hCG were present diffusely throughout the
tumor (Fig. 2B).

Group 3 consisted of 4 patients with CS and was used as a negative
control. Basic clinicopathologic data are shown in the Table 4. The
mean age of the patients was 34.8 years, median 36 years. The mean
size of the tumors was 7.3 cm, median 7.8 cm.

One case was pT1 (according TNM 2009), one case pT2, cN1, one
case pT3, and one case pT3, cN2. Follow up was available for 4/4 of the
patients, with an average period of 3.1 years. No progression of the
disease was documented in any of the 4 patients. The architecture was
mostly solid and/or alveolar. No expression of hCG was identified in
any of the tumors.

Table 4
Group 3: hCG negative seminomas {negative control)- Basic clinicopathological features
Age Side Size Stage hCG blood  Recurrence/  Follow-
(cm) (TNM 09) (IU/L)T mefastasis up
Case1 30 Sin. 11x6x PpT3N2 6.0 0 13y
6 AW
Case2 37 Dx. 25x15 pT3 Not 0 68y
x 15 elevated® AW
Case3 36 Sin. 85x35 pTl 50 ] 14y
x 4 AW
Case4 36 Dx. 7x42x pT2N1 NA 0 3yAw
4

Dx, right; sin, left; AW, alive and well; LE, lost of evidence; NA, not available
preoperatively; y, year/years.

*+ Normal level: 0-5 IU/L.

8 Not elevated, as was expressed in clinical record.

3.1. Molecular genetics

Results of molecular genetics study are depicted in Table 5 and
Fig. 3. In Group 1, expression of CGB was detected at mRNA level in
tumor tissue and practically no expression was found in non-tumor
tissue. In Group 2, weak expression of CGB was detected in tumor
tissue and no expression was found in non-tumor tissue. In Group 3,
no CGB transcript was observed.

3.2. Statistical analysis

Comparison of CGB mRNA expression among groups 1, 2, and 3
showed statistically significant differences (P <.001) (Fig. 4). Com-
parison of CGB mRNA expression between tumor and normal tissue
within each group revealed statistically significant differences in
Group 1 (P <.001) and Group 2 (P = .0476) while no significant
change were found in Group 3 (P = 1.0).

4. Discussion

Pure CSs are generally believed to be immunohistochemically
negative for hCG. However, it is well known that CSs with
syncytiotrophoblasts are common and the syncytiotrophoblasts are
indeed strongly immunoreactive for hCG. Moreover, there is a
spectrum of trophoblastic cells within CSs ranging from large mono
or binucleated cells to large, typical multinucleated syncytiotropho-
blastic cells [9-11].

From our cohort of 168 cases of CS, all cases with mixed germ
cell morphology and cases with typical well-recognizable

Table 5
Relative expression level of CGB mRNA in tumor and normal tissue of groups 1, 2, and 3

Tumor tissue Normal tissue

Group 1
Case 1 0.0477199 0.0016174
Case 2 NA 0.0000000
Case 3 0.4502905 0.0025535
Case 4 0.0903906 0.0000000
Case 5 0.0289434 0.0000000
Case 6 0.0077732 0.0000000
Case 7 0.0296978 0.0000000
Case 8 0.0663216 0.0000000
Case 9 0.0702606 0.0000000
Case 10 0.0243507 0.0000000

Group 2
Case 1 0.0000000 0.0000000
Case 2 0.0077106 0.0000000
Case 3 0.0051808 0.0000000
Case 4 0.0113600 0.0000000
Case 5 0.0542344 0.0000000

Group 3
Case 1 0.0000000 0.0000000
Case 2 0.0000000 0.0000000
Case 3 0.0000000 0.0000000
Case 4 0.0000000 0.0000000
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Fig. 3. Relative expression of CGB mRNA in tumor and non-tumor tissue.

syncytiotrophoblastic elements were excluded. The remaining cases
consisted of 98 classic seminomas. Ten tumors displayed immunchis-
tochemically extensively positive areas (>60% of tumor cells; group 1).
Five cases contained scattered tumor cells which exhibited strong
expression of hCG throughout the tumors (Group 2). Importantly, all
cases were typical pure classic seminomas by morphology.

The immunohistochemically detected expression of hCG was
confirmed with mRNA expression analysis. We detected statistically
significant increased CGB levels in both group 1 and 2, although the
magnitude of the increased of CGB level in group 2 was of borderline
value when compared to non-neoplastic, testicular tissue, The
molecular study also confirmed statistically significant differences in
the extent of immunohistochemically detected hCG between groups
1,2, and 3.

Increased CGB mRNA expression was demonstrated in most of
the tumor tissue samples in both groups 1 and 2. As expected, no
expression was found in group 3 and normal control tissue. However,
a detailed analysis of RT-PCR results revealed the following: (1) case 2
in group 1 was not analyzable due to the low quality of RNA. (2) There
were 2 cases in group 2 (cases 1 and 3) in which a negligible presence
of CGB mRNA was found in normal tissue. The most probable

explanation for this is minor contamination of normal tissue with
infiltrating tumor cells. (3) The tumor tissue of Case 1 in Group 2 did
not reveal any CGB mRNA expression even though the immunohis-
tochemical result was positive. We cannot easily explain this, but this
phenomenon may be due to very low levels of CGB expression, which
were under detection limits of the method.

Approximately 7% to 25% of all patients with classic seminoma have
elevated serum levels of hCG at the time of diagnosis. It is believed that
higher stages and/or more voluminous tumor burden are associated
with elevated hCG levels in the peripheral blood [ 12].If blood is sampled
from the testicular vein, 80% to 85% of patients have elevated hCG level
[13,14]. In our series, 8 of 10 patients were of stage pT1 (TNM 2009);
only 2 cases were pT3. The median size of our cases was 3.8 cm. In our
series, all blood tests were taken routinely from the region of vena
mediana cubiti. In 7 of our patients, elevated level of hCG was detected.
Preoperative serum hCG levels were not available in 2 patients. Normal
serum hCG levels (0-5 IU/L) was found in 6 of 15 patients.

In a group of 10 extensively hCG positive cases in our series (group
1), elevated blood level of hCG was noted preoperatively in 6 patients,
In 2 patients, blood levels were within physiological limits. In 2
patients, preoperative blood levels were not available. Among 5 cases

0.5
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Fig. 4. Comparison of CGB mRNA expression among groups 1, 2, and 3.
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with focal, scattered hCG expressing cells in the immunohistochem-
ical study (group 2), only 1 patient presented with elevated
preoperative blood level of hCG.

Seminomas without syncytiotrophoblastic cells producing hCG are
known from previous studies. Hori et al. examined cohort of 45
patients with histologically confirmed seminomas. Eleven patients
had elevated blood B-hCG level. In 24% of their cases, the
seminomatous tumors contained syncytiotrophoblasts, in 80% of the
tumors, mononuclear, 3-hCG positive cells were detected. In their
study, 22% of seminomas displayed both mononuclear 3-hCG positive
and syncytiotrophoblastic cells. Mononuclear beta-hCG positive cells
were described as “...constituted a small proportion of mononuclear
seminoma cells...” [15]. An identical pattern of hCG expression (single
mononuclear cells diffusely distributed within tumor) was found in
the seminomas of our group 2.

An interesting fact is the relatively high percentage of pure classic
seminomas with hCG expressing, non-syncytiotrophoblastic cells in
our series. Of the 168 analyzed cases, 10 (6%) were extensively
positive for hCG and 5 cases (3%) were focally positive, which
altogether reached 9%.

Finally we want to stress the importance of extensive sampling
of germ cell tumors generally. Even in tumors with appearance of
CS unusual findings (eg, minor non-seminomatous components)
could be disclosed. Especially in patients with elevated blood levels
of hCG, it is of critical importance to rule out the possibility of
mixed germ cell tumor with a non-seminomatous component
(especially choriocarcinoma) because of the different therapeutic
approach. However, based on our results, we have clearly
established that not all cases of germ cell tumors with elevated
blood levels of hCG are of the mixed germ cell tumor category or CS
containing syncitiotrophoblasts.

Based on the findings of our study, we can conclude that:

1. Immunohistochemically detected hCG expression in classic
seminomas is not limited to the syncytiotrophoblastic or large
mono-/multinucleated cells, but is produced by the “typical”
seminoma-cells.

2. There are two immunohistochemical patterns of hCG expres-
sion in classic seminomas: (A) diffuse hCG staining in the

majority of tumor cells and (B) scattered hCG-positive cells
within the tumor.

3. Although our series contain a limited number of cases, the
clinical behavior of extensively hCG positive seminomas
appears not to differ significantly from the more common
hCG-negative counterpart. This should, however, be investi-
gated/confirmed in larger series.
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