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Abstrakt

Disertacni prace ,,Management morfologické diagnostiky molekularné-geneticky
definovanych tumorti traviciho traktu®“ je komentovanym souborem celkem osmi
publikovanych praci (Ctyfi plivodni prace uveiejnéné v anglické literatufe v Casopisu
s impact factorem, jeden dopis editorovi v anglickém jazyce, téz v Casopisu s impact
factorem, a tfi prace v ceském jazyce publikované v tuzemskych recenzovanych
periodikéch, z cehoz dv¢ prace prehledové a jedna prace ptivodni).

V soucasnosti do klasifikaci riznych nadorovych jednotek vyrazné vstupuje
molekuldrni genetika, kterd se u nékterych dokonce stdva neodmyslitelnou integralni
soucasti diagnostického algoritmu a molekularné-genetické rysy jednotlivych nadort tak
lze jen obtizn€ pominout. V patologii proto vedle sebe nachdzime klasifikace zalozené
¢isté¢ na morfologickych znacich, klasifikace naopak vyuzivajici pfedevsim molekularné-
genetické znaky (napt. klasifikace centralniho nervového systému, hematologickych
malignit), ale i klasifikace oba rysy kombinujici (¢ast renalnich neoplazii). Pro praktickou
medicinu je vSak vzdy nutné najit priisecik obou pfistupt tak, aby byla zajisténa spravna a
kompletni diagnoza u pacienta.

Vétsina nadord gastrointestinalniho traktu (GIT) je klasifikovana na podkladé
morfologie, ¢ast za pfispéni imunohistochemického profilu, zatimco 1éze a nadory GIT
definované cist¢ molekularné-geneticky jsou absolutni raritou. Molekularné-genetické
vySetfeni je tak u nddorti GIT vyuzivano celkem ve tfech oblastech: 1) pro ureni diagnézy
(vzacné), 2) v prediktivni diagnostice, 3) k diagnostice hereditarnich nadorovych
onemocnéni. Je evidentni, Ze velky rozmach molekuldrni genetiky v nejblizsi dobé
nenahradi klasicky morfologicky pfistup a molekularni genetika se tak stane pouze
integralni soucasti jak diagnostického, tak prediktivniho pftistupu k jednotlivym 1ézim.
Nadorové jednotky definované pouze na podkladé molekularné-genetickych znaki jsou a
nejspiSe 1 budou vzicné a Cist€ geneticky piistup k diagnostice, alesponi v nejbliz§ich
letech, nebude ten hlavni.



Abstract

The dissertation called “Management of morphological diagnostics of molecularly-
genetically defined tumors of the digestive tract” is an annotated file of a total of eight
published works (four original works published in an English literature in an impact-factor
journal, one letter to an editor in English language also having an impact factor, and three
works in Czech language published in domestic reviewed journals: two of these are
reviews of the literature, one is an original work).

Currently, molecular genetics is significantly entering the classifications of
different tumor units and in some units it is undoubtedly becoming an integral part of the
diagnostic algorithm; as a result molecular genetic traits of individual tumors are hardly to
be ignored. In contemporary pathology, at the same time you may find the classifications
based exclusively on morphological traits, but also the classifications mostly using
molecularly-genetic traits (e.g. the classification of the central nervous system or
hematological malignancies), as well as the classifications combining the both traits (part
of renal neoplasia). For practical medicine it is however always necessary to find an
intersection of the both approaches to ensure the correct and complete diagnosis for a
patient.

Most tumors, especially those of gastrointestinal tract (GIT), are classified on the
basis of morphology, another part with the help of immunohistochemical profile of the
lesion, but GIT-tumors defined exclusively on the basis of molecular genetics are rather
rare. And so the molecularly-genetic examination regarding GIT-tumors is used in total in
three areas: 1) to determine the diagnosis (rarely), 2) for predictive diagnostics, 3) to
diagnose hereditary tumors. It is however evident that in the near future, despite the great
boom of the molecular genetics, the classical morphological approach will not be replaced,
and the molecular genetics will become a mere integral part of both the diagnostic and the
predictive approach to individual lesions. Based on the molecular-genetic traits, the
defined tumor units are and probably will be rare, and an exclusive genetic approach to the
diagnostics, at least in the years to come, will not be the main one.



Predmluva

Doktorskd disertacni prace je komentovanym souborem publikovanych praci, které se
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Seznam pouzitych zkratek

AFAP
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GAPPS
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LM
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PJS
PPAP

SDH
SDHx
SFT
SS
UZIS

Atenuovana forma familidlni adenomatozni polypozy (attenuated Familial
Adenomatous Polyposis

Syndrom Cowdenové (Cowden syndrome)

Syndrom adenokarcinomu zaludku a proximalni polypdzy (Gastric
adenocarcinoma and proximal polyposis syndrome)

Familialni adenomat6zni polypéza (Familial Adenomatous Polyposis)
Endometrialni stromalni sarkom

Gastrointestinalni stromalni tumor

Gastrointestinalni trakt

Schwannom zaludku (gastric schwannoma)

Hereditarni difizni karcinom Zaludku (hereditary diffuse gastric cancer)
Inflamatorni myofibroblasticky tumor

Syndrom juvenilni polypdzy (Juvenile Polyposis Syndrome)

Leiomyom

Leiomyosarkom

NTHL I- asociovana polypoéza (NTHL I-associated polyposis)
MUTYH-asociovana polypdza (MUTYH-Associated Polyposis)
Peutz-Jegherstiv syndrom (Peutz-Jeghers Syndrome)

Polypdza spojend s opravnou funkei polymerazy (Polymerase proofreading-
associated polyposis)

Sukcinat dehydrogenaza

Souhrnné vyjadieni pro geny kédujici jednotlivé podjednotky SDH

Solitarni fibrézni tumor

Synovialni sarkom

Ustav zdravotnickych informaci a statistiky CR



1 Uvod

1.1 Incidence nadoru traviciho traktu a zakladni statisticka data

Tumory traviciho traktu jsou relativné heterogenni skupinou neoplazii, coz je dano
jak postizenim celé fady rtiznych organd, tak i vlastnim histologickym spektrem v ramci
jednotlivych organd. Ve statistikdich pak nadory traviciho traktu (a zejména
gastrointestinalniho traktu/GIT) ptedstavuji vyrazny cCinitel, jednd se o nadory v naSich
zemépisnych Sitkach postihujici relativné velké mnozstvi pacienti — zhoubné novotvary
tlustého stieva a koneéniku fadi Ustav zdravotnickych informaci a statistiky CR (UZIS)
spoleén¢ se zhoubnymi nddory prostaty, prsu u zen a pradusnice, pridusky a plice
k nejcastéji se v nasi populaci vyskytujicim malignim nddorim. Zhoubné nadory tlustého
stteva a konecniku (C18-C20) piedstavuji druhou nejcastéjsi nov€ diagnostikovanou
malignitu u muzi i Zzen (v roce 2017 dle UZIS v CR 12,5 % vsech novych piipadi),
incidence zhoubnych novotvart tlustého stieva a konecniku je vysoka (69,3/100 000 osob)
s prevahou pacientii ve véku nad 60 let. (1).

V ramci celorepublikovych statistik jsou vSak vyznamnymi Ciniteli i dal$i neoplazie
vyskytujici se v travicim systému. Kompletni statistickd data tykajici se soucasnych
epidemiologickych trendii v rdmci novotvari v CR jsou dostupni na webovych strankach
UZIS (1), zde prezentujeme neoplazie traviciho systému pouze v kratkém piehledu.
Zhoubny novotvar jicnu (C15) je nador s pfevazujicim postizenim muzii a prokazanou
incidenci 6,2/100 000 osob a 16. nejcastéjsi pfi¢inou umrti v roce 2017. Zhoubné
novotvary Zaludku (C16) maji v populaci incidenci 13,2/100 000 osob a v ramci
onkologickych diagndz jsou 7. nejcastéjsi pri¢inou umrti. U zhoubnych novotvart jater a
intrahepatélnich ZluCovych cest (C22) je udavana incidence 9,1/100 000 osob, ptevlada;ji
pacienti nad 60 let a kiivka umrtnosti kopiruje kiivku incidence, v ramci onkologickych
diagno6z predstavuji 9. nejcastéjsi pricinou imrti v roce 2017. Zhoubny novotvar Zlu¢niku a
zlu€ovych cest (C23, C24) se v CR vyskytuje s incidenci 7,2/100 000 osob (2017), jedna se
o nadorové onemocnéni, které bylo v roce 2017 13. nej€astéjsi pri¢inou umrti. Zhoubny
novotvar slinivky bfis$ni (C25) mé dlouhodobé¢ nartstajici incidenci a v roce 2017 bylo toto
onemocnéni 7. nejcastéji diagnostikovanym novotvarem s incidenci 21,0/100 000 osob,
mortalita v rdmci onkologickych diagnéz ¢inni zhoubny novotvar slinivky 3. nejcasté;si
pfi¢inou imrti v roce 2017.



1.2 Klasifikace nadori traviciho traktu

Klasifikace nadorii traviciho traktu se stejné jako u vSech organovych soustav opira
o WHO Kklasifikaci. Vznik kazdé WHO Kklasifikace pfedchazi publikace cetnych dil¢ich
studii, jejich validace naslednymi studiemi, komparativni metaanalyzy a hlavn¢ dosazeni
SirStho konsenzu mezi autory jednotlivych kapitol. V soucasné dobé vyuzivame pro
klasifikaci naddordt GIT 5. edici WHO klasifikaci (tzv. ,,Blue books®). 5. edice je
v mnohych aspektech odlisna od edici pfedchazejicich, avsak zakladni koncept zistava, je
obohacen o data z molekularni genetiky.

Obecné lze tici, ze do modernich klasifikaci riznych nadorovych jednotek vstupuje
v soucasné dobé velmi Casto a vyrazné molekularni genetika, kterd se u nékterych jednotek
stdva neodmyslitelnou integralni soucasti diagnostického algoritmu a molekularné-
genetické rysy jednotlivych nadori tak Ize jen obtizné pominout. V soucasné patologii tak
nachdzime vedle sebe klasifikace zalozené ¢isté na morfologickych znacich, klasifikace
naopak vyuzivajici pfedev§im molekularné-genetické znaky (napt. klasifikace centralniho
nervového systému, hematologickych malignit), ale i klasifikace oba rysy kombinujici
(¢ast rendlnich neoplazii). Pro praktickou medicinu je vSak vzdy nutné najit prisecik obou
pristupti tak, aby v nutnych ptipadech a v pfipadech, kdy ma aplikace obou charakteristik
své opodstatnéni, bylo mozné vyuzit nejlépe kombinace obou pfistupt a tim byla zajiSténa
spravna a kompletni diagndza u pacienta.

Ve vSech odvétvich patologie se kazdy rok nové setkdvame s tadou
jednotek/variant neoplazii definovanych zejména molekularné-geneticky, soucasné vSak
neni mozné tento pfistup, aplikaci a diagnostiku pouze na podkladé molekularné
genetickych vysledki, beze zbytku pfijmout, ale je tieba hledat optimalni kombinaci vSech
dostupnych diagnostickych prostiedki. Vzdy pii indikaci jakéhokoliv vySetieni patologem
je nutné vzit v ivahu ¢asovou ndrocnost, cenu vySetieni, reprodukovatelnost vySetfeni,
korelaci s klinickym chovanim a [é€ebné moznosti sou¢asné mediciny.

Vlastni klasifikace nadort traviciho traktu je heterogenni, cozZ je piedev§im dano
spektrem organli, ve kterych nadory vznikaji. Tim se pak klasifikace mize zdat
komplikovanou. ZjednoduSené lze vSak fici, Ze vétSina nadorG traviciho traktu je
klasifikovana na podkladé morfologie, ¢ast za pfispéni imunohistochemického profilu 1éze,
zatimco nadory GIT definované molekularné geneticky jsou spiSe raritou.

Z praktického pohledu Ize metodiku klasifikace nadord traviciho traktu, kde
molekularné-genetické metody hraji zadsadni roli, rozdélit do nékolika skupin:

Ptimé vyuziti molekularné-genetickych metod pro urceni diagndzy

Molekularné-genetické metody a prediktivni diagnostika

Molekularné-genetické metody vyuzivané ke screeningu hereditarnich nadorovych
onemocnéni




Je jasné, Ze diagnostickd molekuldrni genetika se Casto prekryva s molekularni
genetikou prediktivni. Zvlastni skupinou jsou pak nadory hereditarni a jejich depistaz.

1.3 Primé vyuziti molekularné-genetickych metod pro urceni diagnozy

1.3.1 Gastrointestinalni stromalni tumor

Gastrointestindlni stromalni tumor (GIST) je do jisté miry heterogenni skupinou
nador s pomérné Sirokym spektrem morfologickych obrazii a relativné typickym
imunohistochemickym a molekularné-genetickym profilem. Vyznam provedeni
molekularné-genetickych analyz u GIST v sobé snoubi potieby diagnozy, predikce a
detekce syndromovych pacienti.

Vramci histologické diagnostiky dokaZe morfologie GIST byt casto znacné
matouci (spektrum morfologickych obrazii zahrnuje vietenobunééné tumory, nadory spise
s epiteloidnim vzhledem bunék 1 smiSené formy). Zhruba 5 % GISTu je
imunohistochemicky CD117/DOG1 negativnich (pfi uziti obou markeri je negativnich
cca. 2,6 % GISTU (2)), u pacienti s morfologicky a imunohistochemicky nejistou
diagndzou je pak pro spravné zatazeni neoplazie genetickd analyza absolutné nevyhnutelna
(3). Vice jak 99 % vsech GISTG vykazuje genetickou ¢i epigenetickou alteraci, jen malé
mnozstvi ptipadd zistadva geneticky nezatazeno (4). Nejcastéjsi genetickou alteraci je
»gain-of-function” mutace genu KIT, ktera byla v riznych studiich detekovana v 80-85 %
ptipadu (3, 5, 6).

Z klinického hlediska je hlavnim ucelem molekuldrné-genetického vySetfeni GIST
predikce odpovédi na cilenou Iécbu inhibitory receptorovych tyrozinkindz, respektive
snaha detekovat pfipadnou pfitomnost mutaci asociovanych s rezistenci vici cilené terapii
(7). Objeveni aktivaéni KIT mutace v GIST vroce 1998 (5) spustilo novou éru
v moznostech vyuzZiti molekularné-genetické diagnostiky pro fizeni cilené¢ 1éCby u
postizenych pacientl (4). Mutace KIT a PDGFRA ptedstavuji zmény detekovatelné u 85-
90 % GISTu (8), avSak 12-15 % GISTU u adultnich pacient a 90 % pediatrickych GISTG
nevykazuje abnormality ani v KIT ani v PDGFRA (9) (tzv. GIST wild type (10)). Rozsahlé
geneticke studie pak vedly k objeveni abnormalit 1 v jinych genech (SDHA, SDHB, SDHC,
SDHD, BRAF, NFI atd.). Vyznamnou informaci je téz fakt, Ze imunohistochemicka
pozitivita CD117 a DOGI je independentni na muta¢nim statutu KIT a PDGFRA (11, 12),
coZ jen dale potvrzuje nutnost provadéni molekularné-genetického vysetfeni u téchto
tumort (10).

Soucasna klasifikace rozdéluje GISTy do dvou zékladnich skupin (na podkladé
imunohistochemické reaktivity s protilatkou proti beta podjednotce enzymu
sukcinatdehydrogendzy - SDHB): SDH kompetentni/pozitivni a SDH deficientni. SDH
deficientni GISTy byvaji syndromatické ¢i familidrni u vice jak 90 % pacientli a imatinib
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vykazuje u téchto nadord limitovany efekt (4). SDH deficience byva podminéna mutacemi
genil nékteré z podjednotek sukcindtdehydrogenazy ¢i hypermetylaci promotoru genu
SDHC. Mezi syndromy asociované s SDH deficientnimi GISTy je fazen hereditarni
Carney-Stratakis syndrom charakterizovany germindlni mutaci n¢které z podjednotek SDH
enzymatického komplexu. Klinicky se manifestuje diddou sestavajici z familiarniho
paragangliomu a GISTu. Hypermetylace promotoru genu SDHC (jen v limitovaném
mnozstvi pfipadl byla téZ popsdna germinalni mutace geni SDHx (13)) je molekuldrnim
podkladem non-hereditarniho syndromu Carneyho triady (4, 10), ktery je asociovan s
rozvojem GISTu, pulmonarniho chondromu a paragangliomu. Hypermetylace promotoru
genu SDHC je téz ptitomna u vétSiny pediatrickych wild-type GISTu (4). Celkové vSak
molekularné-genetické vysetfeni SDHx nema prediktivni ¢i diagnosticky vyznam a proto i
imunohistochemické vySetfeni protilitkou SDHB v soucasné dobé zcela nepatii do
rutinniho diagnostického algoritmu GIST. Vzhledem k casté syndromologické asociaci
vSak ma vyznam pro genetické poradenstvi a proto ho Ize vyuzit jako screeningovy test u
ptipadd, kde klinicko-morfologické znaky svédci pro moznou SDHB deficienci (7).

SDH kompetentni/pozitivni GISTy se na zékladé molekularné genetického pozadi
jesté¢ dale deli, a pravé vysledky molekularné genetického vySetfeni mohou hrat
vyznamnou roli pfi planovani neoadjuvantni/adjuvantni/paliativni 1é¢by.

1.3.2 Gastroblastom

Gastroblastom je vzacny tumor vychazejici z muscularis propria Zaludku
s prokazanou MALATI-GLII genovou fuzi (14), jejiz prikaz je dle souasn¢ WHO
klasifikace vyzadovan pro stanoveni diagnozy gastroblastomu (8). V anglické literatufe
bylo popsano celkem celkem 13 ptipadi téchto tumora (14-23), ve vétSin€ se jedna o
tumory mladych pacientli. Konzistentni nalez MALATI-GLII genové fuze pak poskytuje
uzitecny diagnosticky nastroj pifi diferencialni diagnostice s jinymi bifazickymi tumory
(napf. synovialni sarkom, karcinosarkom, teratom a jiné) (23).

Identickd genova fuze byla téZ popsana u odliSného gastrického tumoru —
plexiformniho fibromyxomu (24), recentné byl téz publikovan piipad maligni neoplézie
jejuna s touto fuzi (25) a skupina autorii v ¢ele s Antonescu publikovali praci, v niz popsali
celkem Sest extragastrickych tumort s GL// abnormalitami a fokalni pozitivitou
cytokeratinli (autofi navrhli rozliSovat entitu ,,maligni epiteloidni neoplazie s GLII fuzi*)
(26).
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1.3.3 Fibrolamelarni hepatocelularni karcinom

Fibrolamelarni hepatocelularni karcinom je vzéacna varianta hepatocelularniho
karcinomu vznikajici vzdy v terénu necirhotickych jater a postihujici typicky mladé
pacienty. Tumor ma typicky molekuldrné geneticky podklad v translokaci DNAJBI-
PRKACA. Tento molekularné geneticky znak s vysokou specificitou a senzitivitou praveé
pro fibrolamelarni hepatocelularni karcinom mutze byt pouzivan pro potvrzeni diagndzy
(n¢kterymi autory je pak toto velmi doporucovano (27).

1.4 Molekularné genetické metody a prediktivni diagnostika

Ve snaze o co nejefektivnéjsi nadorovou terapii zalina silit snaha efektivné
nachazet prediktivni a prognostické faktory. Molekularné genetické vysetfeni nadoru
v dob¢ stanoveni diagnozy primarniho tumoru ¢i pfi rozvoji metastatického onemocnéni
muze ovlivnit volbu vhodného 1écebného postupu jak v prvni linii, tak 1 umozni plénovat
1écbu v dalsich liniich. MozZnosti systémové 1é€by je vzdy vice, univerzalni jednoduchy a
levny kli¢ pro volbu nejvhodnéjsi 1écby v soucasné dobé neexistuje, a kromé celkového
stavu, komorbidit, l1é¢ebného zdméru a preferenci by pravé molekularné-geneticky podklad
nadoru mél mit potencial rozhodnout o nejadekvatnéjsi mozné 1é¢be. Tento fakt tak oteviel
novou éru onkologie, éru velmi atraktivni personalizované mediciny a cilené terapie.

Cilena terapie je vSak nakladnou zalezZitosti, a to nejen jeji vlastni 1éCebna Cast, ale
téz diagnosticky =zacatek, tedy pravé pocatecni vySetieni molekularné-genetickymi
metodami za ucelem detekce potencidlné léCebné zasazitelnych cili. Vzhledem
k finanénim nakladiim na vySetfeni nelze genetickou analyzu provadét rutinné u kazdého
ptipadu. Z hlediska patologie a rutinniho uZiti je evidentni velka snaha rtiznych autorskych
skupin najit adekvatni zastupné markery pro vybér tumorti vhodnych pro geneticka
vySetfeni (tj. nadord, u kterych je potencidl zastihnout nékterou z léCebné cilitelnych
alteraci). Proto se cCetné skupiny autorti snazi popsat rizné morfologické znaky
charakteristické pro ur€ité abnormality genomu a analyzuji potencidlné pouzitelné
imunohistochemické protilatky ve snaze najit marker s vysokou senzitivitou a specificitou
pro vybrané genetické alterace.

Indikace molekularné-genetického vysetfeni je v soucasné dob¢ ve vétSin€ piipadii
v rukdch onkologa, ktery vybird pacienty, u nichZ je zaddno o molekularné-genetické
vySetfeni (zejména na podkladé klinického stavu). O provedeni vySetfeni tak ve vétSing
pfipadli nerozhodujeme na podklad¢ suspektnich morfologickych znakii pfi diagnostice
nadoru, ale na podkladé rozhodnuti klinického lékaie o podani 1é€by u motivovanych
pacientll s tzv. compliance. To je mozna Casto Skoda, nebot’” u nékterych nadort by
s nejveétsi pravdépodobnosti pii rutinnim zavedeni molekuldrné genetického vySetfeni
mohly byt odhaleny lécebné postizitelné cile, které vSak bez provedené¢ho testovani
zlstavaji skryté. Neselektivni vySetfovani vSech nadorti by zase znamenalo velmi drahou
diagnostiku a vyznamnou finanéni zatéz pro cely systém. Navic by z takového piistupu
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profitovala jen neadekvatn¢ mala ¢ast pacientli, coz by vedlo jen k neadekvatni finanéni
zatézi celého diagnostického systému.

Je tfeba si uvédomit, Ze v ramci primarniho nadoru existuje vyraznd molekularné-
genetickd heterogenita, vyznamné jsou vSak 1 molekuldrné-genetické rozdily mezi
primarnim nddorem a metastdzou (dané vznikem sekundarnich mutaci v nadoru). To
komplikuje predikci 1écebné odpovédi.

Z hlediska prediktivniho vySetfovani je vzhledem k incidenci nejvyznamnéjsi
hledani potencialn¢ zasazitelnych lécebnych cili u kolorektalniho adenokarcinomu. U
metastatického kolorektalniho adenokarcinomu je tak na zadost onkologa casto provadéno
molekularné-genetické vySetfeni naddoru se zameéfenim na geny RAS a BRAF, nékdy i
vySetfeni nestability mikrosatelitli, pfipadné¢ imunohistochemickd detekce deficience a
MMR proteind. VySetfeni ostatnich potencialné cilenou 1é¢bou postizitelnych biomarkert
(PIK3CA, PTEN, overexprese/amplifikace HER2, overexprese MET) neni v soucasnosti
doporuc¢ovano k rutinnimu pouziti.

RAS mutace vramci kolorektdlnich adenokarcinomi funguji jako negativni
prediktor. Molekuldrni testovani nadorti na aktivaéni mutace v KRAS a NRAS pted
zvazovanim anti-EGFR terapie (napf. cetuximab) u metastatického kolorektalniho
adenokarcinomu je zcela zésadni pro vybér skupiny pacientd vhodnych k této 1é¢be (28).
RAS geny patii do skupiny protoonkogenti, kddujicich proteiny schopné na sebe vazat GTP
(tzv. G proteiny) (29), které jsou vyznamnym hracem v procesu bunétné signalizace.
Proteiny RAS jsou soucasti signalni cesty MAPK (mitogen-activated protein kinases).
Fyziologicky jsou aktivovany vazbou ligandu (napt. EGF, epidermal growth factor) na
receptor pro epidermalni ristovy faktor (EGFR), ktery je soucasti rodiny ErbB/HER
receptorovych komplext, regulujicich proliferaci, apoptézu a migraci bunék. Za
normdlnich okolnosti (tj. u nemutované formy - RAS wild type/wt-RAS) je tak aktivita
signalni cesty MAPK funk¢éné kontrolovana EGFR, kdy navazanim ligandu na receptor
dojde k dimerizaci receptoru, jeho autofosforylaci a posunu signalu do dalSich etdzi. Anti-
EGFR protilatky brani navazani ligandu na EGFR, coz zplsobi blokadu celé drahy,
zéaroven se podili na aktivaci imunitniho systému (30, 31). Aktivacni mutace RAS vSak ma
za nasledek konstitutivni expresi a trvalou aktivitu RAS, vedouci k vysilani stimulac¢nich
signali smérem k jadru neoplastické buniky, bez ohledu na aktivaci EGFR, takze tuto
aktivitu nelze ovlivnit navazdnim anti-EGFR protilatky na receptor. Mutaci KRAS lze
detekovat u 30 — 60 % pacientl se sporadickym kolorektalnim adenokarcinomem (32),
mutace NRAS se vyskytuje cca u 4-6 % kolorektalnich adenokarcinomi (33).

BRAF gen je protoonkogen, kodujici protein patfici k rodin€ serin/threonin kinaz,
ktery je soucasti signaliza¢ni cesty RAS/MAPK a svou funkci se podili na kontrole
bunééného ristu, deéleni bunék, bunécné diferenciaci, migraci a apoptdze. Mutace BRAF
vede ke konstitutivni aktivaci BRAF proteinu. U kolorektalniho adenokarcinomu je mutace
BRAF nachazena s frekvenci cca 10 % (vétSinou tzv. hotspot mutace V60OE) (34). Mutace
BRAF a RAS se zdaji byt vzajemné se vylucujici, proto je vySetieni BRAF piinosné pouze u
nadorl s wt-RAS. BRAF mutace u metastatického CRC jsou od roku 2010 povazovany za
negativni prognosticky marker (28). VétSina nadort s mutaci BRAF se chova velmi
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agresivné a progndza pacientll je nepiizniva bez ohledu na typ pouzité 1écby (34, 35).
Lécba pomoci anti-EGFR protilatek tak mlze byt vyuzita pouze u pacienti wt-RAS, wt-
BRAF.

Nestabilita mikrosatelitti, respektive jeji vysoky stupenn (MSI-H, microsatellite
instability-high), mtize byt asociovan s hereditdrnim syndromem (Lynchtv syndrom — viz
nize), MSI-H vSak lze zastihnout 1 u pfiblizné¢ 15 % sporadickych kolorektalnich
karcinomt (pfevazné jako disledek epigenetickych zmén typu hypermethylace promotoru
MLH]1). Mikrosatelitni nestabilita u tumorti vede k neustalému selektovani novych klona
nadorovych bunék s rozdilnymi molekuldrnimi alteracemi. Sporadické MSI-H kolorektalni
karcinomy jsou také Casto nositeli somatické mutace v genu BRAF. Pacienti II. klinického
stadia s MSI-H nemaji prospéch z adjuvantni chemoterapie na bazi 5- fluorouracilu.

U kolorektalniho adenokarcinomu byly zaznamenany i jiné genetické alterace.
Mutace APC hraje dilezitou roli vramci hereditarné podminéného kolorektalniho
karcinomu (viz niZe), podili se vSak i na vzniku sporadickych forem kolorektalniho
karcinomu. Mutace 7P53, ktera byva ptitomna v pozd¢jsich stadiich rozvoje neoplazie, je
pfitomna az u 60 % kolorektalnich adenokarcinomu a pacienti s touto mutaci patrné vice
profituji z chemoterapie (36). Mutace PI3K se vyskytuji pfiblizné v 15-18 %
kolorektalnich adenokarcinomi. U kolorektalniho adenokarcinomu byla ovSem popsana
opravdu Siroka Skala genetickych aberaci, krasny ptehled publikovali autofi Danielsen a
kol. ve své praci (37), detekce téchto zmén se vSak v soucasnosti rutinné neuziva.

Dal$im nadorem, u néhoZz je molekularné genetické vySetfeni dilezité pro
planovani dal§i 1é€by je GIST, problematika prediktivniho testovani byla shrnuta
v predchozi kapitole, proto zde jiz neni dale komentovéna.

Vramci rutinni praxe se téz na Zzadost onkologa setkavame s prediktivnim
testovanim adenokarcinomu Zaludku. Jedna se o vySetfeni overexprese HER2 a pfipadné 1
amplifikace genu HER2? u indikovanych pacientt. HER2 je protoonkogen kodujici
transmembranovy protein s tyrosinkinazovou aktivitou, ktery je zahrnut v signalni cesté
vedouci k bunéénému ristu a diferenciaci (38). Udavana frekvence HER2 overexprese u
adenokarcinomil zaludku a gastroezofagealni junkce se v riznych studiich 1isi, v priméru
se pohybuje okolo 18 % (39). Pacienti profituji z 1écby monoklonalnimi protilatkami proti
HER?2 (trastuzumab).

1.5 Molekularné-genetické metody vyuZivané Kke screeningu
hereditarnich nadorovych onemocnéni

Moznost identifikovat pacienty s vyznamné vys$im rizikem rozvoje nadorového
onemocnéni nez v bézné populaci ma vyrazny vliv na moznosti prevence a tim na
prognoézu postizenych pacienti. U pacientl s vrozenou syndromovou predispozici
nedokazeme zasdhnout do rozvoje onemocnéni v rdmci primarni prevence, avSak znalost
rizikového pacienta ndm umozni adekvatn€ vyuzit nastroje sekundarni prevence, jez vedou
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ke vcasnému odhaleni a odstranéni rozvijejiciho se nadorového onemocnéni. Rychly
rozvoj molekularni genetiky a jeji stale Castéjsi vyuzivani v diagnostice vede k odhalovani
stale vyssiho poctu pacientti indikovanych k dalsim vysetfenim a klinickému screeningu.

Aktivni hledani hereditdrnich syndromti v ramci rutinni praxe patologa se
v soucasné dob¢ zaméiuje predevsim na Lynchiiv syndrom, a to kvuli jeho relativné
vysoké incidenci vramci populace a vyrazné zvySenému riziku rozvoje (nejen)
kolorektalniho adenokarcinomu. Hereditarni pficiny (pfedevSim germinalni mutace) jsou
pravdépodobné podkladem 5-10 % vSech kolorektalnich karcinomil. Rizné hereditarni
nadorové syndromy jsou asociovany s 60-100% rizikem rozvoje nddorového onemocnéni
v pribéhu Zivota, v zavislosti na typu syndromu.

1.5.1 Lynchdv syndrom (Lynch Syndrome/LS)

Lynchiiv syndrom, téz znamy pod nazvem hereditdrni nepolypomatozni
kolorektalni karcinom (Hereditary Nonpolyposis Colorectal Cancer/HNPCC), je
autozomaln¢ dominantné dédi¢né onemocnéni predisponujici postizené jedince zejména
k rozvoji kolorektalniho karcinomu, karcinomu endometria a urotelidlnimu karcinomu
hornich cest mocovych, ale i Sirokému spektru dalSich malignit (40). Jedna se o hereditarni
nadorovou predispozici s vysokou frekvenci vyskytu v populaci, ktera typicky vede
k rozvoji nddorového onemocnéni jiz v mladém a stfednim v€ku. U onemocnéni neni
pfitomen premorbidni fenotyp a syndrom tedy byva (bez aplikace molekularni depistaze)
odhalen azZ s rozvojem karcinomu.

Genetickym podkladem LS je germindlni inaktivaéni mutace nckterého z DNA
mistmatch repair geni (MMR), které vedou ke ztraté¢ ¢i nedostatecné funkci nekterych
z DNA mistmach repair proteint (MLH1, PMS2, MSH2, MSH6, PMS1, MSH3, MLH3)
(41). Defektni MMR geny vedou k MSI-H, kterda je detekovana az u 85 % nadort
vznikajicich na podkladé LS (42). U LS byvaji nejcastéji postizenymi geny MLHI a MSH?2
(az 80 %) (41), ale vzadcné mize mit LS geneticky podklad i v germindlni metylaci
promotoru MLH1 nebo germinalni inaktivani mutaci genu ECPAM (43, 44).

Diagnostika LS se opirda jednak o klinickd kritéria zalozena pfedev§im na
anamnestickych tdajich, znichz vychazeji Amsterdamska kritéria I a Il a Bethesda
guidelines, jen nékteré pak inkorporuji kromé klinickych dat i nékteré morfologické rysy
nadoru (revidovand Bethesda guidelines). Klinicka kritéria vSak nejsou pfili§ Uspésna.
Lynchiiv syndrom je ovSem krasnym piikladem syndromu, u néjZ v poslednich desetiletich
vidime velkou snahu najit idedlni zéastupny marker/vySetfeni, s vysokou specificitou a
sensitivitou k vytipovani pacientli, u nichZz ma byt provedeno molekularné-genetické
vySetieni k definitivnimu potvrzeni diagnézy LS. Toto hleddni zastupnych markert
vyustilo do zavedeni rutinniho imunohistochemického screeningu MMR proteind (MHLI,
MSH2, MSH6, PMS2) ve velké cCasti patologickych laboratofi, a to nikoliv pouze na
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vzorky kolorektalnich karcinomt, ale téZ na endometridlni karcinomy a urotelidlni
karcinomy hornich mocovych cest.

1.5.2 Familidlni adenomatdzni polypdza (Familial Adenomatous Polyposis / FAP)

Familiadlni adenomatozni polypdza je autozomalné dominantné dédicny syndrom
predisponujici postizené pacienty v pritbéhu zivota k rozvoji stovek az tisici kolonickych
polypi, které, pokud nejsou vc€as odstranény, vedou krozvoji kolorektalniho
adenokarcinomu az ve 100 % ptipada (45). Mnohocetné polypy mohou u FAP vznikat i
v jinych ¢astech GIT (zaludek, duodenum). Kromé familidlniho vyskytu az 30 % piipad
FAP je zplsobeno de novo vzniklou APC mutaci u pacientll s negativni rodinnou
anamnézou (46). FAP s sebou nese téZ zvySené riziko rozvoje 1 jinych nadord, napft.
zaludku, duodena, pankreatu a Stitné zlazy (46). Existuje i mirn¢j§i forma FAP, tzv.
attenuated FAP (AFAP) s pozd¢j$im ndstupem, mens$im mnozstvim polypti a niz§im
rizikem progrese do kolorektalniho karcinomu, AFAP téz predstavuje zvysené riziko pro
rozvoj karcinomu duodena a stitné zlazy (46). U AFAP je spise sklon k rozvoji polypi
v proximalni ¢asti tlustého stieva.

Genetickym podkladem FAP 1 AFAP je germinalni mutace genu APC
(lokalizovaného na chromozomu 5q21-q22), ktery je soucasti Wnt signalizacni cesty (47).
U nékterych pacienti vSak byly popsany i jiné abnormality neZ standardni germindlni
mutace exoni APC, jako napf. mutace v intronové casti regulacni komponenty genu,
somaticky mosaicismus, interstitidlni delece celého genu ¢i ¢asti chromosomu 5q, kde se
gen nachazi (48-54).

1.5.3 MUTYH-asociovana polypdza (MUTYH-Associated Polyposis/MAP)

Jedna se o autozomalné recesivné dédicné onemocnéni podminéné bialelickou
germinalni inaktivaci MUTYH genu (gen kodujici protein, podilejici se na opraveé
oxidac¢niho poskozeni DNA — tzv. base excision repair gene). U heterozygotnich nosicii
zlstava riziko rozvoje karcinomu stale kontroverznim a otaznym tématem (46).

Onemocnéni mé piekryvny fenotyp s AFAP s moZnym rozvojem méné€ nez 100
kolonickych polypti, béZné je téz postizeni duodena. Vzhledem k fenotypické podobnosti
s AFAP je doporucovano u pacientll s podezienim na tento syndrom provadét konkurentné
rovnou molekularné-genetické vySetfeni obou gentt (APC 1 MUTYH) (55), nebot’ bylo
prokdzano, ze az 18 % pacientl s polypozou, kteii jsou bez abnormality v APC, maji prave
bialelickou mutaci genu MUTYH (46).
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1.5.4 NTHL1-asociovana polypdza (NTHL1-associated polyposis/NAP)

Jde o recentné¢ popsany autozomaln¢ recesivné dédicny syndrom asociovany
s adenomatozni polypdzou a kolorektalnim adenokarcinomem (56). U pacientl je zvysSené
riziko 1 extrakolonickych malignit (nadory prsu, endometria, klze, hematologické
malignity a jiné¢). Podkladem onemocnéni je mutace genu NTHLI (8), jimz koédovany
protein se podili na exciznich opravach nukleotidovych bazi.

1.5.5 Polypdza spojena s opravnou funkci polymerazy (Polymerase proofreading-
associated polyposis/PPAP)

Jedna se o dominantné¢ dédicny syndrom podminény mutacemi v exonukledzové
doméné gentit POLD1 a POLE (57). Klinicky je syndrom asociovan se stievni polypozou a
rizikem rozvoje kolorektalniho karcinomu, mize mit téZ souvislost se zvySenym rizikem
rozvoje nadord mozku, endometria, prsu (58, 59).

1.5.6 Peutz-Jegherslv syndrom (Peutz-Jeghers Syndrome/PJS)

Peutz-Jeghersiiv syndrom je vzacné hereditarni onemocnéni s autozomalné
dominantnim vzorcem dédi¢nosti, asociované s vyskytem pigmentovych melaninovych
skvrn v typickych lokalizacich (rty, bukalni muko6za, koneCky prsti na rukou 1 nohou) a
mnohocetnymi hamartomat6znimi polypy zejména tenkého stieva, méné polypy tlustého
stteva a Zaludku (60). Polypy jsou typického morfologického vzhledu a identické
hamartomatézni polypy mohou byt jak sporadické, tak soucasti tohoto familialniho
syndromu. Kromé¢ postizeni GIT je u pacienti s PJS popisovdno vyssi riziko rozvoje
nadort prsu, délohy ¢i ovaria a varlat (61).

Peutz-Jeghersiv syndrom je nejéastéji asociovan s mutaci v genu pro
serin/threoninovou kindzu 11 (STK11/LKBI1), lokalizovaném na kratkém raménku 19.
chromozomu (19p13.3) (62). STK11/LKBI mutace byla v riznych studiich popsana u 10-
94 % pacientd v zavislosti na pouzit¢ metodé¢ detekce (61). VétSina mutaci jsou tzv.
frameshift ¢i nonsense mutace, resultujici v abnormalné zkraceny protein a ztratu kindzové
aktivity. U syndromu byly vSak popsany i genetické zmény vedouci k alternativnimu
sestiihu (63, 64). Ojedin€lé prace zabyvajici se korelaci mezi genotypem a fenotypem PJS
dosly k zavéru, Ze pacienti s missense mutaci vykazuji signifikantnéji pozdé;si zacatek PJS
(65).
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1.5.7 Syndrom juvenilni polypdzy (Juvenile Polyposis Syndrome/JPS)

Syndrom juvenilni polypdzy je hereditarni nadorovy syndrom, ktery je asociovany
se zvySenym rizikem rozvoje nadort zaludku a kolorektalniho karcinomu. Syndrom
je spojen s rozvojem specifického typu polypt v GIT, tzv. juvenilnich polypl (zejména
v tlustém stieveé, nékdy i1 v zaludku, méné€ v tenkém stieve). Juvenilni polypy jsou tvoreny
hlenem vyplnénymi cystickymi prostory, lemovany cylindrickym epitelem, ve stromatu
s inflamatornim infiltratem. Tyto benigni 1éze mohou poslouzit jako prekurzor pro rozvoj
maligniho onemocnéni, karcinomy vSak vznikaji 1 mimo tyto polypy. Riziko rozvoje
malignity u JPS je 40 % (66). Ackoliv JPS ptedstavuje hereditdrni onemocnéni, zhruba 67
% ptipadl s diagnostikovanym JPS nevykazuje pozitivni rodinou anamnézu a miZze tak byt
nasledkem de novo vzniklé mutace (67).

Molekularné-genetickym  podkladem  onemocnéni mohou byt mutace
SMAD4/DPC4 genu, BMPRIA genu ¢i PTEN genu (67-69). Pacienti s totoZznou genetickou
mutaci mohou mit odliSnou fenotypickou manifestaci (66). Zaroven bylo prokazano, ze
pacienti s mutaci SMAD4 genu jsou predisponovani k rozvoji velkych gastrickych polypt,
naopak pacienti s mutaci BMPRIA maji nizs$i vyskyt gastrickych polypt (ve srovnani
s predchozi skupinou), stejné tak riziko rozvoje kolorektalniho karcinomu je u pacientl
s mutaci genu SMAD4 lehce vyssi.

1.5.8 Syndrom Cowdenové (Cowden syndrome/CS)

Syndrom Cowdenové, hlavni zastupce tzv. PTEN-hamartomat6zniho syndromu, je
autozomaln¢ dominantné dédi€né onemocnéni s Sirokym fenotypickym spektrem, typicky
se manifestujici mukokutdnimi lézemi. Kromé zvySeného rizika vzniku kolorektalniho
adenokarcinomu a pfitomnosti benignich hamartomatdznich 1ézi v rliznych lokalizacich
(v€etné¢ GIT) jsou postizeni pacienti ohroZeni i rozvojem nadorQi prsu, Stitné zlazy,
endometridlniho karcinomu, melanomu a jinych (70).

Syndrom Cowdwnové ma geneticky podklad v germinalni mutaci genu PTEN

(10g23.3) ve vétsing piipadu (8), ojedin€le byla u syndromu popsany i germinalni mutace
SDHx (71).

1.5.9 Hereditarni difdzni karcinom Zaludku (hereditary diffuse gastric cancer/HDGC)

Hereditarni diftzni karcinom Zaludku je syndromové autozomélné¢ dominantné
dédicné onemocnéni, které, jak znazvu jasné vyplyva, predisponuje postizené jedince
k rozvoji difuzniho adenokarcinomu Zaludku a to Casto multicentricky. Odhadované
kumulativni riziko rozvoje karcinomu je vyssi u Zen nez u muzl (odhaduje se 83% riziko u
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zen a 67% riziko u muz) (72). U geneticky potvrzenych pacientli je proto cCasto
doporucovana profylakticka gastrektomie (73). Lobularni karcinom prsu je dal$i karcinom
vyznamn¢ asociovany s timto syndromem.

Geneticky je syndrom nejcastéji podminén zarode¢nou mutaci genu CDHI (74),
ktery koduje transmembranovy protein E-cadherin, v rdmci tohoto syndromu vsSak byly
popsany 1 jiné alterace (napft. zdrode¢na mutace CTNNAI genu) (75).

1.5.10 Adenokarcinom Zaludku a proximalni polypdza (Gastric adenocarcinoma and
proximal polyposis/GAPPS)

Jde o autozomalné dominantné dédiCné onemocnéni, de facto variantu FAP,
spojené s masivni polypozou zaludku (fundus a telo) a predispozici k rozvoji
adenokarcinomu Zaludku (76). Onemocnéni je zptisobeno bodovou mutaci YY1 v oblasti
vazebného mista promotoru 1B genu APC (77, 78) (totoznd mutace mize byt velmi ziidka
zastizena 1 u nékterych pacient s FAP).
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2 Cile praci

V ramci zde prezentovanych praci byla spolecnym jmenovatelem snaha detailné se
zam¢fit na morfologické diagnostické znaky nékterych neoplazii, ve vzacnych piipadech
na diagnostické molekularné-genetické a imunohistochemické charakteristiky a provést
jejich detailni analyzu a vzajemnou korelaci, zejména pak:

1. Ptfipomenout typicky morfologicky diagnosticky znak adenomatoidniho tumoru.

2. Zhodnotit mozny diagnosticky pfinos imunohistochemického vysetfeni SDHB v
diferencialni diagnostice mezenchymalnich tumort gastrointestinalniho traktu.

3. Zjistit, zda mutace PDGFRA hraje roli pii rozvoji sporadickych stievnich lipomt.

4. Vyhodnotit a shrnout morfologické znaky uzitecné v diferencidlni diagnostice mezi
nediferencovanym karcinomem a gastrointestindlnim stromalnim tumorem.

5. Zhodnotit vhodny a efektivni algoritmus pro detekci kolorektdlnich karcinomi
s potencialné 1écebné ovlivnitelnymi onkogenimi genovymi fuzemi.

6. Zhodnotit vytéZnost na naSem pracovisti pouzivaného diagnostického algoritmu pro
detekci pacientl s Lynchovym syndromem.
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3 Vysledky

3.1 Thread-like bridging strands in the adenomatoid tumor of the
small intestine

Dopis editorovi komentujici ptivodni praci autori Lao a Wang s nazvem ,,Adenomatoidni
tumor tenkého stfeva: prvni popsany pfipad a review v literature®.

Autofi ve své puvodni praci poukazuji na morfologicky vzhled, ale zejména na
imunohistochemicky fenotyp adenomatoidniho tumoru v porovnéni s vice béznymi typy
nadord tenkého stfeva s riznym biologickym chovanim, zejména adenokarcinomd.
Imunohistochemicky model pouzity autory zahrnuje pozitivni ,,mezotelidlni“ markery
AEI1/AE3, CK7, HBME-1, CK5/6, calretinin, D2-40 and WTI1, negativni
»adenokarcinomové® markery Ber-EP4 a MOC-31, negativni markery ,,sttevniho epitelu
CK20, CDX2 a CEA, a dale negativni ,,endotelové markery CD31 and CD34.

V plvodni praci vSak postrddame popis histologickych znakl v zdkladnim barveni
hematoxylinem a eosinem, které jsou u vSech adenomatoidnich tumord stejné i v
neobvyklych lokalizacich. Tento jednoduchy, senzitivni i1 specificky histologicky znak
adenomatoidniho tumoru byl zobrazen jiz v roce 1962. Jedna se o fenomén ,,nitkovitych
mustk®, jenz byl detailn¢ studovan o 41 let pozdéji Hesem a kolektivem. Ultrastrukturalné
se tyto mistky skladaji ze ztencené, membranou obalen¢ cytoplazmy 2 sousednich
mezotelidlnich bunék. Pritomnost téchto mustkd je typickym znakem adenomatoidnich
tumord, které jsou nezavislé na pohlavi a lokalizaci tumoru. Dlrazné se zasazujeme o
uznani ,,nitkovitych mastk* jako prvniho diagnostického kritéria.
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Bohuslava Kokoskova, MD'? and Ondrej Daum, MD, PhD!

Dear Editor,

We read with great interest the current article by Lao
and Wang titled ‘“Adenomatoid Tumor of the Small
Intestine: The First Case Report and Review of the

Literature.”! They described a case

woman affected by an adenomatoid tumor arising primar-

of a 44-year-old

ily in the small intestine. The tumor involved all layers of
the intestinal wall, and it was composed of variably sized
tubules and gland-like spaces lined by bland cuboidal to
flattened epithelioid cells with eosinophilic cytoplasm and
small inconspicouos nucleoli.!

The the of
“familiarity with the morphology and immunophenotype”

authors correctly emphasize importance
of this type of tumor to differentiate it from more common
neoplasms with different behavior, in the intestinal loca-
tion mainly adenocarcinomas. Although the immunohisto-

chemical model used by the authors (positive “mesothelial”

markers AEl1/AE3, CK7, HBME-1, CK5/6, calretinin,
D2-40 and WTI1, negative ‘“adenocarcinomatous” markers
Ber-EP4 and MOC-31, negative “intestinal epithelial”

markers CK20, CDX2 and CEA, and negative “endothe-
lial” markers CD31 and CD34) is indubitable, we miss
description of basic hematoxylin and eosin histological
pattern that should prompt a pathologist to consider the
diagnosis of adenomatoid tumor even in the intestinal or
other unusual locations, which is a condition necessary for
targeting the immunohistochemical investigation.

Such a simple, sensitive, and specific histological sign
of adenomatoid tumor was depicted as early as in 1962,
although This
regarded as “thread-like bridging strands” (and referred to

inaccurately  recognized.? phenomenon,
as the Hes’s bridges by some pathologists), was studied in
detail 41 years later by Hes et al.’> It consists of thready
strands bridging the lumina of numerous tubular and slit-
like structures and frequently forming a fine, inconspicu-
ous network (Figure 1). Ultrastructurally, they are formed
by apposition of attenuated cytoplasm of 2 adjacent meso-
thelial cells. As the presence of thin intraluminal thread-
like bridging strands within adenomatoid tumor was found
to be a constant morphologic feature independent on gen-
der and localization, we strongly advocate recognition of

the Hes’s bridges as a major diagnostic criterion for the

Figure 1. Thread-like bridging strands (arrows) are highly
sensitive and specific signs of adenomatoid tumor (hematoxylin
and eosin, original magnification 240*). Courtesy Prof Ondrej
Hes, MD, PhD.

inclusion of adenomatoid tumor in the differential diag-
nostic considerations.
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3.2 Utility of immunohistochemical investigation of SDHB and
molecular genetic analysis of SDH genes in the differential diagnosis of
mesenchymal tumors of GIT

Ztrata exprese beta podjednotky sukcinat dehydrogendzy (SDHB) je ptitomna v
podskupiné KIT/PDGFRA wt gastrointestinalnich stromalnich tumort (GIST®). V ramci
prezentované studie byly hodnoceny moznosti vyuziti imunohistochemického vysetfeni
SDHB v diferenciélni diagnostice mezenchymalnich tumora GIT.

Do studie bylo zahrnuto 11 ptipadi KIT/PDGFRA wt GISTa, 12 schwannomt
zaludku (GS), 20 solitdrnich fibréznich tumort (SFT), 4 leiomyomy (LM), 16
leiomyosarkomt (LMS), 5 synovialnich sarkomti (SS), 3 endometrioidni stromalni
sarkomy (ESS) a 1 inflamatorni myofibroblasticky tumor (IMT) ilea. Jako kontrolni
skupina byly vyuzity 3 ptipady KIT/PDGFRA mutovanych GISTu. U piipadt byla
hodnocena exprese imunohistochemického barveni SDHB spoleéné s molekularné
genetickou analyzou geni kodujicich sukcinat dehydrogenazu (SDH).

Celkem 6 z 11 KIT/PDGFRA wt GISTG exprimovalo SDHB, z nichz 1 wt
GIST mél geneticky detekovanou abnormalitu genu SDHD. VSechny SDHB
negativni ptipady byly SDHB-D wt. V 1 ze 3 kontrolnich K/7/PDGFRA mutovanych
GISTu molekularné geneticka analyza odhalila krom¢é mutace KIT (exon 11) i zménu
sekvence SDHD. Zidny SFT neprokazal ztratu exprese SDHB, u 2 vsak nebylo
mozné barveni analyzovat. Navic jeden SFT vykazoval abnormalitu SDHB a dale
jeden SFT pak mutaci SDHD. Vsechny zbylé analyzované tumory (GS, LM, LMS,
SS, ESS a IMT) byly bud imunohistochemicky SDHB pozitivni nebo
neanalyzovatelné a SDHB-D wt.

V regulaci exprese SDHB patrné mohou hrat roli i1 dalsi faktory.
Imunohistochemické vySetieni SDHB pii diferencidlni diagnostice GISTU oproti
jinym KIT/PDGFRA wt mezenchymadlnich nddorim GIT (zejména SFT) miize byt
zavad¢jici.
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Utility of immunohistochemical investigation of SDHB
and molecular genetic analysis of SDH genes in the

differential diagnosis of mesenchymal tumors of GIT
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University, Plzen, Czech Republic

Summary. Loss of expression of beta subunit of
succinate dehydrogenase (SDHB) was proved to be
present in a subgroup of KIT/PDGFRA wt gastro-
intestinal stromal tumors (GISTs). To evaluate possible
diagnostic utility of SDHB immunohistochemistry in the
differential diagnostics of mesenchymal tumors of
gastrointestinal tract (GIT), 11 cases of KIT/PDGFRA wt
GISTs, 12 gastric schwannomas (GSs), 20 solitary
fibrous tumors (SFTs), 4 leiomyomas (LMs), 16
leiomyosarcomas (LMSs), 5 synovial sarcomas (SSs), 3
endometrioid stromal sarcomas (ESSs), and 1 ileal
inflammatory =~ myofibroblastic ~ tumor (IMT)  were
investigated for SDHB immunoexpression together with
molecular genetic analysis of genes encoding succinate
dehydrogenase  (SDH). Three  recent cases  of
KIT/PDGFRA mutant GISTs were used as controls.
Among the 11 KIT/PDGFRA wt GISTs, 6 expressed
SDHB, 1 of them harboring a sequence change of
SDHD. All SDHB-negative cases were SDHB-D wt. In 1
of the control GIST cases molecular genetic analysis
revealed an SDHD sequence change in addition to a
mutation in KI/T exon 11. No SFT was truly SDHB-
negative, but in 2 of them the staining was impossible to
analyze. Furthermore, 1 SFT carried an SDHB and
another 1 SDHD sequence change. All GSs, LMs,
LMSs, SSs, ESSs, and IMT were SDHB-positive or non-
analyzable, and SDHB-D wt.
Additional factors may play a role in regulating
expression of SDHB. Furthermore, SDHB immuno-

Offprint requests to: Ondrej Daum, M.D., Ph.D., Sikl's Department of
Pathology, Medical Faculty Hospital, Charles University, Edvarda
Benese 13, Plzen, 305 99, Czech Republic. e-mail: daum@fnplzen.cz

histochemistry alone may be misleading in excluding
tumors other than GIST (especially SFT) in the
differential diagnosis of KIT/PDGFRA wt mesenchymal
tumors of GIT.

Key words: GIST, Stromal tumor, KIT, PDGFRA , SDH

Introduction

Succinate dehydrogenase (SDH), also known as
mitochondrial complex II, is an enzyme complex located
in the inner mitochondrial membrane, which consists of
four main subunits (SDHA, SDHB, SDHC, and SDHD),
assembly factors (SDHAF1, SdHaF2), iron-sulphur
centers, and ubiquinone. It participates in the electron
transport chain and Krebs cycle by catalyzing oxidative
dehydrogenation of succinate to fumarate (Gottlieb and
Tomlinson, 2005). As immunoexpression of SDHB is
dependent on complete assembly of the whole SDH
complex, the immunohistochemical investigation of
SDHB represents an important source of information on
function of the enzyme complex. The SDHB protein is
normaly ubiquitously expressed, whereas its loss reflects
dysfunction of the SDH complex. Such a dysfunction
caused by loss-of-function mutations of the genes
encoding individual subunits of SDH (i.e. SDHx genes)
was  first described in  familial paraganglioma/
pheochromocytoma syndrome (Baysal et al., 2000;
Niemann and Muller, 2000; Astuti et al., 2001a,b; van
Nederveen et al., 2009).

In 2007, germline mutations of SDHx and loss of
SDHB expression were identified in gastrointestinal
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stromal tumors (GISTs) in patients with Carney-Stratakis
syndrome (McWhinney et al., 2007; Pasini et al., 2008).
Since then, loss of SDHB expression was reported to
occur also in other GISTs lacking mutations of genes
encoding receptor tyrosine kinases KIT and platelet-
derived growth factor receptor alpha (PDGFRa), i. e. so-
called KIT and PDGFRA wild-type (KIT/PDGFRA wt)
GISTs, and immunoexpression of SDHB became a
standard tool wused to discriminate between SDHB-
positive GISTs driven by activation of KIT/ PDGFRa
pathway, and SDHB-deficient GISTs which represent a
different clinical, genetical and therapeutical entity
(Agaimy et al., 2009; Gill et al., 2010, 2011a; Gaal et al.,
2011; Miettinen et al., 2011; Rege et al., 2011; Barletta
and Hornick, 2012; Doyle et al., 2012).

However, little is known about expression of SDHB
in other KIT/PDGFRA wt mesenchymal tumors of
gastrointestinal tract (GIT). Therefore, we performed the
study on expression of SDHB in GISTs and their
mimics. Furthermore, we correlated SDHB-status with
molecular genetic profile of the tumors.

Materials and methods

Eleven cases of KIT/PDGFRA wt GISTs (7 gastric, 4
intestinal), 12 gastric schwannomas (GSs), 20 solitary
fibrous tumors (SFTs), 4 Ileiomyomas (LMs), 16
leiomyosarcomas (LMSs), 5 synovial sarcomas (SSs), 3
endometrioid stromal sarcomas (ESSs), and 1 ileal
inflammatory =~ myofibroblastic ~ tumor (IMT)  were
retrieved from our archives. Three recent cases of K/T or
PDGFRA mut GISTs were used as control cases.

Tissue for light microscopy was fixed in 4%
formaldehyde and embedded in paraffin using routine
procedures. Five micrometer-thick sections were cut
from the tissue blocks and stained with hematoxylin and
eosin.

For immunohistochemical investigations the
following primary antibodies were used: SDHB
(polyclonal, 1:100, Santa Cruz Biotechnology, Santa

Cruz, CA), SDHB (21Al11l, 1:100, Abcam, Cambridge,
MA), DOG-1 (K9, RTU, Novocastra, Newcastle, UK),
Stat6  (S20, polyclonal, 1:100, Santa Cruz Bio-
technology, Santa Cruz, CA). No special pretreatment
was used. The primary antibodies were visualized using
the supersensitive streptavidin-biotin-peroxidase
complex (Biogenex, San Ramon, CA). Appropriate
positive and negative control slides were employed.
Furthermore, non-neoplastic mucosal epithelial or
endothelial cells were used as internal positive control.
Samples negative in staining with the polyclonal anti-
SDHB antibody by Santa Cruz were then stained with
the monoclonal antibody by Abcam. Only those samples
that did not stain with any of the antibodies, but showed

indubitable granular cytoplasmic positivity of
intratumoral endothelial cells with at least one of the
antibodies, were regarded as SDHB-negative. In the

absence of endothelial staining, the sample was labeled
as non-analyzable (NA). The diagnosis of SFT was then

proved by immunoexpression of Stat6 and absence of
staining with DOG-1 antibody in SDHB- cases.

DNA for molecular genetic investigation was
extracted from formalin-fixed, paraffin-embedded
tissues. Several 5 “m thick sections were placed on the
slides. Hematoxylin and eosin stained slides were
examined for determination of area of tumor tissue.
Then, tumor tissue from unstained slides was scraped
and DNA was isolated by the NucleoSpin® Tissue Kit
(MACHEREY-NAGEL GmbH & Co. KG, Duren,
Germany) according to the manufacturer’s protocol.
Mutational analysis of coding sequence, including exon-
intron junctions of SDHB, SDHC, and SDHD genes was
performed by PCR and direct sequencing. In GIST
cases, analysis of exons 9, 11, 13 and 17 of the KIT gene
(accession number U63834), exons 12, 14 and 18 of the

PDGFRA gene (accession number DS5001 7) was
performed as well.

In GIST cases, their pattern (spindled, mixed,
epithelioid) was compared with previous
markers.

Results
GISTs

All GIST cases used in the study were previously
defined on the basis of their morphology and pattern of
immunoexpression of KIT (CD117), desmin, and S-100
protein, either during routine daily service or in
consultation practice. Basic clinical and morphological
features of the investigated GISTs are summarized in
Table 1. SDHB status was investigated in two steps. In
the first step, the Santa Cruz anti-SDHB antibody was
used in all cases. As the second step, all SDHB-negative
or questionable cases were stained with the Abcam
monoclonal anti-SDHB antibody.

Immunohistochemical and molecular genetic

Table 1. Clinicopathologic features of GISTs.

No. Localization Gender and age Pattern Size (cm) Ml
1 stomach F, 47 mixed 14 1
2 stomach F, 63 spindle 2 10
3 stomach F, 43 mixed 7 5
4 stomach F, 76 mixed 2 2
5 stomach F, 70 spindle 10 2
6 stomach M, 62 spindle 7 0
7 stomach F, 48 epithelioid 6 2
8 stomach F,12 mixed 2 10
9 small intestine M, 75 epithelioid 6 133
10 small intestine F, 30 epithelioid 7 0
11 small intestine M, 46 spindle 5 5
12 small intestine F, 51 mixed 2 4
13 small intestine M, 60 mixed 2.5 0
14 mediastinum M, 52 epithelioid 15 25

M, male; F, female; MI, mitotic index (number of mitoses per 5 mm?2); ?,
unknown
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features of the tumors are summarized in Table 2.
Briefly, of the 11 GIST KIT/PDGFRA wt cases, 6 tumors
were SDHB+ and 5 were SDHB- when stained with the
Santa Cruz antibody. Three of the SDHB- tumors were
localized in stomach, 2 of those showed mixed pattern
and 1 displayed epithelioid morphology. Two SDHB-
GISTs were located in the small intestine, 1 of them
being of mixed, the other one of epithelioid cell
morphology (Fig. 1). SDHB negativity was confirmed
by the Abcam antibody in only one female pediatric
gastric GIST of mixed morphology, which was found to
be SDHB-D wt (Fig. 2). On the contrary, one of the
SDHB+ gastric GISTs harbored an SDHB sequence

Table 2. Immunohistochemical and molecular genetic features of
GISTs.

change in exon 1 (G12S). Other tumors showed no
SDHB-D genetic changes.

Of the three KIT or PGDFRA mut GISTs, which
were used as control cases, only 1 was SDHB-negative
(Fig. 3), although this case was also shown to bear G12S
change in exon 1 of SDHD gene in addition to
W557_K558 deletion in exon 11 of KIT gene.

All cases were KIT-positive, regardless of their
SDHB-status. Membranous pattern was more prominent
in tumors composed of spindle-shaped cells (Cases 2, 5,
6 and 11), whereas in epihelioid tumors or epithelioid
cells of mixed tumors the dot-like cytoplasmic pattern
was more eye-catching. There was no significant
difference in KIT staining between SDHB- cases 8 and
14 and other cases.

Table 3. Schwannomas.

No Mutational profile SDHB SDH
' Santa Cruz Abcam
1 KIT wt, PDGFRA wt, SDHD p.G12S +

2 KIT wt, PDGFRA wt, SDHB-D NA +

3 KIT wt, PDGFRA wt, SDHB-D NA NA NA
4 KIT wt, PDGFRA p.D842V, SDHB-D wt +

5 KIT wt, PDGFRA wt, SDHB-D wt +

6 KIT wt, PDGFRA wt, SDHB-D NA +

7 KIT wt, PDGFRA wt, SDHB-D NA NA NA
8 KIT wt, PDGFRA wt, SDHB-D wt - -

9 KIT wt, PDGFRA wt, SDHB-D NA +

10  KIT wt, PDGFRA wt, SDHx wt +

11 KIT wt, PDGFRA wt, SDHB-D NA NA NA
12 KIT p.W557_E561 del, PDGFRA wt, SDHB-D wt - +
13 KIT wt, PDGFRA wt, SDHB-D NA NA NA

14  KIT p. W557_K558del, PDGFRA wt, SDHD p.G12S - -

No. Sex and Size (cm) SDHB-D SDHB SDHB
age status Santa Cruz Abcam

1 F, 77 4.5 wt +

2 F, 74 7 wt +

3 M, 16 ? NA +

4 F, 88 2.5 wt +

5 F, 64 4 wt +

6 M, 82 3 wt +

7 F, 46 3.5 wt +

8 F, 80 ? wt +

9 M, 47 ? wt +

10 M, 43 3.5 wt +

11 F, 26 ? wt NA NA

12 M, 63 ? wt NA NA

NA, not analyzable; SDHB-D, genes SDHB, SDHC, and SDHD; wt, wild
type

Fig. 1. GIST Case 9 was located in the small intestine, composed of epithelioid cells,

positivity (B, SDHB Santa Cruz). x 200

M, male; F, female; ?, unknown; NA, not analyzable; SDHB-D, genes
SDHB, SDHC, and SDHD; wt, wild type
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with numerous mitoses (A, H&E), and with striking granular SDHB
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Gastric schwannomas

Of the 12 GSs used in the study, 10 showed at least
focal granular staining of neoplastic cells with at least
one anti-SDHB antibody (Fig. 4). The 2 remaining cases
were found to be impossible to analyze due to the lack of
staining of endothelial cells. Eleven tumors were SDHB-
D wt, only 1 sample was non-analyzable due to poor
quality of DNA (Table 3).

Table 4. Solitary fibrous tumors.

Solitary fibrous tumors

Clinicopathological, immunohistochemical and
molecular genetic data are shown in Table 4. In
summary, none of the cases was proved to be SDHB-,
although 2 cases had to be categorized as non-analyzable
due to the lack of staining of endothelial cells. However,
it has to be stressed that interpretation of SDHB staining
was extremely difficult in some cases because of small

Table 5. Smooth muscle tumors.

No. Sex and Size (cm) SDHB-D SDHB SDHB
age status Santa Cruz ~ Abcam

1 M, 33 2 wt +

2 M, 59 2 wt +

3 F, 45 2 wt - +

4 F, 80 "large" wt +

5 M, 74 21 wt +

6 F, 55 2.2 wt +

7 F, 59 5.5 wt +

8 M, 51 6.7 wt +

9 M, 77 11 SDHB p.S163P - +

10 M, 70 7 wt +

11 M, 66 17 wt +

12 F, 48 2 NA - +

13 F, 73 7 NA NA NA

14 M, 48 12 SDHD p.G12S +

15 F, 71 19 wt

16 F, 74 2 wt +

17 F, 55 2 wt NA NA

18 F, 29 17 wt +

19 F, 28 "large" wt

20 F, 67 4 wt

No. Sexand Diagnosis Size  SDHB-D SDHB SDHB
age (cm) status Santa Cruz  Abcam

1 F, 69 LM 4.7 wt +

2 M, 36 LM 10 wt - +
3 M, 61 LM 7 wt +

4 F, 58 LM 1.2 NA +

5 F, 35 LMS 4 wt +

6 F, 38 LMS 3.5 wt - +
7 F, 60 LMS 12 wt +

8 F, 56 LMS 2 wt +

9 F, 65 LMS 2 NA +

10 F, 77 LMS ? wt +

11 F, 49 LMS 9 wt +

12 F, 75 LMS 12 wt +

13 M, 41 LMS 2 wt +

14 M, 74 LMS 2 wt - +
15 M, 71 LMS 7.5 wt +

16 M, 59 LMS 2 NA +

17 F, 69 LMS 3.5 wt +

18 M, 65 LMS 2 NA +

19 F, 77 LMS 2 NA +

20 F, 66 LMS 5 wt +

M, male; F, female; ?, unknown; NA, not analyzable; SDHB-D, genes
SDHB, SDHC, and SDHD, wt, wild type

= i @ e - < S -

M, male; F, female; LM, leiomyoma; LMS, leiomyosarcoma; ?, unknown;
NA, not analyzable; SDHB-D, genes SDHB, SDHC, and SDHD, wt, wild
type

Fig. 2. Gastric pediatric GIST Case 8 displayed mixed cellular morphology (A, H&E), with the neoplastic cells showing no SDHB staining in contrast to
positive endothelial cells and scattered infiltrating leucocytes (B, SDHB Abcam). A, x 100; B, x 200
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volume of the cytoplasm of neoplastic cells. DNA
quality was sufficient for SDHB-D analysis in 18 cases.
Of those, 2 showed gene sequence changes, namely
G12S change in SDHD (Fig. 5) and S163P in SDHB.
Both cases were SDHB-positive.

Smooth muscle tumors

LMs and LMSs are grouped together in Table 5.
Generally, all tumors were SDHB-positive, although
usually the staining was difficult to interpret, mainly in
slender spindle shaped cells. All samples with sufficient
quality of DNA were SDHB-D wt.

Synovial sarcomas, endometrial stromal sarcomas, and
inflammatory myofibroblastic tumor

Due to the low number of cases, all 5 SSs, 3 ESSs,
and 1 IMT are lumped together in Table 6. Briefly,
expression of SDHB was difficult to evaluate as all
tumors were composed of short spindled cells with
diminutive amount of cytoplasm, although on thorough
investigation all were finally found to be at least focally
SDHB+. All but 1 SS and 1 ESS were successfully
tested for SDHB-D mutations, with negative results in all
tested SSs, ESSs and IMT.

Discussion

The majority of GISTs harbor mutations in KI/T or
PDGFRA leading to ligand-independent activation of the
respective receptor tyrosine kinases (Hirota et al., 1998,
2003; Heinrich et al., 2003). However, about 15% of
GISTs occurring in adults and 90% of GISTs in children
lack KIT and PDGFRA mutations (Corless et al., 2004;
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Fig. 3. Mediastinal GIST Case 14, which served as a KI/T-mutated control case, was composed of epithelioid finely granular oncocyte-like cells (A,

H&E). The cells showed only faint non-granular SDHB staining much less intensive than in intratumoral endothelial cells or in GIST Case 9 (B, SDHB

Abcam). x 200

Agaram et al., 2008). A considerable number of such
cases is associated with SDH complex dysfunction. It is
estimated that 7.5% of all GISTs belong to this category,
which is characterized by lack of SDHB-
immunostaining, and thus referred to as SDHB-deficient
GISTs (previously also type 2 GISTs and pediatric type
GISTs) (Miettinen et al., 2011). SDHB-deficient GISTs
can be further divided according to their clinical and
molecular genetic features into several groups. Carney-
Stratakis syndrome is a dyad of gastric GIST and
paraganglioma inherited in an autosomal dominant trait,
caused by a germ-line mutation of SDHx (Carney and
Stratakis, 2002; Pasini et al., 2008). It affects mainly
young people with no sex predilection. On the other
hand, Carney triad lacks familial occurrence, shows
striking female predominance, and despite its SDHB-

Table 6. Synovial sarcomas, endometrial stromal sarcomas, and
inflammatory myofibroblastic tumors.

No. Sex and Diagnosis Size SDHB-D SDHB SDHB
age (cm) status Santa Cruz Abcam

1 M, 30 biphasic SS 2 wt +

2 M, 34 monophasic SS 3 NA +

3 M, 41 monophasic SS 2 wt +

4 M, 29 biphasic SS ? wt - +

5 M, 32 monophasic SS 7 wt +

6 F, 63 ESS 5 wt +

7 F, 38 ESS 2 NA +

8 F, 61 ESS 8.5 wt +

9 F,7 IMT 2 wt +

M, male; F, female; SS, synovial sarcoma; ESS, endometrial stromal
sarcoma; IMT, inflammatory myofibroblastic tumor; ?, unknown; NA, not
analyzable; SDHB-D, genes SDHB, SDHC, and SDHD; wt, wild type
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deficiency, all Carney triad-related tumors were reported
to be SDHx wt (Carney et al., 1977; Carney, 1979, 1983;
Matyakhina et al., 2007). The tumors traditionally
associated with Carney triad are gastric GIST,
pulmonary chondroma and paraganglioma, but
esophageal leiomyoma and adrenocortical adenoma may
also be related to this syndrome (Carney, 2009).
Furthermore, a subset of apparently non-syndromic
sporadic KIT/PDGFRA wt GISTs is also associated with
SDH complex dysfunction (Gill et al., 2010, 2011a;
Rege et al., 2011). Such tumors occur mainly in children
and despite their sporadic nature they are more
commonly caused by a germ-line rather than somatic

SDHx mutation (Janeway et al., 2011; Pantaleo et al.,
2011a,b). However, even this category of SDHB-
deficient GISTs contains SDHx wt tumors, in which the
mechanism of their SDH-deficiency remains to be
explained (Miettinen et al., 2011; Doyle et al., 2012).
Regardless of the exact category of SDHB-deficient
GISTs, all such tumors share common clinico-
pathological characteristics: gastric localization,
epithelioid or mixed cell morphology, multinodular
and/or plexiform arrangement, positive KIT
immunostaining (but lack of KIT/PDGFRA mutations),
frequent lymph node metastases, and relatively indolent
clinical behavior (Gill et al., 2010).

s

L gC‘ y
S}

.

o (U W e N T
Mg L M TR e
. gl -
. - s

rat

by Sl
R,
S 7

-

’- k
L

29



229

SDHB in the differential diagnostics of GIST

Despite the current focus on SDHB-deficient GIST,
it is not the only tumor type associated with SDH
complex dysfunction. In addition to paraganglioma/
pheochromocytoma, which is also well known to occur
in an SDHB-deficient form, either in familial or sporadic
setting (Gimm et al., 2000; Amar et al., 2005; Mannelli
et al., 2009), several other tumors were recently reported
to display signs of SDH dysfunction, namely rare renal
cell carcinomas (Vanharanta et al., 2004; Ricketts et al.,
2008; Gill et al., 2011b,c), pituitary adenoma (Xekouki
et al.,, 2012), and seminoma (Galera-Ruiz et al., 2008).
Besides that, neuroblastoma (Schimke et al., 2010),
papillary thyroid carcinoma (Neumann et al., 2004), and
renal oncocytoma (Henderson et al.,, 2009) were
suggested to be also possible candidates for SDH-
deficient tumors, although with no direct immunohisto-
chemical or molecular genetic support.

As we were unaware of any study on SDHB
immunoexpression and/or SDHx mutational analysis of
mesenchymal tumors which come into the differential
diagnosis of GIST, we collected a short series of the
most important GIST mimickers, namely 12 GSs, 20
SFTs, 4 LMs, 16 LMSs, 5 SSs, 3 ESSs, and 1 IMT. For
comparison, 11 cases of KIT/PDGFR4 wt GISTs (7
gastric, 4 intestinal) were studied as well. Moreover, 3
recent cases of KIT or PDGFRA mut GISTs were used as
control cases.

Originally, we classified tumors as SDHB-negative
if they showed a lack of staining of neoplastic cells by
the Santa Cruz antibody despite positive staining of
epithelial cells on the mucosal surface. Using this
approach, the category of SDHB-negative tumors
included: 7 GISTs (3 gastric, 3 intestinal, and 1
mediastinal), 2 GSs, 5 SFTs, 1 LMs, 2 LMSs, and 1 SS.
However, on closer inspection in some cases it was
found out that intratumoral endothelial cells were also
negative. This prompted us to stain the negative cases
with monoclonal Abcam antibody. In this setting,
endothelial cells were used as internal control. This
second round of immunohistochemical investigation
reduced the group of SDHB-deficient tumors to 2 GISTs
(1 gastric, 1 mediastinal). Others tumors were either re-
classified as SDHB-positive or signed out as non-
analyzable due to the lack of endothelial staining.

The gastric case, which was SDHB-deficient (GIST
Case 8, Fig. 2), occurred in a 12-year old girl with no
familial history of a GIST or paraganglioma. At the time
of diagnosis, there were no signs of a possible
pulmonary chondroma or paraganglioma on record.
Molecular genetic analysis ruled out mutations in the hot
spots of KIT, PDGFRA, SDHB, SDHC, and SDHD.
According to our current state of knowledge, the tumor
should be then ruled out to harbor SDHA mutations,
either indirectly by SDHA immunohistochemistry or
directly by mutational analysis (Pantaleo et al., 2011a,b;
Wagner et al.,, 2013). However, as the issue of SDHA
status was beyond the scope of this study (SDHB
expression in gastrointestinal mesenchymal tumors), the
cost/benefit ratio of such an analysis was found to be

unreasonably high.

The other SDHB-deficient tumor was already
published as a case report (Daum et al., 2012). Briefly,
GIST Case 14 presented as a mass measuring
13.9x7.6x10.4 cm located in the posterior mediastinum
of a 52-year-old white man. The tumor consisted of
epithelioid cells with abundant finely granular cytoplasm
(Fig. 3). Immunohistochemically, the cells were
strikingly immunoreactive with CDI117 and antimito-
chondrial antibody. SDHB staining was only focal and
faint, without the characteristic granular pattern.
Surprisingly, molecular genetic analysis revealed not
only p.W557-K558 deletion in exon 11 of the KIT gene
but also p.GI2S sequence change in exon 1 of the SDHD
gene. Although this SDHD sequence change is currently
of questionable pathogenicity, its prevalence is slightly
higher in GISTs or paragangliomas than in the control
population (Janeway et al., 2011). Neither existing
genetic  databases nor current literature provides
information on the impact of this sequence change.
However, the finely granular appearance of the
cytoplasm of the neoplastic cells resembling oncocytes,
together  with striking  contrast  between  faint
immunohistochemical positivity of SDHB and strong
granular  positivity ~ of  antimitochondrial antigen
antibody, may mirror pseudohypoxia resulting from
partial destabilization of the SDH complex due to the
SDHD GI2S sequence change. The incomplete nature of
such destabilization might be also responsible for the
residual faint focal staining which differs from both
typical positive and negative cases. Thus, it is possible
that at least some sequence changes in SDHx genes and
KIT/PDGFRA mutations are not necessarily mutually
exclusive and that they may even cooperate in tumor
progression. Nevertheless, the fact that GIST Case 1,
which was undoubtedly SDHB-positive, harbored the
same SDHD sequence, casts doubt on this theory,
although the additional effect of several minor factors
cannot be ruled out. Furthermore, the striking oncocyte-
like appearance was not observed in other SDHx
sequence change-positive GIST and SFTs.

No other intraabdominal mesenchymal tumor
(namely GS, SFT, LM, LMS, SS, ESS, IMT) was found
to be SDHB-deficient if strict criteria (negative reaction
of neoplastic cells with two antibodies and positive
granular intracytoplasmic staining of endothelial cells)
were applied. In spite of SDHB-positivity, 2 SFTs
revealed SDHB-D sequence changes. SFT Case 9
showed p.S163P of SpHB, and SFT Case 14 harbored
p.G12S of SDHD.

The significance of SDHB and SDHD sequence
changes detected in 2 GISTs and 2 SFTs remains
unclear. As 3 of the tumors were SDHB-positive, and 1
GIST harbored concurrent K/7 mutation, they can hardly
be viewed as “real” oncogenic mutations. The non-
neoplastic tissue in GIST Case 14 was proven to contain
the same gene sequence as the neoplastic cells did,
which, in that setting, speaks more for the possibility of
polymorphism than for germ-line mutation. But even

30



230

SDHB in the differential diagnostics of GIST

this circumstance does not rule out the possible role of
detected changes with certainty. Unfortunately, the other
SDHx sequence change-positive cases were consultation
cases and no non-neoplastic tissue was available for
analysis. The precise mechanisms by which SDH
complex dysfunction leads to tumor formation have not
yet been fully elucidated. An important role is believed
to be played by succinate accumulation leading to
stabilization of HIF1-alpha, overexpression of VEGF
(Burnichon et al.,, 2010), and alteration of DNA
methylation profiles (Killian et al., 2013; Mason and
Hornick, 2013), resulting in angiogenesis and cell
proliferation. Although SDH dysregulation is currently
viewed as a consequence of an SDHx mutation leading
to disruption of the whole complex with resultant loss of

SDHB expression, the effects of “immunohisto-
chemically silent” sequence changes have not been
sufficiently studied yet. Even those subtle structural

changes that do not lead to disruption of the enzyme
complex may result in a minor decrease of enzyme
activity, which may promote tumor growth initiated by
another (e. g. KIT or PDGFRA) mutation. Although the
S DHB - tumors are not driven by gain of function
mutations of KIT or PDGFRA, they invariably show
immunohistochemical staining for KIT protein, a
phenomenon which 1is currently not fully understood
(Miettinen et al., 2011). Our study showed no significant
difference in KIT staining between the SDHB-positive
and SDHB-deficient GISTs.

In summary, our study found no intraabdominal
mesenchymal tumor other than GIST to be SDHB-
deficient. However, analysis of SDHB immuno-

expression must be performed with caution due to the
small amount of cytoplasm in neoplastic cells, mainly in
SFTs, smooth muscle tumors, and monophasic SSs. Only
intratumoral endothelial cells should be used as internal
control because the mucosal epithelium, located usually
at the edge of the specimen, may differ in its antigen
quality from the more distant neoplastic tissue. In the
differential diagnostics, attention also should be paid to
other morphological features, as SDHB-deficient GIST
should be localized in the stomach, arranged in
multinodular/plexiform pattern, composed of epithelioid
cells, or mixed in cellular composition. Last but not
least, our results raise the suspicion of a possible role of
SDHx sequence changes of questionable pathogenicity,
which may promote tumor growth initiated by another
genetic event.
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3.3 Nonsyndromic intestinal lipomas are probably not associated with
mutations of PDGFRA

Cilem této prace byla snaha zjistit, zda stfevni lipomy vyskytujici se u pacientll bez
znamek tzv. PDGFRA muta¢niho syndromu mohou reprezentovat sporadické protéjsky
familialnich lipomat6znich tumort, které¢ se vyskytuji ve spektru tumorti asociovanych s
germindlni mutaci PDGFRA, tedy s PDGFRA muta¢nim syndromem. PDGFRA muta¢ni
syndrom se mize manifestovat gastrointestinalnimi stromalnimi tumory, Vankovymi
tumory, fibroznimi tumory a submuké6znimi stievnimi lipomy. Az do nasi studie nebyla ve
svétové literatufe zddna zminka o molekuldrné-genetické analyze mutaci PDGFRA ve
stievnich lipomech.

V préci jsme provedli mutacni analyzu exonu 12,14 a 18 genu PDGFRA ve skupiné 20
nadord od 17 pacientd. Zadny z 16 analyzovatelnych vzorkdi nevykazoval mutaci
PDGFRA, tato mutace tak s vysokou pravdépodobnosti nebude hrat dilezitou roli v rozvoji
sporadickych stievnich lipomii.

34



RESEARCH ARTICLE

Nonsyndromic Intestinal Lipomas are Probably not
Associated With Mutations of PDGFRA

Magdalena Dubova, MD,* Monika Sedivcova, MSc,f Bohuslava Saskova, MD, *f
Sarka Hadravska, MD,*f and Ondrej Daum, MD, PhD*f

Abstract: The purpose of this study was to test the hypothesis
that intestinal lipomas occurring in patients devoid of signs of
PDGFRA-mutant sporadic
parts of familial lipomatous tumors occurring in the spectrum of

syndrome might represent counter-

tumors associated with PDGFRA mutations. PDGFRA -mutant
syndrome may manifest with gastrointestinal stromal tumors,
Vanek tumors, fibrous tumors, and lipomatous tumors. Until

now there has been no molecular genetic study of PDGFRA
mutations in intestinal lipomas published in the world literature.
A series of 20 intestinal lipomas were obtained from 17 patients,
and mutational analysis of exons 12, 14, and 18 of the PDGFRA
gene was performed. None of the 16 analyzable tumors showed
PDGFRA. Thus, PDGFRA mutations probably

do not play an important role in the development of sporadic

mutations in

lipomas of the intestines.

Key Words: sporadic, intestinal lipoma,
syndrome, PDGFRA, familial GIST syndrome
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PDGFRA-mutant

ntestinal lipomas are relatively common benign mes-
Ienchymal tumors of the gastrointestinal tract that can

be encountered particularly in the large intestine.! In most
cases, they arise from the submucosa and only occasion-
ally extend into the muscularis propria and subserosa.
Histologically, they do not differ significantly from lip-
omas located in soft tissues. Small tumors are mostly
asymptomatic and may be discovered incidentally at co-
lonoscopy, through radiologic examination, or at autop-
sy. Larger intestinal lipomas (usually >2 cm in diameter)
are more likely to cause various symptoms, for example,
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abdominal pain, intestinal obstruction, hemorrhage, or
intussusception.?*

Intestinal lipomas can occur either in a sporadic
setting or as a component of a familial tumor syndrome,
which is associated with germline mutations of the
PDGFRA gene, so-called PDGFRA-mutant syndrome.>®
PDGFRA-mutant syndrome is a condition inherited in
autosomal dominant trait, formerly termed intestinal
neurofibromatosis (neurofibromatosis 3b) and later rec-
ognized as a subtype of familial GIST syndrome.>7-
Tumors found in this syndrome encompass stomach-re-
stricted gastrointestinal stromal tumors (GISTs) without
accompanying Cajal cell hyperplasia, Vanek tumors (in-
flammatory fibroid polyps), fibrous tumors, and intestinal
lipomas.©

Although PDGFRA -mutated GISTs, Vanek tu-
mors, and fibrous tumors are known to occur also spor-
adically in a nonsyndromic  setting,”%1%-12  sporadic
PDGFRA -mutated lipomas have not been recorded yet.
We aimed to find out whether mutations of PDGFRA
gene could take part in the development of sporadic in-
testinal lipomas. Therefore, we performed this study of 20
sporadic intestinal lipomas, in which we analyzed their
molecular-genetic profile.

MATERIALS AND METHODS

A series of 20 intestinal lipomas obtained from 17
patients were retrieved from our archives. All tumors used
in this study were previously defined on the basis of their
morphology during routine daily service and reviewed by
2 authors (S. H. and O. D.). As the second step, molecular
genetic analysis of exons 12, 14, and 18 was performed in
all cases.

Tissue for light microscopy was fixed in 4% form-
aldehyde and embedded in paraffin using routine proce-
dures. DNA for molecular genetic investigation was
extracted from formalin-fixed, paraffin-embedded (FFPE)
tissues. Several 5-mm-thick sections were placed on the
slides. Hematoxylin and eosin-stained slides were exam-
ined for determination of the area of tumor tissue. Then,
tumor tissue from unstained slides was scraped and DNA
from FFPE tumor tissue was extracted using the QIA-
symphony DNA Mini Kit (Qiagen, Hilden, Germany) on
the automated extraction system (QIAsymphony SP;
Qiagen) according to the manufacturer’s supplementary
protocol for FFPE samples (purification of genomic DNA

Appl Immunohistochem Mol Morphol ® Volume 25, Number 9, October 2017
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from FFPE tissue using the QIAamp DNA FFPE tissue
kit and deparaffinization solution). 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 PCR.

Mutational analysis of exons 12, 14, and 18 of the
PDGFRA gene (accession number DS50017) was per-
formed using PCR and direct sequencing.

PCR was carried out using primers shown in Table 1.
The reaction conditions were as follows: 12.5 mL of Hot-
Start Taq PCR Master Mix (Qiagen), 10 pmol of each
primer, 100 ng of template DNA, and distilled water up to
25 mL. The amplification program consisted of denatura-
tion 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 am-
plicons. The program was completed by 72°C incubation
for 7 minutes. The PCR products were separated by elec-
trophoresis through a 2% agarose gel.

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 Ter-
minator Sequencing kit (PE/Applied Biosystems, Foster
City, CA) and purified with magnetic particles Agencourt
CleanSEQ (Agencourt Bioscience Corporation, A Beck-
man Coulter Company), all according to the manu-
facturer’s protocol, and then they were run on an
automated sequencer ABI Prism 3130xl (Applied Bio-
systems) at a constant voltage of 13.2 kV for 20 minutes.

RESULTS

Details on the patients and tumors are shown
in Table 2. Briefly, the M/F ratio was 8/9; age of the patients
ranged from 45 to 84 years (average: 64.7 y); lipomas were
situated in the small intestine (n = 1), ileocecal valve (n = 3),
cecum (n = 3), ascending colon (n = 4), hepatic flexure
(n = 2), transverse colon (n = 1), lineal flexure (n = 1), sig-
moid colon (n = 3), and rectum (n = 2); and the maximum
size of the tumors ranged from 0.3 to 6 cm (average:
1.76 cm). One patient presented with 3 lipomas, another one
with 2 lipomas, and 15 patients each had only 1 lipoma
detected. In most cases there were additional pathologic
findings present, which are summarized in Table 2.

DNA of 4 tumors was nonanalyzable; all remaining
16 tumors with sufficient quality of DNA were found to
bear wild-type alleles of exons 12, 14, and 18 of the
PDGFRA gene.

PDGFRA in Intestinal Lipomas

DISCUSSION
PDGFRA, the gene encoding platelet-derived growth
factor receptor-a (PDGFRa), is located in the long arm of
chromosome 4 in close vicinity of the KIT gene, another
member of the PDGFRA family of receptor tyrosine
kinases.!> In human pathology, activating mutations of
PDGFRA are mostly known to be associated with a subset

of GIST.'>* Activating mutations of PDGFRA were
reported to be responsible for 30% to 60% of KIT-
immunonegative and/or KIT-wild-type tumors fulfilling

histologic criteria of GiST. The PDGFRA -mutated GISTs
are predominantly located in the stomach,'>'® are com-
posed of epithelioid cells,'>?> and contain admixture of
multinucleated giant cells,?! myxoid stroma, and infiltrates
of mast cells.?>?3

Notably, activating mutations of PDGFRA were
also detected in Vanek tumors (also called inflammatory
fibroid polyps)!®!:2* and peculiar fibrous stromal tu-
mors.”>1?

All the aforementioned tumors can also occur in a
setting of familial tumor syndrome caused by germline
mutations of PDGFRA, currently termed PDGFRA-mu-
tant syndrome.® This condition inherited in the autosomal
dominant trait is a subtype of familial GIST syndrome
formerly designated intestinal neurofibromatosis (neuro-
fibromatosis ~ 3b).>”®  Unlike  KIT-dependent  familial
GIST syndrome, multiple GISTs occurring in the setting
of PDGFRA-mutant syndrome may be accompanied by
multiple Vanek tumors (inflammatory fibroid polyps) and

gastrointestinal ~CD34-positive  fibrous tumors of un-
certain classification, which we term “fibrous stromal
tumors.”  Furthermore, in contrast to KIT-dependent

familial GIST syndrome, if present, GISTs are limited to
the gastric area and diffuse Cajal cell hyperplasia is not
observed.®? Apart from these 3 classic PGDFRA-mu-
tated tumor types, in individual families additional lesions
were described, namely abnormally large hands?® and
multiple intestinal lipomas (or “fatty tumors”).>%

Intestinal lipomas are relatively common tumors of
the gastrointestinal tract. In overwhelming majority of
cases, they occur in a sporadic setting; however, recent
studies reported on multiple occurrence of intestinal lip-
omas in the setting of PDGFRA-mutant syndrome.>®
Even though there is a well-known occurrence of
PDGFRA -mutated gastrointestinal mesenchymal tumors,
such as GISTs and Vanek tumors, in sporadic non-
syndromic setting, until now, no study on PDGFRA-
mutant status of intestinal lipomas has been published.

As we were unaware of any study on PDGFRA
mutational analysis of intestinal fatty tumors, we col-
lected a series of 20 intestinal lipomas obtained from

TABLE 1.  Primers Used for PCR Amplification and Sequencing of PDGFRA Gene

PDGFRA Exon Forward Primer Sequence 5'-3' Reverse Primer Sequence 5' -3'
12 TCCAGTCACTGTGCTGCTTC GGAGGTTACCCCATGGAACT
14 TCACAGGATTAGTCAT ATTCTTGGTT TGAAAATCCTCACTCCAGGTC
18 GCTACAGATGGCTTGATCCTG GACCAGTGAGGGAAGTGAGG

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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patients devoid of signs of PDGFRA-mutant syndrome
and carried out molecular genetic investigation to test the
hypothesis that sporadic intestinal lipomas may represent
sporadic counterparts of the “fatty tumors” described in
association with PDGFRA-mutant syndrome. Our study
did not reveal any mutations in PDGFRA exons 12, 14,
and 18 in any of the 16 analyzable tumors.

Thus, we suggest that PDGFRA mutations prob-
ably do not play an important role in the development of
sporadic intestinal lipomas, and their pathogenesis, as
well as relation to the syndromic fatty tumors, is currently
still questionable.

In conclusion, our study is the first study inves-
tigating PDGFRA status in sporadic nonsyndromic in-
testinal lipomas. In contrast to lipomas occurring in the
setting of PDGFRA-mutant syndrome, their sporadic
counterparts do not harbor mutations in any of the hot
spots of PDGFRA gene.
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3.4 Morphological features useful in the differential diagnosis between
undifferentiated carcinoma and gastrointestinal stromal tumor

Nediferencované (sarkomatoidni) karcinomy mohou vykazovat piekryvné
morfologické rysy s gastrointestindlnim stroméalnim tumorem (GIST). Za ucelem
zefektivnéni diagnostiky téchto tumorti (bez nadbyte¢ného vyuzivani imunohistochemie a
molekularné-genetickych testl) by bylo vhodné definovat jednoznaéné uzitecné
morfologické znaky vyuzitelné pro histologickou diferencialni diagnostiku u téchto 1ézi.

V ramci multiinstitucidlni spoluprace bylo vyhledano a do studie zafazeno celkem 5
tumort klasifikovanych jako nediferencované (sarkomatoidni) karcinomy s jednozna¢nym
dikazem spravné diagnozy (tedy s pfitomnosti diferencované karcinomové slozky). Jako
kontrolni skupina (pro srovnani) slouzila skupina 84 ptipadi GIST s prokdzanou mutaci v
genu KI/T nebo PDGFRA. VSechny tumory byly podrobeny detailni morfologické analyze.
Na podklad¢ naSich pozorovani byl nalez lymfatické invaze a mezi nadorovymi buitkami
zachycené nenadorové tukové tkané siln€é podporujici diagnézu nediferencovaného
karcinomu. Déle u vSech 5 ptfipadi nediferencovanych karcinomi bylo detekovano st¥idani
low-grade a high-grade oblasti, tvorba ,,angiosarcomatous-like* prostor a ptitomnost ,,yolk
sac-like oblasti, naopak tyto morfologické znaky byly vyjadieny pouze u 1,2 %, 2.4 %,
resp. 7,2 % GISTh. Imunohistochemicky prikaz DOGI byl negativni ve vSech ptipadech
nediferencovaného karcinomu.

Na podkladé této studie lze konstatovat, ze piitomnost vySe uvedenych
histologickych znakli by méla vést k extenzivnimu samplingu 1éze za Ucelem detekce
diferencovanné karcinomové slozky tumoru. Vzhledem k malému poctu ptipadd
nediferencovaného karcinomu, které jsou v nasi studii k dispozici, je vSak pro definitivni
stanoveni zaveért nutna dalsi veétsi multiinstituciondalni studie.
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ARTICLE INFO ABSTRACT

Keywords: Undifferentiated (sarcomatoid) carcinomas may closely mimic gastrointestinal stromal tumors (GISTs) due to
Gastrointestinal stromal tumor possible histological and immunohistochemical overlap between these two entities. To avoid unnecessary em-
GIST ployment of a wide spectrum of immunohistochemical stainings and molecular genetics and thus decrease costs,

Undifferentiated carcinoma finding simple morphological features to target further investigation of such neoplasms of the gastrointestinal

S toid i
arcomatold carcinoma tract would be helpful.

Differential diagnostics

Five cases classified as undifferentiated (sarcomatoid) carcinomas with a definite proof of the diagnosis, i. e.
the presence of a differentiated carcinomatous component, were retrieved from archives of several institutions.
For comparison, 84 cases of GIST mutated in KIT or PDGFRA genes served as the control group. Hematoxylin and
eosin stained slides were evaluated for the presence of patterns which might discriminate between sarcomatoid
carcinoma and GIST.

Lymphatic invasion and entrapment of fat tissue strongly favor the diagnosis of undifferentiated carcinoma,
as it was found in all or almost all cases of undifferentiated carcinoma, but in no GIST. Alternation of low- and
high- grade areas, formation of angiosarcomatous-like spaces, and the presence of yolk sac-like areas were also
detected in all cases of undifferentiated carcinoma, but only in 1.2%, 2.4% and 7.2% of the GISTs, respectively.
Furthermore, DOG1 was negative in all cases of undifferentiated carcinoma.

According to this study, the presence of the histological findings listed above should prompt extensive tumor
sampling in order to find a differentiated carcinomatous component. However, due to the small number of cases

of undifferentiated carcinoma available for the study, a larger multi-institutional study is warranted.

1. Introduction immunohistochemical, and molecular evidence of differentiation be-
yond that of epithelial tumor. It is also regarded as anaplastic carci-

Gastrointestinal stromal tumor (GIST) is the most common me- .. . . .
noma and divided into various morphological subtypes, e.g. sarcoma-

senchymal tumor of the digestive system [1,2]. The overwhelming toid
majority of GISTs harbor mutations in the KIT or PDGFRA genes [3-5],

less commonly they may show genetic or epigenetic alterations of genes

carcinoma, pleomorphic carcinoma, large cell carcinoma with
rhabdoid phenotype, carcinoma with osteoclast-like giant cells or car-

cinoma with sarcomatoid components. Although some definitions re-
encoding subunits of mitochondrial succinate dehydrogenase [6-8]. A

small subset of GISTs harbors mutations of NFI1 [9], RAS, BRAF [10,11],
EGFR [12], or oncogenic fusions of genes encoding receptor tyrosine
kinases FGFR1 or NTRK3 [13,14]. Typical GISTs are composed of
spindle shaped and/or epithelioid cells, which are wusually im-
munohistochemically positive for CD117 (KIT) and/or DOG1 (anoc-

quire the complete absence of any differentiated epithelial component,
less stringent criteria are advisable, because those minor components
may serve as the only reliable proof of the presumed “carcinomatous
nature” of the tumor, as other definitive positive diagnostic markers are
lacking. Especially the sarcomatoid subtype composed of spindle
shaped cells may closely mimic a GIST, as it may even show aberrant
tamin-1, ANO1) [15-17]. expression of CD117 [18,19].

Undifferentiated carcinoma lacks morphological, We encountered a case of colonic tumor closely resembling a GIST

* Corresponding author at: Sikl's Institute of Pathology, Teaching Hospital in Plzen, Edvarda Benese 13, Plzen 305 99, Czech Republic.
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Fig. 1. The index case of wundifferentiated carcinoma composed of plump
spindled cells (H&E, 200x).

Fig. 2. The neoplastic cells in the index case expressed KIT protein (CD117,
200x).

S

Fig. 3. Mesocolic lymph node of the index case infiltrated by adenocarcinoma
(H&E, 100x).

(Fig. 1), including immunoexpression of CD117 (Fig. 2) and lack of
expression of cytokeratins in the initial regular slides of the tumor.
However, due to the finding of a metastasis of adenocarcinoma in one
of the mesocolic lymph nodes (Fig. 3), the entire mass of the tumor was
eventually submitted to paraffin blocks. This finally led to the finding of
a component of differentiated adenocarcinoma in four blocks (out of
88) (Fig. 4). Furthermore, molecular genetic analysis, performed to rule

Fig. 4. A minor component of adenocarcinomatous differentiation found in the

index tumor after its complete sampling (H&E, 100x).

out the possibility of a collision tumor, revealed that the sarcomatoid
component was KIT and PDGFRA wild type.

This index case prompted us to perform a retrospective study to
compare morphological features of GISTs and GIST-mimicking sarco-
matoid carcinomas of the digestive tract.

1. Material and methods

Eighty-four cases of GIST with proven mutation in KIT or PDGFRA
were retrieved from the authors' archives. Upon request, we collected
14 cases of gastrointestinal undifferentiated carcinoma from several
institutions, but 9 of them had to be discarded from the study group
because of the lack of definite proof of diagnosis, i. e. a differentiated
small
precluding representability of histomorphological

carcinomatous component, and/or specimen size (e.g. en-
doscopical biopsies)
studies of such samples.

In all cases, the tissue was fixed in 10% formalin, routinely pro-
cessed and embedded in paraffin, and 4 |jm thick sections were stained

with hematoxylin and eosin (H&E).

1.1. Histological evaluation of selected morphological features

Selection of histological signs for analysis was based on initial
scanning review of samples of H&E stained slides of the index case. The
selected features included: mitotic index counted as in GIST (number of
mitoses per 5 mm?), presence of rhabdoid cells, multinucleated cells,
lymphatic invasion, vesicular nuclei, entrapped fat, skeinoid fibers,
angiosarcomatous-like spaces, yolk sac-like areas, alternation of low-
and high-grade areas, glassy cells, and perinuclear vacuoles. Rhabdoid
cells, multinucleated cells, lymphatic invasion, vesicular nuclei, en-
trapped fat, angiosarcomatous-like spaces, and yolk sac-like areas were
evaluated only as present or absent. Skeinoid fibers and perinuclear
vacuoles were scored in 4 grades (0-negative; 1l-scarce, found at high
magnification; 2-few, found at medium power; 3-numerous, easily seen
at scanning magnification). Evaluation of alternation of low- and high-
grade areas was not based on specific grading of GIST, which is derived
from the mitotic index, but on a general pattern consisting of cellular
crowding, nucleocytoplasmic ratio, cellular and nuclear pleomorphism,
and abnormalities of chromatin texture. It was then expressed in 3
grades (0-only low-grade; 1l-only high-grade; 2-alternation of low- and
high-grade). Yolk sac-like areas were specifically defined as being re-
miniscent of the microcystic/reticular pattern of yolk sac tumors.
Glassy cells were recognized as polygonal cells with voluminous pale
eosinophilic cytoplasm of ground glass appearance.

Five of the authors were involved in independent and blinded re-
view of all slides after initial tutorial. At the end of this process, final
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scores were assigned based on consensus review.

1.2. Immunohistochemistry

For immunohistochemical investigations, the following primary
Anti-Pan (AE1/AE3/PCK26, RTU,
Ventana, Tucson, AZ), anti-Cytokeratin (CAM 5.2, RTU, Ventana,
Tucson, AZ), CDI117, c-kit (polyclonal, 1:800, Dako, Glostrup,
Denmark), DOG1 (SP31, RTU, Cell Marque, Rocklin, CA), Anti-Human
(DAK-A3, 1:400, Dako, Glostrup, Denmark),
Synaptophysin Ab-4 (polyclonal, 1:350, NeoMarkers, Fremont, CA),
INSM1 (A8, 1:1000, Santa Cruz, Heidelberg, Germany), TLE1 (M-101,
1:100, Santa Cruz, Heidelberg, Germany), Anti-SALL4 (6E3, 1:800,
Sigma-Aldrich, St. Louis, MO), CD31, Endothelial Cell (JC70A, 1: 40,
Dako, Glostrup, Denmark), and Ki-67 (30-9, RTU, Ventana, Tucson,

AZ). No special pre-treatment was used. The immunohistochemical

antibodies were used: Keratin

Chromogranin A

analysis was performed using a Ventana BenchMark ULTRA (Ventana
Medical System, Inc., Tucson, Arizona). Appropriate positive and ne-
gative control slides were employed. While AE1/3, CAMS5.2, CD117 and
Ki-67 were studied in all samples, only the cases of undifferentiated
carcinoma were stained for TLE1l, DOGI1, chromogranin, synapto-
physin, INSM1, SALL4, and CD31.

Stained slides were independently and blindly reviewed by three of

the authors. Afterwards, final results were obtained upon consensus.

1.3. Molecular genetics

DNA from FFPE tissue was extracted using a QIAsymphony DNA
Mini Kit (Qiagen, Hilden, Germany) on an automated extraction system
(QIAsymphony SP, Qiagen) according to the manufacturer's supple-
mentary protocol for FFPE samples.

Mutational analysis of coding sequences, including exons 9, 11, 13
and 17 of the KIT gene (accession number U63834), and exons 12, 14
and 18 of the PDGFRA gene (accession number DS50017) was per-
formed.

2. Results
2.1. General clinicopathological data

In total, 84 cases of GIST and 5 cases of undifferentiated carcinoma
were collected. The number of paraffin blocks available for each case
ranged from 1 to 88.

2.1.1. GIST group

The mean age of patients in this group was 64.5 (range: 29-92). M:F
ratio was 1:1. Gastric location was the most common (n = 66), fol-
lowed by the small intestine (n = 12). Three cases occurred in the
colorectum, 1 in the mediastinum (possibly representing extramural
growth of a lower esophageal or upper gastric tumor), and 2 cases were
liver metastases of suspected primary gastric tumors. The average lar-
gest dimension of the tumors was 6.2 cm (range: 0,5-20 cm). All tumors

were imatinib-naive.

2.1.2. Undifferentiated carcinoma group

The mean age of patients in this group was 69.2 (range: 50-78). M:F
ratio was 2:3. The large intestine was the most common site of occur-
rence (n = 3), the small intestine and pancreas each hosted 1 tumor.
Data on tumor size was available in 4 cases (the fifth case was only
described as “large” in the original report). The average largest di-
mension of the 4 tumors was 11.75 cm (range: 3-17 cm). After exclu-
sion of a case, which was later found to represent an intestinal metas-
tasis of pulmonary carcinoma, the average largest dimension of the 3

tumors was 14.7 cm (range: 12-17 cm).

Annals of Diagnostic Pathology 46 (2020) 151527

2.2. Immunohistochemistry

2.2.1. GIST group

CD117 was positive in 67 cases of GIST. Of the CD117-negative
tumors 2 harbored mutations in exon 11 of KIT gene, 2 were mutated in
PDGFRA exon 12, and 13 harbored mutations in exon 18 of PDGFRA
gene. Fifteen of the CD117-negative tumors were of mixed or epithe-
lioid pattern.

Only 7 GISTs were positive for AE1/3, five of them mutated in exon
11 of KIT gene and 2 in PDGFRA exon 18. Four of the AE1/3-positive
tumors showed mixed or epithelioid pattern.

CAMS.2 was positive in 2 cases of GIST, one harboring mutation in
exon 11 of KIT gene and the other one in exon 18 of PDGFRA.

2.2.2. Undifferentiated carcinoma group

All 5 cases of  undifferentiated
munohistochemically DOG1,
physin, INSM-1, and cytokeratins stained with antibody CAMS5.2. None

of the cases stained with antibody against TLE1, which was used to rule

carcinoma were im-

negative  for chromogranin, synapto-

out the possibility of synovial sarcoma. SALL4 was negative in all cases.
The cells lining angiosarcomatous-like spaces were not decorated by the
antibody against CD31 in any of the tumors. Only the index case
showed positive staining for CD117. Conversely, only the index case
was negative in an immunohistochemical reaction with the Anti-Pan
Keratin antibody (AE1/3).

2.3. Molecular genetics

Sixty-one cases of GIST harbored mutations in KIT, specifically exon
9 n =4), exon 11 (n = 56) and exon 13 (n = 1). Mutations of PDGFRA
were proved in 23 cases, involving exon 12 (n = 4), exon 14 (n = 1)
and exon 18 (n = 18). All cases of undifferentiated carcinoma were KIT
and PDGFRA wild type.

2.4. Analysis of selected morphological features

Comparison of histological features selected to be studied in terms
of their occurrence in GISTs and undifferentiated carcinomas is sum-
marized in Table 1.

The low number of cases in the undifferentiated carcinoma group
did not enable us to carry out a valid statistical analysis, but it can be
hypothesized that the presence of lymphatic invasion (Fig. 5) strongly

favors the diagnosis of undifferentiated carcinoma, as it was found in all

Table 1
Comparison of morphological features of GIST and undifferentiated carcinoma.

GIST Undifferentiated carcinoma
Rhabdoid cells 24/84 5/5 (100%)
(28.6%)
Multinucleated cells 21/84 (25%) 4/5 (80%)
Lymphatic invasion 0/84 (0%) 5/5 (100%)
Vesicular nuclei 10/84 5/5 (100%)
(11.9%)
Entrapped fat 0/84 (0%) 4/5 (80%)
Skeinoid fibers (score) Mean: 0.3 Mean: 0
Median: 0 Median: 0
Angiosarcomatous-like spaces 2/84 (2.4%) 5/5 (100%)
Alternation of low- and high-grade 1/84 (1.2%) 5/5 (100%)
areas
Yolk sac-like areas 6/84 (7.1%) 5/5 (100%)
Glassy cells 0/84 (0%) 3/5 (60%)
Perinuclear vacuoles (score) Mean: 0.9 Mean: 0.9
Median: 1 Median: O
Mitotic index (per 5 mm?) mean: 3.8 mean: 34
range: 0-45 range: 28-39
Ki-67 proliferation index mean: 7.6% mean: 56.4%
range: 0-58% range: 48-77%
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Fig. 5.
200x).

Lymphatic invasion in a case of undifferentiated carcinoma (H&E,

Fig. 6. Entrapment of fat is a common finding in undifferentiated carcinomas
(H&E, 200x).

Fig. 7. Angiosarcomatous-like spaces probably represent abortive formation of

glands in undifferentiated carcinomas (H&E, 200x).

5 cases of undifferentiated carcinoma, but in no cases of GIST. Simi-
larly, no case of GIST showed entrapment of fat tissue in the tumor
(Fig. 6) in contrast to all cases of undifferentiated carcinoma except for
one, which was shown to represent an intestinal metastasis of pul-
monary origin and was also found to be the smallest of the un-
differentiated carcinoma cases (3 cm in largest dimension). Further

promising markers seemed to be the alternation of low- and high- grade

Fig. 8. Yolk sac-like areas are reminiscent of a microcystic/reticular subtype of
the yolk sac tumor, but are SALL4-negative (H&E, 200x).

areas, angiosarcomatous-like spaces (Fig. 7) and yolk sac-like areas
(Fig. 8), as they were detected in all cases of undifferentiated carci-
noma, but only in 1.2%, 2.4% and 7.2% of GISTs, respectively. Glassy
cells were not found in any cases of GIST in our series, however, they
were identified in only 60% of undifferentiated carcinomas, so the re-
levance of this connection is uncertain.

Other markers, namely rhabdoid cells, multinucleated cells and
vesicular nuclei, appear to be less useful, because they were found in a
relatively significant proportion of the GISTs; rhabdoid cells and mul-
tinucleated cells typically in those mutated in the PDGFRA gene
(rhabdoid cells were present in 19 of 23 PDGFRA mutated GISTs and in
5 of 61 KIT mutated GISTs; multinucleated cells in 15 of 23 PDGFRA
mutated GISTs and in 6 of 61 KIT mutated GISTs). As for the multi-
nucleated cells in undifferentiated carcinomas, they tend to differ from
typical multinucleated floret-like cells in PDGFRA mutated GISTs, in
that they are more high-grade or even anaplastic. Conversely, peri-
nuclear vacuoles and skeinoid fibers, although rare or absent in un-
differentiated carcinomas, were also commonly absent or poorly de-
veloped in a significant number of GISTs, which is mirrored by their
median score values.

Although the differences in mean values of mitotic index and pro-
liferative index between GIST and undifferentiated carcinoma groups
seem to be significant, the overlap in ranges of values, mainly in the
zone of higher values, precludes these indices from being useful in

differential diagnostics.

3. Discussion

Differential diagnosis of GIST is broad, encompassing mainly me-
senchymal tumors, most commonly smooth muscle tumors, schwan-
noma, intraabdominal fibromatosis or solitary fibrous tumor. Less
commonly, germ cell tumors and malignant melanoma may mimic
GIST, especially due to their expression of CD117. On the other hand,
differential diagnosis between GIST and (adeno)carcinoma of the gas-
trointestinal tract is not an issue in the majority of cases, due to easily
recognizable characteristic morphological patterns of both conditions
and their immunohistochemical profile (GISTs are usually CD117 and/
or DOG1 positive, whereas carcinomas are stained with antibodies
against cytokeratins). However, undifferentiated tumors do not show
usual morphological diagnostic features and typical patterns of im-
munoexpression may become altered in them. It has already been re-
cognized, that 22% of pulmonary adenocarcinomas and 13% of pul-
monary squamous cell carcinomas may express CD117 [20]. In the
gastrointestinal tract, CD117 expression was reported to occur in 15%
and 29.9% of esophageal squamous cell carcinomas in two case series

[21,22]. A case of CD117-positive esophageal carcinosarcoma was
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published by Martland et al. [18]. Furthermore, Mori et al. reported on
expression of CD117 in a case of gastric undifferentiated carcinoma
with focal neuroendocrine differentiation [19], and hypothesized that
the CD117 expression was attributable to neuroendocrine differentia-
tion, because of multiple cases of CD117-positive neuroendocrine car-
cinomas on record [23-30]. Nevertheless, the diagnosis of Mori et al.
was questioned by Hewer et al.,, due to the lack of molecular genetic
analysis of PDGFRA in the reported case [31]. Conversely, rare case
reports of cytokeratin positivity in GISTs have been published [31-36].
According to larger studies of case series, the positivity of cytokeratins
occurs in 3% to 18% of GISTs [37-39]. Cytokeratin expression in GIST
may also result from transdifferentiation induced by imatinib treatment
[40,41].

Despite the reported possibility of immunohistochemical overlap
between GIST and carcinoma, there is no study on morphological dif-
ferences between GIST and undifferentiated (sarcomatoid) carcinoma
in the world literature. To identify such features, which could poten-
tially be useful for differential diagnostics, we collected a series of 84
KIT or PDGFRA mutated imatinib-naive GISTs and 5 undifferentiated
(sarcomatoid) carcinomas. The histological signs studied in both groups
included: mitotic index (number of mitoses per 5 mm?2), presence of
rhabdoid cells, multinucleated cells, lymphatic invasion, vesicular nu-
clei, entrapped fat, skeinoid fibers, angiosarcomatous-like spaces, yolk
sac-like areas, alternation of low- and high-grade areas, glassy cells, and
perinuclear vacuoles. The possibility of neuroendocrine differentiation
of the carcinomas was ruled out by negative staining with antibodies
against chromogranin, synaptohysin and INSM-1.

Lymphatic invasion was shown to be the most promising marker of
possible carcinomatous nature in the aforementioned differential di-
agnostic scenario. This can easily be explained by the fact that SDHB-
positive GISTs do not tend to give rise to lymphatic metastases [42,43],
which is in striking contrast to high-grade carcinomas. One can argue,
that SDHB-deficient GISTs, which can present with lymphatic metas-
tases, should also have been included in the study, however, they are
quite rare and usually present with characteristic clinicopathologic
features [43,44].

Fat entrapment, which reflects an infiltrative growth pattern of the
tumor, was found to be discriminatory between GIST and un-
differentiated carcinoma, as had been expected, having been found in 4
of the 5 undifferentiated carcinoma cases, but in no GISTs. In fact, the
case of undifferentiated carcinoma devoid of fat entrapment was dis-
covered to be an intestinal metastasis of non-small cell lung carcinoma.
Thus, the relatively common pushing pattern of metastatic tumors,
together with its small size (3 cm in the largest dimension), may explain
the absence of fat entrapment in this case.

Alternation of low- and high-grade areas, angiosarcomatous-like
spaces and yolk sac-like areas also seem to be good candidates for
discriminatory markers, as they were detected in all cases of un-
differentiated carcinoma, but only in a small number of GISTs.
Alternation of low- and high-grade areas probably mirrors the hetero-
geneity of cellular population of high-grade cancers composed of sub-
clones with a variable degree of dedifferentiation. In contrast, GISTs are
usually homogenous tumors, although cases with histological ded-
ifferentiation, especially in imatinib-treated tumors have been reported
[40,45,46]. lined by CD31-negative

plump spindled to epithelioid atypical cells, and areas reminiscent of a

Angiosarcomatous-like  spaces,
microcystic/reticular subtype of the yolk sac tumor in undifferentiated
carcinomas probably represent focal abortive attempts to form glands.
However, stromal edema with focal separation of cells may also lead to
similar patterns appearing in a small number of GISTs.

DOG1 is a proved marker of GIST with high sensitivity and speci-
ficity. Sensitivity is higher than 90% in most studies, which makes the
CD117 and DOG1 very effective in im-
confirmation of GIST [17,47,48].
DOG1 can also stain other tumors, including differentiated carcinomas

combination of

munohistochemical Nevertheless,

in various locations [48-50], gastrointestinal carcinomas being no
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exception [51]. However, cases of undifferentiated sarcomatoid carci-
noma of the gastrointestinal tract were found to be negative [51,52].
Our results seem to be in accordance with these findings as none of our
5 cases of undifferentiated carcinoma was DOGI1-positive, which makes
DOG1 immunohistochemistry one of the markers in the spectrum of
features possibly leading pathologist to consider undifferentiated car-
cinoma in making differential diagnosis.

The main drawback of the study is the low number of cases of un-
differentiated carcinoma, which precludes valid statistical analysis.
Thus, a large multi-institutional study of representative age, sex, site
and size matched cohorts is warranted.

In conclusion, we identified lymphatic invasion, fat entrapment,
alternation of low- and high-grade areas, angiosarcomatous-like spaces,
yolk sac-like areas, and absence of DOG1 staining in a gastrointestinal
neoplasm of mesenchymal appearance lacking specific histological
features of other tumors in the differential diagnosis, as indicative of
the possibility of the correct diagnosis being undifferentiated (sarco-
matoid) carcinoma. Although these morphological signs cannot be used
to confirm the diagnosis, their presence may warrant complete or at
least more extensive sampling of the tumor to find diagnostic differ-
entiated carcinomatous areas. This attitude may prevent a pathologist
from unnecessary overuse of molecular genetic analysis, which by itself

may also not prove decisive in such a differential diagnostic dilemma.
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3.5 Targeted next generation sequencing of MLH1-deficient, MLH1
promoter hypermethylated, and BRAF/RAS-wild-type colorectal
adenocarcinomas is effective in detecting tumors with actionable
oncogenic gene fusions

Onkogenni genové fuze piedstavuji atraktivni cile pro 1é€bu malignich nadorovych
onemocnéni. Nicméné, frekvence funkcnich genomickych pfestaveb u kolorektalnich
karcinomti (CRC) je velmi nizkd a univerzélni screening téchto zmén se tedy zda byt
neprakticky a ndkladny. Ne&kolik rozsdhlych studii retrospektivné ukézalo, ze CRC
s genovymi flizemi se ¢asto vyskytuje ve skupinach nadorii definovanych deficitem MLH1
DNA mismatch repair proteinu (MLH1d), hypermetylaci promotoru MLHI (MLHIph),
pfitomnosti nestability mikrosatelith a BRAF/RAS wild-type nadorového genotypu
(BRAFwWt/RASwt). V této studii jsme pouzili metodu paralelniho sekvenovani (NGS)
k analyze vyskytu potencidlné cilitelnych genovych fuzi v neselektované sérii piipadi
BRAFwt/RASwt kolorektalnich karcinomd, které vykazovaly MLH1d/MLH Iph.

Z puvodné identifikované skupiny 173 MLH1d CRC pfipadi vykazovalo 141
ptipadu (81,5 %) MLHIph. Genotyp BRAFwt/RASwt byl potvrzen u 23 ze 141 ptipada (16
%) MLH1d/MLHIph. Cilené vySetteni NGS téchto 23 ptipadi identifikovalo genové fuze
celkem u 9 tumort (39,1 %; interval spolehlivosti pfi konfidenéni hladiné 95 %: 20,5 %-
61,2 %). Zjisténé fuze zahrnovaly geny NTRK (4 ptipady), ALK (2 ptipady) a BRAF (3
pfipady). Z nami detekovanych fuzi zasluhuje zvlastni zminku fuze MAP7-BRAF, ktera
nebyla dosud v pfedchozich studiich publikovana Jako sekundérni vysledek testovani NGS
jsme identifikovali zmény drahy PIK3K-AKT-mTOR ve 2 ptipadech CRC, které
vykazovaly mutaci PIK3CA. Celkem 11 z23 piipada (48 %) MLHId/MLHIph a
BRAFwt/RASwt tak vykazovalo genetické zmény, které by mohly vyvolat rezistenci na
anti-EGFR terapii.

Nase studie potvrzuje, ze cilend metoda NGS se zaméfenim na MLHId/MLHIph a
BRAFwt/RASwt kolorektalnich karcinomli by mohla byt ndkladové efektivni strategii
k detekci pacientl s potencialné 1é¢itelnymi onkogennimi kindzovymi fizemi.
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1 | INTRODUCTION

Colorectal cancer (CRC) is the second most common malignant disease
in women and the third in men, with an estimated total number of
in 2018 worldwide.!

~1.8 milion new cases and ~890 000 deaths

Remarkable advances in the CRC therapy and improvements in
patients' prognosis have been achieved in recent years by the introduc-
tion of targeted therapy,

including agents targeting epidermal growth

factor receptor (EGFR) pathway and angiogenesis.23 The selection for

optimal treatment is actually based on negative, rather than positive
molecular criteria. Specifically, patients with any known KRAS or NRAS
exon 2, 3, or 4 mutation are not recommended for treatmnent with
the presence of BRAF
highly

unless used in combination with a BRAF inhibitor and cyto-

either cetuximab or panitumumab. Likewise,

V600E mutation makes response to these anti-EGFR agents

unlikely,
toxic agent irinotecan.#® Therefore, testing of these biomarkers is cur-
recommended in all with  metastatic CRC being

rently patients

considered for anti-EGFR therapy.#® However, in spite of this molecu-
lar profile-driven patient selection, only a fraction of patients responds
to anti-EGFR therapy, with objective clinical
secondary should
less prevalent alterations in the RAS-MAPK or PIK3K-
AKT-mTOR pathways, such as mutations in the HRAS, MAP2K1, RAFI,
PTPN11, PIK3CA, or PTEN genes, could be also responsible for resis-

tance to the EGFR

and even the patients

responses almost inevitably develop resistance.3 It

be noted that

inhibitors, and detection of these mutations may

have potential implications for more refined treatment selection in the
future.>” This is supported by analysis of the mutational status of RAS-
MAPK pathway expanded beyond the KRAS and NRAS genes, which
demonstrated that up to 56% of CRCs have pathway alterations that
can make the patients ineligible for anti-EGFR treatment.”

Patients with tumors showing certain oncogenic gene fusions

represent another small but potentially important group of the CRC

patients with poor prognosis and unlikely benefit from conventional

anti-EGFR therapy.8 In a study by Kloosterman et al, up to 2.5% of

CRCs harbored recurrent gene fusions affecting expression and func-

tion of relevant oncogenes. This also included 1.8% cases with a

potentially druggable receptor kinase fusions.® Other studies reported

fusions involving NTRK, ALK, ROS1, RET, or BRAF genes in 0.2% to
2.4% of CRC cases.31017 Because the frequency of gene fusions in
CRC is very low, the screening for these alterations in general CRC
seems to be and costly. To address

patients population impractical

this problem, several large scale studies retrospectivelly showed that
CRCs with gene fusions are highly enriched among groups of tumors
characterized by the loss of expression of MLH1/PMS2 DNA mis-
match repair proteins and hypermethylation of MLH1 promoter, with

or without the presence of microsatellite instability, while presenting
BRAF/KRAS wild-type status (BRAFwt/KRASwt).11.18-20

In this study, we used targeted next generation sequencing to
explore the occurence of potentially targetable gene fusions NTRK,
ALK, ROS1, RET, or BRAF in BRAFwt/KRASwt CRC cases that displayed
IHC confirmed loss of expression of PMS2 and MLH1 proteins, and

genetically proven MLH1 gene hypermethylation (MLH1d/

MLH1ph).

promoter

2 | MATERIALS AND METHODS

2.1 | Patients and tissue specimens

The study was performed following the rules of the Ethics Committee

of the Faculty Hospital in Pilsen. Resection specimens from 173 unse-

lected consecutive CRC patients from a 3-year period (2016-2019)
with  immunohistochemically confirmed loss of expression of PMS2
and MLH1 proteins (MLH1-deficient; MLH1d) were initially retrieved

from the files at the Sikl's Department of Pathology, Faculty of Medi-

cine in Plzen, and Biopticka Laboratory, Ltd, Pilsen, Czech Republic.

All MLH1d tumors underwent MLH1 gene promoter hypermetylation

and BRAF gene testing as a routine procedure, in order to identify

potential patients with Lynch syndrome (LS). In a subset of cases, RAS

gene testing was performed on a clinical request in patients consid-

ered for anti-EGFR therapy; in the remaining cases, RAS gene testing
was performed only for the purpose of this study.

Al MLH1d/MLH1ph/BRAFwt/RASwt cases underwent next gen-

eration sequencing. Demographic and clinical data, including tumor

localization and pTNM stage were retrieved from medical records.

2.2 | Immunohistochemistry

For the immunohistochemistry (IHC), 4 "“m sections were initially sta-
ined with PMS2 (Ventana Medical AZ, Al6-4, RTU)

and MSH6 SP93, RTU)

Systems, Tucson,

(Ventana Medical Systems, Tucson, Arizona,

antibodies, as a routine procedure in LS screening, using the Bench-

Mark ULTRA automated stainer (Ventana Medical Systems), according
to the manufacturer's protocol with appropriate positive and negative
control slides. MLH1 (Ventana Medical

In the second step, Systems,

M1, RTU) staining was performed in all PMS2-negative cases. Visuali-

zation was performed using the OptiView Dab Detection Kit (Roche).

2.3 | Bisulfite DNA conversion MLH1ph testing

Bisulfite conversion of DNA was carried out using EZ DNA Methylation-
Gold Kit (DNA input 500 ng) (Zymo Research, Orange, California). Detec-
tion of promoter methylation was carried out via methylationspecific PCR
as described by Hermanet al* Briefly, 100 ng of DNA or 2 AL of
converted DNA was added to reaction consisted of 12.5 AL of HotStar
Tag PCR Master Mix (Qiagen), 10 pmol of specific primers and distilled
water up to 25 AL. The amplification program was composed of denatur-
ation 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 extension at 72°C for

1 minute. The program was finished by incubation at 72°C for 7 minutes.

2.4 | RAS/BRAF testing

Hotspot mutations in the genes BRAF, KRAS, and NRAS were analysed

using the BENKit (4Bases, Switzerland, CH). The libraries were
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prepared following the BENkit protocol for Illumina sequencing. Final

libraries were multiplexed, spiked with 20% PhiX control and
sequenced on a NextSeq 550 (lllumina, San Diego, California) to
achieve at least 150 000 reads per sample. The analysis of the
sequencing results was performed using the Amplicon Suite software
(version 2.0.1; SmartSeq, IT). Parameters for variant reporting were
set to a minimum coverage per amplicon 100 and allelic fruequency

over 5%.

2.5 | Next generation sequencing (NGS)

For NGS, up to three FFPE sections (10 “m thick) were macro-
dissected and total nucleic acid (NA) was extracted using Maxwell
RSC DNA FFPE Kit on Maxwell RSC 48 Instrument (Promega, Madi-
son, Wisconsin). Both, RNA and DNA components of the total NA
were quantified using the Qubit Broad Range RNA Assay Kit/Qubit
Broad Range DNA Assay (Thermo Fisher Scientific) and 2 AL of sam-
ple.  Fusion Plex Thyroid and Lung (CTL) Kit

(ArcherDX Inc.,

Comprehensive
Boulder, Colorado) was used to construct cDNA
library for detection of genetic abnormalities in 36 genes, including
the detection of fusion transcripts of ALK, AXL, BRAF, CCND1, FGFR1,
FGFR2, FGFR3, MET, NRG1, NTRK1, NTRK2, NTRK3, PPARG, RAF1,
RET, ROS1, and THADA genes. All steps were performed according to
the manufacturer's protocol (version of the protocol LA135.F), and
the library was sequenced on an lllumina platform as described

previously.2

2.6 | Microsatellite instability (MSI) testing

The MSI Analysis System v.1.2 (Promega) based on fluorescent multi-
plex PCR followed by capillary electrophoresis using an ABI PRISM
3130xI Genetic Analyzer (Applied Biosystems) was used for detection
of MSI. Data were analyzed using the GeneMapper Software (Applied

Biosystems). All steps were done according to manufacturer's protocol.

2.7 | Statistics

Ninety-five percent-confidence intervals for prevalences (CI95) were
determined using Wilson procedure with correction for continuity.?
Significance of differences between proportions and between contin-
uous data were determined by Fisher's exact test and Welch's
corrected t-test, respectively, implemented in Prism 5 for Windows,
version 5.02 (GraphPad Software, Inc.). Differences were considered

statistically significant for two-sided P-values <.05.

3 | RESULTS

From the initially identified group of 173 MLH1d CRC cases (46 male

and 127 female patients; median age: 72 years; range 36-92 years

(Table 1), 141 cases (81.5%) displayed hypermethylation of the MLH1
gene promoter (MLH1d/MLH1ph). BRAFwt/RASwt genotype was con-
firmed in 23 of 141 (~16%) of MLH1d/MLHIph cases (10 males and
13 females; median age: 68 years; range 45-87 vyears). Remaining
117 MLH1d/MLH1ph cases showed mutations in BRAF or RAS genes.
All  BRAF mutations were represented by V600E substitution. The
KRAS gene codon 12/13 mutations occured in nine cases, whereas
five cases showed KRAS codon 61 substitution, one case KRAS codon
117 substitution and one case showed NRAS gene codon 12 mutation.
Interestingly, one case displayed a rare co-occurrence of KRAS (G12V)
and BRAF (V600E) mutations.

BRAF V600E mutation was found in 103 MLH1d/MLH1ph cases.
This mutation was more prevalent in female than in male cases
(75.9% vs 63.6%; P = .1825) and associated with older age (mean age

73.26 years in BRAF-mutant vs 69.26 years in BRAFwt; P = .0863) and

TABLE 1 Baseline patient and tumor characteristics of 173
MLH1-deficient colorectal cancers

Gender
Female 127 (73.4%)
Male 46 (26.6%)
Age
Females Median: 72 years (range 36-92 years)
Males Median: 71.5 years (range 36-88 years)
pT stage
T1 4(2.3%)
™ 29 (16.8%)
T3 103 (59.5%)
T4a 17 (9.8%)
Tab 11 (6.4%)
Unknown 9(5.2%)
pN stage
NO 109 (63.0%)
Nla 18 (10.4%)
N1b 16 (9.2%)
Nic 4(2.3%)
N2a 4(2.3%)
N2b 13 (7.5%)
Unknown 9(5.2%)
Histological grade
Low grade 89 (51.4%)
High grade 83 (48%)
Unknown 1(0.6%)
Location
Left colon 24 (13.9%)
Right colon 148 (85.5%)
Unknown 1(0.6%)

BRAF mutation 109 (not available in 3 cases)

RAS mutation 16 (not available in 128 cases)
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high grade (80% vs 65.2%; P = .0586), although the differences did

not reach statistical significance. RAS mutations were found in
16 CRC cases and showed no significant association with sex (11.9%
in F vs 88% in M; P = .7623), grade (11.3% low grade vs 11.1% high
grade; P = 1.00) or age (mean age 72.5 years in mutant vs 69.3 years
in wild-type cases; P =.3691).

All 23  MLH1d/MLH1ph/BRAFwt/RASwt cases showed MSI-high
status. Targeted NGS of these 23 cases identified oncogenic gene
patients  (39.1%; CI95: 20.5-61.2%) that
(a) NTRK genes in four cases (LMNA-NTRK1, ETV6-NTRK3, and TPR-
NTRK1 in two cases), (b) ALK gene in two cases (both EML4-ALK),

(c) BRAF gene in (CUL1-BRAF, GTF2IRD1-BRAF, and

fusions in  nine involved

three cases
MAP7-BRAF), and (d) a suspicious gene fusion in RAF1 gene in a single
case (NLGN3-RAF1) (Table 2). However, NLGN3-RAF1 rearrangement
resulted into joining untranslated region of the NLGN3 gene transcript
and intronic sequence of RAF1, with unclear impact on RAF1 kinase
activity, because no open reading frame has been found. Although
possible transcription starts sites were found upsteram of fusion, and
translation initiation codon was predicted in exon 7 of RAF1 gene (p.
M265) using Promoter 2.0 and NetStart 1.0 prediction tools,2425 pas-
senger event is more probable rather then oncogenic character for
this fusion. All other fusion variant were found to be in-frame, with
retained functional kinase domains.

To the best of our knowledge, MAP7-BRAF fusion variant has not
been previously reported.

No significant differences in sex (Fisher's exact test, P-value = .68),
age (Mann-Whitney test, P = .47), pathologic stage (Fisher's exact test,
P = 1.0, tested for difference among all stages), grade (low grade vs
high grade, Fisher's exact test, P = 1.0) or tumor location (left vs right
side, Fisher's exact test, P = 1.0) were found between the fusion posi-
tive and fusion-negative groups.

As a secondary outcome of our NGS testing, which primarily
identified

which  dis-

aimed at the detection of targetable gene fusions, we

PIK3K-AKT-mTOR pathway alterations in two CRC cases,
played PIK3CA mutation. In addition, one tumor was found to have
GNAS harbored CTNNB1

(Table 3). All identified mutations have been annotated by COSMIC

mutation and three CRCs mutations

TABLE 2 Clinical characteristics of 10 colorectal adenocarcinomas with gene fusions

somatic in CRC or other

predicted by FATHMM

database?® as previously confirmed

cancers,?”32 and all substitutions have been

predictor33 as cancer-promoting/driver mutations (Table 3).
Altogether, 12 of 23 (52%) MLH1d/MLH1ph/BRAFwt/RASwt

tumors showed genetic alterations that could induce resistance to

studies demonstrated that

PIK3K-AKT-mTOR

anti-EGFR  therapy. Nevertheless,

CRCs  with

previous

downstream  RAS-MAPK  or pathway

alterations are not always resistant to the EGFR inhibitor cetuximab.3*

4 | DISCUSSION

About 10% to 15% of sporadic CRCs have MSI-high phenotype (MSI-
H) caused by the MLHIph. Most of these CRCs show CpG Island
Methylator Phenotype (CIMP), caused by BRAF V600E mutation and
subsequent up-regulation of the transcriptional repressor MAFG 3536
We found BRAF V600E status in ~73% of MLH1d/MLH1ph CRC

cases. Our results support previously reported association of this
mutation with older age, female sex and poor differentiation.3”

A smaller subset of MLHIph CRCs harbor KRAS mutations instead
of BRAF V600E.>3 Altogether, BRAF and KRAS mutated tumors may
represent ~80% of MSI-H/MLH1ph CRCs, leaving approximately 20%
of cases without a known RAS-MAPK pathway alteration.’® In the
study, we ~16% of MLH1d/MLH1ph CRCs

showed RAS/BRAF wild-type status, and ~40% of these CRCs showed

present found that
the presence of potentially targetable oncogenic kinase fusions. This
result is comparable with several studies recently reported by other
investigators. In a study by Cocco et al, 21 of 2314 CRCs tested by
NGS harbored kinase fusions and 12 fusion-positive cases (57%) were
MSI-H/MLH1d. Methylation of the MLH1 gene promoter was con-
firmed in all cases with available material. Altogether, the fusions were
reportedly present in 5% of MSI-H/MLH1d CRCs and 15% of MSI-H/
repair-deficient/BRAFwt/RASwt, but only in 0.4% of
stable/DNA  mismatch

DNA  mismatch

microsatellite repair proteins proficient tumors.

Furthermore, the reached 42% in

MLH1d/MLH1ph/RASwt/BRAFwt

prevalence of fusions

CRCs,*?

reportedly
which is  consistent  with

our result. Sato et al. performed MSI analysis of over 2800 surgically

Age Sex Site Grade pTNM Fusion gene (exon/intron #) Frame Kinase domain
58 F Left colon Low grade pT3 NO TPR(e21)-NTRK1(el10) In-frame Preserved
68 M Right colon Low grade pT3 N1b M1 EML4(e6)-ALK(e20) In-frame Preserved
78 F Right colon Low grade pT2 NO CUL1(e7)-BRAF(e9) In-frame Preserved
74 F Right colon Low grade pT3 NO EML4(e21)-ALK(e20) In-frame Preserved
81 M Right colon High grade pT4aN2a LMNA(e4)-NTRK1(e11) In-frame Preserved
68 M Right colon High grade pT3 NO NLGN3(e8)-RAF1(i6) Unclear? Unclear?
71 M Right colon High grade pT4a Nla ETV6(e5)-NTRK3(el5) In-frame Preserved
70 F Right colon Low grade pT4a N1b GTF2IRD1(e22)-BRAF(e10) In-frame Preserved
78 M Right colon Low grade pT3 NO MAP7(e7)-BRAF(e10) In-frame Preserved
53 E Right colon Low grade pT3 Nla TPR(e21)-NTRK1(e10) In-frame Preserved

aSee text for eplanation.
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TABLE 3 Characteristics of five colorectal adenocarcinomas without gene fusions with other potentially significant NGS findings

Other NGS findings

Age Sex Site Grade PTNM Gene coding DNAchange (protein change) COSV? FATHMM prediction Somatic status in
AFb score® cancers® (reference)
60 F Left colon High grade pT4b N1a M1b CTNNB1 c.101G>A (p.Gly34Glu) COSV62688267 -7.7 Yes (27,28)
AF=0.26
80 F Right colon Low grade pT3 NO CTNNB1 c.134_136del p.(Ser45del) N/A Yes (29)
COSV62693334
AF =0.45
57 M Right colon High grade pT4a N1b GNAS c.602G>T (p.Arg201Leu) COSV55671845 -4.41 Yes (30)
AF=0.34
84 M Right colon Low grade pT3 NO PIK3CA c.3140A>G, (p.Hile47Arg) -2.53 Yes (31)
COSV55873195 AF =0.25
45 M Right colon Low grade pT3 N1b PIK3CA c.3140A>G, (p.His1047Arg) -2.53 Yes (31)
COSV55873195 AF=0.11
CTNNBL  c.121A>G,  p.(ThrdlAla)  COSV62687862 695 Yes (32)
AF=0.37

aGenomic mutation identifier (COSMIC)26
bAllele frequency.

Prediction of cancer driver status using FATHMM predictor.33 Score < 2.5 predicts association with cancer with specificity >98%.
dPreviously reported as somatic mutation in colorectal and/or other cancers. Information retrieved from COSMIC26 datasets and other publications.

resected CRCs and performed whole exome, transcriptome and meth-
ylation analyses on 149 of 162 tumors showing MSI-H status. In-
frame fusion transcripts encoding fusion-type kinases were found in
~10% of MSI-H tumors and ~55% of MSI-H/KRASwt/BRAFwt CRCs.39
Wang et al identified 11 tumors with gene fusions among 125 consec-
utive mismatch repair-deficient (MMRd) and 238 randomly selected
repair-proficient CRCs (3%). All harbored
fusions were MMRd with MLHIph and wild-type BRAF and KRAS,

mismatch tumors  that
comprising  55% (11/20) of this subgroup.?® Moreover, they used
227 PMS2/MLH1
cohort. MLH1ph was confirmed in 137/227 cases (60%) and 44/137
(32%) patients lacked BRAF V600E or KRAS/NRAS
Targeted NGS showed that 32% (14/44) of patients displayed onco-

deficient CRCs as an independent validation

mutations.

genic fusions.?? Taken together, approximately 30% to 55% of CRCs
with MLHIph status, wild-type BRAF and wild-type RAS have onco-
genic fusions.

Based on the results of the above mentioned studies and present
study, colon cancers with kinase fusions are highly represented among
MSI-H CRCs. Generally, MSI-H CRCs have a more favorable prognosis
than microsatellite stable CRCs,42 although this may be controver-
sial for advanced (stage Ill and IV) CRCs.#* The National Comprehen-
sive Cancer Network guidelines recommend MSI testing for all
patients with stage Il CRC, to inform adjuvant therapy decisions,
based on the assumption that MSI-H status in MMRd CRCs predicts
poor efficacy of the standard 5-fluorouracyl (5-FU) based adjuvant
chemotherapy.##44> The data from several meta-analyses about the
potential value of MSI status and 5-FU chemotherapy response
remain contradictory, however, mostly because of the high inter-study
heterogenity in the MSI-H groups.®2%64% |mportantly, MSI-H CRCs
have high tumor mutation burden, which results in the generation of

neoantigens recognized by the patient's immune system and

modulation of this response with immune checkpoint inhibitors is an

attractive  therapeutic  option (reviewed by Thomas et al®).

Pembrolizumab, nivolumab, and combination of nivolumab and
ipilimumab already received US Food and Drug Administration (FDA)
approval for the use in advanced MMRd CRCs progressing after stan-
dard therapies, and clinical studies are underway to find out the role
of immune checkpoint inhibition in the first-line and neoadjuvant set-
tings.’® Nevertheless, a significant proportion of MMRd patients do
not respond or develop resistance to immune checkpoint inhibition
(progressive  disease rate 21%-41%), or experience serious adverse
reactions.’® As a result, oncogenic fusions can provide new opportu-
nity for targeted therapy in this subset of MMRd CRC patients who
otherwise would be candidates for an orthodox therapy with anti-
EGFR agents, which would likely be ineffective due to alternative
RAS-MAPK pathway activation.

A summary of possibly actionable gene fusions already detected
in CRCs was recently provided in a review by Pagani et al.® Potential
targets for therapy included NTRK1, NTRK2, NTRK3, ALK, ROS, RET,
BRAF, FGFR2, FGFR2, and ERBB2 gene fusions. Even though only a
limited number of patients were treated with kinase inhibitors so far,
some encouraging results with objective clinical responses were
obtained in a few NTRK-rearranged CRCs treated with larotrectinib or
entrectinib.8 Our results confirm findings from previous studies as we
have also detected these actionable gene fusions, mostly those involv-
ing NTRK, ALK, and BRAF genes, and we detected one novel
MAP7-BRAF fusion variant.

In the present study, a fraction of RASwt/BRAFwt CRC patients
who underwent NGS testing, and who lacked any oncogenic fusions,
was found to harbor PIK3CA mutations, with potentially negative
impact on the outcome of the anti-EGFR therapy. Overall, PIK3CA

mutations are thought to predict resistance to anti-EGFR therapies®
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and patients with PI3KCA-mutant CRC may be potential candidates
for a targeted therapy with selective PIK3CA inhibitors.5!
In  conclusion, we found that potentially actionable oncogenic

kinase fusions are highly enriched in CRCs with MLH1d/MLH1ph and

BRAFwt/RASwt status. When anti-EGFR treatment is considered in

patients with advanced CRC, targeted NGS of tumors with MLH1d/
MLHIph and BRAF wild-type status could be a cost-effective strategy

in detecting patients with common and less common RAS gene muta-

tions, rare downstream mutations in RAS-MAPK and PIK3K-AKT-
mTOR pathway genes, and, eventually, potentially druggable gene
fusions.
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3.6 Moderni diagnostika Lynchova syndromu

Clanek shrnuje problematiku Lynchova syndromu a pfedstavuje vhodny
diagnosticky algoritmus pro detekci pacientll, jez by méli podstoupit dalsi testovani pro
prikaz germinalni mutace z periferni krve (k definitivnimu potvrzeni diagnozy LS).

Naprosta vétsina piipadit LS je zplisobena zarodecnou mutaci nékterého z MMR
genti. Pomoci imunohistochemickych barveni hlavnich MMR proteint (MLH1, PMS2,
MSH2, MSH6) mizeme dostat zprostfedkovanou informaci o funkci MMR komplexu. Na
naSem pracovisti byl zaveden ,,.komplexni diagnosticky management®, kdy je v ptipadé
ptitomnosti tzv. MSI-H histologie (tj. v Semi PREDICT skore pfitomny dva a vice
hodnocenych znakli - hodnoceni pritomnosti mucinu disekujiciho stroma, tumor-
infiltrujicich lymfocyti, peritumoralniho lymfoidniho lemu a pfitomnosti plazmatickych
bun¢k ve stromatu prevySujicich 25 %), proveden imunohistochemicky screening
(vysetfeni exprese MLH1, PMS2, MSH2, MSH6), jehoz cilem je potvrdit pfitomnost MSI-
H, vylou¢it moznost sporadického MSI-H karcinomu a urcit pravdépodobné postizeny gen
k detekci zarode¢né mutace.
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Modern diagnostics of Lynch syndrome
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Souhrn: Lynchdv syndrom (dfive zvany hereditarni nepolypdzni kolorektalni karcinom —HNPCC) je nejcasté)si genetickou pficinou
familidrniho vyskytu kolorektalniho karcinomu. Pricinou je zarodeéna mutace nékterého z MMR gend, které jsou zodpovédné za
opravy chyb ve struktufe DNA vznikajici pfi jeji replikaci. Tyto mutace zpUsobuji dysfunkci opravného komplexu, ktera vede k roz-
voji nestability mikrosatelitd (MSI) a ke vzniku a progresi nadord, zejména kolorektalniho karcinomu. V soucasné dobé se odhaduje,
Ze az 5% kolorektalnich karcinomi vznika v asociaci s Lynchovym syndromem. Vzhledem k této pomérné vysoké cetnosti, absenci
premorbidniho fenotypu, familiarnimu vyskytu a prezentaci malignich nador( v produktivnim véku je véasna diagnostika Lynchova
syndromu duilezita nejen z etického, ale i ekonomického hlediska. BohuZel, Bethesda guidelines, natoz Amsterdamska kritéria,
nejsou dostatecné senzitivni. Vyssi senzitivitu vykazuje detekce morfologickych znakd asociovanych s MSI pfi histologickém vy-
setreni vzorkl kolorektalnich karcinomd. Pfiblizné jedna pétina karcinomi s MS| je geneticky podminéna Lynchovym syndromem,
zbytek tvori sporadické MSI-H karcinomy zpUsobené epigenetickou inaktivaci MMR genu. K vylouceni téchto sporadickych pfipadi
z dalsiho testovani slouzi vySetfeni genu BRAF a analyza metylace promotoru genu MLHI. Podezfeni na LynchOv syndrom vyply-
vajici z vysledkd vyse uvedeného komplexu vysetreni by mélo byt nakonec potvrzeno detekci zarodecné mutace nékterého z MMR
gen0 v periferni krvi pacienta s naslednym vysetfenim rodinnych pfislusnikd pro zajisténi O¢inné prevence.

Klicova slova: kolorektalni karcinom — Lynchiv syndrom — HNPCC — nestabilita mikrosatelitd

Summary: Lynch syndrome (formerly known as hereditary non-polyposis colorectal cancer — HNPCC) is the most common here-
ditary colorectal cancer syndrome. The syndrome is caused by a germline mutation of one of the mismatch repair (MMR) genes
which are responsible for DNA replication error repair. Impaired function of the proteins encoded by these genes leads to micro-
satellite instability (MS1) and forms a suitable background for development and progression of tumours, mainly colorectal cancer.
According to recent estimates up to 5% of all cases of colorectal cancer are associated with Lynch syndrome. Due to this relatively
high frequency, familial occurence, absence of premorbid phenotype and development of malignant tumors in productive age,
correct diagnosis is important not only from the ethical but also the economical point of view. Unfortunately, clinical means of
diagnostics of Lynch syndrome (like the Amsterdam criteria and Bethesda guidelines) lacks sensitivity. It was shown that predictive
models based on histological signs of MSI are more sensitive than the clinical criteria used to detect patients with suspected Lynch
syndrome. Of all MSI-H colorectal cancers, 1/5 is caused by Lynch syndrome, while the rest are sporadic cancers caused by epigene-
tic inactivation of an MMR gene. To rule out the sporadic cases, molecular genetic investigation of the BRAF gene and methylation
analysis of the MLHI promoter is used in the diagnostic workup of Lynch syndrome. The suspicion of Lynch syndrome, based on the
results of the complex of diagnostic methods mentioned above, should be proved by detection of a germline mutation of an MMR
gene in peripheral blood, and followed by screening of family members, which is a necessary condition for efficient prevention.

Key words: colorectal cancer—Lynch syndrome — HNPCC — microsatellite instability

LynchOv syndrom —

historie a soucasnost

V soucasné dobé je Lynchdv syndrom
(LS) definovan jako autozomalné domi-
nantné dédi¢né onemocnéni vytvarejici
predispozici ke vzniku malignich nadord,
jehoz podkladem je zarodecna mu-
tace nékterého z gend odpovédnych za

opravy replikacnich chyb v DNA, tzv. mi-
smatch repair (MMR) gend. Nejcastéjsim
karcinomem vznikajicim pfi LS je kolo-
rektalni karcinom (CRC), je vsak zvysené
riziko vzniku i dalsich malignit, zejména
karcinom® endometria, Zaludku, ten-
keho stieva, ovaria, ledvinné panvicky
a modovodu, nadord mozku a kiize.

Navzdory svému nazvu je prvni li-
terarni zprava o LS obsaZena v publi-
kaci Prof. Warthina z roku 1913, v niz je
popsana ,karcinomova rodina G" [1].
Obdobné pozorovani rodinného vy-
skytu kolorektalniho karcinomu pfi ab-
senci polypdzy [2] pfivedlo dr. Lynche
k navratu ke ,karcinomové rodiné G*,
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aktualizaci informaci a rozpoznani za-

kladnich znakd tohoto syndromu, kte-

rymi jsou [3]:

1. zvysena incidence adenokarcinomd,
zejména kolorektdlnich a endo-
metrialnich,

2. zvy3ené riziko multiplicity nadord,

3. autozomalné dominantni dédi¢nost,

4. vznik karcinomd v mladsim véku.

Onemocnéni bylo zpocatku ozna-
¢ovano jako ,syndrom karcinomoveé
rodiny", pozdéji ,hereditarni ne-
polypozni kolorektédlni karcinom®
(HNPCC) [4]. Zaroven se viak zacalo
synonymné pouzivat oznaceni ,Lyn-
chdv syndrom" [5]. Z ddvodu moznosti
vyskytu extrakolonickych malignit se
v soucasné dobé upousti od zavadeé-
jiciho terminu HNPCC, pricemz ozna-
¢eni , Lynchiv syndrom" se pouziva pro
pfipady zplsobené germinalni mutaci
nékterého z MMR gend, zatimco pro
pfipady splAujici Amsterdamska kri-
téria, ale bez prokazatelné zarodecneé
mutace néktereho z MMR gend, se do-
porucuje termin ,familiarni kolorek-
talni karcinom typu X" [6].

Na podkladé LS vznika pedle sou-
¢asnych odhadd aZ 5 % CRC. Divo-
dem, proc presto stale zistava ve stinu
méné casté familiarni adenomatézni
polypozy (FAP, cca 1 %) je, ze tyto na-
dory nevznikaji v terénu polypozy (de-
finovane jako > 100 polypu), coz vsak
neznamena, Zze nemohou byt pfitomny
zadné polypy. Absence ,premorbid-
niho fenotypu®, tedy pfitomnosti be-
nignich zmén, které by umozZnovaly
diagnostikovat tento syndrom jesté
pred vznikerm maligniho tumoru (jako
je tomu treba v pripadé FAP, neuro-
fibromatozy 1. typu a daldich fami-
liarnich karcinomovych syndromi) vy-
razné ztézuje jeho véasnou klinickou
diagnostiku. Vyjimkou z tohoto pravi-
dla je fenotypicka varianta LS projevu-
jici se vznikem koZnich sebaceéznich
nadord, oznacovana jako Muir-Torreho
syndrom (MTS) [7]. V ostatnich pFi-
padech mize byt LS diagnostikovan
prakticky aZ pfi nalezu maligniho tu-
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moru, pripadné pri genetickém vyset-
reni redinnych prislusnikd jiz diagnos-
tikovaného probanda.

Lynchiv syndrom z pohledu
molekularni genetiky

MMR geny a MMR proteiny
Naprosta vétsina pripadd LS je zpU-
sobena zarodednou mutaci nékte-
rého z gend odpovédnych za opravy
replikacnich chyb v DNA (replication
error repair, RER), které jsou ozna-
¢ovany jako mismatch repair (MMR)
geny [8,9]. Fyziologicky se MMR pro-
teiny kddované témito geny spojuji do
funkénich komplexd, predevsim v he-
terodimery MLH1-PMS2 a MSH2-
-MSH6 (prip. MSH2-MSH3), Zatimco
druhy jmencvany dimer se uplatiuje
v rozpoznavani chyb (predevsim ne-
sparovanych nebo $patné sparovanych
nukleotid() v DNA, prvni heterodi-
mer slouZi k opravé téchto nalezenych
chyb. Inaktivace obou alel nékterého
ze jmenovanych genl vede k dysfunkci
celeho komplexu a ke vzniku nadord
charakteristickych vysokym stupném
tzv. nestability mikrosatelitd [10,11].

Mikrosatelity a MSI

Mikrosatelity jsou Useky DNA tvorené
nékolikanasobnym opakovanim jed-
noho az ¢tyf, vzacnéji i vice nukleo-
tidd. Tyto kratké repetitivni sekvence
se vyskytuji v genomu pomeérné hojné,
pficemz delky jednotlivych mikrosa-
telitd (tedy pocty opakovani téchto
sekvenci) jsou za normalnich okolnosti
v ramci jedince stejne, ale mohou se
lisit mezi jednotlivci. Sekvence mikro-
satelitd jsou snadno zranitelné pfi re-
plikaci DNA, protoze DNA polymeraza
v oblasti repetic ,sklouzava" a v do-
sledku toho dochazi ke vzniku delich
&i kratsich Usekd. Jestlize nedochazi
ke korekci téchto chyb, potom mize
délka mikrosatelitd v ramci jednoho je-
dince kolisat, coz je stav oznacovany
jako nestabilita mikrosatelitd (micro-
satellite instability, MSI). MSI viak nenf
jednoznacné danym stavem, ktery by
pfimo zpUsoboval vznik nadord. Jde

spise o semikvantitativni vyjadFeni ge-
netického poskozeni DNA uvedenym
mechanizmem. Stanoveni stupné MSI
je tedy arbitrarni a spociva ve stano-
veni nestability mezinarodné kodifiko-
vanych markerd, pfi¢emz na zakladé
poctu postizenych markerd se rozli-
suji stavy (hlavné nadory) se stabilnimi
mikrosatelity (microsatellite stable,
MSS), s nizkym stupném nestability
(microsatellite instability — low, MSI-L)
a s vysokym stupném nestability mik-
rosatelitd (microsatellite instability —
high, MSI-H) [12].

MMR geny a MSI-H tumory
Tumory s MSI-H vznikaji dvéma rdz-
nymi mechanizmy, a to bud jako spo-
radické nadory vyvolané genetickymi
a/nebo epigenetickymi zménami v so-
matické burice, nebo jako familiarné
se vyskytujici nddory v rdmci LS zp0-
sobené zarodednou mutaci nékterého
z MMR gend. Ackoli je mutovana alela
dédéna autozomalné dominantne,
k vlastnimu vzniku nadoru dochazi
az somatickou inaktivaci druhé alely
tehoz genu, coz je dano tim, ze MMR
geny patii mezi typicke tumor supre-
soroveé geny s recesivnim charakterem
Ucinku [13]. Teprve tehdy, je-li u osob
nesoucich jednu zarodeéné mutovanou
alelu MMR genu béhem jejich Zivota
inaktivovana i alela druha, dochazi ke
vzniku malignich tumord. Pficinou této
inaktivace miZe byt somaticka mutace
v druhe alele genu, ztrata heterozygo-
sity (LOH) nebo metylace promotoru,
jak tomu byva u genu MLHI [14].
Nej¢astéji postizenymi geny pfi LS
jsou MLH1 a MSH2 (dohromady vice nez
80 %) [15], dale nasleduje MSHE (10 %)
a zbylé pripady predstavuji vzacna za-
rodecna postizeni dalsich MMR gend
(PMS2, PMS1, MSH3, MLH3).

Vzacne priciny Lynchova syndromu
Ackoli je LS obecné vniman jako d0-
sledek zérodeéné mutace MMR gend,
vzacné mize vést ke stejné dysfunkci
MMR proteind, a tim i ke stejnému kli-
nickému postizeni, odlisny mechaniz-




mus, jehoz neznalost mdze mit za na-
sledek diagnosticke rozpaky. V pripade
genu MLH1 byly napriklad popsany za-
rodecné hypermetylace promotoru
vedouci k jeho epigeneticke inakti-
vaci [16,17]. V nedavneé dobé byly po-
psany i zarodecné delece 3’ konce
genu EPCAM (TACSTD1), které zase
vedou k epigenetické inaktivaci
MSH2 [18,19]. Navic dosud u fady mu-
taci a polymorfizmd MMR gend nebyl
objasnén jejich klinicky vyznam.

Klinickeé a geneticke varianty
Lynchova syndromu

Klinické projevy LS se mohou lisit podle
postizeného genu, pripadné i podle
konkrétniho typu mutace. Napfiklad
u nosicd zarodedneé mutace MLH1 casto
byva kolorektalni karcinom jedinou
diagnostikovanou malignitou na roz-
dil od pacientd se zarodecnou mutaci
v MSH2, u nichz se castéji vyskytuji
i extrakolonicke nadory [20]. Mutace
v MSH6 maji jednak nizkou penetranci,
dale jsou Sestkrat castéji asociovany
s karcinomy endometria nez s nadory
kolorekta, a navic jsou u téchto pa-
cientd kolorektalni karcinomy (v po-
rovnani s LS zpUsobenym mutacemi ji-
nych MMR gend) ¢astéji levostranné.
Dilezité také je, Ze mutace v MSHE6 ne-
vedou vzdy k MSI-H, pravdépodobné
diky tvorbé alternativniho heterodi-
meru MSH2-MSH3, coz mize ovlivnit
jejich diagnostiku [21,22]. Naopak mu-
tace v PMS2 vedou vétsinou ke vzniku
MSI-H tumorl a jsou asociovany jak
s ¢asnym kolorektalnim, tak endome-
trialnim karcinomem, avsak ani zde pe-
netrance neni pfilis vysoka [23-25]. Na-
dory pacientd s LS a MTS jsou v 89 %,
resp. 70 % MSI-H, na rozdil od spora-
dickych kolorektalnich karcinomu, kde
se MSI-H status vyskytuje pouze u15 %
pacientd a v naprosté vétsiné pfipadd
byva asociovan s hypermetylaci pro-
motoru genu MLHI, nikoli se somatic-
kymi mutacemi MMR gend [10,26,27].
V nékterych pripadech je kombinace
klinickych znakd natolik vyrazna, Ze
dala vznik novym klinickym syndro-

mom, které ve skutecnosti predstavuji
pouze varianty LS.

Muir-Torreho syndrom

MTS zahrnuje kombinaci nejméné jed-
noho kezniho nadoru se sebacedézni di-
ferenciaci a minimalné jednoho visce-
ralniho tumoru. Byl to pravé ,otec" LS
Henry Lynch, kdo v roce 1981 poukazal
na spole¢nou moznou etiologii MTS
a LS, poté co identifikoval pacienty
s fenotypem MTS v rodiné postizené
LS [28]. MTS jako varianta LS je uni-
katni v tom, Ze jako jedina pfedstavuje
premorbidni fenotyp, tedy vykazuje
znaky umoziujici diagnézu LS jesté
pred rozvojem CRC.

Mezi kozni léze asociované s MTS
patfi sebaceozni adenom, sebaceom
a extrackularni sebacedzni karcinom
(naopak vyskyt periokularnich seba-
ceoznich tumord je u MTS vzacny).
Kozni tumory jsou vétsinou mnoho-
cetne, ale byly popsany i pripady soli-
tarnich lézi[29]. Klinicky obraz se nelisi
od jejich sporadickych protéjskd, které
jsou statisticky castéjsi. Ve vétsiné pri-
padl se jedna o nenapadné papuly
a noduly hladkého povrchu, nazloutlé
¢i rOZové barvy anebo zbarveni kize,
velikosti od nékolika mmdo 5 cm. U se-
bacedznich karcinomd mohou léze do-
sahovat vétsich rozmérd, vyznacuji se
nepfesnym ohrani¢enim, rychlym ros-
tem a moznou ulceraci jejich povrchu,
Pfitomna mUzZe byt také hyperplazie
mazovych Zlazek [30]. Ta se jevi jako
Zlutobélavé papulky velikosti nékolika
milimetrl, s typickou centrdlni vkles-
linou. Obecné Ize shrnout, Ze mnoho-
cetné kozni nadory se sebacedzni di-
ferenciaci vyskytujici se u jedincd pred
50. rokem Zivota nebo postihujici télni
partie mimo oblice] jsou silnym indi-
katorem MTS [31]. Podobné i mno-
hoéetné keratoakantomy vznikajici
na mistech chranénych pred sluncem
u mladych osob slouzi jako voditko pro
spravnou diagnozu. Tyto se nejprve
manifestuji jako narlZovélé noduly
s rychlym ristem, pozdéji na vrcholu
s rohovaténim, pfipadné i ulceraci.
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Na vzniku MTS se podili prede-
véim zarodecdné mutace v genech
MLH1 a M5H2, pficemz mutace v genu
MSH2 je prevazujici [32,33].

Turcotiv syndrom 1. typu

Turcotdv syndrom (TS) je klasicky cha-
rakterizovan spoleénym vyskytem
nadord mozku a CRC. Podtyp ozna-
covany jako TS 1. typu je blize speci-
fikovan vazbou mozkového nadoru
(hlavné gliomu) s CRC bez polypozy,
pficemz mize byt také zplsoben za-
rodeénou mutaci nékterého z MMR
genl; mutace byly detekovany ze-
jména v MLH1 a PMS2 [34]. Za téchto
podminek se TS 1. typu jevi ve vétsine
pfipadd jako fenotypicka varianta LS.

Syndrom konstitucniho

mismatch repair deficitu

Syndrom konstituc¢niho mismatch re-
pair deficitu (constitutional mismatch
repair deficiency, CMMRD) je velmi
vzacné se vyskytujici zarodeéna bia-
lelicka mutace gend MMR. Vzhledem
k tomu, ze jde o onemocnéni dédi¢ne
autozomalné recesivné, vyskytuje
se zejmeéna jako nasledek incestu.
Tento stav je charakteristicky vzni-
kem CRC jiz v mladém véku, hemato-
logickymi malignitami a fenotypickym
obrazem pfipominajicim neurofibro-
matozu 1. typu, zejména skvrnami
café-au-lait [35,36]. Z diagnostického
hlediska je také dilezité, Ze imuno-
histochemicky stanoveny deficit MMR
proteinu ma vyssi senzitivitu nez vyset-
feni MSI [37]. V nékterych pramenech
se tento syndrom oznacuje jako Tur-
cotlv syndrom. PrestoZe je i v tomto
pripadé pfitomna keincidence mozko-
vého nadoru s CRC, celkova odlisnost
fenotypového obrazu i genetického
podkladu je jasnym argumentem proti
zaménovani téchto dvou syndromd.

Tradi¢ni diagnostika
Lynchova syndromu
Ke klinické diagnostice HNPCC slou-
Zila Amsterdamska kritéria [38], ktera
byla pro zvyseni senzitivity, zejména
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s prihlédnutim k moznosti prezentace
syndromu extrakolonickou malignitou
(tzv. LS 2. typu), v roce 1998 revido-
vana na Amsterdamska kritéria 11 [39].
Nicméné protoze se postupné zlatym
standardem diagnozy LS stavalo mo-
lekularné genetické vysetfeni, priori-
tou se stal zachyt co nejvétsiho mnoz-
stvi pacienty pro toto vysetfeni, nikoli
samotna klinicka diagndza LS.

Bethesda guidelines

K identifikaci pacientd s CRC, u kte-
rych by méla byt vysetfena nestabilita
mikrosatelitd (MSI), pripadné prove-
deno molekularné genetické vysetfeni,
byla v roce 1996 vypracovana a v roce
2002 revidovana tzv. Bethesda gui-
delines (BG, resp. RBG), ktera berou
v potaz nejen klinicka kritéria, ale i mor-
fologicke znaky tumoru [40]. Bohuzel
ani tato Sirsi kritéria nezachyti vsechny
pfipady LS [41], zejména v pFipadé
postizeni MSH6 a PMS2 [24,42-45].
Podle souéasnych odhadd neni aZ 25 %
pacientd s LS zachyceno systémem
kritérii RBG. Vzhledem k tomu, Ze fa-
lesna negativita v pfipadé LS nema za
nasledek nerozpoznani tohoto syn-
dromu pouze u vysetrovaného pa-
cienta, ale i u jeho pfipadnych pfibuz-
nych, nelze senzitivitu RBG pokladat
za dostateénou.

Moderni diagnostika

Lynchova syndromu

Vyse uvedena nedostatecna senziti-
vita RBG, pfipadné dalsi klinicka kri-
téria slouzici k zachytu pacientd s LS,
je pricinou soucasné snahy o zavedeni
senzitivnéjsiho systému depistaze, byt
i za cenu sniZeni specificity. V tomto
pfipadé je mozné familidrni tendence
ke vzniku malignich nadord ospra-
vedInit jak z hlediska etického, tak
ekonomického.

Mezi hlavni argumenty pro zvyseni
senzitivity systéemu depistaZze patfi
fakt, Ze 1 ze 660 lidi je nositelem ger-
minalni mutace nékterého z MMR
genu [46], riziko vzniku CRC u LS je
60-80 % [47,48], dale Ze k progresi

Gastroent Hepatol 2014; 68(2): 157-165

z adenomu do karcinomu pravdépo-
dobné dochazi béhem 2-3 let na roz-
dil od 8-10 let u sporadickych pri-
padd [49,50], a zejména Ze primérny
vék v dobé diagnozy je 45 let, tedy asi
0 20 let méné nez u sporadického CRC,
navic se zvysenym rizikem synchron-
niho a metachronniho CRC [49].

V soucasné dobé jsou k dispozici tfi
zakladni senzitivni modely vyhledavani
pacientU s podezfenim na LS, pficemz
kazdy z nich ma své vyhody a své nevy-
hody. Véechny tfi maji spolecne, Ze de-
tekuji tumory s MSI-H, a to bud pfimo
(tedy molekularné genetickym stano-
venim MSI), nebo zprostfedkované.
Do druhe skupiny patfi jednak imuno-
histochemicka detekce exprese MMR
proteind, jednak histologicky prikaz
morfologickych znakd asociovanych
s MSI.

Nicméné ctyri z péti MSI-H CRC jsou
sporadické tumory zpUsobené soma-
tickou epigenetickou inaktivaci MMR
genu (zdaleka nejcastéji metylaci pro-
motoru MLH1). Tyto sporadické nadory
je tfeba odlisit pfed nakladnou analy-
zou jednotlivych MMR gend. V sou-
¢asné dobé umoznuje rozliseni spo-
radickych a LS-asociovanych MSI-H
karcinomd zapojeni dvou metod mo-
lekularni patologie do managementu
CRC.Prvniznich je analyza genu BRAF,
konkrétné prikaz mutace V60OE, ktera
je pfitomna az u poloviny sporadickych
MSI-HCRC, ale (témer) nikdy uLS. Dru-
hou metodu predstavuje prikaz hy-
permetylace promotoru MLHI, ktera
je markerem sporadickych MSI-H CRC
a naopak az na vyjimky nebyva pri-
tomna u LS [51]. S védomim uréitého
statistickeho zjednoduseni lze tedy
tyto dvé metody vyuZit k vyfazeni pa-
cientl z dalsiho (nakladného) diagnos-
tického managementu, pokud tomu
nebrani jiné okolnosti (napf. nizky vék,
vyrazné familiarni postizeni, multipli-
cita nadord).

Stanoveni MSI
Rozliseni tumord na MSS, MSI-L
a MSI-H na zakladé stanoveni nestabi-

lity mezinarodné kodifikovanych mar-
ker( se samozfejmé v diagnostice Lyn-
chova syndromu vyuzivaloe jiz dfive, ale
cileng, nikoli plosné. Plone vyuziti sta-
noveni M5! k depistazi Lynchova syn-
dromu je zaloZeno na vysetreni vsech
CRC touto metodou. Mezi nevyhody
systému patfi vyrazny nar0st zatéze
laboratofi molekularni genetiky, ab-
sence informace o postizeném genu
a konecné i fakt, ze (navzdory obec-
nému presvéddéeni) ne véechny LS-aso-
ciované nadory musi vykazovat MSI-H.
Praktické vyuziti plodného vysetfovani
MSI narazi téz na nezbytnost porov-
nani stavu markerd ve tkani nadoru
s tkani nenadorovou. To vyzaduje bud
pfitomnost nenadorové tkané v mate-
rialu (napr. chirurgicky okraj strevniho
resekatu), nebo odbér periferni krve
pacienta (zejména v pripadé endo-
skopicky ziskanych vzorkd).

Imunohistochemicka

detekce MMR proteini
Zprostredkovanou informaci o funkci
MMR komplexu lze ziskat pomoci
imunchistochemickeho vysetreni ex-
prese hlavnich MMR proteinG (tedy
MLH1, PMS2, MSH2 a MSH6). Ac-
koli zpocatku, kdy byla imunohisto-
chemicky stanovovana pouze exprese
MLH1 a MSH2, bylo preferovano sta-
noveni MSI, po zavedeni protila-
tek proti jejich dvéma partnerdm pro
tvorbu heterodimerd (PMS2 a MSH6)
je senzitivita imunohistochemického
vysetieni a stanoveni MSI| srovna-
telna [52]. V souasné dobé jsou obé
metody (stanoveni MSI a imunohis-
tochemické vysetfeni) vnimany jako
komplementarni, protoze v kombinaci
maji vyssi senzitivitu neZ pfi samostat-
ném poutziti [53,54]. Typickym pfikla-
dem pfinosu imunohistochemie jsou
pripady s mutaci MSH6, které mohou
uniknout pfi detekci MSI pomoci PCR,
protoze MSH2 muze take tvorit kom-
plex s MSH3, a tim nemusi nutné vést
ke stavu MSI-H [52,55]. Imunohisto-
chemicka detekce MMR proteind navic
(na rozdil od stanoveni MSI) umoziuje



predikovat postizeny gen pro moleku-
larné genetické vysetfeni, coZ vyrazné
snizi naklady pfi nasledné detekei pri-
padné zarodecné mutace. Nicméng,
nazory na prioritu stanoveni MSI nebo
imunohistochemického vysetreni ne-
jsou jednotné a rdzni autofi prosazuji
plosny screening pomoci MSI nebo po-
moci imunohistochemie.

Detekce morfologickych znaki
MSI konvenéni histologii
Histologické vysetieni predstavuje fi-
nanéné nejméné naroénou metodu
plosné depistaze. Je zaloZeno na de-
tekci histolegickych znakl charakte-
ristickych pro CRC s vysokym stup-
ném nestability mikrosatelitd, tedy
tzv. MSI-H histologii, ktera samotna
ma vyssi senzitivitu nez souhrn zby-
vajicich &tyf kritérii RBG [56]. Ac-
koli byly morfologické znaky pozo-
rovatelné v MSI-H CRC popsany jiz
v RBG (konkrétne byly uvadény kar-
cinomy se Spatnou diferenciaci, kar-
cinomy mucindzni, medularni nebo
,Z bunék pecetniho prstenu®, pfitom-
nost Crohn-like lymfoidnich noduld
a tumor-infiltrujicich lymfocytd (TIL)),
nebyla dostate¢né znama ani predik-
tivni hodnota jednotlivych znakd ani
jejich reprodukovatelna kvantitativni
definice, ktera by byla pouzitelna v ru-
tinni praxi [40,57]. Z rbznych studii, je-
jichz cilem bylo nalézt racionalni algo-
ritmus detekce MSI-H karcinom [58],
se v soucasné dobé jako nejuziteénéjsi
jevi model Model PREDICT (Patholo-
gical RolE in the Determination of In-
stability in Colorectal Tumors) [56], ze-
jména ve své zjednodusené formé jako
Semi PREDICT skore (tab. 1). Histolo-
gickymi znaky, na nichZ je tento model
zalozen, jsou: pfitomnost mucinu dis-
sekujiciho stroma v jakémkoli mnoz-
stvi, pfitomnost tumor-infiltrujicich
lymfocytd (TIL), peritumoralni lym-
foidni lem a zastoupeni plazmatickych
bunék mezileukocyty ve stromatu pre-
vySujici 25 % (obr. 1).

Mezi vyhody histologického vyset-
feni patfi i moZnost levného, rychlého

Tab. 1. Model PREDICT.
Tab. 1. Model PREDICT.
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Znak Skore
pravostranna lokalizace 1,6
Jjakékoli mnoZstvi dissekujiciho mucinu 1,6
vék pod 50 let 1,3
tumor infiltrujici lymfocyty 13
peritumoralni lymfoidni lem 0,7
plazmoeyty tvofi > 25 % stromalnich leukocytd 0,7

PREDICT skore:

Maximalni mozné skore: 7,8
Suspekce na MSI-H: skore = 2,5
Semi PREDICT skaére: pfitomny dva a vice znaki — MSI-H susp.

Obr. 1. Priklad ,,MSI-H histologie". Jeden z typickych obrazd MSI-H CRC,

zde predstavovany zejmeéna intraepitelialni lymfocytozou vytvarejici v dolni
casti obrazku ,posypani® nadorovych zlazek lymfocyty obklopenymi svét-
lymi halo a souvislym lymfoidnim lemem v horni ¢asti snimku (HE, pGvodni

objektiv 10x).

Fig. 1. Example of "MSI-H histology". One of the typical images of MSI-H CRC
is represented in particular by intraepithelial lymphocytosis forming the "sprin-
kling" of cancer glandular cells with lymphocytes surrounded by bright hales at
the bottom of the picture and continuous lymphoid band in the upper part of the

image (HE, original lens 10x),

a jednoduchého vylouceni sporadic-
kych MSI-H karcinomd podminénych
vétsinou somatickou metylaci promo-
toru genu MLH1. Zatimco tyto vzni-
kaji z tzv. ,sesilnich serrated ade-
nomi" (do ¢estiny nékdy nestastné

prekladanych jako ,pfisedlé pilovite
adenomy"), prekurzorovou lezi kar-
cinomy v terénu LS je ,konvencni*
(tubularni, tubulovilézni nebo vi-
I6zni) adenom. Jsou-li tedy v peri-
ferii tumoru zbytky prekurzerového
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sesilniho serrated adenomu, jde s nej-
vetsi pravdépodobnosti o sporadicky
MSI-H karcinem [59]. Nicméné tento
jednoduchy diagnosticky znak vylucu-
jici LS nemusi byt vzdy dostupny, at jiz
z ddvodu nedostateéného samplingu
nebo destrukce adenomu pokrocilym
adenokarcinomem.

Protoze informace, kterou posky-
tuje histologicke vysetfeni o MSI, je
zna¢né zprostredkovana, nemuze sa-
mozfejmé plnit roli samostatné me-
tody depistaze. Pro svou finandni ne-
naroénost je viak velmi vhodna jako
prvni linie plosného vysetrovani CRC
v ramci komplexniho diagnostického
managementu.

Komplexni diagnosticky
management CRC
Efektivni algoritmus diagnostiky LS by
mél byt vysoce senzitivni, dostatecné
specificky, (relativné) levny a logis-
ticky jednoduchy. Z hlediska senzitivity
a specificity se ukazalo zcela nedosta-
teénym spoléhat se na klinicka kritéria
(zejména rodinnou anamnézu). Proto
se soucdasné postupy zaméruji na de-
tekei MSI-H tumerd, a to bud' pfimo,
zprostfedkované pomoci imunohisto-
chemie, nebo na zakladeé histologic-
kého prikazu morfologickych znakd
specifickych pro MSI-H karcinomy.
Vzhledem k souéasnym moZnos-
tem systému zdravotnictvi a zvazeni

l;{ Semi PREDICT skére > 2

pomeéru ceny a uzitku jsme na nasem
pracovisti misto plosneho vysetrovani
MSI ¢i exprese MMR proteind k vyhle-
davani pacientl s LS zavedli ,kom-
plexni diagnosticky management",
na jehoz pocatku stoji mikroskopicke
vysetieni histologickych fezd cbar-
venych hematoxylinem a eozinem,
na néz v pripadé pfitemnosti znakd
»«MSI-H histologie® navazuje sada
metod imunohistochemickych a mo-
lekularné patologickych, jejichz cilem
je potvrdit prfitomnost MSI-H, vy-
louéit moznost sporadického MSI-H
karcinomu a urcit pravdépodobné
postizeny gen k detekci zarodeéné
mutace.

IHC deficience *)
MLH1 a/nebo PMS2

analyza genu
MLHI a PMS2

= | klinické podezieni + et
nals "
4 * { BRAFV600E S
BN
=g I

F s

hypermetylace MLH1 FP

v periferni krvi

IHC deficience + N
MSH?2 ajnebo MSH6

analyza genu
MSH2 a MSH6

“— IHC deficience
MSH6

\sm

I

MSI-H

e

v periferni krvi

analyza genu
MSH6

ukon€it
testovani

-

v periferni krvi

Obr. 2. Komplexni management diagnostiky Lynchova syndromu. Na zakladé mikroskopického nalezu MSI-H histolo-
gie (nebo klinické zadosti) je proveden komplex vysetieni situovany do hnédého obdélniku, ktery sestava zimunohisto-
chemického vysetreni exprese MMR proteind, analyzy MSI, metylace promotoru MLH1 a stavu genu BRAF. Tyto metody
jsou v soucasné dobé na nasem pracovisti z casovych divodU provadény simultanné. K dalsimu genetickému vysetreni
zarodeénych mutaci MMR gen0 jsou primarné vybrani pacienti s MSI-H tumory bez mutace BRAF a bez hypermetylace
promotoru genu MLH1. Za zvlastnich okolnosti (zejména pri ztraté imunoexprese MSH6) je viak vhodné testovat i MSS
karcinomy (pfevzato z webu http://www.lynch.cz).

Fig. 2. Comprehensive management of Lynch syndrome diagnosis. Based on the microscopic finding of MSI-H histology
(or clinical request), a complex of examinations is made (situated in the brown rectangle), which consist of immunohisto-
chemical examination of the expression of MMR proteins, MSI analysis, methylation of the MLH1 promoter, and BRAF gene
status. These methods are currently performed simultaneously in our department because of the time conditions. Fur-
ther genetic testing of germ-line mutations of MMR genes is primarily made in patients with MSI-H tumors without BRAF
mutations and without MLHI gene promoter hypermethylation. Under special circumstances (especially the loss of MSHE
immunoexpression) it is appropriate to test also MSS carcinoma (taken from website http:/fwww.lynch.cz).
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Nadory, jejichz Semi PREDICT skore
vzbuzuje podezfeni na MSI-H, vyka-
zuji ztratu exprese nékterého (nebo
nékterych) z MMR proteind, nemaji
hypermetylovany promotor genu
MLH1 a nebyla u nich prokazana sub-
stituce VBOOE genu BRAF, jsou urceny
k detekci germinalni mutace MMR
genu urceného na zakladé imunohis-
tochemického vysetfeni (obr. 2). Po-
dobné jako jiz bylo uvedeno u vyset-
fovani MSI, i stanoveni hypermetylace
promotoru MLH1 vyZzaduje srovnani
s nenadorovou tkani. Tato sice byva
bézné dostupna v pripadé chirurgic-
kych resekatl, vétdinou viak neni
k dispozici pfi vysetfovani endosko-
pickych biopsii. V téchto pfipadech je
nutna domluva se zainteresovanym
gastroenterologem, aby zajistil kon-
trolni tkén, at uZ v podobé endosko-
pickeho vzorku z nenadorove sliznice
nebo nesrazlivé periferni krve. Pokud
jde o finalni analyzu MMR gend, zde
je optimalnim materidlem nesrazliva
periferni krev, protoze prikaz mu-
tace mimo nadorovou tkan potvrzuje
jeji zarodeénou povahu, pficemz z di-
vodu technické narocnosti analyzy
téchto gend je vytéZnost z krve vy-
razné vyssi nez z nenadorové tkané fi-
xované ve formolu.

At uZ je konkrétni uspofadani to-
hoto algoritmu jakékoli, plnohod-
notny postup by kazdopadné mél za-
hrnovat vSechny uvedené diagnosticke
modality. DOvodem je jejich vzajemna
komplementarnost. Kupfikladu sa-
motné vysetfeni MSI bez analyzy genu
BRAF a stavu metylace promotoru
MLH1 nedokaze odlisit sporadické CRC
od syndromovych, dale zna¢na cast
karcinomd s mutaci MSHE nemusi vy-
kazovat MSI-H a konecné bez imuno-
histochemickeho vysetreni nelze z0zit
spektrum MMR gend, jejichz stav ma
byt analyzovan.

Zavér

Lynchdv syndrom (LS) je familiarni
karcinomovy syndrom zpUsobeny za-
rodeénou mutaci nékterého z gend,

jehoz proteinovy produkt se Ucastni
opravy chyb v DNA vzniklych pfi repli-
kaci. Vzhledem k tomu, Ze se nyni vy-
skyt LS v populaci odhaduje az na 5%
a vede ke vzniku malignich nadord jiz
v produktivnim véku, sili v soucasne
dobé tlak na zvyseni senzitivity jeho
detekce. Protoze klinicka kritéria
jeho diagnostiky nedosahuji dosta-
teéné senzitivity, klade se dnes stale
vétsi diraz na morfologickou a mo-
lekularné patologickou diagnostiku.
Podle nasich zkusenosti je nezbytné
zavést jasny algoritmus, aby se dia-
gnostika LS stala rutinni zaleZitosti
a jeji management se co nejvice zau-
tomatizoval. Bohuzel se dosud ne-
podafilo v nasich pedminkach vytvo-
fit spolehlivé fungujici systém zpétne
vazby s klinickymi lékaFi, ktefi by
méli organizovat daléi pribéh vydet-
reni rodiny nemocného s LS. V nej-
blizsich letech je tedy nezbytné zain-
teresovat do diagnostiky LS i klinické
lékare, bez jejichz aktivni U¢asti neni
mozna ani kompletni diagnostika pa-
cienta ani dalsi vysetfeni jeho rodin-
nych pfislusnikd.
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Spravna odpovéd na kviz

Neuroendokrinni hyperplazie — Zaludecni karcinoid

Karcinoid zaludku je nutné rozdélit do
trech skupin, které maji odlisnou za-
vaznost, klinické projevy a také bio-
logické chovani. Popsany pfipad ne-
mocné zapada do prvniho typu, pri
kterem je karcinoid lokalizovan v za-
ludku ve vicecetnych drobnych lozis-
cich postihujicich fundus a télo Za-
ludku. Endoskopicky maji nadory
vzhled drobnych nékolikamilimetro-
vych polypoidnich prominenci. Vznik
tumoru je spojen s hypergastrinemii,
ke které dochazi v ramci chronicke au-
toimunitni gastritidy typu A. Chovani
nadoru je obvykle benigni, nezaklada
vzdalené metastazy (max. do 10 %
pfipadd), prakticky nikdy neni endo-
krinné aktivni a roste velmi pomalu.
Tento typ Zaludecniho karcinoidu
predstavuje cca 75 % vsech karcinoidd
zaludku [1]. Doporucuje se endo-
skopicka lécba (odstranénim nadoru
z fundu nebo téla zaludku) s nasled-
nou chirurgickou terapii a provedenim
antrektomie s cilem snizit hladinu gas-
trinu. Alternativou tohoto kombino-
vaneho postupu je subtotalni gastre-
ktomie s odstranénim karcinoidovych

loZisek z gastrotomie. V nasem pisem-
nictvi upozornil Hyrdel na pfiznivy vliv
acidifikace zaludeéniho obsahu ve-
douci k regresi karcinoidovych nadord
zaludku I. typu [2]. Ddvodem pfizni-
vého Ucinku je pokles sérové koncen-
trace gastrinu a snizeni jeho stimu-
laéni aktivity na ECL bunky Zaludku.
Druhy typ predstavuje karcinoid Za-
ludku, ktery je spojen s hypergastri-
nemii v ramci Zollinger-Ellisonova
syndromu. Tento nador se prezen-
tuje komplikacemi, jako jsou krvaceni
z horni &asti GIT, penetrace nebo per-
forace viedu. Pfi endoskopii je zjistén
rdzné velky, solitarni viedovity defekt.
Chova se vyslovené maligné, recidi-
vuje a zaklada vzdalené metastazy asi
ve 25 % pfipadd. Byva sdruzen se syn-
dromem endokrinni mnohodetné ade-
nomatozy |. typu. Endokrinni aktivita
tohoto nadoru je neobvykla. Treti typ
zaludeéniho karcinoidu je sporadicky
vznikly naddor, ktery byva vétsich roz-
meérd, casteji exulceruje, chova se vy-
soce maligné, metastdzuje velmi dasto
a reprezentuje asi 25 % vsech karci-
noidd zaludku. Diagnostika zalude¢-

nich karcinoidd se opird o gastrosko-
picky nalez a histologické vysetreni.
PFi stagingu onemocnéni je vedle zob-
razovacich metod (CT, MR) nutné pro-
vedeni endoskopické ultrasonogra-
fie, ktera posoudi invazi nadoru do
stény Zaludku a umoznuje rozhodnuti
o volbé dalsi terapie (endoskopicka re-
sekce nebo chirurgicka |écba). Posou-
zeni laboratornich znamek endokrinni
aktivity je soucasti diagnostického
programu, stejné jako patrani po sou-
casné se vyskytujicich jinych nadorech
(pfistitna téliska, hypofyza).
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3.7 Vysledky morfologické depistaze Lynchova syndromu v obdobi
2013-2016

Clanek shrnujici naSe zkuSenosti s depistazi Lynchova syndromu a zavedenim
imunohistochemickych barveni MMR proteint do rutinni praxe.

Z celkového poctu 5814 vysetfenych pacientd v obdobi 2013-2016, byla u 24
pacientli prokazana ptitomnost LS (u 20 pacient byl LS diagnostikovan na podkladé
kolorektalniho karcinomu, u 3 pacientek na podkladé endometridlniho karcinomu a u jedné
pacientky se LS prezentoval adenokarcinomem duodena), u dalSich 26 vytipovanych
pacientli se doposud nepodafilo provést analyzu germindlnich mutaci. U 8 pfipadi byly
nalezeny nové patogenni mutace MMR genil.

Prace prokazuje nespornou vyhodu centralizovaného screeningu pacinetil
s vybranymi diagnézami a uziti univerzalniho imunohistochemického screeningu MMR
proteini pfi vySetiovani kolorektalnich a endometridlnich adenokarcinomi v ramci
depistaze LS.
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SOUHRN

Zavedeni systému depistaZze Lynchova syndromu na pracovistich patologie v Plzni vedlo v letech 2013-2016 k diagndze 24 piipadd, z toho 20 prezentujicich
se kolorektalnim karcinomem. V 8 z téchto 24 pilpadi byly detekovany germinalni mutace MMR gen, které piedtim nebyly v databézich evidovany jako
patogennl. V celkovém souhrnu byla sice €etnost Lynchova syndromu u pacienti s kolorektalnim karcinomem pouze 0,34 %, po zavedeni systému univerzal-
niho imunohistochemického vy3etfovani exprese MMR (mismatch repair) proteinti ve viech kolorektalnich karcinomech diagnostikovanych v Siklové tstavu
patologie viak cetnost piipadi Lynchova syndromu za rok na tomto pracovisti dosahla az 2.4 %. Nase vysledky svéd¢i ve prospéch univerzalniho imunohisto-
chemického screeningu Lynchova syndromu v piipadech kolorektélniho a endometrialniho karcinomu oproti vyb&rovym depistaznim metodam zaloZzenym
predeviim na klinickych, méné i morfologickych znacich, V3l efektivita univerzalniho screeningu nespociva pouze ve vy3il senzitivité imunohistochemického
vysetieni, ale i v mozné automatizaci procesu a tim zvyseni adherence k depistazii patolog( pfimo nezainteresovanych v managementu Lynchova syndromu.
Plo$né zavedeni narodniho univerzalniho depistazniho systému viak vyZzaduje podporu ze strany statni spravy a zdravotnich pojistoven.

Kli¢ova slova: depistaz - endometrialni karcinom - imunohistochemie - kolorektaini karcinom - Lynchtyv syndrom - MMR

Results of morphological screening for Lynch syndrome during the period 2013-2016

SUMMARY

The introduction of a screening system for Lynch syndrome in pathology laboratories in Plzen yielded 24 diagnoses of Lynch syndrome during the period of
2013-20186, 20 of them presenting with colorectal cancer. In 8 of those 24 cases germline mutations of MMR genes, previously not recognized as pathogenic
with certainty, were detected. Although the frequency of Lynch syndrome in patients with colorectal cancer was only 0.34 % in total, following introduction of
the universal immunchistochemical investigation of MMR (mismatch repair) proteins expression in all colorectal cancers examined in Sikl’s Institute of Patho-
logy the frequency per year in this department reached 2.4 %. The results favor universal immunohistochemical screening for Lynch syndrome in colorectal
and endometrial cancer cases over a selective approach based on a combination of clinical and marphological criteria. Increased effectiveness of the universal
approach is not brought about only by higher sensitivity of the immunohistochemical examination per se, but also by the possibility of automation of the pro-
cess leading to increased adherence even of pathologists not directly engaged in Lynch syndrome management. However, the introduction of a nation-wide
universal screening system requires support from the government and health insurance companies.

Keywords: colorectal cancer — endometrial cancer — immunchistochemistry — Lynch syndrome — MMR - screening
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SEZNAM ZKRATEK MMR: mismatch repair
MSH2: mut S homolog 2

BL: Biopticka laboratof s.r.o., Plzen MsHe: m}‘t s “"’“F"Cﬂg 6 - - } .
CMMRD: constitutional mismatch repair deficiency, syndrom konsti- Msl: microsatellite instability, nestabilita mikrosatelitt

tuéniho deficitu MMR gent MSI-H: microsatellite instability - high, vysoky stuper nestability
CRC: colorectal carcinoma, kolorektalni karcinom mikrosatelitti
EPCAM: epithelial cell adhesion molecule MSS: microsatellite stable, stabilni mikrosatelity
FAP: familidrni adenomatdzni polypéza MTS: Muir - Torreho syndrom
HNPCC: hereditary non-polyposis colorectal cancer, hereditarni ne- MUTYH: mutY homolog

polypézni kolorektalni karcinom PMS2: postmeiotic segregation increased 2
LS: Lynchtiv syndrom RBG: revidovana Bethesda guidelines
MLH1: mut L homolog 1 SUP: Sikltiv Ustav patologie Fakultni nemocnice Plzen a Lékafské

fakulty Univerzity Karlovy v Plzni

Lynchlv syndrom (LS) je autozomélné dominantné dédi¢ny
familiarni karcinomovy syndrom v soucasné dobé definova-
ny priikazem germinalni inaktivaéni mutace nékterého z MMR

] Adresa pro korespondenci:
Doc. MUDr. Ondfej Daum, Ph.D.

Sikldv ustav patologie LF UK a FN Pizefi gen(, genu EPCAM nebo germinalni metylace promotoru genu
Edvarda Benese 13, 305 99 Plzefi MLH?7 (tab. 1)(1). Nejeast&ji postizenymi MMR geny pfi LS jsou
tel.: +420377402523 MLHT a MSH2 (dohromady vice neZ 80 %)(2), dale nasleduje
e-mail: DAUM@fnplzen.cz MSH6 (10 %). Vzacnéji mohou dysfunkci MMR proteind, a tim
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Tabulka €. 1. Soucasna definice Lynchova syndromu a piibuznych jednotek.

TERMIN DEFINICE

Piitomnaost nékteré z germinalnich (epi)genetickych zmén:

Lynchiiv syndrom

1. germinélni mutace MMR gent MLHT, PMS2, MSH2 nebo MSH6
2. inaktivace MSH2 pii deleci konce 3° genu EPCAM

3. germindlni metylace promotoru genu MLHT

Hereditarni nepolypozni kolorektalnf karcinom (HNPCC)

Familidrni CRC typu X

Klinicky termin pouzivany pro pacienty splfiujlcl kritéria Amsterdam | nebo Il

Klinicky termin pro pacienty splfiujici kritéria Amsterdam |, ale s nadory bez MMR-deficience
a bez germindlnich alteraci MMR gent a genu EPCAM

Pacienti s MMR-deficientnim nadorem, ale bez germinainich alteraci MMR gent a genu EPCAM,
v pilpadé& MLH1-deficientnich nadord i bez mutace genu BRAF a metylace promotoru MLHT

Mozné pficiny:
Lynch-like syndrom 1

Somaticka bialelickd mutace MMR genu

2. Metodické pficiny nemoznosti detekavat germindlni mutaci MMR genu
3. Nespravna interpretace vysledkd imunohistochemického vysetfeni MMR proteint
4. Germinélni alterace jinych gend (napi. MUTYH)

Syndrom konstitucniho deficitu MMR genti (CMMRD)
Sporadicky deficit MLH1 v CRC

Volné podle (1).

padem i LS, zplisobovat zarodecna hypermetylace promotoru
genu MLH1 vedouci k jeho epigenetické inaktivaci (3,4) nebo
zirodecné delece 3" konce genu EPCAM, které zase vedou k epi-
genetické inaktivaci MSH2 (5,6).

Nejéastéjiim karcinomem vznikajicim pfi LS je kolorektalni
karcinom (CRC), je viak zvysené riziko vzniku i daldich malignit,
zejména karcinomid endometria, tenkého stfeva, ovaria, ledvin-
né panvicky a mocovodu, nadorll mozku a klize. Na podkladé LS
vznikd podle soucasnych dat asi 2,8 % CRC(1). Na rozdil od fami-
lidrnich karcinomovych syndromi s premorbidnim fenotypem
(napf. familidrni adenomatézni polypézy, FAP) mize byt LS dia-
gnostikovan prakticky az pfi nalezu malignihe nadoru, piipadné
pfi genetickém vysetieni rodinnych pfislusnikd jiz diagnostiko-
vaného probanda. Vyjimkou z tohoto pravidla je fenotypicka va-
rianta LS projevujici se vznikem koznich sebacedznich nadorg,
oznacovana jako Muir-Torreho syndrom (MTS)(7).

Argument( pro zavedeni co nejsenzitivnéjiiho systému de-
pistdZe je nékolik.V prvé fadé je to ¢etnost germindinich mutaci
MMR genl (a tedy LS) v populaci, kterd se podle edhadl po-
hybuje v rozmezi 1/370 - 1/400 (8,9). Diéle je to vysoké riziko
vzniku malignich nador( u téchto pacientd, které v piipadé CRC
u obou pohlavi a endometridiniho karcinomu u Zen s LS do-
sahuje v zévislosti na typu mutace az 80 % (10-14). K progresi
z adenomu do CRC navic Udajné dochdzi jiz béhem 2-3 let, na
rozdil od 8-10 let u sporadickych piipad(i (15,16). V neposledni
fadé je dllezitym faktorem i vznik malignich nadorti v pomérné
nizkém véku, podle literarnich Gdajl je pramérny vék v dobé
diagnozy CRC 44-61 let, tedy aZ o 20 let méné neZ u sporadic-
kého CRC, a samoziejmé i zvysené riziko vzniku synchronnich
a metachronnich malignich nddorti (15,17).

Plvodné byl LS, tehdy dosud nazyvany hereditarni nepoly-
pézni kolorektalni karcinom (HNPCC) diagnostikovan na pod-
kladé klinickych Amsterdamskych kritérii (18), respektive pro zo-
hlednéni pfipadné extrakolonické prezentace Amsterdamskych
kritérii 11 (19). K zdchytu pacientd suspektnich z molekularné
geneticky definovaného LS slouzi na klinické Urovni revidovana
Bethesda guidelines (RBG)(20), ktera viak také nezachyti viech-
ny pfipady LS (21), zejména v pfipadé postizeni M5H6 a PMS2
(22-26). Podle soutasnych odhad( aZ 25 % pacient( s LS neni
pii aplikaci téchto guidelines zachyceno. Z toho divodu se
v poslednich letech obraci pozornost k moznostem morfolo-
gické diagnostiky LS spotivajici ve vysetfeni nadort statisticky
vyznamné asociovanych s LS, zejména CRC, metodami moderni

CESKO-SLOVENSKA PATOLOGIE 2 2018

Piitomnost bialelické germinalni mutace nékterého z MMR genti

Somaticka inaktivace exprese MLHT zplisobena nejtastéji metylaci jeho promotoru

patologie, které byly detailné popsany v prehledovych ¢lancich
v Ceském pisemnictvi (27-29). Tyto morfologické metody lze
vyuzit v depistazi bud vybérové, anebo univerzalné. V druhém
piipadé je zachytnost signifikantné vyssi (30). | studie pomeé-
ru naklada a efektivity prokazala nejen socidlné-zdravotni, ale
i ekonomickou vyhodnost univerzélniho sytému vysetfovani LS
(31).V letech 2013-2016 jsme se proto pokusili v Siklové tstavu
patologie (5UP) a Bioptické laboratofi s.r.o. (BL) postupné zavést
model univerzalni depistaze sméfujici k plodnému vysetfovani
imunoexprese MMR protein( ve viech CRC a nésledné i v en-
dometridlnich adenokarcinomech, protoze bylo prokdzéno, e
endometridlni prezentace u Zen s LS mizZe dosahovat i 3-5 %
a Casto predchazi kolorektdlni prezentaci(12,32,33).

MATERIAL A METODIKA

Algoritmus vybéru pacientt

Metodika vybéru pacientl pro genetické vysetfeni se v prabé-
hu sledovaného obdobis ohledem na vyvoj poznatki a technolo-
gickych moZnosti ménila, jak dokumentujl priibézné publikované
piehledové ¢lanky (27-29). Az do poloviny roku 2014 byla vstupni
metodou na obou pracovistich analyza morfologie asociované
s nestabilitou mikrosatelitd (MSI), takzvand MSI-H morfologie,
viech CRC prostfednictvim Semi PREDICT skére (27,34), pfi jejimz
pezitivnim vysledku byl indikovan komplex vysetieni somatické-
ho genomu sestavajici z molekularné genetické analyzy MSI, hy-
permetylace promotoru genu MLHT a mutace V600E genu BRAF.
Byla-li takto v nadoru potvrzena MS| a zaroven nebyla vylouéena
moznost LS prikazem hypermetylace promotoru MLHT a/nebo
mutace BRAF, byl pacient, po blizsim uréeni dysfunkéniho MMR
proteinu na zakladé imunohistochemického vy3etfeni, indikovan
k analyze germinalnich mutacl MMR gentl (27,28). Od poloviny
roku 2014 zacaly byt v SUP véechny CRC vysetfovany imunohis-
tochemicky (v pfipadé resekatd se zjevnym néddorem byl automa-
ticky jeden fez pro imunchistochemické vysetieni MMR proteind
zablotkovan jiz pfi pfikrojeni, v pfipadé endoskopickych vzorkd
bylo vysetfeni indikovano az na zakladé histologického nalezu),
navic zacaly byt imunohistochemicky vysetfovany i véechny en-
dometrialni karcinomy (na zakladé histologického nalezu). V téze
dobé viak naopak musela byt, s vyjimkou konzultaénich biopsil,
prakticky ukonéena depistaz LS v BL z diivodu finanéniho zatizeni
klient( na podkladé indukované péce, Vysetfovany imunohisto-
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Obr. 1. Algoritmus diagnostiky Lynchova syndromu.

V SUP zaéina diagnostika LS vysetfenim véech CRC a endometridlnich karcinom( monoklonainimi protildtkami proti jednotlivym MMR proteinam. V pfipadé
priikazu deficience MSH2 a/nebo MSHS je kontaktovéan klinik s pozadavkem na odeslani pacienta na oddéleni lékafské genetiky k zajisténi nesrazlivé periferni
krve spolu s Informovanym souhlasem pacienta k molekuldrné genetickému vysetfeni zdrodeénych mutaci pfisludnych gend, Je-li prokdzana deficience pro-
tein MLH1 a/nebec PMS2, nasleduje komplex vysetfeni obsazeny v sedém obdélniku, jehoz cilem je vyloudit z dalsiho vysetfovani pfipady sporadickych MSI-H
karcinom, pfipadné MSS karcinomy s faleénou negativitou IHC prikazu MMR proteint. Volitelné Ize misto téchto molekularné genetickych metod (nebo spolu
s nimi} k vylouceni sporadického MSI-H karcinomu vyuzit IHC vysetfeni exprese proteinu mutované formy BRAF (bily obdélnik a prerusované Sipky). MSI-H
tumaory bez mutace genu BRAF a hypermetylace promotoru MLHT jsou indikovany k molekularné genetickému vysetfeni zarodecnych mutaci pfislusnych gent
(opét je nutné ziskat vzorek periferni krve a Informovany souhlas). V piipadé, Ze jsou vysledky imunchistochemického vysetfeni nepochybng, s jasné pozitivni
vnitini kentrolou, je mozné molekularné geneticky test MSI vynechat, protoze za téchto okolnosti nepfinasi zasadni informaci. Pacienty s prokazanou mutaci
VBOOE genu BRAF nebo hypermetylaci MLH1 Ize s velkou pravdépodobnosti vyfadit z daléiho diagnostickéhe managementu, pokud tomu nebrdni jiné okol-
nosti (napf. nizky vék, vyrazné familiarni postizeni, multiplicita nadord).

Neni-li mistni pracovisté patologie vybaveno laboratofi disponujici moznosti imunohistochemickych a molekuldrné genetickych vysetieni uvedenych vyse,
mél by patolog provést histologické vyietfeni znaki ,MSI-H histologie" v kazdém CRC. V pfipadé suspektniho Semi PREDICT skére pak odeslat vzorek karci-
nomu (a optimalné i nenadorové tkané pro moznost komparace) na specializované pracovisté provadéjici vyde uvedena imunohistochemicka a molekularné

geneticka vyietieni. Alternativné mize byt indikaci k tomuto odeslani na specializované pracovisté zadost klinika v pfipadé klinické suspekce na LS.

Pozn.: v nadorech délohy se analyza BRAF neprovadi.

chemicky tak byly pouze vzorky zaslané do BL z jiného pracovi-
5té na zakladé pozitivniho Semi PREDICT skére. Po zhodnoceni
vysledki imunohistochemického vyietfeni bylo poté indikovano
vysetreni somatického genomu nadorovych bunék jako vyse, pii-
padné analyza germinalnich mutaci MMR gen( (obr. 1)(29).

Histologické a imunohistochemické vysetieni

Vzorky tkané fixované v 10% formolu a zpracované klasickou
parafinovou technikou byly cbarveny hematoxylinem a eozinem
pfi tloustce fezl 4 pm. Pro imunochistochemické vysetfeni byly
rezy odparafinovany a rehydratovany v jednom kroku na pfistroji
BenchMark ULTRA (Ventana). Nasledne byla skla pokryta Tris-EDTA
pufrem (pH 8,6) a zahfata na 95°C po dobu 64 minut pro odmas-
kovani antigenu. Skla byla poté inkubovana pfi 37°C po dobu 40
minut se 100 pl primarni protilatky proti MLHT (MutL Protein Ho-
molog 1, M1, RTU, Ventana), MSH2 (MutS Protein Homolog 2, G219-
1129, RTU, Cell Marque), MSH6 (MutS Protein Homolog 6, 44, RTU,
Ventana) a PMS2 (Postmeiotic Segregation Increased 2, EPR3947,
RTU, Cell Marque). Poté byla skla omyta TBS (Tris-buffered saline)
pro odstranéni reagent(. Detekce byla zprostredkovana alkalickou
fosfatazou s amplifikaci (ultraView Universal Alkaline Phosphatase
Red detection Kit, Ventana) nebo inkubaci s 200 pl DAB (3,3 - dia-
minobenzidine) substrate/chromogen po dobu 3 minut. Kvalita
barveni byla verifikovana jak pouzitim adekvatni vnéjsi kontroly,
tak zejména vnitfni kontrolou, kterou pfedstavuji nenadorové lym-
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focyty. Jako ztrata exprese byla oznacena absence barveni jader
nadorovych bunék pfi zachované barvitelnosti vnitini kontroly.

Analyza somatického genomu

Nejprve byly z blokl nakrajeny 20 pm silné fezy do mikrozku-
mavky a po odparafinovéani byla extrahovana DNA dle manua-
lu vyrobce (QIAsymphony DSP DNA kit). Na spektrofotometru
Nanodrop byla zméfena koncentrace a &istota DNA a za pouziti
PCR s primery k vybranym ,housekeeping” gentim i jeji kvalita.

Pro vysetfeni nestability mikrosatelitnich marker( (MSI) ve
tkani byla vyuzita multiplexni PCR s naslednou fragmentacni
analyzou péti monukleotidovych (BAT-25, BAT-26, NR-21, NR-24,
MONO-27) a dvou pentanukleotidovych repetici (Penta C and
Penta D) kitem Promega MSI Analysis System.

Exon 15 genu BRAF se zaméfenim na detekci mutaci v ko-
donech V600 a K601 byl analyzovan metodou PCR a reverzni
hybridizace kitem BRAF 600/601 StripAssay (Viennalab), nebo
metodou real-time PCR kitem cobas 4800 BRAF V600 Mutation
Test (Roche).

Analyza metylace promotoru genu MLHT byla provadéna pomo-
ci metody bisulfidické konverze a metyla¢né specifické PCR (35).

Analyza germinalnich mutaci

DNA a RNA z krve odebrané do EDTA zkumavky, respektive
PAX zkumavky (PAXgene blood RNA tubes VD) byla extrahova-
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na dle manualu vyrobce (QlAsymphony DSP DNA kit a PAXgene
blood RNA kit IVD).

Detekce mutaci celé kddujici oblasti genu MLHT byla prove-
dena pomoci metody PCR (s primery amplifikujicimi viech 19
exonl, véetné exon-intronovych spojll) a pfimého sekvenovani.
Analyza strukturalnich aberaci byla provedena pomoci MLPA-
-mP003 kitu.

Detekce pfipadné germinalni metylace promotoru genu
MLH1 byla provedena pomoci MLPA-MEQT1 kitu.

Detekce mutaci celé kédujici oblasti genu PMS2 byla provede-
na pomoci metody RT-PCR (mRNA byla prepsana na cDNA, a ta
pouZita jako templat pro PCR) a pfimého sekvenovani viech 15
exonl. Analyza strukturdlnich aberaci byla provedena pomaoci
MLPA-mP008 kitu.

Detekce mutaci celé kédujici oblasti genu MSH2 byla prove-
dena pomoci metody PCR (s primery amplifikujicimi véech 16
exonu, véetné exon-intronovych spojl) a pfimého sekvenovani.
Analyza strukturalnich aberaci byla provedena pomoci MLPA-
-mP003 kitu.

Detekce mutac( celé kédujici oblasti genu MSH6 byla prove-
dena pomoci metody PCR (s primery amplifikujicimi vsech 10
exonl, véetné exon-intronovych spojl) a pfimého sekvenovani.
Analyza strukturalnich aberaci byla provedena pomoci MLPA-
-mP072 kitu.

Hodnoceni vyznamu detekovanych genetickych zmén
Patogenni vyznam variant MMR gen( zjisténych molekulér-
né genetickou analyzou byl stanoven srovnanim s databazemi
HGMD (Human Gene Mutation Database, http://www.hgmd.
cf.ac.uk/ac/index.php)(36), MMRGVD (Mismatch Repair Genes
Variant Database, http://www.med.mun.ca/mmrvariants)(37),
INSIGHT  (https://www.insight-group.org/variants/databases)
(38), dbSNP NCBI (Database of Single Nucleotide Polymor-

phisms, National Cancer for Biotechnology Information, https://
www.ncbi.nlm.nih.gov/snp) a IGSR (International Genome Sam-
ple Resource, http://www.internationalgenome.org) vychazejici
z dat ziskanych v rdmci projektu sekvenovani, 1000 Genomes
Project” (39). V pfipadé nezndmé patogenicity byl také vyuZit
predikéni program Provean (Protein Variation Effect Analyzer,
http://provean jcvi.org)(40).

VYSLEDKY

V roce 2013 bylo na pracoviétich SUP a BL vysetieno celkem
1382 pacient( (unikatnich rodnych ¢isel) s diagnézou C18-20
(z toho 1006 pfipadi v BL a 376 v 5UP). Na zakladé Semi PREDICT
skére bylo u 84 pacientl (6,1 %) vysloveno podezfeni na MSI
abyla provedena dalsi analyza, na jejimz zakladé bylo pro analyzu
germinalnich mutaci MMR gen( vybrano 20 piipadl. U 7 paci-
entli (0,5 %) byla prokdzana zarode¢na mutace nékterého z MMR
genl, u 6 pacientt byla vyloucena. Do konce roku 2016 se viak ne-
zdafilo provést analyzu germinalnich mutacl u 7 pacientd (0,5 %)
suspektnich z diagnézy LS. Navic byl jednou diagnostikovan Lyn-
ch-like syndrom v materidlu z endometridlniho karcinomu (soma-
tickd frameshift duplikace ¢.1597_1600dupCTTC v exonu 10 genu
MSH2). Z pacient(i s CRC diagnostikovanych v SUP se ve 4 (1,06 %)
pfipadech jednalo o LS, v 10 (2,66 %) o MSI-H sporadicky karcinom
av 1(0,27 %) o nedovysetieny suspektni LS.

V roce 2014 bylo vysetfeno celkem 1568 pacient(i s diagnézou
(18-20 (z toho 1181 v BL a 387 v SUP). Pro daléi analyzu bylo na
zakladé morfologie a IHC vyietieni uréeno 67 pacientl (4,3 %),
ztoho 39 (10,1 %) diagnostikovanych v SUP. U 3 pacient( (0,2 %)
byl molekularné geneticky potvrzen LS, ve 36 piipadech (2,3 %)
se jednalo o sporadicky MSI-H karcinom, u 2 pacientli (0,1 %) se
jednalo o Lynch-like syndrom v dUsledku somatické jednobdzové

Tabulka €. 2. Diagnostikované pfipady Lynchova syndromu s kolorektalnim karcinomem.

Lokalizace
tumoru

Cékum frameshift delece ¢.1210_1211delCT v exonu 12 genu MLHT Patogenni
2 Zena 44 Colon sigmeideum  duplikace ¢.1282dupC v exonu 8 genu MSH2 Patogenni
3 Muz &0 T ﬁcsjggbazova substituce c.366+ 1G>A prvnl hrani¢nf baze intronu 2 v genu ;;at\:;iai?obné
4 Zena 52 Cékum frameshift delece c402delT v exonu 2 genu MSH6 Patogennf
5 Muz 70 Colen transversum  in-frame delece dvanécti bazi c.170_181del v exanu 2 genu MLHT Nejasna
6 Zena 42 Cékum frameshift duplikace c.741dupA v exonu 4 genu MSH6 Patogenni
7 Muz 39 Neuvedena delece exoni 9 az 16 v genu MSH2 Patogenni
8 Zena 65 Colon transversum hemizygotni delece exonti 12, 13 a 14 genu PVS2 Patogennf
9 Zena 72 Cékum frameshift duplikace ¢.1489dupC v exonu 13 genu MLH1 Patogenni
10 Muz 72 Neuvedena inframe delece c.1153_1155del AGG v exonu 4 genu MS5H6 E;i:ii?l? Ehis
11 Muz 46 Cékum jednobdzova substituce ¢.2086C>A v exonu 13 genu MSH2 Patogenni
12 Muz 68 Colon ascendens  frameshift delece €.2062_2063delGT v exonu 4 genu MSH6 Patogenni
13 Muz 73 Colon descendens  jednobazova nonsense substituce c.1572C>G v exonu 4 genu MSH6 Patogenni
14 Muz 26 Hepatdlni flexura  jednobdzovd nonsense substituce ¢.1939A>T v exonu 11 genu PMS2 Patogenn(
15 Zena 40 Rektosigma Jjednobézova substituce ¢.2086C>A v exonu 13 genu MSH2 Patogenni
16 Muz BO Hepatalni flexura  dvoubazova substituce ¢.1852_1853delAAInsGC v exonu 16 genu MLHT Patogennf
17 Zena 38 Neuvedena frameshift delece c.3573delT v exonu 7 genu MSH6 PravaSpaccbn
patogenni
18 Zena 60 Cékum frameshift duplikace c.2252_2253dupAA v exonu 19 genu MLHT Nejasnd
19 Zena 56 Cékum Jjednobézova nonsense substituce ¢.1687C>T veexanu 11 genu PMS2 Patogenni
20 Zena 78 Colon transversum  germinalni metylace promotoru genu MLH1 Patogennf
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Tabulka &. 3. Diagnostikované piipady Lynchova syndromu s extrakolonickou prezentaci.

Pohlavi m Lokalizace tumoru | Germinalni mutace

1 Zena 68 duodenum jednobazova nensense substituce c.856G>T v exonu 4 genu MSH6 z;i:giﬁﬁ:iobné

2 Zena 55 endometrium jednobazova nonsense substituce c.1691C>A v exonu 4 genu MSH6 g;at;:?:;:iubné

=) Zena 49 endometrium frameshift duplikace c.1862dupT v exonu 4 genu MSH6 pravdepodab:
patogenni

4 Zena 38 endometrium duplikace ¢.1500dupC v exonu 12 genu MSH2 patogenni

Tabulka &. 4. Frekvence LS u pacient( s CRC diagnostikovanym v SUP.

Nedovysetiené suspektniLS | Celkovy potencidlni poéet LS

substituce ¢.94243A>T tieti hrani¢ni base intronu 5 v genu MSH2,
a v dUsledku somatické mutace c.1252delA v exonu 7 genu MSH2,
4 pfipady (0,3 %) se suspektnim LS zlstavaji dosud nevysetieny.
Navic byl LS diagnostikovan u 2 pacientek s endometridlnim karci-
nomem a u 1 pacientky s adenckarcinomem duodena. Tyto 3 pfi-
pady LS s extrakolonickou prezentaci byly diagnostikovany v SUP
Naopak u 24dného pacienta s CRC diagnostikovanym v SUP nebyl
prokazan LS.

V roce 2015 mélo diagnozu C18-20 celkem 1441 pacientd
(ztoho 1118 v BL a 323 v 5UP). 32 (2,2 %) nadorl bylo MMR-de-
ficientnich, z toho 20 (6,19 %) diagnostikovanych v SUP. Moleku-
larné geneticka analyza prokdzala LS u 5 pacient( (0,35 %). Ve 20
pripadech (1,4 %) se jednalo o sporadicky MSI-H karcinom, 7 paci-
entl (0,49 %) se suspektnim LS nebylo dosud geneticky vysetieno.
Z toho u pacient(: diagnostikovanych v SUP se ve 2 (0,61 %) pfipa-
dechjednalo o LS, ve 14 (4,33 %) o MSI-H sporadicky karcinom av 5
(1,54 %) o nedovysetieny suspektni LS.

V roce 2016 bylo celkem vy3etieno 1423 pacientd s diagndzou
€18-20 (v BL 1092 a v SUP 331). Jako MMR-deficientni bylo urée-
no 42 piipadd (3 %), z toho v SUP 34 (10,3 %). LS byl molekulirné
geneticky prokazan u 5 pacient (0,35 %), ve 27 pfipadech (1,9 %)
3lo o sporadicky MSI-H tumor. U 1 pacienta (0,1 %) byl diagnos-
tikovan Lynch-like syndrom se somatickou frameshift deleci
¢.1670_1677delAAGAACTG v exonu 15 genu MLHT. Déale byl LS
diagnostikovan u jedné pacientky s endometriaglnim karcinomem.
Osm pacientl (0,56 %) velmi suspektnich z diagndzy LS viak dosud
nemd provedenu analyzu germinalnich mutaci. Z pacientt s CRC
diagnostikovanych v SUP se ve 4 (1,2 %) pfipadech jednalo o LS, ve
24 (7,25 %) o MSI-H sporadicky karcinom a ve 4 (1,2 %) o nedovy-
Setfeny suspektni LS.

Celkem tedy bylo v letech 2013-2016 vysetieno 5814 pacient(
s diagnézou C18-20 (4397 pacient(i v BL a 1417 v SUP). Suspekt-
ni MSI-H morfologie a/nebo IHC deficit MMR proteint byl popséan
u 225 pfipadd, LS byl molekularné geneticky potvrzen u 20 pa-
cient( (0,34 %) s CRC (tab. 2). Z toho v BL bylo diagnostikovano
10 pfipadi (0,22 %), v SUP také 10 pfipad( (0,71 %). Navic byl u 3
pacientek LS diagnostikovan na podkladé endometridiniho kar-
cinomu a u jedné pacientky prezentujici se adenokarcinomem
duodena (tab. 3). U 4 pacientl (0,07 %) byl diagnostikovan Lynch-
like syndrom. U 26 pacient( (0,45 %) se dosud nepodafilo provést
analyzu germinélnich mutaci. Celkem by tedy mohl byt LS teore-
ticky podkladem az 0,79 % pfipad(l CRC. Pfi omezeni statistického
zhodnoceni na CRC vysetiované v SUP které piedstavuji skupinu
s kontrolovanym vstupem a pomérné homogennim slozenim, do-

0

4 (1,06 %) 1(0,27 %) 5(1,33 %)
0 0 0

2(0,61 %) 5(1.54 %) 7 (2,05 %)
4(1,2%) 4(1,2%) 8(24 %)
10 (0,71 %) 10(0,71 %) 20(1,42 %)

sahuje potenciélni frekvence LS u pacient s CRC za celé sledované
obdobi az 1,42 %, v roce 2016 a7 2,4 % (tab. 4).

Celkovy pomér M/Z byl 10/14, v piipadé CRC asociovaného s LS
byl tento pomér 10/10, zatimco viichni 4 pacienti s extrakolonic-
kou prezentadi byly Zeny. Vékové rozpéti bylo 26-80 let (priimérny
vék: 55,9 roku, pfi omezeni na CRC 56,6 roku, v pfipadé extrakolo-
nickych malignit 52,5 roku). 5 pacienttim (21,7 %) bylo v dobé dia-
gnozy vice nez 70 let. Germindlni mutace (nebo epimutace) vgenu
MLH1 byla zaznamenana v 6 pfipadech CRC (25 %), v genu PMS2 ve
3 pfipadech CRC (12,5 %), v genu MSH2 v 5 pfipadech CRCa 1 en-
dometridlniho karcinomu (celkem 25 %) a v genu MSH6 v 6 pfipa-
dech CRC, 1 duodenainiho adenokarcinomu a 1 endometrialniho
karcinomu (celkem 37,5 %).

DISKUZE

Béhem let 2013-2016 byl postupné vypracovan algoritmus
morfologické diagnostiky Lynchova syndromu a zaveden do ru-
tinni praxe. V souasné dobé jsou v SUP vySetfovény viechny CRC
a endometridlni karcinomy, v BL vzhledem ke zplisobu financo-
vani zdravotnictvi pouze pfipady zaslané ke konzultaci cilené na
diagnostiku LS. V uvedeném intervalu bylo na nasich pracovistich
diagnostikovano 24 pfipadii LS, z toho 20 s CRC, Cetnost LS ve
skupiné pacienttl s CRC za celé sledované obdobi souhrnné cini
0,34 %, z toho v BL 0,22 %, v SUP 0,71 %. Relativné nizky pocet pfi-
padl a zména metodiky v pribéhu roku 2014 znemoziuje validni
souhrnné statistické zhodnoceni. S urtitou rezervou lze hodnotit
vysledky za roky 2015 a 2016, béhem kterych probihala na obou
pracovistich depistaz konstantnim, byt vzdjemné odlisnym zpUso-
bem. V obou téchto letech byla frekvence LS u pacient(l s CRC de-
tekovana metodou plo3dného imunohistochemického vy3etfovani
dvakrat vy3si nez celkova frekvence v obou souborech. Frekvence
LS v souboru CRC diagnostikovanych v SUP dosahla aZ 1,54 %, pfi
spole¢ném hodneceni s dosud nedovy3etienymi piipady suspekt-
niho LS aZ 2,4 %. Fakt, Ze jsou vysledky stile nizsi nez podle literar-
nich tdajt, mtize mit nékolik vysvétleni.

V prvé fadé maze mit vliv problém malych &isel”, protoze vzhle-
dem k ndhodné distribuci patogennich alel v populaci mohou byt
tyto v malych souborech nehomogenné rozdéleny. Tento faktor
se mohl (v asociaci s dalsimi vlivy) uplatnit zejména v anomalnim
roce 2014, kdy v SUP nebyl detekovan Z&dny LS u pacienta s CRC,
prestoze v témze roce zde byly diagnostikovany 2 pfipady LS s en-
dometridlnim karcinomem a 1 s duodenalnim adenokarcinomem.
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Druhou moznosti je vliv zevnich faktord, které by mohly zvysovat
vyskyt sporadickych CRC, ¢imz by doslo k relativnimu snizeni cet-
nosti LS v populaci pacient( s CRC. V souvislosti se statistickymi
Udaji o signifikantné vyssi incidenci CRC v Plzefiském kraji nelze vy-
loutit plsobeni neznamého exogenniho faktoru zvysujiciho vyskyt
sporadického CRC (http://www.svod.cz/analyse.php?modul=regi-
onprehled#, UZIS CR). | niZsi frekvence MMR-deficientnich nador(
ve skupiné CRC diagnostikovanych v SUP v roce 2015 a 2016
(6,19 % a 10,3 %) v porovnéni s literarnimi Udaji by mohla svédéit
pro hypotézu o regionalnim plsobeni exogenniho faktoru zvysuji-
ciho incidenci sporadického MSS-CRC (30,41,42). Na druhou stranu,
nizka frekvence MSI-H (respektive MMR-deficientnich) karcinom(
také muze byt vysvétlena falednou pozitivitou exprese MMR pro-
teind. Tato diskordance mezi vysledkem hodnoceni exprese MMR
protein(l na zakladé imunohistochemického wysetfeni a jejich
funkei mize byt dana jednak charakterem mutace umozniujici
syntézu proteinu zachovévajiciho antigenicitu, ale postradajiciho
funkci, jednak chybnym hodnocenim imunohistochemické reak-
ce. Druha moznost pfichéazi v ivahu zejména v pfipadé komplexu
MLH1/PMS2. Je totiz znamo, Ze tyto proteiny jsou velmi citlivé na
autolyzu, a proto zejména ve vétsich resekdtech je jejich antige-
nicita casto snizena v disledku pomalého a/nebo nedostatecné-
ho priniku fixativa do tkané. Z toho vyplyvajici adaptivni snizeni
naroki na intenzitu hodnocené imunohistochemické reakce pak
mize mit za nasledek mylnou interpretaci slabého zbarveni v di-
sledku abnormalni struktury proteinu jako nasledek neadekvétni
fixace. Pro tuto moznost by mohl svédéit fakt, ze v nasem souboru
prevaZovaly pfipady LS asociované s germinalni mutaci MSH6 nad
piipady zptsobenymi germinalni mutaci MLHT, které dle literatu-
ry pfedstavuji nejvétsi skupinu pacientd s LS. Ani v tomto ohledu
viak soucasny nedostate¢ny stav poznatkd o vyskytu patogennich
variant MMR genu v ¢eské populaci neumoznuje vyloucit, ze ndmi
detekovany vysoky vyskyt germinalnich mutaci MSH6 neodrazi
skute¢nou regionalni anomalii relativné geneticky homogenni
populace CR. Koneéné nelze ani vylouéit, Ze literérni Udaje o &et-
nosti LS jsou nadhodnocené. Ne viechny literarnf zdroje udavajici
incidenci, prevalenci nebo ¢etnost LS v rdmci CRC maji totiZ jasné
definovana kritéria diagnézy LS, tedy podle dnesni definice pri-
kaz germinalnich mutaci MMR gen(, germinélnich mutaci genu
EPCAM nebo germinalni metylace promotoru genu MLHT. Nékteré
zdroje tedy mohou zahrnovat i piipady Lynch-like syndromu, pfi-
padné, byla-li pouZita pouze klinicka kritéria, i jiné familiarni syn-
dromy asociované s CRC,

Ackoli je problematika nizké frekvence LS v nasem souboru zaji-
mava a dllezitd a vyzaduje hlubsi analyzu vétsiho souboru v del-
nedovysetfenych pfipadl suspektnich z LS. Vzhledem k tomu, ze
analyzu germinalnich mutaci mize dle platné legislativy indikovat
pouze |ékafsky genetik, k némuz miiZe pacienta odeslat pouze jiny
klinicky lékar, je evidentni, Ze mezioborova spoluprace s aktivni
Gcasti zainteresovanych klinickych lékafl je v sougasnosti jednim
z nejkriti¢téjsich momentl v diagnostice LS, stejné jako v nésled-
ném genetickém vysetfeni pfibuznych pacientl s LS a v organizaci
navazujicich screeningovych metod. Nékolik let snahy o zavedeni
plainého screeningového systému nas presvedcilo i o tom, Ze vyse
uvedené nebude mozné bez politické podpory a bez finanéni Gicas-
ti zdravotnich pojistoven.

Zajimavym vedlejsim vysledkemn depistaze LS byla identifikace
8 variant MMR gen, které pfedtim v genetickych databézich ne-
byly evidovany jako patogenni. Jmenovité jde o jednobazovou
substituci c.366+1G>A prvni hraniéni baze intronu 2 v genu MSH2
(dosud hodnocena pouze jako pravdépodobné patogenni), in-fra-
me deleci dvanacti bazi ¢.170 181del v exonu 2 genu MLHT (do-
sud hodnocena jako nejasna), inframe deleci ¢.1153_1155delAGG
v exonu 4 genu MSH6 (dosud hodnocena pouze jako pravdépo-
dobné patogenni), frameshift deleci c.3573delT v exonu 7 genu
MSH6 (dosud hodnocena pouze jako pravdépodobné patogenni),
frameshift duplikaci ¢.2252 2253dupAA v exonu 19 genu MLHT
(dosud hodnocena jako nejasnd), jednobdzovou nonsense substi-
tuci ¢.856G>T v exonu 4 genu MSHé (dosud hodnocena pouze jako
pravdépodobné patogenni), jednobazovou nonsense substituci
c.1691C>A v exonu 4 genu MSHé (dosud hodnocena pouze jako
pravdépodobné patogenni) a frameshift duplikaci c.1862dupT
v exonu 4 genu MSH6 (dosud hodnocena pouze jako pravdépo-
dobné patogenni)(tab. 2 a 3).

V neposledni fadé je zajimavym zjisténim, ze 5 pacientlim s LS
(21,7 %) bylo v dobé diagndzy vice nez 70 let, coZ ve shodé s jinymi
studiemi zpochybriuje efektivitu téch systémi depistaze, mezi je-
jichZ vstupni kritéria patii vék pacienta (30). Ackoli by se mohlo zdat,
7e v této vékové kategorii neméa smysl rozlisovat mezi LS a spora-
dickym CRC, tak vzhledem ke skute¢nosti, Ze LS jako autozomalné
dominantné dédicné onemocnéni je charakterizovan variabilni ex-
presivitou (tedy i riznym vékem vzniku maligniho naddoru) v ramci
rodiny, na osud dosud zdravych rodinnych pfisludnik( maze mit
vyrazny dopad i diagndza LS v netypickych vékovych kategoriich.

ZAVER

Nase zkudenosti jednoznacné potvrzuji prospésnost univerzalni-
ho imunchistochemického vysetfovani MIMR proteint viech CRC
a endometridlnich karcinoma v rdmci depistaze LS. Zvysen/ efekti-
vity zachytu pacient( s LS |ze v rdmci specializovanych center dale
dosdhnout soustfedénim interpretace imunochistochemického
barveni a nasledné molekuldrné genetické analyzy na omezeny
pocet patologl obeznamenych s jejimi tskalimi.V soucasné dobé
se perspektivné také jevi moznost imunohistochemické analyzy
exprese MIMR protein( ve viech endometricidnich a svétlobunéc-
nych karcinomech ovaria, které mohou byt s LS dle literatury asoci-
ovany aZ ve 20 % piipadd (12,32,33,43). Spatné ovlivnitelnym prv-
kem depistdzniho systému je Géast klinickych lékafl a |ékafskych
genetikd a vzajemna koordinace nezbytné preventivni péce, ktera
v sou¢asné dobé neni dostateéné podporovéna aktualnim nasta-
venim systému zdravotnictvi v CR.
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3.8 Diagnodza Lynchova syndromu od patologa

Piehledovd publikace pojednavajici o zakladnich charakteristikdich Lynchova
syndromu a jeho diagnostice. Prace zduraznuje komplexni diagnosticky piistup zahrnujici
znaky morfologické a rutinné¢ provadény imunohistochemicky screening podpoieny
molekularné-genetickym vysetienim.
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Diagndza Lynchova syndromu od patologa

Lynch Syndrome — the Pathologist’s Diagnosis

Dusek M.'2, Hadravsky L.!, Cerna K2, Stehlik J.2, Svajdler M.'?, Kokoskova B.'?, Dubova M.,

Michal M., Daum 0O.'?

1Skl tstav patologie, LF UK a FN Pizef
?Bioptickd laboratof, s.r.o, Plzef

Souhrn

Lynchiiv syndrom (dfive nazyvany hereditarni nepolypdzni kolorektalni karcinom) je nejcastéjsi
genetickou pfic¢inou familiarniho vyskytu kolorektalniho karcinomu. Zpisobuije jej zarodeéna
mutace nékterého z gent, které jsou zodpovédné za opravy chyb ve struktufe DNA vznikajici
pri jeji replikaci. V ddsledku toho dochazi k dysfunkci opravného komplexu zplsobujici rozvoj
nestability mikrosatelitd (MSI), ktera je asociovana se zvySenim rizika vzniku nadoril, zejména
kolorektalniho karcinomu. V soucasné dobé se odhaduje, ze az 5 % kolorektélnich karcinomii
vznika v souvislosti s Lynchovym syndromem. Vzhledem k této pomérné vysoké cetnosti, ab-
senci premorbidniho fenotypu, familidrnimu vyskytu a prezentaci malignich nadord v produk-
tivnim véku je véasna diagnostika Lynchova syndromu dileZita nejen z etického, ale i ekonomic-
kého hlediska. Klinicka kritéria predstavovana zejména revidovanymi Bethesda guidelines, ktera
byla navrzena pro detekci pacient vhodnych ke genetickému vysetfeni moznosti Lynchova
syndromu, nejsou viak dostatecné senzitivni. Vy3si senzitivity lze dosahnout aplikaci metod mo-
derni patologie. Tato diagnostika je zaloZzena na pfimém nebo neptimém prikazu MSI. Mezi
metody nepfimého priikazu MSI patfi jednak detekce morfologickych znaki asociovanych s MSI
pri histologickém vysetfeni vzorkd kolorektalnich karcinomd, jednak imunohistochemicke vy-
setfeni exprese MMR proteind, které navic umozni i identifikaci dysfunkéniho proteinu. K vylou-
ceni sporadickych MSI-H karcinomi zplsobenych somatickou epigenetickou inaktivaci MMR
genu z dalSiho testovani slouzi hlavné vysetfeni genu BRAF a analyza metylace promotoru genu
MLH1. Podezfeni na Lynchiv syndrom vyplyvajici z vysledkl téchto vysetreni by mélo byt na-
konec potvrzeno detekci zarodecné mutace nékterého z MMR gen( v periferni krvi pacienta.

Klicova slova
kolorektalni karcinom — Lynchiv syndrom — HNPCC — MSI — nestabilita mikrosatelita

Summary

Lynch syndrome (formerly known as hereditary non-polyposis colorectal cancer) is the most com-
mon hereditary colorectal cancer syndrome. The syndrome is caused by a germline mutation of one
of the mismatch repair (MMR) genes responsible for DNA replication error repair. Impaired function
of the proteins encoded by these genes leads to microsatellite instability (MSI), which is associated
with increased incidence of neoplasms: mainly colorectal cancer. According to recent estimates,
up to 5% of all colorectal cancers are associated with Lynch syndrome. Due to this relatively high
frequency, familial occurence, absence of premorbid phenotype, and development of malignant
tumors at a reproductive age, a correct diagnosis is important not only from an ethical but also
from an economical point of view. Unfortunately, clinical means of diagnosis, namely, the revised
Bethesda guidelines designed to detect patients suitable for genetic testing for Lynch syndrome,
lack sufficient sensitivity. The methods associated with modern pathology are more sensitive than
the clinical criteria used to detect patients suspected of having Lynch syndrome. Pathological dia-
gnostics are based on direct or indirect detection of MSI. Indirect methods include analysis of mor-
phological signs associated with MSI in histological samples from colorectal carcinoma patients
and immunochistochemical investigation of MMR protein expression. To rule out sporadic cases
caused by epigenetic inactivation of an MMR gene, molecular genetic investigation of the BRAF
gene and methylation analysis of the MLHT promoter are performed during diagnostic workup.
A suspicion of Lynch syndrome based on the results of the methods mentioned above should be
proven by detection of a germline mutation in an MMR gene in peripheral blood leukocytes.
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colorectal cancer - Lynch syndrome — HNPCC — MSI — microsatellite instability
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DIAGNOZA LYNCHOVA SYNDROMU OD PATOLOGA

Lynchiv syndrom - definice
Lynchlv syndrom (LS) je autozomdlné
dominantné dédi¢né onemocnéni vy-
tvafejici predispozici ke vzniku malignich
nadorl, patfi tedy mezi familiarni kar-
cinomové syndromy. Nejcastéjsim kar-
cinomem vznikajicim pfi LS je kolorek-
talni karcinom (colorectal cancer — CRQ),
je vsak zvysené riziko vzniku i dalsich
malignit, zejména karcinoml endome-
tria, tenkého stfeva, ovaria, ledvinné
panvicky a mocovodu, nadorl mozku
a kazZe. Na podkladé LS vznika podle
soucasnych odhad( aZ 5 % CRC. Fakt, Ze
je dosud do znaéné miry prehlizen, ze-
jména v porovnani s méné castou fami-
lidrni adenomatézni polypézou (FAP),
ktera je zodpovédna pouze za 1 % CRC,
je zplsoben tim, Ze karcinomy pfi LS ne-
vznikaji v terénu polypozy (definované
jako > 100 polypi), coZ viak neznamena,
Ze nemohou byt pfitomny Zadné polypy.
Absence polypozy nebo jiného premor-
bidniho fenotypu, tedy benignich zmén,
které by umoznovaly diagnostikovat
tento syndrom jesté pred vznikem ma-
ligniho tumoru (jako je tomu tfeba
v pfipadé FAP nebo neurofibromatézy
1. typu) vyrazné ztézuje jeho vcasnou
klinickou diagnostiku. Na rozdil od fami-
liarnich karcinomovych syndromdi s pre-
morbidnim fenotypem tak muze byt LS
diagnostikovan prakticky az pii nalezu
maligniho tumoru, pfipadné pfi genetic-
kém vysetreni rodinnych prislusnika jiz
diagnostikovaneho probanda. Vyjimkou
z tohoto pravidla je fenotypicka varianta
LS projevujici se vznikem koznich seba-
cedznich nador(, oznacovana jako Muir-
-Torreho syndrom (MTS) [1].

Zakladni klinické charakteristiky syn-
dromu karcinomoveé rodiny byly defino-
vany dr. Lynchem takto [2]:

1. zvysena incidence adenokarci-
nomu, zejména kolorektélnich

a endometrialnich,

2. zvysené riziko multiplicity nadord,
3. autozomalné dominantni dédicnost,
4, vznik karcinoma v mladsim véku.

Ackoli byl LS dlouhou dobu znam
spiSe pod pojmem hereditarni nepo-
lypozni kolorektalni karcinom (here-
ditary non-polyposis colorectal can-
cer — HNPCC) [3], v soucasné dobé se od
tohoto oznaceni upousti a preferuje se

eponymon Lynch(v syndrom, a to jed-
nak z divodu moZnosti vyskytu extra-
kolonickych malignit, jednak kvdli pfi-
li§ zakofenéné asociaci diagnézy HNPCC
s Amsterdamskymi kritérii, ktera je ve
svétle dnesnich poznatki jiz neudrzi-
telnd, a koneéné i jako vyjadreni ucty
otci Lynchova syndromu.

V soucasnosti je tedy diagnoza LS za-
loZzena predevsim na molekularné ge-
netickém vysetreni (viz nasledujici ka-
pitolu), pficemz pro pfipady spliujici
Amsterdamska kritéria, ale bez pro-
kazatelného genetického poskozeni
definujiciho LS, se doporucuje ter-
min familiarni kolorektalni karcinom
typu X [4].

Molekularni biologie LS

Detailné je molekuldrné biologicky pod-
klad LS popsan v textu uréeném pri-
marné patologim [5], pro pochopeni
ddle uvadénych diagnostickych algo-
ritmu je zde viak treba alespon struéné
vysvétlit zakladni pojmy.

MMR (mismatch repair)

MMR (neboli mismatch repair) pro-
teiny jsou odpoveédné za opravy v DNA
vznikajicich pfi replikaci (replication
error repair — RER). Nejddlezitéjsi z nich
se spojuji do funkénich heterodimeri
MLH1-PMS2 a MSH2-MSH6. Naprosta
vétiina pripadd LS je zplsobena zaro-
decnou mutaci gend kodujicich tyto pro-
teiny, tedy tzv. mismatch repair (MMR)
gent [6,7]. Inaktivace obou alel nékte-
rého z MMR gent vede k dysfunkci celého
komplexu a ke vzniku tzv. MSI-H tumor(,
tedy nadorl charakteristickych vysokym
stupném tzv. nestability mikrosatelit(
{microsatelite instability — MSI) [8,9].

Mikrosatelity

Mikrosatelity jsou v genomu hojné se
vyskytujici useky DNA tvofené nékolika-
nasobnym opakovanim jednoho az ctyr,
vzacnéji i vice nukleotid. Tyto kratke
repetitivni sekvence jsou snadno zrani-
telné pri replikaci DNA, protoze DNA po-
lymeraza v oblasti repetic ,sklouzava”
a v disledku toho dochazi ke vzniku
delsich ¢i kratsich usekd. Ve ,zdravé”
bunce s funkénim MMR systémem jsou
viak tyto alterace ihned detekovany
a opraveny.

Msl

Délky jednotlivych mikrosatelitd (tedy
pocty opakovani téchto sekvenci) jsou
u zdravych jedincl ve viech burfkach
stejné (mezi jedinci se viak lisi). Pokud
oviem nedochazi ke korekci chyb vzni-
kajicich pri replikaci, potom muze délka
mikrosatelitd v rdmci jednoho jedince
kolisat, coZ je stav oznaovany jako ne-
stabilita mikrosatelitd (MSI). MSI neni
viak jednoznacné danym stavem, ktery
by pfimo zpdsoboval vznik nador(. Jde
spise o semikvantitativni vyjadfeni ge-
netického poskozeni DNA uvedenym
mechanizmem. Stanoveni stupné MSI
je tedy arbitrarni a spociva ve stanoveni
nestability mezinarodné kodifikovanych
markerd, pricemz na zakladé poctu po-
stizenych markert se rozliSuji stavy
(hlavné nadory) se stabilnimi mikrosa-
telity (microsatellite stable — MSS), s niz-
kym stupném nestability (microsatellite
instability, low — MSI-L) a s vysokym stup-
ném nestability mikrosatelitl (microsa-
tellite instability, high — MSI-H) [10].

MSI-H tumory

Tumory s MSI-H vznikaji dvéma rdz-
nymi mechanizmy, a to bud jako spo-
radické nadory vyvolané genetickymi
a/nebo epigenetickymi zménami v so-
matické burice, nebo jako familiarné se
vyskytujici nadory v ramci LS zplsobené
zarodeénou mutaci nékterého z MMR
gent. Teprve tehdy, je-li u osob nesou-
cich jednu zarodecné mutovanou alelu
MMR genu béhem jejich zZivota inaktivo-
vana i alela druha, dochazi ke vzniku ma-
lignich tumeord. Pricinou této inaktivace
maze byt somaticka mutace v druhé
alele genu, ztrata heterozygozity (LOH)
nebo metylace promotoru, jak tomu
byva u genu MLHT [11].

Nejéastéji postizenymi geny pfi LS
jsou MLH1 a M5H2 (dohromady vice nez
80 %) [12], dale nasleduje MSH6 (10 %),
a zbylé pripady predstavuji vzacna za-
rodecna postizeni dalSich MMR gend
(PM52, PM51, MSH3, MLH3).

Vzacné mohou dysfunkci MMR pro-
teind a tim padem i LS zplsobovat kom-
plikovanéjsi mechanizmy, jako zaro-
decna hypermetylace promotoru genu
MLH1 vedouci k jeho epigenetické inak-
tivaci [13,14] nebo zarodecné delece
3" konce genu EPCAM (TACSTDT), které

Klin Onkol 2016; 29(3): 180-186

181




DIAGNOZA LYNCHOVA SYNDROMU OD PATOLOGA

zase vedou k epigenetické inaktivaci
MSH2[15,186].

Variabilita klinickych

projevi LS

Klasicky typ LS se prezentuje prede-
viim CRC vznikajicim v tlustém stievé
bez polypozy (tedy hereditarnim ne-
polypoznim CRC). Mohou viak byt pfi-
tomny i extrakolonické malignity, a to
relativné castéji u pacientd se zaro-
decnou mutaci v MSH2 nez MLHT [17].
Mutace v MSH6 jsou zodpovédné za po-
nékud atypické prezentace LS, nebot
maji jednak nizkou penetranci, dale jsou
6krat castéji asociovany s karcinomy en-
dometria nez s nadory kolorekta, a navic
jsou u téchto pacientl CRC (v porov-
nani s LS zplsobenym mutacemi jinych
MMR gend) castéji levostranné. Dilezité
také je, Ze mutace v MSH6 nevedou vidy
k MSI-H, pravdépodobné diky tvorbé al-
ternativniho heterodimeru MSH2-MSH3,
coz mize negativné ovlivnit jejich dia-
gnostiku [18,19]. V nékterych pfipadech
je kombinace klinickych znakd natolik
vyrazna, Ze dala vznik novym klinickym
syndromm, které ve skutecnosti pred-
stavuji pouze varianty LS.

Muir-Torreho syndrom
MTS zahrnuje kombinaci nejméné jed-
noho kozniho nadoru se sebacedzni dife-
renciaci a minimalné jednoho visceralniho
tumoru. Jiz v roce 1981 dr. Henry Lynch
poukazal na spolecnou moznou etiologii
MTS a LS, kdyz identifikoval pacienty s fe-
notypem MTS v rodiné postizené LS [20].
MTS jako varianta LS je unikatni v tom, ze
jako jedina predstavuje premorbidni fe-
notyp, tedy vykazuje znaky umoziujici
diagnozu LS jesté pred rozvojem CRC.
Kozni léze asociované s MTS jsou de-
tailné popsany v textech uréenych pri-
marné patologdm [1] a gastroente-
rologlim [21], obecné lze shrnout, Ze
mnohocetné kozni nadory se seba-
ceozni diferenciaci vyskytujici se u je-
dincii pred 50. rokem Zivota nebo po-
stihujici télni partie mimo oblicej jsou
silnym indikatorem MTS [22].

Turcotav syndrom 1. typu

Turcotdv syndrom (TS) je klasicky cha-
rakterizovan spolecnym vyskytem na-
dor( mozku a CRC. Podtyp oznacovany

jako TS 1. typu je bliZze specifikovan vaz-
bou mozkového nadoru (hlavné gliomu)
s CRC bez polypézy, pficemz mize byt
také zplisoben zarodeénou mutaci né-
kterého z MMR gent, mutace byly de-
tekovany zejména v MLHT a PM52 [23].
Za téchto podminek se TS 1. typu jevi
ve vétiiné pripadi jako fenotypicka va-
rianta LS, zejména u détskych a mladist-
vych pacient( pak je5té spise byva sou-
casti syndromu bialelického mismatch
repair deficitu.

Syndrom bialelického mismatch
repair deficitu

Syndrom bialelického mismatch repair
deficitu (biallelic mismatch repair defi-
ciency - BMMR-D, také constitutional
mismatch repair deficiency - CMMRD)
je velmi vzacné se vyskytujici zdrodecna
bialelicka mutace gentt MMR. Vzhledem
k tomu, Ze jde o onemocnéni dédi¢né
autozomadlné recesivné, vyskytuje se ze-
jména jako nasledek incestu. Tento stav
je charakteristicky fenotypickym obra-
zem pfipominajicim neurofibromatézu
1. typu, zejména skvrnami café-au-lait,
vznikem CRC jiz v mladém véku (pri-
meérny vék v dobé diagnozy 16 let), moz-
kovymi nadory, pfedeviim glioblastomy
vznikajicimi jiz v prvnich dvou dekadach
Zivota, a hematologickymi malignitami
(hlavné T lymfomy) [24,25].

Z diagnostickeho hlediska je dtle-
Zité, ze imunohistochemicky stanoveny
deficit MMR proteinu ma vyssi senzi-
tivitu nez vysetreni MSI| [26], pficemz
tento imunohistochemicky test |ze pro-
vést i v nenadorové tkani, napf. v kozni
biopsii [27].

Moznosti diagnostiky LS

Tradicni klinicka diagnostika LS

Ke klinické diagnostice HNPCC pri-
marné slouzila Amsterdamska krité-
ria [28], ktera byla pro zvyseni senziti-
vity, zejmeéna s prihlédnutim k moznosti
prezentace syndromu extrakolonickou
malignitou, v roce 1998 revidovana na
Amsterdamska kritéria Il [29]. Ale pro-
toZe se zlatym standardem diagnozy
LS stalo molekularné genetické vy3et-
feni, v popredi zajmu se ocitl zachyt
co nejvétsiho mnozstvi pacientd pro
toto vysetreni, nikoli samotna klinicka
diagndza LS.

K identifikaci pacientd s CRC, u kte-
rych by méla byt vySetfena nestabi-
lita mikrosatelitd (MSI), pfipadné prove-
deno molekularné genetické vysetieni,
byla v roce 1996 vypracovédna a v roce
2002 revidovéana tzv. Bethesda guideli-
nes (BG, resp. RBG), ktera berou v potaz
nejen klinicka kritéria, ale (v pfipadé
RBG) i morfologické znaky tumoru [30].
Bohuzel ani tato Sirsi kritéria nezachyti
viechny pfipady LS [31], zejména v pfi-
padé postizeni MSH6 a PMS2 [32-36].
Podle soucasnych odhadd az 25 %
pacientl s LS neni zachyceno systémem
kritérii RBG. Jednou z velkych slabin jak
Amsterdamskych kritérii, tak (R)BG je
diraz na udaje ziskané rodinou anamneé-
zou, které mohou trpét znaénymi nedo-
statky, at uz kvili nedostatecné informo-
vanosti pacienta, nezajmu vysetfujiciho
|ékare, casté nejistoté ohledné bio-
logického otcovstvi nebo i nizké pene-
tranci zarode¢né mutace (zejména v pfi-
padé genu MSHs).

Moderni patologicka diagnostika LS
Mezi hlavni argumenty pro soucasné
snahy o zavedeni senzitivngjsiho systému
depistaze, byt iza cenu sniZeni specificity,
které je v tomto pfipadé mozné familiarni
tendence ke vzniku malignich nadord
ospravedinitelné jak z hlediska etického,
tak ekonomického, patfi tato fakta:

1. falesna negativita v pripadé LS nema
za nasledek nerozpoznani tohoto
syndromu pouze u vysetfovaného
pacienta, ale i u jeho pfipadnych
pribuznych;

2. piiblizné 1 ze 660 lidi je nositelem
germinalni mutace nékterého z MMR
geni [37];

3.riziko vzniku CRC u LS je 60-80 %
[38,39];

4.k progresi z adenomu do karcinomu
pravdépodobné dochazi béhem
2-3 let, na rozdil od 8-10 let u spora-
dickych pfipada [40,41];

5.prameérny vék v dobé diagnozy je
45 let, tedy asi o 20 let méné nez
u sporadického CRC, navic se zvyse-
nym rizikem synchronniho a meta-
chronniho CRC [40].

V soucasné dobé jsou k dispozici tfi za-

kladni modely vyhledavani pacientt s po-
dezienim na LS, pricemz viechny maji
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~ IHC deficience IHC definice
MSH2 a/nebo MSH6 MLH1 a/nebo PMS2
i '
+ IHC: =
Annexin A10
; 8 + =
an:;sﬂr:s%& ukonéit Y& BRAF V60OE — v
: : testovani
v periferni krvi . - analyza geni
<— hypermetylace MLHT ——>—> MIHTaPMS2
v periferni krvi
- +
o — MSI-H —>

Schéma 1. Management diagnostiky LS.

Na pracovistich vyssiho typu zapojenych do depistaze LS diagnostika zacina vysetienim viech CRC monoklonalnimi protilatkami proti
jednotlivym MMR proteindm (hvézda). V pfipadé prikazu deficience MSH2 a/nebo MSH6 je kontaktovan klinik s pozadavkem na za-
slani nesrazlivé periferni krve spolu s Informovanym souhlasem pacienta k molekularné genetickému vysetieni zarodeénych mutaci pri-
slusnych gent. Je-li prokazana deficience proteini MLH1 a/nebo PMS2, nasleduje komplex vysetieni obsazeny v sedém obdélniku, je-
hoz cilem je vylouéit z dal3iho vy3etfovani pfipady sporadickych MSI-H karcinomd, pfipadné MSS karcinomy s fale3nou negativitou IHC
prikazu MMR proteind. Volitelné lze misto téchto molekularné genetickych metod (nebo spolu s nimi) k vylouceni sporadického MSI-H
karcinomu vyuzit IHC vySetfeni exprese annexinu A10 a/nebo mutované formy proteinu BRAF (bily obdélnik a pferusované Sipky). Pouze
MSI-H tumory bez mutace genu BRAF, hypermetylace promotoru MLHT a pfipadné bez exprese annexinu A10 jsou indikovany k mole-
kulamé genetickému vysetfeni zarodeé¢nych mutaci pfislusnych gent (opét je nutné ziskat vzorek periferni krve a Informovany souhlas).

Neni-li mistni pracoviité patologie vybaveno laboratofi disponujici moznosti imunchistochemickych a molekularné genetickych vyset-
feni uvedenych vyie, mél by patolog provést histologické vysetfeni znakd ,MSI-H histologie” podle modelu PREDICT. V piipadé suspekt-
niho Semi PREDICT skére pak odeslat vzorek karcinomu (a optimalné i nenadorové tkéané pro moznost komparace) na specializované
pracovité provadéjici vyie uvedena imunohistochemicka a molekuldrné geneticka vysetfeni. Alternativné mize byt indikaci k tomuto
odeslani na specializované pracovisté zadost gastroenterologa ¢i onkologa v pfipadé klinické suspekce na LS (napf. na podkladé RBG).
Klinické podezieni na hereditarni podklad onemocnéni miiZze byt stimulem i pro dalsi pokracovani vySetfovani pacientd, u nichz byl LS

béznym algoritmem vyloucen (napf. mizZe byt dale vysetfovana moznost MAP).

spolecné, ze detekuji MSI-H tumory, a to
bud’ pfimo (tedy molekularné genetic-
kym stanovenim MSI), nebo zprostiedko-
vaneé. Do této druhé skupiny patfi jednak
imunohistochemicka detekce MMR pro-
teind, jednak histologicky prikaz morfo-
logickych znakd asociovanych s MSI.

V kazdém z modell diagnostikujicich
MSI-H tumory je ale nutné pfed samot-
nou financné nakladnou detekci germi-
nélnich mutaci MMR geni vyloucit moz-
nost sporadickych forem, protoze Ctyii
z péti MSI-H CRC jsou sporadické nadory
zplsobené zdaleka nejcastéji metylaci
promotoru MLHI1. V soucasné dobe
umoznuje rozliSeni sporadickych a LS
asociovanych MSI-H karcinoma hlavné
zapojeni dvou metod molekularni pa-

tologie do managementu CRC. Prvni
z nich je analyza genu BRAF, konkrétné
prikaz substituce V60OE, kterad je pfi-
tomna az u 1/2 sporadickych MSI-H CRC,
ale (téméf) nikdy u LS. Mutovany pro-
tein navic mize byt v nadoru prokazan
i monoklonadlni protilatkou [42]. Druhou
metodu predstavuje prikaz hyperme-
tylace promotoru MLH1, ktera je marke-
rem sporadickych MSI-H CRC, a naopak
az na vyjimky nebyva pfitomna u LS [43].
Novéji je také k dispozici protilatka proti
annexinu A10 umoznujici odlisit spora-
dicke MSI-H karcinomy od LS [44].

1. Stanoveni M5!
Rozlideni tumord na MSS, MSI-L a MSI-H
na zakladé stanoveni nestability mezi-

narodné kodifikovanych markerd se sa-
moziejmé v diagnostice LS vyuzivalo jiz
dfive, ale cileng, u pacientl splnujicich
BG (resp. RBG). Nékteré laboratofe za-
vedly plosné vysetieni viech CRC touto
metodou k depistazi LS.

Mezi nevyhody tohoto systému patfi
vyrazny narlst zatéze laboratofi mo-
lekularni genetiky, absence informace
o tom, ktery z MMR genti je postizen,
a konecné i fakt, ze (navzdory obecnému
presvédceni) ne viechny LS asociované
nadory musi vykazovat MSI-H (zejména
jde o pacienty s germinalni mutaci genu
MSHE6). Prakticke vyuziti ploSného vyset-
rovnani stavu markeri ve tkani nadoru
s nenadorovou tkani. To vyzaduje bud
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pfitomnost nenadorové tkané v mate-
ridlu (napf. chirurgicky okraj stfevniho
resekatu), nebo odbér periferni krve
pacienta (zejména v pripadé endosko-
picky ziskanych vzork).

2. Imunohistochemickd detekce

MMR proteini

Na nasem pracovisti pouZivame jako
vstupni vysetfeni pro zafazeni pacienta
do diagnostického managementu LS
imunchistochemické vySetfeni exprese
hlavnich MMR proteinG (tedy MLH1,
PMS2, MSH2 a MSH6) u vsech CRC a kar-
cinom endometria.

Senzitivita imunohistochemického vy-
setreni MMR proteini a stanoveni MSI je
srovnatelna [45]. V soucasné dobé jsou
obé metody (stanoveni MSI a imunohis-
tochemické vysetfeni) vnimany jako kom-
plementarni, protoze v kombinaci maji
vyssi senzitivitu nez pfi samostatném pou-
Ziti [46,47]. Také Jeruzalémska kritéria,
podle nichz by mély byt imunohistoche-
micky vysetfeny viechny CRC u pacientd
mladsich 70 let, povazuji imunohistoche-
mii za vhodnou vstupni diagnostickou me-
todu [48]. Argumenty pro upfednostnéni
imunohistochemického vysetreni jako ini-
cidini diagnostické metody jsou tyto:
1.vy3si zachyt pfipadl s mutaci MSHS6,

které mohou uniknout pfi detekci MSI

pomoci PCR, protoze MSH2 miize také
tvorit komplex s M5H3 a tim padem ne-

musi nutné vést ke stavu MSI-H [45,49];
2. imunohistochemicka detekce MMR

proteind, na rozdil od stanoveni MSI,

umoziuje urcit postizeny gen pro mo-
lekularné genetické vysetreni, coz vy-
razné snizi naklady pfi nasledné de-
tekci pripadné zarodecné mutace;

3. pfi inicialnim vySetreni neni zapotrebi
kontrolni nenadorova tkar;

4. imunohistochemické vysetreni odhali

i pfipady BMMR-D, které se ¢asto ne-

projevi nestabilitou mikrosatelitd.

Dalsi kroky diagnostického manage-
mentu zaloZzeného na inicialni imuno-
histochemické detekci MMR proteind
demonstruje schéma 1.

3. Histologickd detekce morfologickych
znaku asociovanych s MSI-H

Pro vétsinu pracovist patologie, ktera
vysetfuji bioptické vzorky karcinomu

Tab. 1. Model PREDICT.

Znak Skére
lokalizace v pravém traéniku 16
disekujici mucin (jakékoli mnozstvi) 1.6
vék < 50 let 13
tumor infiltrujici lymfocyty (TIL) 13
peritumoralni lymfoidni lem 07
plazmocyty tvofi > 25 % stromélnich leukocyti 07

PREDICT skére: maximalni mozné skére: 7,8; suspekce na MSI-H: skére = 2,5
Semi PREDICT skére: pfitomny 2 a vice znakii — MSI-H suspektni

tlustého stfeva, endometria a dalsich
nadord, viak nejsou vyie uvedené dia-
gnostické metody pfimo dostupné.
| tato pracovisté se viak mohou podilet
na depistazi LS, a to detekci histologic-
kych znakd charakteristickych pro CRC
s vysokym stupném nestability mikro-
satelitd, tedy takzvané,MSI-H histologii’,
ktera samotna ma vyssi senzitivitu nez
souhrn zbyvajicich ctyr kritérii RBG [50].

Z raznych studii, jejichz clem bylo na-
lézt racionalni histologicky algoritmus
detekce MSI-H karcinom [51], se v sou-
casné dobé jako nejuzitecnéjii model
jevi Model PREDICT (Pathological RolE in
the Determination of Instability in Colo-
rectal Tumors) [50], zejména ve své zjed-
nodusené formé jako Semi PREDICT
skore (tab. 1). Histologickymi znaky, na
nichz je tento model zalozen, jsou: pri-
tomnost mucinu disekujiciho stroma
v jakémkoli mnozstvi, pfitomnost tumor
infiltrujicich lymfocytd (TIL), peritumo-
ralni lymfoidni lem a zastoupeni plaz-
matickych bunék mezi leukocyty ve
stromatu prevysujici 25 %. Detailnéji je
morfologie MSI-H CRC popsana v clanku
uréeném patologiim [5].

Mezi vyhody histologického vyset-
feni patfi i moZnost levného, rychlého
a jednoduchého vylouceni sporadic-
kych MSI-H karcinom@ podminénych
vétSinou somatickou metylaci promo-
toru genu MLH1. Zatimco tyto vznikaji
ze ,sesilnich serrated adenom(” (do ces-
tiny nékdy prekladanych do je5té horsi
formy ,prisedlé pilovité adenomy”), pre-
kurzorovou lézi karcinomu v terénu LS
je «konvencni” (tubularni, tubulovilozni
nebo vilézni) adenom. Jsou-li tedy v pe-

riferii tumoru zbytky prekurzorového se-
silniho serrated adenomu, jde s nejvétsi
pravdépodobnosti o sporadicky MSI-H
karcinom [52]. Nicméné tento jednodu-
chy diagnosticky znak vylucujici LS ne-
musi byt vzdy dostupny, at jiz z davodu
nedostatecného samplingu, nebo de-
strukce plvodniho adenomu pokroci-
lym adenokarcinomem.

Histologické vysetfeni samo o sobé
samozfejmé nemiiZe vést k diagnoze LS,
mize pouze vést k suspekci, kterd by
méla vést k odeslani vzorku nadoru
(a pripadné i nenadorové tkané) na pra-
covisté patologie vy3iiho typu zabyva-
jici se diagnostikou LS. Zde pak nasledu;ji
kroky popsané ve schématu 1.

Problémy s algoritmy - suspektni
LS a Lynch-like syndrom

Tyto dva terminy se obsahové Castecné
prekryvaji, bohuzel jsou dnes nékterymi
autory pouzivany jako synonyma, ac se
jejich vyznam lisi.

Termin ,suspektni Lynchiv syndrom”
(SLS) se dfive pouzival pro pripady, kdy
se nepodarilo prokazat molekularni
podklad LS u pacienta splnujiciho Am-
sterdamska kritéria a/nebo (R)BG. Zjed-
noduiené feceno, vétiinou se jedna
o familiarné se vyskytujici ¢asto vice-
cetné karcinomy, zejména CRC, které ne-
vznikaji v terénu polypézy. Vysvétleni je
samoziejmé fada, od environmentalnich
vlivi az po jiné familiarni karcinomové
syndromy, zejmena tzv. MUTYH asocio-
vanou polypozu (MAP), ktera se jednak
nemusi prezentovat polypozou, jednak
CRC vznikajici pri bialelické mutaci genu
MUTYH muze byt také MSI-H [53].

184

Klin Onkol 2016; 29(3): 180-186




DIAGNOZA LYNCHOVA SYNDROMU OD PATOLOGA

Pojem ,Lynch-like syndrom” (LLS) je
uZii a lépe definovany. Do této skupiny
patii piipady CRC, které vykazuji zndmky
dysfunkce MMR systému, tedy imuno-
histochemicky detekovany deficit né-
kterého z MMR proteinidl a/nebo pri-
kaz MSI-H, spolu s vylouéenim moznosti
sporadického MSI-H tumoru prikazem
absence mutace genu BRAF a hyperme-
tylace promotoru genu MLH1, ale u nichz
byly molekularné genetickym vy3etfe-
nim periferni krve vylouceny zarodecné
mutace MMR gent a 3' konce genu
EPCAM. Kromé moznosti falesné pozitiv-
nich vysledk{ imunohistochemického
vysetfeni na jedné strané a existenci mu-
taci nedetekovanych souéasnymi meto-
dami miZe byt tento fenomén vysvétlen
dvéma stavy prokazanymi v poslednich
dvou letech: somatickym mozaiciz-
mem [54] a somatickymi bialelickymi
mutacemi MMR gend, jejichz moznost
se drive popirala [54-57].

Zaver

LS je familidrni karcinomovy syndrom
zplGsobeny zdrode¢nou mutaci nékte-
rého z gent, jehoZ proteinovy produkt
se Gcastni opravy chyb v DNA vzniklych
pfi replikaci. Vzhledem k tomu, Ze vy-
skyt LS v populaci se nyni odhaduje az
na 5 % a vede ke vzniku malignich na-
dord jiz v produktivnim véku, sili v sou-
casné dobé tlak na zvyseni senzitivity
jeho detekce.

Efektivni algoritmus diagnostiky LS by
meél byt vysoce senzitivni, dostateCné
specificky, (relativné) levny a logisticky
jednoduchy. Z hlediska senzitivity a spe-
cificity se ukézalo zcela nedostateénym
spoléhat se na klinicka kritéria (zejména
rodinnou anamnézu). Proto se soucasné
postupy zaméfuji na detekci MSI-H tu-
mord, a to bud pfimo, zprostiedkované
pomoci imunohistochemie, nebo na za-
kladé histologického prikazu morfolo-
gickych znakd specifickych pro MSI-H
karcinomy.

Piestoze se jiZ podafilo i v nadich pod-
minkach zavést G&inny algoritmus pro
diagnostiku LS, nefunguje dosud dosta-
tecné systém zpétné vazby s klinickymi
lekari, ktefi by méli organizovat dalsi
pribéh vyietieni rodiny nemocného
s LS. Na viné je do znaCné miry pfeda-
vani pacienta po kolektomii mezi chirur-

gem, praktickym lékafem a onkologem,
b&hem kterého ,zapadne” zadost labo-
ratofe molekularni genetiky o periferni
krev, ktera je nezbytna k definitivnimu
prikazu LS. K optimalizaci diagnostiky
LS je tedy nezbytné zainteresovat do
diagnostiky LS i klinické Iékafe, bez je-
jichz aktivnf 4gasti neni mozna ani kom-
pletni diagnostika pacienta ani dalsi vy-
Setfeni jeho rodinnych pfisludnikQ.
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4 Zaver

Predkladany soubor publikaci zahrnuje pomérné dlouhy casovy usek, po ktery
prace vznikala. V prabéhu ptipravy disertatniho spisu a v dobé prace na jednotlivych
publikacich se stavalo stale ziejméjsi, Zze molekularné-genetickd klasifikace nadora GIT
v nejbliz8§i dob¢ nenahradi klasicky morfologicky pfistup, ale stane se integralni soucasti
jak diagnostického, tak prediktivniho pfistupu k jednotlivym 1ézim. V aktudlni 5. edici
klasifikaci nddorti Svétové zdravotnické organizace (WHO) vénované nadoriim traviciho
systému je u drtivé vétSiny jednotek uvadéna jako integralni soucast popisu celd tfada
molekularné-genetickych rysi, které se podileji na etiologii, které 1ze vyuzit k diagnostice
a které eventudlné ovlivituji prognézu daného typu nddoru. Trend je tedy jasné dany a je
evidentni, zZe bez molekularni genetiky nebude mozné néckteré nddorové jednotky
diagnostikovat, jiné 1é¢it, a u dalSich naptiklad stanovit prognézu. Na druhou stranu se zda,
ze pouze molekularné-geneticky definované jednotky budou vzacné a cisté geneticky
ptistup k diagnostice, alespoii v nejblizSich letech, nebude ten hlavni (8, 79). Rovnéz je
evidentni, ze diky Siroce rozsitené a dostupné technologii pro sekvenaci nadort ziskavame
stale nova a nova data. Bylo by velkou chybou pevné Ipét na dogmatech z let minulych,
jelikoz molekularné-genetické poznani jednotlivych nadort se velmi rychle vyviji a nazory
se rychle stavaji zastaralymi.

V soucasné dobé€ (2021) v ramci GIT neexistuje nddorova jednotka definovana cisté
na zaklad¢ molekuladrné genetickych vlastnosti. U velké ¢asti méné obvyklych nadorovych
jednotek je nutna korelace morfologie, imunohistochemickych vlastnosti a genetickych
abnormalit. Na druhou stranu, u velké casti 1ézi GIT pouhd morfologicka, byt i
imunohistochemicky podlozena diagndza nestaci vyhovét naroklim na stanoveni nasledné
onkologické 1€€by, popt. k detekci familidlnich nadorovych onemocnéni. V ramci predikce
se spektrum vySetfovanych alteraci dynamicky méni a je jisté, Ze molekularné genetické
zmény potiebné k diagnostice a 1€cbé budou popisovany a vyuZivany i1 nadale v daleko
vétsi mife, nez jsme odhadovali pred 10 lety.

V soucasnosti je tedy ziejmé, Ze molekularni genetika se uplatiiuje jako jeden
z nastroju diagnostiky nadort GIT, ale zejména je vyuZivana a nepochybné i v budoucnosti
bude vyuZzivana ke stanoveni prediktivnich parametri. Je pravdépodobné, Ze vybrané
parametry bude mozno v daleko vétSi mife vyuZivat napii¢ spektrem nadorovych 1ézi
s presahem mimo GIT. Takova situace je jiz skutecnosti napiiklad pro geny BRAF, RAS,
HER?2, atd. Dalsi vysoce perspektivni molekuldrni markery jsou spojeny s geny N7RK,
ROSI a jinymi. V nadchézejici éfe sekvenovani nové generace (jakoZto do budoucna
patrné bézné soucasti klinické péce) musime byt pfipraveni na situace, kdy genetické
vySetieni odhali nizce rizikové abnormality gend a riizné polymorfismy jednotlivych
nukleotidii, a musime byt schopni i tyto moZna Casto ne pfili§ jasné vysledky inkorporovat
do klinického managementu pacienta. Zaroven je tfeba jasné nastolit pravidla testovani —
ne zcela vyfeSena ziistdva otdzka, zda je pro prediktivni testovadni vhodnéj$i primarni
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tumor, ¢i metastaza. V soucasnosti je molekularné-genetické vySetieni prediktivnich
markeri provadéno z primarniho nadoru. Je vSak otdzkou, zda by pro predikci
metastazujiciho onemocnéni nebylo spiSe vhodné vySetfovat metastazy. Ukazuje se totiz,
Ze metastazy se Casto velmi podstatné lisi od primarniho nddoru, a to nejen morfologicky,
ale také v nékterych imunohistochemickych a zejména molekularné-genetickych
vlastnostech (80). Zustava pak otazkou, zda neni lepsi pro léCbu vySetiit patficnou
metastazu.

Tato disertani prace ma celkem Siroky zabér témat. Konkrétné pak komentuje
jednak moznosti vyuziti testovani SDHB pii detekci familidlnich GISTU a z nasi prace
veelku jednoznacné vyplynulo, ze detekce abnormalit gent SDHx je (s urCitymi
omezenimi) vyuzitelna jak pro diagnostiku vlastni 1éze, pro diferencidlni diagnostiku GIST
a jinych vietenobunéénych 1¢ézi i pro diagnostiku familialniho syndromu. V dalsi recentni
praci jsme prokazali, Ze Siroké screeningové testovani pomérné Uzce zvolené skupiny
kolorektalnich karcinomil dokaze vyselektovat nadory, které kromé zatazeni do zékladni
molekularné-genetické skupiny umoznuji modifikovat 1écbu dalsi cilenou terapii. Velmi
komplexni diagnosticky ptistup jsme pouzili v praci popisujici hlavni morfologické rozdily
mezi nediferencovanymi karcinomy se sarkomatoidni diferenciaci a gastrointestinalnimi
stromdlnimi  tumory. Infiltrace do tukové tkan¢, lymfatickd invaze, absence
imunoreaktivity s protilaitkou DOGT1 a dalsi morfologické rysy (zmény piipominajici nador
ze zloutkového vacku, zmény pfipominajici angiosarkom) ukazovaly vyznamné na
diagnézu nediferencovaného karcinomu a nikoliv gastrointestinalniho stromdlniho tumoru.
Oproti pomé&mé komplikované molekularné-genetické metodice tato jednoduché vySetteni
rychleji a vyznamné levnégji odlisi tyto skupiny nadorti. Dale jsou piedstaveny tfi prace
zamé&fené na diagnosticky algoritmus Lynchova syndromu, kde prokazujeme, Ze rutinni
zavedeni  univerzalniho  imunohistochemického  screeningu  nadorGi  pomoci
imunohistochemického prikazu exprese MMR proteinid méa dobrou specificitu a sensitivitu
pro zachyt pacientti suspektnich z Lynchova syndromu.

Zavérem lze fict, Ze Cist€é molekularné-geneticky pfistup nemusi nutné vést
ke spravné a rychle stanovené diagnoéze. Tak, jako je tomu u vétSiny nddorovych 1ézi
v lidské patologii, prozatim i1 v GIT plati, Ze molekularné-genetické metody maji byt ve
vétsin€ piipadd indikovany az na zékladé¢ prvotni diagnostické praci zaloZené na
morfologii a imunohistochemii. Na druhou stranu soubor naSich praci demostruje roli
molekularné-genetickych rozborti v soucasném modernim diferencidlné diagnostickém
pfistupu a pii stanoveni prognoézy u vybranych nadorovych 1ézi GIT. Soucasné ale
ukazujeme, ze 1 v moderni patologii je stale kladen diiraz na zadkladni morfologickeé
vysetieni, kde morfologie dava impuls k vygenerovani dalSich specidlnich nadstavbovych
vySetieni. Moderni diagnosticky ptistup pak klade stidle vysSi naroky na patology, ktefi
kromé své ,klasické* morfologické prace musi umét spravné odhadnout a indikovat
molekularné-genetickd vysetieni tam, kde je to nutné pro dal$i management pacienta.
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