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Piredmluva

Predkladand doktorska dizertacni prace je rozdélena do dvou ¢asti. Prvni ¢ast je vénovana
obecné problematice vzacnych nadort traviciho traktu se zvlastnim pfihlédnutim ke

gastrointestinalnimu stromalnimu tumoru.

Ve druhé¢ casti jsou shrnuty cile a vysledky prace v podob¢ péti komentovanych
¢lankd, na kterych se autorka podilela a jejichZ plné znéni je soucésti dizertacni prace. Ve
tiech ptipadech se jedna o ¢lanky publikované v zahrani¢nich periodicich s impact factorem,
¢tvrty piispévek byla piijat k tisku v tuzemském recenzovaném casopisu. Posledni prace

zatazena do obsahu nebyla v dobé psani doktorské dizertacni prace dosud publikovana.
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Abstrakt

Nadory traviciho traktu zaujimaji v celosvétové incidenci piedni postaveni. Z
epidemiologického hlediska se jedna predevsim o adenokarcinomy. Neepitelové nadory
naproti tomu pfedstavuji minoritni skupinu, kterd je klinicky neméné vyznamna, avSak
detailni informace o jednotlivych naddorech jsou vzhledem k jejich nizkému zastoupeni

V populaci ¢asto insuficientni.

Tato skupina je reprezentovana zejména mezenchymalnimi neoplaziemi, z nichz
nejcastéjsi a nejvyznamngjsi jednotkou je gastrointestinalni stromalni tumor (GIST). Diky
soucasnym diagnostickym moznostem bylo zjiSténo, Ze v patogenezi tohoto nadoru hraje roli
celd fada genii. Na zdkladé téchto poznatki 1ze GIST rozdélit do né€kolika genetickych
variant, které se li§i svoji prezentaci i odpovédi na 1écbu. Diferencialné diagnosticky je
dilezité odlisit od sebe tyto jednotlivé varianty, ale i nadory, které morfologicky ¢i
imunohistochemicky GIST ptipominaji. Molekularni genetika hraje ¢asto v téchto
diagnosticky nejasnych ptipadech zésadni roli a kromé urceni spravné diagnozy jsou jeji

vysledky podkladem k indikaci specifické terapie.



Summary

Tumors of digestive tract hold a leading position in the global incidence. From the
epidemiological point of view, these are predominantly adenocarcinomas. On the other hand,
nonepithelial tumors represent a minority group that is equally clinically important, but

detailed information on individual tumors is often insufficient due to their low prevalence.

This group is mainly represented by mesenchymal tumors, of which the most common
and most important is the gastrointestinal stromal tumor (GIST). Thanks to the current
diagnostic methods it has been found that plenty of genes play a role in the pathogenesis of
this tumor. On the basis of these findings, GIST may be divided into several genetic variants
which differ in their clinical presentation and response to treatment. The aim of differential
diagnosis is to distinguish these individual variants from each other, as well as from tumors
resembling GIST morphologically or immunohistochemically. Genetic investigation plays
often crucial role in such diagnostically unclear cases. Besides being essential to reach precise
diagnosis, the results of molecular genetic investigation significantly influence the choice of

treatment.



Obsah doktorské disertacni prace

A B ST RAK T .o e et et e et e e e e e e et e et e e e e e et et et e e et e e et et r ettt er e 3
ABECEDNI SEZNAM POUZITYCH ZKRATEK ...oveeeeveeee oo eeeeeeeeeer e eeeeeeseeeeerareesseenenans 6
| 6 Y40 ) D YR 8
1.1 Gastrointestinalni stromalni tumor (GIST) — sou€asné Poznatky ............ccevvvviiriiirerinisiseeeeee s 8

1.1.1 Molekularné geneticka klasifikace GISTU........ccooiiiiiiiiiiiiiii s 14

1.1.2 Diferencialni diagnostika GISTU .......ccviiiiiiiiiiiiiiii e 26
2. CILE PRACE A PUBLIKOVANE VYSLEDKY ..oooeteveveeeeeeseeeeeeeererereeeeeseseseseseeseserenn, 37

2.1 Daum O., Sedivcova M., Dubova M., Michal M. (2012): KIT mutations and sequence changes in genes
encoding SDH complex possibly need not be mutually exclusive in gastrointestinal stromal tumors. ................ 37

2.2 Dubova M., Sedivcova M., Michal M., Kokoskova B., Ryska A., Smid D., Daum O. (2015): Utility of
immunohistochemical investigation of SDHB and molecular genetic analysis of SDH genes in the differential
diagnosis of mesenchymal tumOrs OF GIT. .....oooiiiiii e 41

2.3 Dubova M, Sedivcova M., Saskova B., Hadravska S., Daum O. (2016): Nonsyndromic Intestinal Lipomas
are Probably not Associated With Mutations 0f PDGFRAL. ..........coiiiiiiiii e 53

2.4 Dubova M., Daum O., Salajka P., Fabian P., Babankova 1., Svajdler M. (2017): Jaka je Vase diagnoza?
DOGL1 imunoexprese V mekkotkANovych NAAOTECH. .........eviviiiiiiirii e 58

2.5 M. Dubova, M. Svajdler, P. Fabian, L. Kren, I. Babankova, M. Jezova, J. Stehlik, M. Michal, O. Daum.
(2017): Distribution of SDHC methylation in neoplastic and non-neoplastic tissue in patients with Carney triad.

.............................................................................................................................................................................. 64
B ZAVER oo, 80
A, LITERATURA ..o e et e e e et e e oo 81



Abecedni seznam pouzitych zkratek

Akt - Proteinkindza B (Thymoma
of AKR mice)

ALK - Anaplastic lymphoma
kinase

AMA — Antimitochondrial antigen
antibody

APC - Adenomatous polyposis
coli
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domain-containing protein 1A
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domain-containing protein 1B
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carboxamide ribonucleotide

formyltransferase/IMP
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stromalni tumor
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EML4 - Echinoderm microtubule-
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ER — Estrogenovy receptor

ESS — Endometrialni stromalni
sarkom

ETV6 - Ets Variant Gene 6
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FGFRL1 - Fibroblast growth factor
receptor 1

FGFRA4 - Fibroblast growth factor
receptor 4

FLT3 - Fms like tyrosine kinase 3
FN1 - Fibronectin 1
FOXO1 - Forkhead box O1

GFAP - Glial fibrillary acidic
protein

GIST — Gastrointestinalni
stromalni tumor

GLUT1 - Glucose transporter 1

HIF1-a - Hypoxia-inducible factor
1- alpha

HMB45 - Human Melanoma
Black 45

HOOKS - Hook Microtubule
Tethering Protein 3

HRAS - Hras proto-oncogene
(Harvey rat sarcoma virus
oncogene)

HSP90 - Heat shock protein 90
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DNA-binding protein 4
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bunky

IFP — Inflammatorni fibroidni
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IGF1-R - Insulin-like growth
factor 1 receptor

IMT — Inflammatorni
myofibroblasticky tumor

IRS1 - Insulin receptor substrate 1
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zinc finger protein 1

KIT - KIT proto-oncogene
receptor tyrosine kinase

KRAS - Kras proto-oncogene
(Kirsten rat sarcoma virus
oncogene)

LMNA - Lamin A/C

LTK - Leukocyte receptor tyrosine
kinase

MAPK - Mitogen-activated
protein kinases

MARK?2 - Microtubule Affinity
Regulating Kinase 2

MAX - Myc-associated factor X

MEN1 — Mnohocetna endokrinni
neoplazie typu 1

MEN2b — Mnohocetna endokrinni
neoplazie typu 2b

MM — Maligni melanom
mMRNA - Messenger RNA

mTOR - Mammalian target of
rapamycin

MYODL1 - Myogenic
Differentiation 1 gene

NAB2 - NGFI-A binding protein 2

NCOAZ2 - Nuclear Receptor
Coactivator 2



NELFCD - Negative elongation
factor C/D

NF1 — Neurofibromatdza typu 1
NF2 — Neurofibromatéza typu 2
NFP — Neurofilament protein
NRAS - Nras proto-oncogene
NSE - Neuron Specific Enolase
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transcription factor 3/4
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PARK?2 - Parkinson disease
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1. Uvod

Nadory traviciho traktu patii celosvétoveé mezi nejcastéjsi neoplazie. Morfologicky i klinicky
jde o heterogenni skupinu 1ézi, v niz pedni misto zaujimaji nadory epitelového piivodu. Ve
stinu této majoritni skupiny ziistavaji vzacnéjsi nadory neepitelové provenience, zejména
nadory mezenchymalni. Diky souc¢asnym diagnostickym moznostem byla odhalena
patogeneze 1 molekuldrné geneticka podstata fady téchto 1ézi. Ziskané informace ovlivnily
nejen diferencialné diagnosticky postup, ale ptispély i k vyvoji cilené terapie, ¢imz vedly

k prodlouzeni piezivani a zvySeni kvality zivota postizenych pacientu.

1.1 Gastrointestinalni stromalni tumor (GIST) — sou¢asné poznatky

Ackoli incidence gastrointestinalniho stromalniho tumoru (GISTu) neptesahuje 10-15 novych
pfipadli na 1 milion obyvatel za rok, pfedstavuje GIST nej¢astéjsi nador traviciho traktu
mezenchymalniho ptivodu. GIST se vyskytuje predevsim v dospélosti, primérny vék pacientl
se pohybuje okolo 60 let. Obé pohlavi byvaji postiZena stejnou mérou, vyjimku tvoii
podskupina tzv. pediatrickych GIST1, u nichz byla zaznamenana vyssi prevalence
postizenych divek. Klinick4a prezentace nddoru zahrnuje abdominalni dyskomfort, krvéaceni ¢i
obstrukéni symptomy, malé tumory mohou byt vSak zcela asymptomatické a piedstavuji
nahodny nalez pti endoskopickém vySetieni z jinych ptic¢in. Mikroskopicky je nador tvofen
vietenitymi a/nebo epiteloidnimi butikami, které jsou vSeobecné povazovany za derivaty
bunéénych linii diferencujicich se smérem k intersticidlnim (pacemakerovym) Cajalovym

buiikdm (ICC) [255].



GIST byl v minulosti fazen mezi neoplazie vychazejici z hladkosvalovych bunék [97].
Teprve v 80. letech 20. stoleti byl nador vyclenén jako samostatna entita pod nazvem
stromalni tumor, pficemz tento termin zahrnoval mezenchymalni nadory, které¢ nevykazovaly
znamky neurogenni ani hladkosvalové diferenciace [168]. V roce 1998, ktery lze povazovat
Z hlediska poznani GISTu za pielomovy, byla zjisténa imunopozitivita nadorovych bun¢k
Vv pritkazu proteinu KIT (CD117) i jejich podobnost s ICC [233]. Ve stejném roce byla
kolektivem japonskych autorti publikovana prace popisujici aktivacni (,,gain of function®)
mutace genu KIT v GISTu [116]. Pfes pocate¢ni skepticismus byla v roce 2001 potvrzena
ucinnost 1écby GISTu imatinibem, selektivnim kompetitivnim inhibitorem receptorovych
tyrosinkinaz [128]. Pozdé&jsi priukaz mutaci genit PDGFRA [111, 117], BRAF [2, 8] ¢i mutaci
v genech kodujicich podjednotky mitochondrialni sukcinat dehydrogenazy (SDHx) [125]
potvrdil, Ze jde o geneticky heterogenni skupinu nadora s riznym klinickym obrazem i

biologickymi vlastnostmi.

Recentni prace shrnujici poznatky z 29 studii (zahrnujici epidemiologické data od vice
nez 13 000 pacientt) udava nejvyssi vyskyt GISTu v Zalude¢ni sténé (56,6%) a v tenkém
stievé (31,8%), ¢imZ potvrzuje dosavadni predstavu o predilekéni lokalizaci tohoto nadoru.

V mensi mife mize GIST postihovat tlusté stievo a jicen [255]. Vzacné se GISTy nachazeji
mimo travici trakt, napt. v retroperitoneu, mesenteriu, omentu [49, 180, 220] ¢i pankreatu
[61]. Tyto nadory vsak pravdépodobné nelze povazovat za pravé extragastrointestinalni
stromalni tumory (EGISTy), nebot’ zfejmé pfedstavuji subser6zni GISTy Zaludku ¢i stieva,
které se extrémné vyklenuji mimo sténu gastrointestinalniho traktu a ztraceji s ni kontakt [4].
Raritni skupinou jsou GISTy vznikajici napt. v prostaté [151, 270], vaginé [43], d€loze [287]

¢i na pleute [156].



Makroskopicky jde pfevazné o dobie ohrani¢ené tumory Sedobilé barvy, elastické
konzistence, homogenni az naznacen¢ fibrilarni struktury, nékdy s regresivnimi zménami,
které nejcastéji vychazeji z muscularis propria zaludeéni ¢i sttevni stény a vyklenuji se do

lumen, ptipadné na serézni povrch travici trubice.

Z morfologického hlediska lze GISTy rozdé¢lit na vietenobunécné (70%), epiteloidni (20%) a
na GISTy se smiSenym fenotypem (10%), pfi¢emz kazda skupina ma fadu specifickych
subtypti. Nadorové bunky byvaji ¢asto uspotadany do svazkl oddélenych fibroznim ¢i
myxoidnim stromatem, vyjimkou nejsou ani varianty storiformni, difizni, alveolarni,
piipadné vytvarejici organoidni struktury [185]. Za patognomické znaky jsou povazovany
perinuklearni vakuolizace [177] a skenoidni vlakna (eosinofilni, PAS pozitivni extracelularni

material) [112].

Piestoze ve vétSiné pripadli ma GIST charakteristicky morfologicky obraz jiz v konvenénim
barveni hematoxylinem a eozinem, je nutné tuto diagnézu potvrdit imunohistochemickym

vysetienim.

Zlatym standardem je imunohistochemicky prikaz proteinu KIT (CD117), ktery byva
pozitivni az v 90% GISTi, véetné téch, které nesou jiné mutace nez KIT [175]. Zavadéjici
vSak muze byt pozitivita v nékterych 1ézich vstupujicich do diferencialni diagnostiky GISTu,
jako napf. v intraabdominalni fibromatoze [51]. Negativni vysledek tohoto barveni diagnézu
GISTu nevylucuje [172, 235]. KIT-negativni GISTy mohou byt asociovany s aktivaénimi
mutacemi genu PDGFRA. Tyto nadory jsou pozitivni v imunohistochemickém prtkazu
PDGFRA a byva pro né typickd Zaludecni lokalizace, epiteloidni morfologie a myxoidni
stroma s mastocytarni infiltraci a mnohojadernymi bunkami [58, 214, 232, 281]. Reakce

s protilatkou PDGFRA muze vSak byt pozitivni i v intraabdominalni fibromatoze [153].
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Za nejspolehlivéjsi imunohistochemicky marker je v souc¢asné dobé povazovan DOG1 [158,
203, 289]. Piesto, Z¢ je tato protilatka exprimovana téméi ve vSech GISTech nezavisle na
jejich genetickém profilu [283], nelze ani tuto povazovat za stoprocentné specifickou, nebot’
pozitivita tohoto markeru byla rovnéz prokazana i v malé populaci synovialnich sarkomu,

leiomyosarkomi, malignim melanomu i solidné pseudopapilarnim tumoru pankreatu [26,

293].

Protilatka CD34, dfive hojn€ vyuzivana k odliseni GISTu od nadort vychazejicich z hladké
svaloviny, ma v soucasnosti vzhledem ke své nizké specificité¢ omezeny vyznam [203].

V dusledku mozné parcidlni leiomyocelularni diferenciace mize GIST reagovat pozitivné

s n¢kterymi hladkosvalovymi markery, pfedevsim hladkosvalovym aktinem (SMA). Desmin
byva pozitivni jen vzacné€, naopak pozitivita h-caldesmonu byla opakované potvrzena [107,
187]. Pozitivni prukaz proteinu S100 by m¢l v prvé fadé vzbudit podezieni na schwannom, i
piesto je tento protein exprimovan az v 10 % GISTU, zejména asociovanych

s neurofibromatozou 1. typu [173, 262], a podle nékterych studii ma jeho pozitivni exprese

negativni prognosticky vyznam [216, 234].

Vsechny GISTy je nutné povazovat za potenciadlné maligni nadory. Agresivni chovani
1ze predikovat na zékladé¢ velikosti, mitotického indexu 1 lokalizace nadoru, pfi¢emz riziko
agresivniho chovani byva nejmensi u tumort nepfesahujicich 2 cm, s nizkym mitotickym
indexem (< 5 mit6z/5 mm?), lokalizovanych v Zaludku. Se $patnou prognézou jsou naopak
spojovany nadory objemné (> 10 cm), mitoticky aktivni (> 5 mit6z/5 mm?), lokalizované
mimo zaludec¢ni sténu [81, 176, 178, 185]. Infiltrativni rust, pfitomnost nekroz, vzdalené
metastazy, vysoka celularita nddoru ale i riizné genové alterace (viz kapitolu 1.1.1) patii

rovnéz mezi prognosticky neptiznivé znaky [142].
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Resekce miize, zejména v ptipad¢ malych nadora, predstavovat definitivni
terapeutické feseni. U lokalné pokrocilych, inoperabilnich ¢i metastazujicich GIST1 je
systémovym lékem volby imatinib, inhibitor receptorovych tyrosinkinaz KIT a PDGFRA,
ktery se na zakladé prvotnich vybornych vysledku stal zakladni terapeutickou modalitou
[128]. Rada nadort viak v diisledku své primarni ¢i sekundarné vzniklé mutace na tuto 1é¢bu
nereaguje. Ve snaze prekonat primarni i sekundéarni rezistenci GIST1 je vyvijena celé fada
alternativnich 1€k, které zasahuji na rznych urovnich ptislusnych signélnich kaskad.
Multikindzovy inhibitor sunitinib schopny vazby na aktivni misto proteinovych kindz
PDGFRA, PDGFRB, VEGFR2, VEGFR3, FLT3, CSF1-R a RET ptedstavuje klinicky ptinos
pro pacienty s GISTem rezistentnim na 1é¢bu imatinibem ¢i intoleranci k této 16¢bé [303].
Terapeutikem vyclenénym pro 1é¢bu imatinib a sunitib-rezistentnich GIST1 je regorafenib,
ktery inhibuje tyrosinkindzy KIT, PDGFR, RET, RAF1, BRAF, VEGFR1-3, TIE2 a FGFR a
vyrazné snizuje riziko progrese onemocnéni [69]. Slibné vysledky piinasi i terapie

Sirokospektrymi inhibitory nové generace (nilotinib, dasatinib, sorafenib) [236].

Nov¢ identifikované mutace jsou podnétem k dalSimu vyvoji a testovani 1é€iv, z nichz néktera
jsou jiz vyuZzivana k terapii jinych onemocnéni. Pacienti S GISTy mutovanymi v genu BRAF
by mohli profitovat z 1é¢by dabrafenibem [79]. Potencialni terapii RAS-mutovanych GISTu
ptredstavuji inhibitory RAS signalni drahy (lonafarnib, tipifarnib ¢i salirasib) [20]. GISTy
nesouci mutace v genech zapojenych do PIK3/Akt/mTOR signélni kaskady by mohly byt
terapeuticky ovlivnitelné pomoci inhibitora PIK3 (pictilisib) [9, 85, 264] a inhibitort mTOR
(everolimus, sirolimus) [268]. Inhibitory IGF1R (linsitinib) jsou novou perspektivou v 1é¢bé
SDHB-deficientnich GISTu [89]. Ve fazi testovani je inhibitor tropomyosinovych
tyrosinkindz (larotrectinib), ktery by mohl byt vyuZit v terapii GIST1, u nichZ byla nedavno

prokazana fuze genu NTRK. Systémova aplikace selektivnich inhibitord FGFR (lenvatinib,
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ponatinib, pazopanib) se nabizi jako nova terapeutickd moznost pro pacienty s GISTy
mutovanymi v genu FGFR1 [240]. Jako terapeuticky piinosné se jevi i vyuziti inhibitoru
chaperonového proteinu HSP90 (Heat shock protein 90), zvlasté v 1éCbe imatinib a sunitinib-

rezistentnich GISTu [275], které je vSak prozatim pouze exprerimentalni.
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1.1.1 Molekularné geneticka klasifikace GISTu

IGF-1R
KIT FGFR1 | IRS1 I 4—{ NTRK
PDGFR Krebsiiv evklus
sukcinat fumarat
SDH
NF1 _| RAS PIK3CA
+ v PTEN
RAF Akt
MAPK mTOR
HIF1 «
Proliferace Proliferace

Angiogeneze

Schematické zndzornéni signalnich drah uplatiiujicich se v patogenezi GISTu

GIST predstavuje geneticky heterogenni skupinu nadorti. Diky soucasnym moZznostem
molekularni genetiky byl GIST stratifikovan do fady subtypt, které se li§i svym biologickym
chovanim i klinickou prezentaci. Pokracujici vyzkum v tomto oboru je zcela zdsadni nejen

z hlediska diagnostiky, ale je i zakladem individualniho pfistupu k pacientovi a volby

spravného terapeutického postupu [11].
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Sporadické adultni GISTy jsou zdaleka nejcastéji asociovany se somatickymi
mutacemi gent kodujicich receptorové tyrosinkinazy KIT nebo PDGFRA. Ve vzacnych
piipadech miize jit o germinalni mutace tychz gent, které vedou k rodinnému vyskytu
mnohocetnych nadort a v nékterych piipadech i abnormalni pigmentaci a mastocytoze [25,

165, 201, 223].

Receptorové tyrosinkindzy (RTK) patii mezi transmembranové proteiny, jejichz
extracelularni ¢ast vytvari receptor pro specificky ligand a intracelularni katalyticka cast je
schopna vazat a fosforylovat pfislusné substraty. Po vazb¢ ligandu na extracelularni doménu
dochazi ke konformac¢nim zménam receptoru vedoucim k jeho enzymatické aktivaci. Na
intracelularni doméné tyto zmény umozni vazbu ATP a substratu na aktivni misto enzymu,
¢imz je spusténa kaskada dé&ju, ktera prostfednictvim nékolika proteinti pfendsi extracelularni
signal do jadra buiiky, v némz dochdzi ke zménam trovné exprese piislusnych gent.
Aktiva¢ni mutace (,,gain of function®) genti kodujicich RTK vedou k ligand-independentni
aktivaci prislusné RTK a tim i Cetnych signédlnich drah, z nichz nejlépe prozkoumané jsou

signalni kaskady RAS/RAF/MAPK a PI3K/Akt/mTOR [226, 254, 265].

Pro problematiku GISTu mé nejvétsi vyznam rodina RTK oznacovanych jako PDGFR
(Platelet-derived growth factor receptor), pti¢emz v patogenezi se uplatituji mutace gent

koédujicich RTK KIT a PDGFRA.

KIT gen (v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog) byl
poprvé izolovan ve druhé poloviné 80. let z akutn¢ transformujiciho retroviru koc¢i¢iho
sarkomu [27]. Nasledn¢ byl protoonkogen c-Kit identifikovan i u ¢lovéka. Tento gen kodujici
transmembranovou receptorovou tyrosinkinazu aktivovanou dimerizaci a autofosforylaci po
vazbé¢ ligandu SCF (stem cell factor) je lokalizovan na dlouhém ramenu chromozomu 4

v lokusu 11-12 a sestava z 21 exonu [299]. Mutace KIT se v patogenezi GISTu uplatiiuji
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ptiblizn¢ v 75-85 % ptipadu, pfi€emz nejcastéji jsou akumulovany v tzv. ,,hot spots®, které
odpovidaji exonim 9, 11, 13 a 17 [53, 110, 231]. Velmi vzacné jsou mutace v exonech 8, 12,
14 a 18 [121, 213]. Poprvé popsané a zaroven nejéastéjsi jsou mutace v exonu 11, koédujicim
juxtamembranovou doménu proteinu [116]. Oproti puvodnim pifedpokladiim, které spojovaly
mutace Vv exonu 11 obecné s hor$i prognézou [77], byly tyto pozdé&ji prokazany téméf ve
vSech GISTech mensich nez 1cm (GIST-tumorlets, micro-GISTs), které se az na vyjimky
chovaji benigné [16, 231]. Z prognostického hlediska je vSak nutné zohlednit typ mutace,
nebot’ delece v exonu 11 jsou asociovany S krat$im intervalem bez progrese onemocnéni a
jsou povazovany za marker maligniho chovani. Naproti tomu substitu¢ni mutace byvaji

spojovany s lepsi prognozou [53, 252, 282]. GISTy mutované v exonu 11 KIT jsou nejvice

senzitivni k terapii imatinibem.

Ptiblizné u 10 % vsech KIT mutovanych GISTa (a téméf u 23 % GISTu tenkého
stteva) se vyskytuji mutace v exonu 9. Tumory nesouci tyto mutace jsou spojovany s horsi
progndzou a Castéji vytvaieji metastazy na peritoneu [53, 140]. Ptesto vSak pacienti profituji

z 1é¢by imatinibem, pokud je tato podavana ve zvySené davce [65].

Mutace v exonech 13 a 17 KIT se objevuji ve sporadickych GISTech vzacné [137,
149] a mohou byt rezistentni na terapii inhibitory RTK (imatinib i sunitinib), zvlasté pokud se

jedna o mutace sekundarni [82].

Gen PDGFRA (Platelet-derived growth factor receptor a) se strukturalné podoba genu
KIT. Je lokalizovan na dlouhém ramenu chromozomu 4 v lokusu 12, sestava z 23 exonu a
stejné jako KIT nalezi do PDGFR tyrosinkinazové rodiny [132]. V roce 2003 byly ve skuping
wt-KIT/KIT-imunonegativnich GISTa prokazany aktiva¢ni mutace tohoto genu [111, 117],
které jsou nejcastéji akumulovany v exonech 12, 14 a 18 [146]. Nejcast&jsi je substituce

D842V v exonu 18 [54, 121]. Nadory s timto typem mutace jsou povazovany za rezistentni
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K terapii imatinibem, naproti tomu daleko vzacnéj$i muta¢ni zmény v exonech 12 a 14 jsou

imatinib-senzitivni, asociované s dobrou prognozou [144, 146, 172].

GISTy mutované v PDGFRA se predilekéné nachézeji v zaludeéni stén€ a maji
specificky morfologicky obraz [58, 144, 214, 215, 232, 300]. Byva pro n¢ typicka epiteloidni
struktura a v jejich myxoidnim stromatu lze nalézt mastocytarni infiltraci ¢i mnohojaderné

buriky [58, 66, 214, 232, 281, 294].

Kromé GISTl byly mutace PDGFRA detekovany i v dal§ich mezenchymalnich
nadorech traviciho traktu, které spadaji do diferencialni diagnostiky. Jde o Vaitkovy tumory
(inflammatorni fibroidni polypy, IFP) [59, 148] a tzv. ,,fibrozni tumory* [63]. Vainikovy
tumory 1 ,,fibrézni tumory* mohou vznikat sporadicky na podkladé somatické mutace
PDGFRA, mohou vSak byt 1 sou¢asti tzv. PDGFRA-mutantniho syndromu, ktery je podminén
germinalni mutaci PDGFRA a je charakterizovan familiarnim vyskytem mnohocetnych

intestinalnich lipomt, ,,fibroznich tumort*, IFP a zalude¢nich GISTu [42, 210, 223].

Pfiblizn¢ 10-15 % GISTu neni asociovano s mutacemi KIT/PDGFRA [121]. Nejvétsi
¢ast této skupiny predstavuji tzv. SDHB-deficientni GISTy charakterizované ztratou
imunoexprese sukcinatdehydrogenazové podjednotky B (SDHB), jejiz absence odrazi
dysfunkci celého enzymatického komplexu [95, 280]. Sukcinatdehydrogenaza (SDH) je
enzymaticky komplex vazany na vnitini mitochondridlni membrané, ktery katalyzuje oxidaci
sukcinatu na fumarat. SDH je jednim z enzymt Krebsova cyklu, zaroven je zapojena i do
procesu bunééného dychani. Jde o heterooligomer slozeny z podjetnotek A, B, C a D,
vedlejSich asociovanych molekul (SDHAF1 a SDHAF2), kovalentné vazaného koenzymu
FAD a tzv. FeS klastri (metaloproteint obsahujicich komplexy Zeleza s anorganickou sirou)
[118]. Inaktivace n¢které z hlavnich podjednotek nebo asociovanych molekul v disledku

mutace Ci epigenetické dysregulace prislusného genu vede k akumulaci sukcinatu a tim k
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destabilizaci SDH. Dochazi ke zvysené transkripci HIF1-a a poklesu demetylace DNA. Tento
proces vede k rozvoji pseudohypoxie, ktera hraje klicovou ulohu v onkogenezi takto
poskozenych bunék [98, 272]. Soucasné dochazi ke zvySeni transkripce faktord VEGF a

IGFR1 ptispivajici k angiogenezi a ke stimulaci bunééného rustu [68, 124, 147, 280].

Na zékladé ztraty imunoexprese SDHB byly GISTy rozdéleny do dvou velkych skupin
a to na SDHB-pozitivni (vétsina sporadickych adultnich GISTa, NF1-asociované GISTy) a
SDHB-negativni (deficientni), pticemz GISTy se ztratou exprese SDHB zahrnuji vétsinu tzv.
pediatrickych® GIST1 [95, 108] a dale GISTy vznikajici v ramci Carneyho trias [40, 104] a
syndromu Carney-Stratakis [41, 125]. Spole¢nym jmenovatelem SDHB-deficientnich GISTG
je predominantni zalude¢ni lokalizace (¢asto multifokalni), epiteloidni morfologie, nodularni
¢i plexiformni uspofadani, abnormalni biologické chovéni, které nekoreluje s velikosti tumoru
ani mitotickym indexem, 1 ¢asné zakladani metastaz pfedevSim v regionalnich lymfatickych
uzlinach [6, 280]. Tyto GISTy jsou navic charakterizované overexpresi IGF1R [126, 280].
SDHB-deficientni GISTy byvaji rezistentni k terapii imatinibem, pacienti v§ak profituji
z 1é¢by multikinasovymi inhibitory (sunitinib) [280], pfinosem by mohla byt i terapie

inhibitory IGF1R [89, 263].

Carneyho trias byla popsana jiz v roce 1977 J. A. Carneyem a spolupracovniky jako
nefamiliarni syndrom neznamé etiologie zahrnujici pfitomnost Zalude¢niho GISTu (pGvodné
povazovaného za leiomyosarkom), extraadrendlniho paragangliomu a plicniho chondromu
[40]. Témer v 80 % ptipadid neni tato trias plné vyvinuta (nejcastéjsi kombinaci je GIST a
plicni chondrom) [36, 241] a navzdory pivodni definici jsou dnes za soucast syndromu
povazovany i adenomy kiry nadledvin ¢i leiomyomy jicnu [39]. Charakteristicky byvaji
postizeny mladé Zeny. GISTy byvaji lokalizované v Zalude¢ni stén€, mohou byt

multicentrické, v histologickém obraze dominuje epiteloidni komponenta. Oproti
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sporadickym GISTum asociovanym s mutacemi KIT/PDGFRA zakladaji ¢asné metastazy,
jsou imatinib-rezistentni, paradoxn¢ je vsak jejich chovani ve vétsiné piipadi indolentni [29,
38]. Germinalni mutace nékterého z genit SDH (SDHXx), ktera by se vzhledem k nadorové
multiplicit¢ i SDHB deficienci nabizela jako mozna pfi¢ina onemocnéni, nebyla dosud
(spolehlive) prokazana. Proti tomuto tvrzeni stoji vysledky pouze jedné recentni prace
popisujici Sest pacientti s Carneyho trias, u nichz byly prokadzany germinalni mutace v SDHA,
SDHB a SDHC, pfi¢emz u pacientky s germinalni mutaci SDHC byl kromé¢ zalude¢niho
GISTu a plicniho chondromu ptitomen i ganglioneurom [31]. Az do roku 2014 byl jedinou
moznosti, jak odliSit Carneyho trias od syndromu Carney-Stratakis, pravé priikaz absence
germinalnich mutaci. V uvedeném roce vsak byly publikovany dvé vyznamné prace, které
prokazaly v nadorovych tkanich pacientti s Carneyho trias hypermetylaci promotoru SDHC
vedouci ke snizeni exprese mRNA a tim ke snizeni aktivity SDH [104, 135]. Nicmén¢ ani
tento specificky znak nevysvétluje prvotni pfic¢inu onemocnéni. Jako mozna pficina je uvadén
postzygoticky somaticky mozaicismus [241] i moZnost mutace né€kterého genu pro regulacni
faktor ucastnici se prenosu signalti od RTK a signalii z mitochondridlnich enzymu citlivych
na hypoxii. Za mozného kandidata je pokladan transkrip¢ni faktor HIF-1a, ktery je pod
vlivem SDH, ale je zaroven zapojen do RAS/RAF/MAPK 1 PI3K/Akt/mTOR signalnich drah

fizenych prostiednictvim RTK [15].

Syndrom Carney-Stratakis (syndrom ,,familiarni paragangliom-GIST*) byl ptivodné
povazovan za inkompletni formu Carneyho trias. Familiarni vyskyt s autozomalné
dominantnim typem dédicnosti (s inkompletni penetranci), stejnomérné postizeni muzl i Zen,
nepfitomnost plicniho chondromu 1 vyssi zastoupeni paragangliomu ve vySetfovaném souboru
vedly v roce 2002 k vy¢lenéni tohoto syndromu jako samostatné jednotky [41]. O n€kolik let

pozdé&ji byly v nadorech postizenych pacientl prokdzany germinalni inaktivaéni mutace
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v genech SDHB, SDHC a SDHD [170, 211], kter¢ jsou rovnéz zodpovédné za hereditarni
feochromocytom/paragangliom syndrom [171]. Krom¢ ztraty imunoexprese SDHB a
overexprese IGF1R, se GISTy i paragangliomy u tohoto syndromu morfologicky nelisi od
svych sporadickych protéjskt. Mutace gentt KIT/PDGFRA nebyly v GISTech tohoto

syndromu prokazany [278].

Minoritni skupinu z hlediska frekvence vyskytu piedstavuji GISTy, v jejichz

patogenezi hraji roli geny NF1, BRAF, RAS, PIK3CA, PTEN, NTRK3 ¢i FGFR1 [57, 198].

Gen NF1 je lokalizovany na dlouhém ramenu chromozomu 17 v lokusu 11.2.
Genovym produktem je tumor supresorovy protein neurofibromin, ktery se prostfednictvim
aktivace proteinu RAS podili na regulaci bunééné proliferace. Germinalni mutace tohoto genu
je pti¢inou neurofibromatozy 1. typu (NF1), autozomaln€ dominantné dédi¢né choroby,
jejimiz hlavnimi znaky jsou kozni skvrny barvy bilé kavy (café au lait), pigmentované
hamartomy duhovky a mnohocetné neurofibromy [102]. Pacienti maji rovnéz vyssi

predispozici ke vzniku dalSich benignich i malignich nadord [202].

GISTy se vyskytuji u 5-25% pacienti s NF1 a mohu byt i prvnim projevem tohoto
onemocnéni [32]. Obvykle byvaji mnohocetné a doprovazené hyperplazii ICC. Predilek¢né
postihuji tenké stievo a v jejich histologickém obraze pievazuje vietenobunécna komponenta
[3, 23]. Typicka byva rovnéz pritomnost abundantnich skenoidnich vlaken [188, 262].

40-60 % NF1-asociovanych GISTu vykazuje pozitivitu v barveni protilatkou proti S100
proteinu [173, 262]. Vétsina GISTU je rovnéZ imunohistochemicky pozitivni v prikazu KIT a
Vv ojedinélych GISTech byly dokonce popsany mutace KIT ¢i PDGFRA [262, 298].
Pravdépodobné se vSak jedna o koincidenci NF1 se sporadickym GISTem, nebot’ v ,,pravych*

NF1-asociovanych GISTech nebyly mutace gentt KIT a PDGFRA prokazany [173, 199]. Tyto
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nadory mivaji nizkou mitotickou aktivitu a nizky maligni potencial, terapeuticka odpovéd’ na

podavani imatinibu je vSak neuspokojiva [196].

Mutace genu BRAF se vyskytuji az ve 13 % KIT/PDGFRA wt GISTu [119]. Gen
BRAF je lokalizovany na chromozomu 7 v regionu 34, sklada se z 18 exont a koduje protein
patfici do rodiny serin/threoninovych proteinovych kindz RAF. Tento protein je soucasti
intracelularni signalni drahy RAS/RAF/MAPK, mezi jejiz aktivatory patii mimo jiné i KIT.
Mutace tohoto genu je pfitomna v celé fadé malignich nadort, napf. kolorektalnim
karcinomu, malignim melanomu, papilarnim karcinomu §titné zlazy, nemalobunééném
karcinomu plic a mnohych dalsich [22, 133, 163, 256]. V naprosté vétsiné piipadu jde o
substituci V600E v exonu 15, ktera vede k permanentni aktivaci proteinu BRAF, bez ohledu
na signalizaci RAS. GISTy nesouci mutaci BRAF V60OE jsou spojovany s vyssim rizikem
maligniho chovani a nelze vyloucit ani roli mutace ve vzniku sekundérni rezistence na terapii
nadoru imatinibem [8]. Potencialni moznou terapii predstavuji selektivni inhibitory BRAF

(dabrafenib), vyuzivané napf. v terapii maligniho melanomu [79].

Mutace genti RAS piedstavuji v GISTech pomérné vzacnou genetickou udalost [150].
Stejné jako v predchozim piipade hraje genova rodina RAS ustfedni roli v MAPK signdlni
draze (RAS/RAF/MAPK), jejiz dysregulace zpiisobend aktivacni mutaci vede ke vzniku fady
malignich nadort, napf. kolorektalniho adenokarcinomu, adenokarcinomu pankreatu,
adenokarcinomu plic a dal$ich [20, 33, 78, 284]. V roce 2012 byly poprvé popsany mutace
KRAS (Kirsten rat sarcoma virus) ve sporadickych GISTech mutovanych v KIT a PDGFRA,
které byly zodpoveédné za rezistenci nadort k imatinibu [189]. V recentni praci z roku 2015
byly navic v jednom piipadé KIT/PDGFRA wt GISTu lokalizovaného v zaludec¢ni sténé
prokdzany mutace genti HRAS a PIK3CA. Tyto simultanni mutace vedouci k nezavislé

aktivaci obou signalnich drah RAS/RAF/MAPK a PIK3/Akt/mTOR jsou nejen pti¢inou
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rezistence K terapii imatinibem, ale pravdépodobné i agresivnéjsiho biologického chovani a
progrese nadoru [24, 237]. Moznymi léky vyuzitelnymi v terapii téchto nadort jsou inhibitory
signalni drahy RAS (napf. lonafarnib, tipifarnib ¢i salirasib), jejichz €innost je testovana u

fady nadorovych onemocnéni [20].

Mutace genu PIK3CA (Phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic
subunit alpha) byla prokazana v primarnich GISTech mutovanych v genu KIT (i jejich
metastazach), v metastaize BRAF-mutovaného GISTu i ve vyse zminéné asociaci s mutaci
HRAS [57, 79, 145, 237]. Ve vétsiné piipadi mutace postihuji exon 20. GISTy s mutaci
PIK3CA dosahuji obvykle velkych rozméra (> 10 cm), v morfologickém obraze pievazuje
vietenobunécna komponenta. Nadory byvaji pozitivni v imunohistochemickém prukazu KIT,
DOG1, CD34 i SMA [145]. Z klinického hlediska jde o nadory s agresivnéj$im fenotypem,
rezistentni k terapii imatinibem. Mutace PIK3CA se vyskytuji pomérn¢ ziidka, jejich
ptitomnost by v§ak méla byt indikaci k vyuziti cilené terapie pomoci specifickych inhibitorti

PIK3/Akt/mTOR signalni drahy (pictilisib, GDC-0941) [9, 85, 264].

Aktivace signalni drahy PIK3/Akt/mTOR muze byt kromé vySe popsané mutace
PIK3CA zputsobena i ztratou funkce tumor supresorového genu PTEN (Phosphatase and
tensin homolog deleted on chromosome ten) lokalizovaného v chromozomalnim regionu
10g23.3. Genovy produkt, protein PTEN, negativné reguluje PIK3/Akt/mTOR signalni drahu
a tim 1 proliferaci a pfezivani riznych bunéénych populaci. Spravna funkce genu je nezbytna
pro normalni embryonalni vyvoj ¢lovéka [72]. Germinalni mutace PTEN se uplatiuji v
patogenezi n¢kolika autozomaln¢ dominantnich i recesivnich syndromu, pro které jsou
charakteristické rtizné vyvojové defekty a zvySend incidence benignich i malignich nadort.
Somatické mutace PTEN se i¢astni v patogenezi celé fady fady malignich nadord, napf.

adenokarcinomu prostaty, glioblastomu, endometrialniho adenokarcinomu etc. [37]. Ztrata

22



funkce PTEN (zptsobena nejcastéji somatickou ztratou jedné alely genu) v GISTech je
zodpovédna za sekundarni rezistenci tumoru k terapii imatinibem [219]. Zajimavé je, Ze ke
ztraté funkce PTEN muze ale rovnéz dojit po dlouhodobé expozici nddorovych bunék
inhibitorim RTK (konkrétné sunitinibu), ktera vede k epigenetické inaktivaci (metylaci

promotoru) PTEN [296].

Morfologickym korelatem ztraty funkce genu je ztrata exprese proteinu PTEN, kterou
1ze detekovat imunohistochemicky. Nadory se signifikantné snizenou (nebo zadnou)
imunoexpresi PTEN jsou povazovany za vysoce maligni, spojené s krat$i dobou ptezivani
[222]. Tyto tumory obvykle dosahuji velkych rozméri a zakladaji ¢asné metastazy [306].
Podle nékolika studii pacienti s imatinib-rezistentnim GISTem s imunodeficienci PTEN

profituji z kombinované terapie inhibitory PIK3/Akt/mTOR a imatinibem [249, 271].

Noveé popsanymi genetickymi udalostmi uplatiiujicimi se v onkogenezi GISTu jsou
alterace geni NTRK3 a FGFR1, které v kone¢ném dusledku ovliviiuji dvé hlavni efektorové

signalni kaskady RAS/RAF/MAPK a PIK3/Akt/mTOR.

Fuzni gen ETV6-NTRKS je vysledkem translokace genetického materidlu mezi ETV6
lokalizovanym na kratkém ramenu chromozomu 12 v lokusu 13.2 a NTRK3 nachézejicim se
na dlouhém ramenu chromozomu 15 v oblasti 25.3. ETV6-NTRK3 koduje chimericky
onkoprotein s tyrosinkinazovou aktivitou, ktery cestou IGF1 receptorové signalni drahy
aktivuje kaskady RAS/RAF/MAPK a PIK3/Akt/mTOR, ¢imz potencuje rist, pfeZivani a
proliferaci postizenych bunék [276]. Genova faze ETV6-NTRKS3 byla popsana dosud pouze
v n¢kolika sporadickych KIT/PDGFRA wt GISTech, které se vyskytovaly v tenkém i tlustém
stieveé a rektu [34, 240]. Genova fuze ETV6-NTRKS je nalézana v fadé malignich nadort,
napt. kongenitalnim fibrosarkomu, sekre¢nim karcinomu prsu, celularnim a smiseném typu

mesoblastického nefromu ¢i nadorech slinnych zlaz [18, 138, 143, 166, 257]. Stejné jako
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Vv piipadé jinych nadora s translokaci ETV6-NTRKS3 je i v ptipadé GISTu potencialni 1é¢ebnou
metodou aplikace inhibitoru tropomyosinovych receptorovych tyrosinkinaz (TRK)

larotrectinibu (LOXO-101) [240].

Alterace genu FGFRL1 (Fibroblast growth factor receptor 1), konkrétné genové fuze
FGFR1-HOOK3 a FGFR1-TACC1 a jedna missense mutace (substitu¢ni bodova mutace
K656E), byly popsany pouze v n¢kolika GISTech [240]. Gen FGFRL je lokalizovan na
kratkém ramenu chromozomu 8 v pozici 11.23. Tento gen koduje stejnojmenny protein
s tyrosinkindzovou aktivitou, ktery je fyziologicky exprimovan v fad¢ tkani a béhem
embryogeneze fidi tzv. epitelidlné-mezenchymalni tranzici bun¢k primitivniho epiblastu na
bunky mezodermalni [48]. Signalizace prostfednictvim tohoto receptoru se ti¢astni v procesu
angiogeneze a bunéc¢né proliferace [305]. HOOK3 (Hook Microtubule Tethering Protein 3)
kodovany stejnojmennym genem lokalizovanym rovnéz na kratkém ramenu chromozomu 8
Vv pozici 11.21 je soucasti rodiny mikrotubularnich vazebnych proteint, které funguji jako
adaptorové proteiny a jsou zapojeny do intracelularniho pfenosu proteinovych komplexti mezi
Golgiho aparatem, centrozomy, endozomy a lysozomy [225, 277, 290]. Genové alterace
HOOKS byly jiz diive nalezeny v riiznych nadorech, napt. papilarnim karcinomu $titné zlazy
¢i neuroendokrinnich tumorech tenkého stieva [21, 46]. TACC1 gen lezi v tésné blizkosti
geni FGFR1 a HOOK3 (8p11.22). Tento gen kdduje protein TACC1 (Transforming acidic
coiled-coil-containing protein 1), jehoz zvySena exprese vedouci k aktivaci signalnich drah
RAS/RAF/MAPK a PIK3/Akt/mTOR byla identifikovdna v fad¢ malignich nadort, jako napf.
karcinomu zaludku [154], prsu [56] ¢i prostaty [70]. Translokace FGFR1-TACCL1 byla rovnéz

prokazana v bunkach glioblastomu [253].
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Pacienti s GISTy s vySe popsanymi genovymi alteracemi FGFR1 jsou potencialnimi
kandidaty cilené terapie pomoci inhibitordt FGFR tyrosinkindz, napt. lenvatinibu, ponatinibu

¢i pazopanibu [240].

V letosnim roce byla publikovéana kolektivem ¢inskych autorti prace popisujici mutace
genu EGFR (Epidermal growth factor receptor) v exonech 19 a 21 u tfi pacientti s Wt-GISTYy.
Vsechny tfi nddory mély typickou morfologii i imunohistochemicky profil. Vzhledem k
nizkému mitotickému indexu, malym rozmértiim nadort, nepfitomnosti metastaz ¢i rekurence

u vSech tii pacientu Ize pifedpokladat nizké riziko agresivniho chovani téchto GISTu [242].

Gen EGFR koéduje stejnojmenny tyrosinkinasovy transmembranovy receptor, jehoz
aktivace vede ke spusténi kaskady déja, jejimz konecnym disledkem je bunécnd proliferace.
Mutace tohoto genu byly identifikovany v fadé nadori (napf. nemalobunéénych karcinomech
plic, kolorektalnim karcinomu ¢i glioblastomu). Inhibitory EGFR (erlotinib, gefitinib)

V soucasnosti pfedstavuji pro pacienty s EGFR-mutovanymi nadory perspektivni terapeuticky

piistup a lze se tedy domnivat, ze ani EGFR-mutované GISTy nebudou vyjimkou [266].

Recentni prace popisuji fadu dalSich translokaci a somatickych mutaci, které byly
identifikovany v jednotlivych GISTech: KIT-PDGFRA, MARK2-PPFIA1, SPRED2-
NELFCD, TP53, MEN1, CHD4, CTDNNZ2, CBL, ARID1A, ARID1B, BCOR, APC, ATR, LTK,
SUFU, PARK2, ZNF217, FLT3, VHL, MAX [30, 207, 240, 246, 291]. Posledn¢ jmenovany
gen MAX (Myc-associated factor X), jehoz mutace byly prokazany v hereditarnich i
sporadickych feochromocytomech/paragangliomech [35, 246], koduje transkrip¢ni faktor,
ktery se podili na proliferaci, diferenciaci a apoptoze bunck. Inaktivace tohoto genu byla
zjisténa ve sporadickych i NF1-asociovanych GISTech, v¢etné tzv. GIST-tumorlets (micro-
GISTs), a ptedpoklada se, Ze zpiisobuje dysregulaci bunééného cyklu jiz v prvnich fazich
vyvoje GISTu a vede k jeho progresi z benignich do biologicky agresivnéjsich forem [246].
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1.1.2 Diferencilni diagnostika GISTu

Do diferencialni diagnostiky GISTu patii fada malignich i benignich nadort, véetné nékterych
pseudotumordznich 1ézi, které mohou s GISTem sdilet nejen podobnou morfologii, ale 1
imunohistochemicky ¢i molekularné geneticky profil. Rozliseni jednotlivych 1€zi ma zcela

zasadni vyznam pfi volbé terapeutického postupu.

Nadory s leiomyocelularni diferenciaci

Leiomyom

Pted érou KIT casto diagnostikované hladkosvalové nadory gastrointestinalniho traktu jsou
ve skute¢nosti pomérné vzacnou entitou. Leiomyomy se castéji nez GIST vyskytuji pouze

V jicnu [182] a tlustém stieve, pfiemz leiomyomy kolorektalni oblasti maji pivod

v muskularni vrstvé sliznice, coz je jeden z jejich diagnostickych znakt [174]. Mikroskopicky
sestavaji vétsinou z blandné vyhliZejicich vietenitych bunék s protahlymi jadry a eozinofilni
cytoplazmou bohatou na myofibrily. Epiteloidni morfologie ¢i plexiformni uspofadani
nadorovych bunék jsou spise vyjimkou [113, 127, 183]. Imunohistochemicky mohou
leiomyomy sdilet s GISTy pozivitu nékterych hladkosvalovych markertii, zejména SMA a h-
caldesmonu, byvaji v§ak témét vzdy desmin pozitivni, CD34 negativni a KIT negativni [107,
187, 293]. N¢které zdanlive typické leiomyomy mohou obsahovat abundantni ptimés
CD117/DOG! pozitivnich ICC. Takovéto tumory vSak spiSe neZ pravy leiomyom reprezentuji
nodularni hyperplazii ¢i hamartom [288]. Mutace KIT ¢i PDGFRA nebyly dosud

V leiomyomech gastrointestindlniho traktu popsany. Leiomyomy traviciho traktu se vétSinou

vyskytuji sporadicky, mohou vSak byt soucasti mnohocetné endokrinni neoplézie typu 1
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(MENZ1) [169] ¢i Alportova syndromu podminéného mutaci genu pro kolagen 4 [157, 267].
Zajimavosti je, Zze obdobné somatické mutace (delece COL4AS a COL4AG) byly detekovany i
ve sporadickém leiomyomu jicnu a lze se tedy domnivat, ze tento geneticky defekt mize

souviset s jeho patogenezi [109].

Leiomyosarkom

Leiomyosarkomy traviciho traktu jsou vzacné agresivné se chovajici nadory vyznacujici se
¢asnym zakladanim hematogennich metastaz a vysokym rizikem rekurence [114, 184].
Histologicky jsou tvotfeny vietenitymi buiikami s vyraznou jadernou pleormofii a vysokou
proliferacni aktivitou. Imunohistochemicky profil sdileji leilomyosarkomy se svymi benignimi
protéjsky. Nejcastéji postihuji tenké stievo, kde obvykle dosahuji znacnych rozméri a mohou

se projevovat krvacenim, abdominalni bolesti ¢i stievni obstrukci [5, 103, 162, 186].

EBV-asociované leiomyoceluldarni nadory

Biologicky odlisnou jednotkou jsou leiomyocelularni nadory asociované s infekci EBV, které
se vyskytuji u imunokompromitovanych pacientii. Tyto nadory byvaji ¢asto mnohocetné,
kromé gastrointestinalniho traktu se vyskytuji i v plicich a jatrech, a ackoli ¢asto spliuji
histologicka kritéria letomyosarkomu, je jejich prognoza velmi dobra. Nadorové builky
vykazuji kromé pozitivity SMA 1 variabilni pozitivitu CD21 (EBV receptor) a EBNA2.
Uzitecnou metodou ke konfirmaci diagn6zy EBV-asociované¢ho hladkosvalového nadoru je in

situ hybridizace (EBER) [67, 71, 218].

Glomus tumor

Glomus tumor je mezenchymalni nador vychazejici z neuromyoarterialniho glomového
téliska, ktery se vzacné mize vyskytovat i v gastrointestinalnim traktu, témet vyluéné
v zalude¢nim antru [131, 208]. Histologicky je tvofen uniformnimi epiteloidnimi buiikami
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uspotadanymi do hnizd kolem prominujicich dilatovanych cév. Tato klasicka varianta mtze
byt zaménéna za kulatobunécnou variantu epiteloidniho GISTu. Nadorové buiiky jsou difuzné
pozitivni v imunohistochemickém priikkazu SMA a vykazuji charakteristickou pericelularni
pozitivitu kolagenu IV. KIT, protein S100, desmin a cytokeratiny jsou negativni [131, 181].
Nador se predominantné vyskytuje u Zen, v naprosté vétsiné pripada je benigni, popsany vsak

byly i vzacné maligni varianty [83, 181].

Nadory s neurogenni diferenciaci

Schwannom

Predilekéni lokalizaci benignich gastrointestinalnich schwannomii je zaludek, méné ¢asto
mize byt postizen jicen ¢i tlusté nebo tenké stievo [88, 141, 285]. Od bézné mekkotkanové
varianty se schwannomy traviciho traktu 1i8i pfitomnosti periferniho lymfoidniho lemu (¢asto
s germinalnimi centry), PAS pozitivnich jehlicovitych krystaloidl v nékterych nadorovych
bunkach, pozitivnim imunohistochemickym prikazem GFAP i absenci tvorby Verocayovych
telisek [141, 217, 274, 292]. Mutace genu NF2 charakteristické pro schwannomy mékkych
tkani jsou spise vyjime¢nou udalosti [204]. Pozitivita proteinu S100 a negativita CD117 a
DOG]1 (piipadné i absence KIT/PDGFRA mutaci) umoznuje ve spornych ptipadech odliseni

od GISTu [274].

Slizni¢ni hamartom ze Schwannovych bunék

Kromé typickych gastrointestinalnich schwannomii prezentujicich se jako intramuralni tumor
byl popsan sliznicni hamartom ze Schwannovych bunék. Tato benigni 1éze je tvofena
drobnymi proliferaty S100 pozitivnich vietenitych bunék okolo krypt v lamina propria
mucosae tlustého stieva [94, 212]. Vyskytuje se obvykle ve form&€ mnohocetnych polypi a na
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rozdil od slizni¢niho neuromu ¢i neurofibromu je celularnéjsi, vice homogenni, postrada NFP
pozitivni axony a dosud nebyl prokazan jeho vyskyt v ramci hereditarnich syndromi [94,

105].

Maligni nador pochvy periferniho nervu

Maligni ndador pochvy periferniho nervu (MPNST) pfedstavuje v gastrointestinalnim traktu
raritni 1ézi, kterd vzhledem ke zna¢né morfologické heterogenité miize zptisobovat

diagnostické obtiZe pfi odliSeni od GISTu. Nadory byvaji obvykle alespon fokalné ¢i slabé
S100 pozitivni a CD117 negativni a ¢asto jsou asociovany s neurofibromatézou typu 1 [76,

192, 206].

Neurofibrom

Neurofibromy traviciho traktu jsou vzacné benigni 1éze, astéji se vyskytujici u pacientd

s NF1 [3]. Obvykle tvoii malé polypoidni Gtvary vychazejici ze submukdzniho plexu tenkého
stteva €1 zaludku. Histologicky sestavaji z heterogenni bunééné populace zahrnujici
Schwannovy buriky, fibroblasty, axony a buiiky podobné perineuralnim, které jsou obklopeny
myxoidni ¢i kolagendzni matrix. Neurofibromy jsou CD117 a DOG1 negativni. Diferencialné
diagnosticky je dulezité vyloucit KIT-negativni GIST, ktery vzacné mize neurofibrom

morfologicky pfipominat [155].

Ganglioneurom

Gastrointestinalni ganglioneuromy se mohou vyskytovat ve formé polypoidniho
ganglioneuromu, ganglioneuromatdzni polypdzy a difizni ganglioneuromatézy, pficemz
posledné jmenovana jednotka miize byt soucasti MEN2b, NF1, tuberdzni sklerozy, ¢i

Cowdenova syndromu [122, 239]. Bimorfni histologicky vzhled a pozitivita nadorovych
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bunék v imunohistochemickém prikazu proteinu S100, NSE a synaptofyzinu umoziiuje ve

vétSing piipadu jejich spolehlivé odliseni od ostatnich mezenchymaélnich nadora.

Sliznicni perineuriom/benigni fibroblasticky polyp

Sliznic¢ni perineuriomy traviciho traktu znamé diive také jako benigni fibroblastické polypy
jsou vzacné benigni 1éze tvofené blandnimi vietenitymi buiikami se svétle eozinofilni
cytoplazmou a ovalnymi jadry pfipominajicimi fibroblasty. Predominantné vychazeji z lamina
propria tlustého stteva. Krypty zavzaté v téchto polypech maji asto pilovité (,,serrated*)
kontury, coZ je nékterymi autory interpretovano jako smiSené hyperplastické a fibroblastické
polypy [101]. Ultrastrukturaln¢ i imunohistochemicky (pozitivita EMA, claudinu-1, GLUT1)
byly v Iézich prokazany znaky perineuralnich bunék [100, 304]. Prukaz mutace BRAF vsak
podporuje teorii, Ze se ve skutenosti jedna o smiSené epitelidlné stromalni polypy (hybridni
hyperplastické polypy/slizni¢ni perineuriomy), pfi¢emz ,,perineuralni* komponenta mize

piedstavovat proliferaci perikryptalnich fibroblastt [1].

Fibroblastické a myofibroblastické 1éze

Intraabdomindlni fibromatoza

Intraabdominalni fibromatoza (desmoid) je tumoriformni 1éze postihujici predevsim
mezenterium a retroperitoneum, vzacné vsak 1 st€nu gastrointestinalniho traktu, kde mtze byt
zaménéna za GIST [51, 227]. Vyskytuje se sporadicky ¢i v asociaci s familiarni adenomatdzni
polypdzou (FAP) vznikajici na podkladé germinalni mutace genu APC [93, 224]. Ackoli jde o
1ézi lokaln¢ agresivni, postrada intraabdominalni fibromatdza metastaticky potencial. Léze je
sloZzena z monomorfnich vietenitych bunék, tvoficich Siroké a dlouhé svazky, a abundantniho
kolagendzniho stromatu. Buiiky desmoidu vykazuji nuklearni pozitivitu B-cateninu [193]
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podminénou ve sporadickych piipadech somatickou mutaci genu CTNNB1 [191], pozorovana
vsak byla i1 pozitivita PDGFRA a CD117, ktera je povaZzovana za disledek nedostatecné
specificity polyklonalni protilatky [153, 161]. Ackoli mutace KIT ani PDGFRA nebyly

v desmoidu nikdy popsany, byla zaznamenana jeho terapeuticka odpoveéd’ na imatinib [164].

Inflammatorni fibroidni polyp | Varikitv tumor

Inflammatorni fibroidni polyp (IFP) neboli Varkiiv tumor poprvé popsany v roce 1949 [273]
jako submuko6zni granulom zaludku s eozinofilni infiltraci je benigni 1éze postihujici
pfedevsim star$i pacienty. Mikroskopicky sestava typicky z vietenitych CD34 pozitivnich a
CD117 negativnich bunék tvoticich koncentrické periglandularni a perivaskularni formace
pfipominajici slupky cibule (onion-skin pattern). Charakteristicka je 1 pfitomnost zanétlivého
infiltratu bohatého na eozinofilni granulocyty v fidkém myxoidnim stromatu [59, 136].
Vankovy tumory byly dlouhou dobu povazovany za reaktivni proces, objev somatickych
aktivac¢nich mutaci genu PDGFRA (obdobnych jako v GISTech), familiarni vyskyt IFP i
pozdéjsi pritkaz germinalni mutace t¢hoZ genu vSak podpoftil ndzor, Ze jde o skute¢nou

neoplazii [12, 42, 148, 223, 247].

Mezi Vankovy tumory je fazena i skupina mén¢ typickych ptipada postradajicich
nejen klasickou morfologii, ale 1 CD34 pozitivitu nadorovych bunék. Pfestoze ojedin€lé
ptipady mohou nést mutaci PDGFRA, nelze dosud spolehlivé fici, zda se jedna o dvé rizné

vyvojové faze stejné 1éze nebo o dvé zcela odlisné jednotky [59, 60].

Plexiformni fibromyxom

Plexiformni fibromyxom (plexiformni angiomyxoidni myofibroblasticky tumor) byl jako
samostatna jednotka poprvé popsan v roce 2007 [260]. Diferencialn¢ diagnosticky je nutné jej

odlisit od Vailkova tumoru, myxoidniho GISTu ¢i plexiformniho neurofibromu. Nador
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sestava z plexiformné usporadanych neopouzdienych nodulii tvofenych proliferaci blandné
vyhlizejicich vietenitych az ovoidnich bunék ve (fibro)myxoidni matrix bohaté na vétvici se
kapilary. Na rozdil od Vaiikova tumoru nebyva ve stromatu ptitomna zanétliva infiltrace.
Bunky nadoru jsou negativni v imunohistochemickém prikazu CD117, DOG1, CD34, EMA,
S100, ALK a cytokeratinii. Ve shod¢ s predpokladanou myofibroblastickou diferenciaci byla
prokazana v nekterych piipadech exprese SMA, vimentinu ¢i h-caldesmonu. Variabilné
bunky reaguji s protilatkou CD10 [129, 179, 261]. Dosud nebyly v nadoru popsany mutace
genu KIT ani PDGFRA. Ptestoze vétSina autord povazuje plexiformni fibromyxom za tumor
specificky pro Zalude¢ni muscularis propria, recentné byly popsany piipady vyskytujici se

V duodenu ¢i zluéniku [80, 194].

Inflammatorni myofibroblasticky tumor

Inflammatorni myofibroblasticky tumor (IMT) nazyvany téz inflammatorni pseudotumor [75,
197] je mezenchymalni 1éze, ktera se kromé své nejcastéjsi lokalizace v plicich muze
vyskytovat v dutin€ bfi$ni a vzacné mize vychazet i ze stény travici trubice [50, 75, 259].
Vyskytuje se predevs§im u déti a mladych dospélych. Piestoze je vétSina IMT benigni, mize
az 4 tumort lokalné recidivovat, spiSe vzacné byly popsany piipady maligniho chovani a
zakladani metastaz. U menSi ¢asti pacientil se mohou vyskytovat klinické ptiznaky jako
anemie, polyklonalni hypergamaglobulinemie, trombocytoza a leukocytoza [96]. Histologicky
je IMT charakterizovan vietenitymi buitkami v§eobecné pokladanymi za myofibroblasty a
denzni lymfoplasmocytarni infiltraci. Imunohistochemicky nadorové bunky exprimuji SMA,
desmin a calponin a jsou negativni v prukazu CD34, S100, CD117, DOG1. Ptiblizné 40-60 %
IMT pozitivné reaguje s protilatkou proti ALK proteinu [45, 52]. U ¢asti téchto tumort byla
prokdzana piitomnost translokace genu ALK lokalizovaného na 2. chromosomu na néktery

z jeho fuznich partneri: TPM3/4, RANBP2, TFG, CARS, ATIC, LMNA, PRKAR1A, CLTC,
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FN1, SEC31A, EMLA4. Recentné byly v IMT popsany genové fuze ROS1 (TGF-ROS1),
PDGFRB (NAB2-PDGFRB), ETV6 (ETV6-NTRK3) a alterace genu RET, ktera byla

Vv publikovaném ptipad¢é spojena s biologicky agresivnim chovanim [10, 17, 64, 160, 295].

Podle soucasnych vysledk je témét 70 % IMT (z toho 90 % IMT vznikajicich
v détském veku) asociovano s vyse popsanymi genovymi alteracemi, coz podporuje tvrzeni o

moznosti vyuziti cilené biologické 1é€by.

Solitarni fibrozni tumor

Solitarni fibrozni tumor (SFT) je nador lokalizovany vétSinou na pleufe, vzacné se vSak miize
vyskytovat na peritoneu ¢i v parenchymatéznich organech dutiny biisni [106, 190]. Jde o
pomalu rostouci, dobfe ohrani¢eny tumor sestavajici z vietenitych bunék s ovalnymi jadry,
mezi kterymi jsou pfitomny svazky kolagennich vldken a vétvici se ,,parohovité* cévy.
Néadorové buniky jsou pozitivni v imunohistochemickém priikazu CD34, CD99 a bcl-2.
Piestoze je pozitivita téchto markerd sdilena s GISTem [243], 1ze diagnézu SFT konfirmovat
negativnim vysledkem barveni CD117 a pozitivnim priukazem exprese antigenu STAT6, ktery
je povazovan za vysoce specificky marker SFT [139, 302]. Molekularné genetickym

vySetfenim lze prokazat ve vétSiné piipadt genovou fazi NAB2-STAT6 [139].

Biologické chovani SFT je obtizné predikovatelné, protoZe i strukturdlné blandné
vyhlizejici nadory se mohu chovat agresivné. Piestoze je vétSina SFT benigni a kompletni
lokalni excize ptredstavuje definitivni terapeutické feseni, v 10-15 % vSak mlZe nador
recidivovat ¢i dokonce metastazovat [92, 269]. Za prognosticky neptiznivé znaky je nutno
povazovat infiltrativni rist, vysokou celularitu nddoru, jadernou pleomortii, vysokou

mitotickou aktivitu (>4/10 HPF) a pfitomnost nekroz [92].
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Dalsi sarkomy

Rhabdomyosarkom

Rhabdomyosarkom se v gastrointestinalnim traktu vyskytuje zcela vyjimeéné, predilek¢ni
lokalizaci je perianalni oblast [115, 205], izolované ptipady vsak byly popsany v jicnu,
Zaludku i duodenu [84, 238, 244]. Jde o agresivni nador postihujici déti i dospélé [87].

K zaméné s GISTem muze dojit pfedevsim u vietenobunéénych variant embryonalniho
rhabdosarkomu, které mohou exprimovat CD117 [74]. Mutace genu KIT vsak nebyla

v rhabdomyosarkomech prokézéana. Diferencidné diagnosticky pfichazi v ivahu i
karcinosarkom [14, 86]. Krom¢& extenzivniho samplingu k vylouéeni karcinomové
komponenty Ize rhabdomyocelularni diferenciaci nddoru ovéfit imunohistochemickym
prukazem myogeninu a MyoD1 [44, 195]. Ve vétsing alvelarnich rhabdomyosarkomu byly
navic prokazany charakteristické translokace mezi chromosomy 1 a 2 a chromosomem 13
vedouci ke vzniku fuznich proteini PAX3-FOXO1 a PAX7-FOXO1 [248]. Embryonalni
rhabdomyosarkomy naproti tomu vykazuji zna¢nou genetickou pleomorfii, objeveny byly
alterace gentt BRAF, CTNNB1, FGFR4, HRAS, KRAS, NRAS, PIK3CA, PTPN11, MYOD1,
NCOA2 [7, 245]. Ackoli se rhabdomyosarkomy ve vétsing piipadi vyskytuji sporadicky, byla
popsana i fada genetickych syndromii asociovanych s témito nadory, napf. Li-Fraumeni

syndrom [73], neurofibromaté6za typu 1 [55] ¢i Costello syndrom [99].

Endometrialni stromadlni sarkom

Extrauterinni endometrialni stromalni sarkom (ESS) se mize v abdominalni lokalizaci
vyskytovat pfi rozsevu primarniho genitalniho nadoru (v n€kterych ptipadech i fadu let po
hysterektomii) [19, 134, 258], mén¢ Casto primarné na podkladé endometridézy [279]. Nador

je tvofen monomorfni populaci kulatych az ovalnych bunék s malym mnozstvim cytoplazmy,
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které jsou koncentricky usporadany kolem prominujicich cév piipominajicich spirdlni
arterioly. N&které CD117 pozitivni piipady [91] mohou vést k diagnostickym rozpakam.
Nadorové buniky vSak typicky exprimuji CD10, estrogenové (ER) a progesteronové (PR)
receptory. V fad¢ ESS byly navic prokazany charakteristické genové fuze, zejména JAZF1-
SUZ12 (alternativni nazev JAZF1-JJAZ1), které umoziiuji jejich odliSeni od jinych

mezenchymalnich nadort véetné GISTu [120, 123].

Synovidalni sarkom

Synovidalni sarkom (SS) gastrointestinalniho traktu je vzacnou jednotkou postihujici nejcastéji
zaludek a jicen, ojedinélé ptipady byly popsany v duodenu, tenkém i tlustém stievé [28, 209,
228]. SS zaludku jsou vétSinou monofazické, zatimco SS jicnu spiSe bifazické. Obzvlaste
monofazické varianty mohou ptipominat GIST a to nejen diky své morfologii, ale 1 obcasné
CD117 a DOG1 imunopozitivité [289, 293] ¢i raritnimu prikazu mutaci KIT a PDGFRA

v nadorovych buiikach [159]. Na rozdil od GISTu jsou vSak SS pozitivni v barveni
protilatkami proti cytokeratinim CK7 a CK19, EMA a proteinu TLE-1 [221]. Prikaz
charakteristické translokace t(X;18) vedouci k fuzi genu SYT na chromosomu 18 s jednim

z ¢lentt SSX genové rodiny na chromosomu X miiZze rovnéz poslouZit ke konfirmaci diagnozy

SS [228].

Jiné maligni nadory napodobujici mezenchymalni neoplazie

Maligni melanom

Maligni melanom (MM) je jeden z nejéastéjSich nadorti metastazujicich do
gastrointestinalniho traktu [250]. Nador mize vznikat primarn¢ v anorektu ¢i jicnu [130, 230,
251], popsany byly i piipady MM tenkého stieva [152]. Piedevsim amelanotické varianty
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mohou vzhledem k pomérné ¢asté pozitivit¢ CD117 [13] i prukazu mutaci genu KIT [286]
vést k zameéné s GISTem. MM by vSak mél byt odlisitelny na zaklad¢ imunoexprese béznych

melanocytarnich markeri (HMB-45, Melan-A).

Karcinom

Vietenobunecny karcinom (sarkomatoidni karcinom, karcinosarkom) mtize morfologicky
ptipominat GIST, zvlasté pokud je v bunikach ptitomna aberantni exprese CD117 [167].
Naproti tomu i v malé populaci GIST0 byla prokazana pozitivni reakce s protilatkami proti
cytokeratintim [200, 229]. Kromé dukladného samplingu hraje v diagnosticky nejasnych

ptipadech hlavni roli molekularné geneticka analyza KIT a PDGFRA.

Nenadorové 1éze napodobujici mezenchymalni neoplazie

Reaktivni nodularni fibrozni pseudotumor

Reaktivni nodularni fibrozni pseudotumor (RNFP) byl poprvé popsan v roce 2003 [297]. Jde
o0 benigni 1ézi, ktera ve vétSiné ptipadl vychazi ze subserdzy a Casto vznika v asociaci

s pfedchozim chirurgickym vykonem ¢i traumatem. Histologicky je RNFP spise
hypocelularni, tvofeny blandnimi vietenitymi ¢i hvézdicovitymi bunikami v kolagendznim,
fibromyxoidnim ¢i myxoidnim stromatu s loZiskovou disperzni monocelularni zanétlivou
infiltraci. Bunky této 1éze pozitivné reaguji s vimentinem a SMA, opakovang byla potvrzena i
pozitivita cytokeratinti [62, 90], ktera by svéd¢ila ve prospéch teorie o ptivodu této afekce

z multipotentnich subser6znich bunék. Piestoze ptivodni prace z roku 2003 udava CD117
pozitivitu az v 80 % pFipadi RNFP, nebyla tato jinymi studiemi jednozna¢né potvrzena [47,
62, 301]. Bez ohledu na pfipadnou CD117 imunopozitivitu nejsou v RNFP pfitomny mutace
KIT [62].
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2. Cile prace a publikované vysledky

2.1 Daum O., Sedivcova M., Dubova M., Michal M. (2012): KIT mutations and
sequence changes in genes encoding SDH complex possibly need not be mutually
exclusive in gastrointestinal stromal tumors.

Cil préace

e Reklasifikace primarniho extragastrického nadoru a korelace jeho morfologickych a

imunohistochemickych znakii s molekularné genetickym profilem.
Souhrn

V ramci rozsahlejsi studie imunohistochemického a molekuldrné genetického profilu
mezenchymalnich nadori traviciho traktu byl publikovan samostatny piipad 52letého muze,
ktery podstoupil extirpaci objemného tumoru (rozm. 13,9 x 7,6 x 10,4 cm) lokalizovaného

v zadnim mediastinu, pfi¢emZ nebylo mozné vyloucit jeho piimy vztah ke st€né€ jicnu. Tumor
byl na spadovém pracovisti primarné€ diagnostikovan jako pleomorfni rhabdomyosarkom
vzhledem k fokalni imunopozitivité¢ nadorovych bunék v barveni protilatkou proti desminu.
18 mésici po operaci byla pomoci PET/CT prokazana piitomnost mestastaz v podbrani¢ni
krajin€ a byla indikovéana resekce distalni ¢asti jicnu, proximalni ¢asti zaludku, omenta a
sleziny. V omentu bylo nalezeno 8 metastaz tvorenych epiteloidnimi buitkami negativnimi

v imunohistochemickém pritkazu protilatkami proti cytokeratinim, S100 proteinu, HMB-45,
SMA, desminu, myogeninu, OCT3/4 a SALL4. VySetifeni protilatkou proti SDHB bylo pouze
fokalné slab¢ pozitivni. Naopak pozitivn€ nddorové buniky reagovaly s protilatkou proti
proteinu KIT (CD 117). Néasledné byla zrevidovana i tkan primarniho nadoru, ktery byl
rovnéz KIT pozitivni. Nador byl na zéklad¢ téchto vysledki reklasifikovan na GIST a bylo

doplnéno molekularné genetické vysetteni genti KIT, PDGFRA a SDHB, SDHC a SDHD.
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Analyza sledovanych genti v primarnim nadoru i v metastazach prokazala nejen deleci
v exonu 11 genu KIT (p.W557 K558), ale i zménu sekvence v genu SDHD (p.G12S), jejiz
vyznam je dosud nejasny. Lze vSak predpokladat, ze jemné granulérni cytoplasma
nadorovych bun¢k vzdalené ptipominajicich onkocyty, spolu se slabou imunopozitivitou
SDHB a naopak silnou granularni pozitivitou AMA, muZe byt odrazem pseudohypoxie
vzniklé v dasledku této sekvencni zmény, ktera mohla ptispivat k destabilizaci celého

mitochondridlniho SDH enzymatického komplexu.

Tento pfipad by mohl vyvracet dosavadni pfedpoklad, ze simultanni mutace genti
KIT/PDGFRA a SDHXx se vzajemné vylucuji. Zaroven lze tento piipad povazovat za prvni

publikovany pfipad SDHB negativniho GISTu lokalizovaného mimo Zalude¢ni sténu.
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KIT Mutations and
Sequence Changes
in Genes Encoding
SDH Complex
Possibly Need Not be
Mutually Exclusive
in Gastrointestinal
Stromal Tumors

To the Editor:

A small subset of gastrointestinal
stromal tumors (GISTs) is associated
with loss of function of the succinate
dehydrogenase (SDH) complex of mi-
tochondrial inner membrane proteins
detectable as loss of subunit B (SDHB)
immunostaining.! This group of SDHB-
deficient tumors encompasses several cli-
nicopathologic entities.”® First, GISTs
may harbor germline mutation of a gene
encoding one of the subunits of SDH
(ie, SDHA, SDHB, SDHC, or SDHD,
here collectively designated as SDHx),
cither as a part of Carney-Stratakis syn-
drome (familial paraganglioma-GIST
syndrome) or in a sporadic nonsyn-
dromic setting®® Then, SDHB ex-
pression may be lost even in SDHx
wild-type GISTs. Some of these SDHx
wild-type GISTs occur in the setting
of Carney triad® Despite the wide
spectrum of possible clinical and mo-

lecular genetic features of the group of

SDHB-deficient GISTs (also called pe-
diatric-type GISTs by others), their
morphologic appearance is quite char-
acteristic. These tumors are commonly
multifocal, epithelioid, and often orga-
nized into nodules or plexiform struc-
tures. They frequently give rise to lymph
node metastases. Unfortunately, their
sensitivity to imatinib treatment is very
low if any, and their biological behavior
does not correlate with their size
and mitotic index. To the best of our
knowledge, all SDHB-deficient GISTs
reported up to now have occurred in
the stomach, and SDHx and KIT/

The authors declare no conflict of interest.

LETTER TO THE EDITOR

PDGFRA mutations were considered
mutually exclusive.

We report a case of GIST pre-
senting as a mass measuring 13.9 x
7.6 x 10.4cm located in the posterior
mediastinum of a 52-year-old white
man. The patient underwent tumor
extirpation in 2009. Relationship to
the outer layer of the distal esophagus
could not have been excluded by the
surgeon. Primary diagnosis by a re-
gional general pathologist was pleo-
morphic rhabdomyosarcoma due to
focal and faint immunopositivity of
desmin. Therefore, he was not treated
with imatinib or any other receptor
tyrosine kinase inhibitor. Eighteen
months later, subdiaphragmatic meta-
stases were found on positron emission
tomography/computed tomography, and
surgical resection of the distal esophagus,
proximal stomach with the greater and
lesser omentum, and spleen was per-
formed. Subsequent histologic evaluation
of the submitted material at our depart-
ment revealed 8 nodules of GIST in the
greater omentum with no involvement
of the esophagus, stomach. or spleen.
Histologically, the tumor consisted of
epithelioid cells with abundant finely
granular cytoplasm (Fig. 1A). Immuno-
histochemically, the cells were negative
on immunostaining for cytokeratins,
S100 protein, HMB-45, smooth muscle
actin, desmin, myogenin, OCT3/4, and
SALLI. In contrast, KIT staining was
strikingly positive (Fig. 1B). SDHB
staining was only focal and faint. Sur-
pnsingly, molecular genetic analysis re-
vealed not only p.W557 K558 deletion
in exon 11 of the KIT gene but also
p.G128 sequence change in exon 1 of the
SDHD gene. The results were compared
with the material obtained from the
primary tumor of the mediastinum and
showed no differences. Although this
SDHD sequence change is currently of
questionable pathogenicity, its preva-
lence is slightly higher in GISTs or
paragangliomas than in the control
population.” Neither existing genctic da-
tabases nor current literature provides
information on the impact of this se-
quence change. However, the finely
granular appearance of the cytoplasm of
the neoplastic cells resembling poorly de-
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veloped oncocytes, together with striking
contrast between faint immunohisto-
chemical positivity of SDHB (Fig. 1C)
and strong granular positivity of
antimitochondrial ~ antigen  antibody
(Fig. 1D), may mirror pseudohypoxia
resulting from destabilization of the
SDH complex due to the SDHD GI2S
sequence change. Thus, it is possible that
mutations in SDHx genes and KIT)
PDGFRA are not necessarily mutually
exclusive and that they may even coop-
erate in tumor progression. Furthermore,
this case may represent the first de-
scription of extragastric SDHB-deficient
GIST, because mediastinal localization
of the tumor favors its possible esoph-
ageal origin over its relationship to the
gastric wall.

Daum Ondrej, MD, PhD*

Sedivcova Monika, Ingf

Dubova Magdalena*

Michal Michal, MD*

*Sikl's Department of Pathology, Medical
Faculty Hospital, Charles University
Plzen

1Biopticka laborator, Plzen

Czech Republic
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FIGURE 1. A-D, The tumor is composed of plump spindle-to-epithelioid cells with abundant cytoplasm containing finely granular
eosinophilic material (A). KIT staining shows diffuse moderate membranous and focal strong cytoplasmic positivity (B). In
contrast, SDHB staining is only faint and focal when compared with endothelial cells serving as positive control (C) and with

coarsely granular positivity of antimitochondrial antigen antibody (D).
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2.2 Dubova M., Sedivcova M., Michal M., Kokoskova B., Ryska A., Smid D., Daum
0. (2015): Utility of immunohistochemical investigation of SDHB and molecular
genetic analysis of SDH genes in the differential diagnosis of mesenchymal
tumors of GIT.

Cil prace

e Imunohistochemické vySeteni exprese SDHB a ovéfeni piitomnosti mutaci gent
kodujicich mitochondridlni sukcinatdehydrogenazu molekularné genetickym

vySetienim v naddorech, které vstupuji do diferencialni diagnostiky GISTu.

Souhrn

Do studie bylo zafazeno 11 KIT/PDGFRA wt GISTU, 12 schwannomu zaludku (GS), 20
solitarnich fibroznich tumori (SFT), 4 leiomyomy (LM), 16 leiomyosarkomti (LMS), 5
synovialnich sarkomt (SS), 3 endometridlni stromalni sarkomy (ESS) a 1 inflammatorni
myofibroblasticky tumor ilea (IMT). Jako kontroly byly pouzity 3 sporadické GISTy
s prokazanou mutaci KIT/PDGFRA. Vsechny vzorky byly zpracovany standardnim zpisobem
a nésledné obarveny protilatkou SDHB, k vylouceni falesné negativity byly pouzity dva rizné
klony této protilatky (polyclonal, 1:100, Santa Cruz Biotechnology, Santa Cruz, CA; 21A11,
1:100, Abcam, Cambridge, MA), jako vnitini kontrola poslouzily nenadorové endotelové
buitky. DNA pro molekuldrné genetické vysetieni kddujicich sekvenci gent KIT, PDGFRA,
SDHB, SDHC a SDHD byla extrahovana z parafinovych blokt (NucleoSpin® Tissue Kit -
MACHEREY-NAGEL GmbH & Co. KG, Diiren, Germany) a analyzovdna pomoci PCR a
metody pfimého sekvenovani.

Zadny z vySetiovanych mezenchymaélnich nadorti kromé GISTu nebyl skute¢né SDHB

negativni. U Zadného GS, LM, LMS, SS, ESS ani IMT nebyly prokazany mutace v genech
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SDHB, SDHC ¢i SDHD. Pouze ve 2 GISTech a 2 SFT byly nalezeny sekven¢ni zmény
v genech SDHB (p.S163P) a SDHD (p.G12S).

Vyznam téchto zmén je prozatim nejasny. Vzhledem k tomu, ze 3 z té€chto tumorti
byly SDHB pozitivni, jeden GIST (popsany vyse — viz 2.1) mél mutaci genu KIT a navic byla
zména sekvence genu SDHD pozorovana i v nenddorové tkani tohoto pacienta, nejedna se
mohly vést k naruseni mitochondridlniho metabolismu a pfispivat k riistu tumoru
iniciovanému jinymi mutacemi.

Z této prace dale vyplyva, ze hodnoceni SDHB pozitivity/negativity
v mezenchymadlnich nadorech traviciho traktu je pomérné obtizné a mize byt zatizeno
subjektivni chybou vzhledem k ptitomnosti malého mnozstvi cytoplazmy v nddorovych

bunkach, absenci vnitini kontroly i pouzitém klonu protilatky.
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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

M. Duboval, M. Sedivcova?, M. Michall, B. Kokoskoval?, A. Ryska3, D. Smid4 and O. Daum?2
1Sikl's Department of Pathology, Medical Faculty Hospital, Charles University, Plzen, 2Biopticka laborator s.r.o., Plzen, 3The
Fingerland Department of Pathology, University Hospital, Hradec Kralove and “Surgical Clinic, Medical Faculty Hospital, Charles

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 immunohisto-chemistry 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 ESFTS;, 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 KIT 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 wit.

Additional factors may play a role in regulating
expression of SDHB. Furthermore, SDHB immuno-

Offprint requests to: Ondrej Daum, M.D., Ph.D., SikI'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
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Succinate dehydrogenase (SDH), also known as
mitochondrial complex I, 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



SDHB in the differential diagnostics of GIST

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. €. so-
called KIT and PDGFRA wild-type (KIT/PDGFRA wt)
GISTs, and immunoexpression of SDHB became a
standard tool used 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 leiomyomas (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 KIT 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 (21A11, 1:100, Abcam, Cambridge,
MA), DOG-1 (K9, RTU, Novocastra, Newcastle, UK),
Stat6 (S20) (polyclonal, 1:100, Santa Cruz
Biotechnology, 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 samBIes that did not stain with any of the
antibodies, but showed indubitable granular cytoplasmic
positivitK 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 pm 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, Diiren,
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 seguencing. 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 D50017) 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 Genderandage  Pattern Size (cm) MI
1  stomach F, 47 mixed 14 1
2 stomach F, 63 spindle ? 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 ? 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 25 0

14 mediastinum M, 52 epithelioid 15 25
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M, male; F, female; MI, mitotic index (number of mitoses per 5 mm?2); 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 mor?hology. 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.

SDHB SDHB
Santa Cruz Abcam

No. Mutational profile

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.Ww557_E561del, 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 - o

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. 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 25 wt +
5] F, 64 4 wit +
6 M, 82 3 wt +
7 F, 46 315 wt +
8 F, 80 ? wit +
9 M, 47 ? wt +
10 M, 43 3.5 wt +
11 F, 26 ? wit NA NA
12 M, 63 ? wit NA NA

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

positivity (B, SDHB Santa Cruz). x 200
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Fig. 1. GIST Case 9 was located in the small intestine, composed of epithelioid cells, with numerous mitoses (A, H&E), and with striking granular SDHB

M, male; F, female; ?, unknown; NA, not analyzable; SDHB-D, genes
SDHB, SDHC, and SDHD; wt, wild type
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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 No. Sexand Diagnosis  Size SDthB-D < SItDHéB fbDHB
age status Santa Cruz  Abcam age (cm)  status  Santa Cruz Abcam
1 F, 69 LM 47 wt "
? :
; oo : " N 2 M, 36 LM 10 wt - +
2 M, 59 ? wt +
3 F, 45 2 wt ) + 3 M, 61 LM 7 wt s
' I 4 F, 58 LM 1.2 NA +
4 F, 80 large wt +
5 F, 35 LMS 4 wt +
5 M, 74 21 wt +
6 F, 38 LMS 35 wt 5 +
6 F, 55 2.2 wt +
7 F, 60 LMS 12 wt +
7 F, 59 55 wt +
8 F, 56 LMS ? wt +
8 M, 51 6.7 wt + . oo e ? w '
9 M, 77 11 SDHB p.S163P = + ' i
10 F, 77 LMS ? wt +
10 M, 70 7 wt +
11 F, 49 LMS 9 wt +
11 M, 66 17 wt +
12 F, 75 LMS 12 wt +
" e i A ) § 13 M, 41 LMS ” wt +
13 F, 73 7 NA NA NA 2 ‘
14 M, 74 LMS ? wt , o
14 M, 48 12 SDHD p.G12S +
15 M, 71 LMS 75 wt +
15 F 71 19 wt +
16 F.74 P wt . 16 M, 59 LMS 2 NA +
17 F, 55 2 o NA NA 17 F, 69 LMS 35 wt +
18 M, 65 LMS ? NA +
18 F, 29 17 wt +
o 19 F, 77 LMS ? NA +
% i o ” N 20 F, 66 LMS 5 wt +
20 F, 67 4 wt + |

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

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 s%mdled 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 successfuII?/
tested for SDHB-D mutations, with negative results in all
tested SSs, ESSs and IMT.

Discussion

The majority of GISTs harbor mutations in KIT 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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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) ]gMiettinen 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 SDHxéCarney 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. Sexand Diagnosis Size SDHB-D SDHB SDHB
age (cm)  status Santa Cruz Abcam
1 M, 30 biphasic SS ? wt +
2 M, 34  monophasic SS 3 NA +
3 M, 41 monophasic SS ? wt +
4 M, 29 biphasic SS ? wit - +
5 M, 32 monophasic SS 7 wt +
6 F, 63 ESS 5 wit +
7 F, 38 ESS 2 NA +
8 F, 61 ESS 8.5 wit +
9 F, 7 IMT ? wit +

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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Fig. 3. Mediastinal GIST Case 14, which served as a KIT-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).x200
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SDHB in the differential diagnostics of GIST

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

o

Fig. 4. Gastric schwannoma Case 2 with a peritumoral lymphoid cuff (A, H&E)

Cruz). x 100
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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).

Fig. 5. SFT Case 14 composed of short spindle shaped cells intermingled with ropy collagen bundles (A, H&E). The neoplastic cells reacted
strongly with anti-SDHB antibody (B, SDHB Santa Cruz). x 100



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/PDGFRA 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 alsc
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
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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 CD117 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 SDHB, 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 KIT 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
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this circumstance does not rule out the possible role of
detected changes with certainty. Unfortunately, the other
SDHXx 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
SDHB- tumors are not driven by gain of function
mutations of KIT or PDGFRA, they invariably show
immunohistochemical staining for KIT protein, a
phenomenon which is 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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Cil prace
e Molekularn¢ geneticka analyza mutaci v exonech 12, 14 a 18 genu PDGFRA ve
skuping¢ sporadickych intestinalnich lipomt, které by mohly pfedstavovat sporadicky

protéjsek k nadortiim vznikajicim v ramci tzv. PDGFRA-mutantniho syndromu

Souhrn

PDGFRA-mutantni syndrom je vzacné, autozomalné dominantné dédi¢né onemocnéni
podminéné germindlni mutaci genu PDGFRA, charakterizované vyskytem mnohocetnych
mezenchymalnich nadorti, mezi které patii Zalude¢ni GISTy, Vailkovy tumory, fibromy a
intestinalni lipomy.

Asociace sporadickych GISTU, Vailkovych tumort a gastrointestinalnich fibromi
s mutacemi genu PDGFRA je znama z literatury jiz delsi dobu, dosud v§ak nebyla provedena
studie molekularné genetického profilu sporadicky se vyskytujicich intestinalnich lipomt.
Do studie bylo zatazeno 20 intestindlnich lipom1 ziskanych od 17 pacienti. DNA pro
molekularné genetické vysetfeni mutaci v exonech 12, 14 a 18 genu PDGFRA byla
extrahovana z parafinovych blokli (QIAsymphony DNA Mini Kit; Qiagen, Hilden, Germany)
a vySetfena pomoci PCR a metody piimého sekvenovani.

4 vzorky byly neanalyzovatelné, v ostatnich 16 nddorech nebyly prokazany mutace ani
specifické zmény sekvence ve vysetiovanych exonech genu PDGFRA.

Na zékladé téchto vysledki 1ze predpokladat, Ze mutace v tzv. ,,hot-spots*
odpovidajicich exoniim 12, 14 a 18 genu PDGFRA nehraji vyznamnou roli v patogenezi

sporadickych intestinalnich lipomi.
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Abstract: The purpose of this study was to test the hypothesis
that intestinal lipomas occurringin patients devoid of signs of
PDGFRA-mutant syndrome might represent sporadic counter-
parts of familial lipomatous tumors occurring in the spectrum of
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
mutations in PDGFRA. Thus, PDGFRA mutations probably do
not play an important role in the development of sporadic lip-
omas of the intestines.

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

(Appl Immunohistochem Mol Morphol 2016;00:000-000)

I ntestinal lipomas are relatively common benign mes-
enchymal 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, throughradiologic 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 syndromeis a condition inherited in
autosomal dominant trait, formerly termed intestinal
neurofibromatosis (neurofibromatosis 3b) and later rec-
ognized as a subtype of familial GIST syndrome.>”?
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

Copyright r 2016 Wolters Kdiwer Health, Inc. All rights reserved.
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from FFPE tissue using the QlAamp 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 D50017) was per-
formed using PCR and direct sequencing.

PCR was carried out using primers shown in Table 1.
The reaction conditions were as follows: 12.5mL of Hot-
Start Tag PCR Master Mix (Qiagen), 10 pmol of each
primer, 100 ng of template DNA, and distilled water up to
25mL. The amplification program consisted of denatura-
tion at 951C for 15 minutes and then 40 cycles of
denaturation at 951C for 1 minute, annealing at 551C for 1
minute, and extension at 721C for 1.5 minutes for all am-
plicons. The program was completed by 721C 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 13.2kV 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: 64.7y); 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=23), and rectum (n=2); and the maximum
size of the tumors ranged from 0.3 to 6cm (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-typealleles of exons 12, 14, and 18 of the
PDGFRA gene.

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.13!%  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.???

Notably, activating mutations of PDGFRA were
also detected in Vanek tumors (also called inflammatory
fibroid i)olyps)lofnf24 and peculiar fibrous stromal tu-
mors.”!

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 tumors types, in individual families additional le-
sions were described, namely abnormally large hands?®
and multiple intestinal lipomas (or “fatty tumors”).>8

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 TCACAGGATTAGTCATATTCTTGGTT TGAAAATCCTCACTCCAGGTC
18 GCTACAGATGGCTTGATCCTG GACCAGTGAGGGAAGTGAGG
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PDGFRA in Intestinal Lipomas

TABLE 2. Clinicopathologic Features and PDGFRA Status

Other Findings

PDGFRA

Localization

Size

Patient No. Sex Age (y)
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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 mutationsin PDGFRA exons 12, 14,
and 18 in any of the 16 analyzable tumors.

Thus, we suggestthat 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 occurringin the
setting of PDGFRA-mutant syndrome, their sporadic
counterparts do not harbor mutationsin any of the hot
spots of PDGFRA gene.
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2.4 Dubova M., Daum O., Salajka P., Fabian P., Babankova 1., Svajdler M. (2017):
Jaka je VaSe diagnéza? DOG1 imunoexprese v mékkotkanovych nadorech.

Cil prace

e Poukazani na tzv. ,,pitfall* ptipady, které mohou diky své morfologii, prezentaci,
neobvyklé lokalizaci i aberantni imunoexpresi DOG1 piedstavovat zavazny

diagnosticky problém.

Souhrn

V této praci byly prezentovany tfi ptipady mékkotkanovych nadori recentné
diagnostikovanych na nasem pracovisti, v jejichz diagnostice sehralo ve vSech ptipadech

zéasadni roli molekularné genetické vySetieni.

Prvni ptipad predstavoval nadorovy uzel v periskapularni lokalizaci. Jednalo se o
S6letou Zenu, kterd pred 11 lety podstoupila resekci GISTu. Soucasna 1éze byla tvofena
svazky blandn¢ vyhliZejicich vietenitych bunék obklopenych kolagen6znim stromatem, které
byly pozitivni v pritkazu SMA, B-cateninu a negativni v barveni protilatkou proti CD117 a
DOGI1. Prestoze morfologie, imunohistochemicky profil i lokalizace vzbuzovaly v prvé fadé¢
podezieni na desmoid, byla vzhledem k anamnestickému udaji o resekci GISTu v minulosti
provedena analyza mutaci KIT, PDGFRA a CTNNB1. Molekularné genetické vysetieni

prekvapivé odhalilo mutaci v exonu 11 genu KIT a pfipad byl uzavien jako metastaza GISTu.

Ve druhém ptipad¢ se jednalo o 46letou zenu, které byl v 15 letech resekovan nador
zaludku diagnostikovany jako leiomyosarkom. Této pacientce bylo ve 35 letech
diagnostikovano lozisko v pravé plici suspektni z metastazy tumoru Zaludku, v anamnéze byl

rovnéz piitomen udaj o histologicky verifikovaném extraadrenalnim paragangliomu
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odstranéném v minulosti a podezfeni na adenom pravé nadledviny a fechromocytom levé
nadledviny z posledniho CT vysetfeni. Na naSe pracovisté byl zaslan parafinovy blok
obsahujici tkan primarniho nadoru zaludku, ktery byl tvofen smiSenou populaci vietenitych a
epiteloidnich bunc¢k s plexiformnim a noduldrnim uspotadanim, které¢ byly CD117 a DOGI
imunopozitivni. Na zéklad¢ vysledkii imunohistochemického vySetieni byl nador
reklasifikovan na GIST. Vzhledem k typické morfologii, lokalizaci i nadorové multiplicité
pacientky bylo doplnéno komplexni imunohistochemické vysetieni, které prokazalo ztratu
exprese SDHB, ktera byla sdilend s feochromocytomem levé nadledviny. Vzhledem k témto
vysledktim bylo vysloveno podezieni na Carneyho trias ¢i Carney-Stratakis syndrom,

k jejichz odliseni bylo provedeno molekularné genetické vysetieni, které neprokéazalo
germinalni mutaci SDHX, ale odhalilo metylaci promotoru genu SDHC, ktera je

diagnostickym znakem Carneyho trias.

Ttetim ptipadem byl maligni nador Zaludku 78leté Zeny se suspektnim metastatickym
rozsevem v levé plici a na peritoneu. Nador sestaval z monotonni infiltrace buitkami
S minimalnim mnoZstvim cytoplazmy, které byly DOG1 imunopozitivni. Prikaz exprese
proteinu CD117 a cytokeratinti protilatkou OSCAR byl negativni. Vzhledem morfologii
netypické pro GIST bylo doplnéno imunohistochemické vysSetfeni protilatkou TLE-1, které
bylo pozitivni, a ddle molekularné genetické vysetfeni, které vyloucilo mutace KIT a

PDGFRA a prokazalo translokaci t(X;18) charakteristickou pro synovialni sarkom.
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Pfipad €. 1

Zena, 56 let, v anamnéze retroperitonealni GIST s peritoneal-
nim rozsevem resekovany pfed 11 lety. Nyni nadorovy uzel v pe-
riskapularni lokalizaci.

V konvencnim barveni hematoxylinem a eosinem jsou
v punkénim vzorku patrné svazky blandné vyhlizejicich viete-
nitych bunék obklopené kolagen6znim stromatem (Obr. 1A).
Nadorové buriky jsou pozitivni v imunohistochemickém prika-
zu hladkosvalového aktinu (SMA) a vykazuji jadernou pozitivi-
tu B-cateninu (Obr. 1B), imunohistochemické vySetfeni exprese
proteint KIT (CD117) a DOG1 je negativni (Obr. 1C).

Pfipad €. 2

Zena, 45 let. V 15 letech odstranén nador Zaludku diagnos-
tikovany jako leiomyosarkom. V anamnéze dale suspektni me-
tastaza v pravé plici dle CT vySetfeni ve 35 letech (dosud bez
chirurgické intervence), histologicky verifikovany extraadrenal-
ni paragangliom a podezieni na adenom pravé nadledviny a fe-
ochromocytom levé nadledviny z CT vySetieni.

Nador Zaludku je tvofen smiSenou populaci vietenitych a epi-
teloidnich bunék s plexiformnim a nodularnim usporadanim
(Obr. 2A, B). Imunohistochemické vysetfeni exprese proteinu KIT
(CD117) a DOGH1 je difuzné pozitivni (obr. 2C).

Pfipad ¢. 3

Zena, 78 let. Maligni nador zaludku (rozmérti 4,5x4x1,5 cm)
se suspektnim metastatickym rozsevem v levé plici a na perito-
neu.

Tumor Zaludku je histologicky tvofen monoténni infiltraci
burikami s minimem cytoplasmy (obr. 3A, 3B) pozitivnimi
v imunohistochemickém prikazu proteinu DOG1 (obr. 3C), prikaz
exprese proteinu KIT (CD117) a cytokeratind protilatkou OSCAR
je negativni.

Odpovédi na str. XXX

~ Adresa pro korespondenci:

MUDr. Magdaléna Dubova

Siklav tstav patologie LF UK a FN Plzef
Edvarda BeneSe 1128/13, 305 99 Plzen
tel.: 377 402 251

fax.: 377 402 634

email: dubovam@fnplzen.cz

CESKO-SLOVENSKA PATOLOGIE 4 | 2017

127



Jaka je Vase diagnoza? (2)
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Pfipad €. 1 - odpovéd: Fibromatosis-like GIST

Morfologie, imunoprofil i lokalizace 1éze vzbuzovala v prvé fadé
podezieni na extraabdominalni fiboromat6ézu (desmoid). Vzhledem
k anamnestickému udaiji o resekci GISTu (gastrointestinalniho stro-
malniho tumoru) v minulosti byla navic provedena sekvenacni
analyza genu KIT, PDGFRA a genu kédujiciho 3-catenin (CTNNB1).
Molekularné genetické vysetfeni pfekvapivé prokazalo mutaci v
exonu 11 genu KIT. Pfipad byl uzavien jako metastaza GISTu.

Fibromatdza (desmoid) patfi do skupiny vietenobunéénych

|ézi vstupujicich do diferencialni diagnostiky pfedevsim s GISTy
lokalizovanymi v retroperitoneu a mesenteriu. Jde o lokalné agre-
sivné se chovajici tumoriformni afekci slozenou z monomorfnich
viretenitych bunék fazenych podélné s dlouhou osou, které tvori
Siroké a dlouhé svazky s abundantnim kolagen6znim stromatem.
Buriky této léze vykazuji imunohistochemicky nuklearni pozitivitu
B-cateninu (1). Zavadéjici mize byt pozitivni prikaz proteinu KIT
(CD117), ktery je povazovan za dlsledek nedostatecné specificity
polyklonalni protilatky (2). Mutace genu KIT ani PDGFRA nebyly
v desmoidu zjistény (3-5). V abdominalni lokalizaci obvykle ne¢ini
rozliSeni desmoidu a GISTu vétsi diagnostické obtize, vzhledem
k rozdilné morfologii bunék, vyssi celularité i obvyklé intramuralni
lokalizaci GISTu. Extraabdominalni lokalizace GISTu s aberantnim
imunohistochemickym profilem predstavuji diagnosticky problém,
ve kterém ma molekularni genetika své nezastupitelné misto
a Casto hraje rozhodujici diagnostickou ulohu.

Pfipad €. 2 - odpovéd: SDHB-negativni GIST v ramci Carneyho
trias

Na zakladé pozitivniho prikazu exprese proteint KIT (CD117)
a DOG1 byl nador reklasifikovan na GIST. Vzhledem k typickému
morfologickému obrazu, Zaludeéni lokalizaci a nadorové multi-
plicité pacientky bylo doplnéno komplexni imunohistochemické
vySetfeni, které prokazalo ztratu exprese proteinu SDHB, ktera byla
nasledné potvrzena i ve feochromocytomu z levé nadledviny. Tato
sdilena exprese v GISTu a feochromocytomu vzbuzovala podezie-
ni na néktery z nadorovych syndrom, pfiCemz v Gvahu pfichazel
syndrom Carney-Stratakis s germinalni mutaci v SDHx nebo
Carneyho trias bez této mutace. Molekularné genetickym vysetfe-
nim nebyla germinalni mutace prokazana, byla vSak prokazana
hypermetylace promotoru SDHC, pfipad byl tedy uzavien jako Car-
neyho trias.

Carneyho trias byla v roce 1977 definovana jako nefamiliarni
syndrom neznamé etiologie zahrnujici pfitomnost Zalude¢niho
GISTu, plicniho chondromu a extraadrenalniho paragangliomu
(6). Témeér v 80 % pfipadl vSak neni tato trias plné vyvinuta a nej-
Castéjsi kombinaci je v takovém pfipadé GIST a plicni chondrom
(7). Navzdory plvodni definici jsou v sou¢asnosti do této trias
fazeny i adenomy kary nadledvin a leiomyomy jicnu popisované
u pacienttl s timto syndromem (8). Postizeny byvaji pfedevsim
mladé zeny, u kterych nachazime GISTy v typické zaludecni loka-
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lizaci, v jejichz histologickém obraze dominuje epiteloidni kom-
ponenta. Oproti sporadickym GISTUm mohou byt multicentrické

a zakladaji Casné metastazy (9). Pfestoze v ramci Carneyho trias
vznikaji mnohocetné tumory na rliznych mistech, nebyla u
pacientl prokazana germinalni mutace SDH, ktera by se pfirozené
nabizela jako mozna pfi¢ina onemocnéni. Az do roku 2014 byla
jedinym znakem umoznujicim odliSit Carneho trias od syndromu
Carney-Stratakis absence mutaci, ale opakované prokazana
pritomnost hypermetylace promotoru genu SDHC, ktera ma

za nasledek snizeni exprese mRNA a tim snizeni aktivity SDH, se
nyni dostava do popredi védeckého zajmu (10). Nicméné ani ten-
to znak nevysvétluje prvotni pFicinu postizeni pfi Carneyho trias.
Jako mozna pficina je uvadén postzygoticky somaticky mosaicis-
mus (11), diskutovana je i role faktoru indukovaného hypoxii (HIF
1a), jehoz deregulace ma za nasledek destabilizaci a ztratu enzy-
matické funkce celého SDH komplexu (12).

Pfipad €. 3 - odpovéd: Monofazicky synovialni sarkom Zaludku

Morfologie nadoru spolu s pozitivnim imunohistochemickym
prikazem exprese TLE-1 (Transducin Like Enhancer Of Split 1), pri-
kazem translokace t(X;18) a vylou¢enim mutaci genli KIT a PDGFRA
potvrdila diagnézu Spatné diferencovaného monofazického syno-
vialniho sarkomu. Na zakladé vysSetfeni nebylo mozné s jistotou Fici,
zda se jedna o primarni tumor Zaludku i o metastazu. Pacientka
zemrela 1 mésic po resekci zaludku, pitva nebyla klinickym Iékafem
indikovana.

Synovialni sarkom patfi mezi vzacné nadory gastrointestinalni-
ho traktu, které vstupuji do diferencialni diagnostiky GISTu. Zvlasté
monofazické varianty mohou vést k diagnostickym rozpakim diky
své ob¢asné KIT (CD117)- a DOG1-imunopozitivité (13, 14) i rarit-
nimu prikazu mutace genu KIT nebo PDGFRA (15) v nadorovych
bunkach. Monofazicka varianta synovialniho sarkomu je histologicky
tvofena difuzni monoténni infiltraci ovalnymi nebo vietenitymi
burikami s malym mnozstvim svétlé cytoplasmy. Imunohistoche-
micky jsou nadorové bunky pozitivni v priikazu cytokeratin CK7
a CK19, epitelialniho membranového antigenu (EMA) a proteinu
TLE-1(16). Ackoli imunoexprese posledné jmenovaného markeru
neni exkluzivni pouze pro synovialni sarkom ale i jiné mékkotka-
flové nadory jako napf. maligni nador z pochvy periferniho nervu
(MPNST), schwannom nebo extrauterinni endometrialni stromalini
sarkom (17), muze byt jeho imunohistochemicky prikaz spolec-
né s prikazem charakteristické translokace t(X;18), vedouci k fuzi
genu SYT na chromosomu 18 s jednim z ¢len( SSX genové rodiny
na chromosomu X, povazovan za jednoznacny diagnosticky znak
synovialniho sarkomu.
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Cil prace

e Potvrzeni ¢i vylouc¢eni metylace promotoru genu SDHC v nenadorové tkani u pacientt

s Carneyho trias a diskuse nad jejim moznym vyznamem.

Souhrn

Nedavno prokazana hypermetylace promotoru genu SDHC umoziujici odliSeni Carneyho
trias od syndromu Carney-Stratakis je v sou¢asné dobé predmétem védeckého zajmu.
Hypermetylace promotoru genu SDHC byla popsana nejen v nadorové tkani, ale i v krvi a
slinach pacientli s Carneyho trias. Zejména v piipadé€ krevnich vzorka vSak nelze spolehlivé

vyloucit moZnost jejich kontaminace cirkulujici nadorovou DNA (ctDNA).

Cilem této prace bylo ovéteni piitomnosti hypermetylace SDHC v nadorové i solidni
nenadorové tkéni ti pacientli s potvrzenou diagndzou Carneyho trias. Ve vSech tiech
ptipadech se jednalo o Zeny, kterym byl v détstvi resekovan Zalude¢ni GIST, jehoZz buiky
vykazovaly ztratu exprese SDHB (ktera byla v jednom ptipad¢ sdilena s feochromocytomem).
Ve dvou ptipadech byly ptitomny dalsi nadory charakteristické pro Carneyho trias.
Molekularné genetické vysetieni KIT, PDGFRA, SDHB, SDHC a SDHD prokazalo pouze
v jednom GISTu polymorfismus v genech KIT (exon 17) a PDGFRA (exony 12 a 18).
Nasledné¢ bylo provedeno vySetfeni metylace promotoru genu SDHC, které bylo pozitivni ve

vSech tiech GISTech a nenddorové zaludecni tkéni jedné pacientky, zatimco ve stén¢ duodena
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a bfisni lymfatické uzlin€ ziskanych od druhych dvou pacientek nebyla tato hypermetylace
prokazana. Na zéklad¢ téchto vysledki 1ze ve shod¢ s dalSimi studiemi predpokladat, ze
genetickym podkladem Carneyho trias je postzygoticky somaticky mozaicismus. Domnivame
se, ze prukaz hypermetylace promotoru genu SDHC v nenadorové zaludec¢ni tkdni by mohl
vysvétlovat multifokalni distribuci GISTu typickou pro Carneyho trias. Neni rovnéz

vylouceno, Ze u takovychto pacientti hrozi vyssi riziko rekurence ¢i vzniku dal$ich nadort.

Bohuzel dosud zlstava nevysvétleno, jaké prvotni pii¢iny vedou k hypermetylaci
promotoru genu SDHC, stejné tak neni jasné, pro¢ se tato epigenetickd zména vyskytuje

pouze ve vybranych morfologicky i embryologicky nesourodych tkanich.
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SUMMARY

Carney triad is a multitumor syndrome affecting almost exclusively young women in a non-
familial setting, which manifests with multifocal gastric gastrointestinal stromal tumors,
paragangliomas and pulmonary chondroma. The Carney triad-associated tumors are
characterized by deficiency of mitochondrial succinate dehydrogenase enzymatic complex.
Recently, it was found out, that the deficiency results from epigenetic silencing of SDHC gene
promoter by its hypermethylation. To elucidate the topical distribution of SDHC promoter
methylation in Carney triad patients and thus to shed some light on the possible natural
development of this epigenetic change, both neoplastic and available non-neoplastic tissue of
3 newly diagnosed patients with Carney triad was tested for hypermethylation at the SDHC
promoter site. Lack of SDHC epigenetic silencing in the non-neoplastic lymphoid and
duodenal tissue (i. e. tissues not involved in the development of Carney triad-associated
tumors) in association with the finding of SDHC promoter hypermethylation in non-neoplastic
gastric wall favors the hypothesis of postzygotic somatic mosaicism as the biological
background of Carney triad, as well as it explains the multifocality of gastrointestinal stromal
tumors of the stomach occurring in this scenario. However, precise mechanism responsible

for the peculiar organ-specific distribution of Carney triad-associated tumors is still unknown.

INTRODUCTION

Carney triad is a rare multitumoral syndrome of unknown etiology defined by occurrence of
gastric gastrointestinal stromal tumors (GISTs) along with pulmonary chondromas and
paragangliomas (Carney et al., 1977). This non-familial syndrome with significant female
predilection may be associated with a variety of other lesions including pheochromocytomas,
adrenocortical tumors and esophageal leiomyomas (Carney, 1999). The majority of patients
have two of these tumors, GISTs and pulmonary chondromas being the most common
combination (Candanedo-Gonzalez et al., 2000). GISTs and paragangliomas arising in
patients with Carney triad share a similar morphology with tumors arising in the setting of
Carney-Stratakis syndrome and hereditary paraganglioma-pheochromocytoma syndromes.
The tumors show impairment of function of the mitochondrial enzyme complex succinate
dehydrogenase (SDH) due to loss of any of its subunits, which leads to destabilization of the
SDH complex and absence of subunit B (SDHB) protein by immunohistochemistry (Pasini

and Stratakis, 2009; Stratakis and Carney, 2009). In contrast to Carney-Stratakis syndrome, a
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dyad of GIST and paraganglioma, or hereditary paraganglioma-pheochromocytoma
syndromes, in which the associated tumors are caused by a germline mutation of succinate
dehydrogenase subunits genes (SDHx), the tumors arising in most Carney triad patients
demonstrate SDHC promoter hypermethylation (Haller et al., 2014; Killian et al., 2014;
Urbini et al., 2015). Unfortunately, the explanation of multiple occurrence of tumors in the
non-familial setting of Carney triad, as well as their specific tissue distribution is still lacking.
In order to shed some light on the possible mechanism of oncogenesis in patients affected by
Carney triad we analyzed the distribution of SDHC promoter methylation in various

neoplastic and non-neoplastic tissues in a small series of cases.

MATERIALS AND METHODS:

Samples of neoplastic and non-neoplastic tissue of 3 patients with Carney triad were retrieved

from consultation archives of the authors.

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:
CD117, c-kit (polyclonal, 1:800, Dako, Glostrup, Denmark), DOG1 (SP31, RTU, Ventana,
Tucson, AZ), Desmin (D33, 1:200, Dako, Glostrup, Denmark), S100 (polyclonal, RTU,
Ventana, Tucson, AZ), SDHB (21A11, 1:100, Abcam, Cambridge, UK), SDHA
(2E3GC12FB2AE2, 1:1000, Abcam, Cambridge, UK), Chromogranin A (DAK-A3, 1:400,
Dako, Glostrup, Denmark), Synaptophysin (SP11, RTU, Ventana, Tucson, AZ), Melan A
(A103, 1:100, Dako, Glostrup, Denmark), Pan Keratin (AE1/AE3/PCK26, RTU, Ventana,
Tucson, AZ). No special pretreatment was used. The primary antibodies were visualized
employing the enzyme alkaline phosphatase as the detecting system (Ventana Medical
System, Inc., Tucson, Arizona). Appropriate positive and negative control slides were
employed. Furthermore, non-neoplastic endothelial cells were used as internal positive

control.

All GIST cases included in the study were previously defined on the basis of their
morphology combined with immunoexpression of KIT (CD117) and DOG1, and lack of

immunoexpression of desmin and S-100 protein. The diagnosis of pheochromocytoma was
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based on its typical morphology along with positive immunohistochemical finding of
expression of chromogranin and synaptohysin, while Pan Keratin cocktail and melan A were
found to be negative.

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 supplementary protocol for FFPE samples.

Mutational analysis of coding sequence, including exon-intron junctions of SDHB,
SDHC, and SDHD genes was performed by PCR and direct sequencing as published
elsewhere (Dubova et al., 2015). 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 D50017) was performed as well.

For SDHC promoter aberrant methylation analysis the tumor DNA samples were
subjected to bisulfite conversion (“EZ DNA Methylation-Gold Kit;” Zymo Research,
Burlington, ON, Canada) and methylation-specific PCR targeting the SDHC promoter.
Primers SDHC-MF 5TAAATTAGTTAGGTAGAGTTGAGC3' and SDHC-MR
5'CGATCTAAACGAAAATAACG3' were used for amplification of 146bp long fragment of
methylated DNA. Primers SDHC-UF 5’AGTAAATTAGTTAGGTAGAGTTGAGT3' and
SDHC-UR 5 TCCAATCTAAACAAAAATAACAZ were used for amplification of 150bp
long fragment of unmethylated DNA. The following amplification program was used: initial
denaturation at 95°C/10 minutes, then 40 amplification cycles (95°C/ 30s, 53°C/45s,
72°C/60s) and final extension at 72°C/7 minutes. The size of all PCR products was confirmed
on 2 % agarose gel electrophoresis.

RESULTS

Details on the patients, tumors and available non-neoplastic tissues are shown in the Table.
Briefly, all 3 patients were females, mean age at the time of first presentation was 13.3 years.
SDHB-negative epithelioid GISTs of the stomach were present in all cases. Moreover, Patient
1 was also found to have a pulmonary chondroma, and Patient 3 had a pheochromocytoma of
the left adrenal, adenoma of the right adrenal, extraadrenal paraganglioma and a nodular
lesion 49 mm in diameter in the right lung, which was suspicious of pulmonary chondroma,

but not verified histologically. All GISTs and the pheochromocytoma were
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immunohistochemically negative for SDHB, but positive for SDHA. KIT, PDGFRA and
SDHB-D genes were found to be wild type, with the exception of polymorphisms in KIT exon
17 and PDGFRA exons 12 and 18 in Patient 1. All GISTs were found to bear SDHC promoter
hypermethylation. Further, KIT, DOG1 and SDHB immunoexpression, as well as SDHC
hypermethylation status of the available non-neoplastic tissues (namely perigastric lymph
node, duodenum, and stomach) were investigated in all 3 patients. In Patients 1 and 2, the
tissues of a perigastric lymph node and duodenum were unmethylated at the SDHC promoter
site, whereas the non-neoplastic tissue of the stomach from Patient 3 displayed SDHC
promoter hypermethylation. Presence of neoplastic cells in these control tissues was excluded

both by conventional histology and the immunohistochemistry mentioned above.

DISCUSSION

SDH, also known as mitochondrial complex |1, is an enzyme complex composed of four main
subunits (SDHA, SDHB, SDHC, and SDHD), assembly factors (SDHAF1, SDHAF2), iron-
sulphur centers and ubiquinone, which is located in the inner mitochondrial membrane. It
participates in the electron transport chain and Krebs cycle by catalyzing oxidative
dehydrogenation of succinate to fumarate (Gottlieb and Tomlinson, 2005). Information on
function of the whole enzyme complex can be brought by immunohistochemical analysis of
expression of SDHB, because the immunoexpression of SDHB is dependent on complete
assembly of the whole SDH complex. While the SDHB protein is ubiquitously expressed
under normal conditions, its expression is lost in cases of dysfunction of the SDH complex.
Such a dysfunction caused by loss-of-function mutations of the SDHx genes was first
described in familial paraganglioma/pheochromocytoma syndrome (Astuti et al., 2001a;
Astuti et al., 2001b; Baysal et al., 2000; McWhinney et al., 2004; Niemann and Muller, 2000;
van Nederveen et al., 2009). Later on, germline mutations of SDHXx associated with loss of
SDHB expression were identified in 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 so-called KIT and PDGFRA wild-type GISTs, including
familial GISTs caused by germline SDHx mutations, but, compared to Carney-Stratakis
syndrome, devoid of the paraganglioma/pheochromocytoma component, sporadic GISTs
associated with germline SDHx mutations, and sporadic GISTs bearing a somatic mutation of
SDHXx (Barletta and Hornick, 2012; Doyle et al., 2012; Gaal et al., 2011; Gill et al., 2010; Gill
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etal., 2011; Miettinen et al., 2011; Rege et al., 2011). However, a subset of SDHB-deficient
gastric GISTs could not be explained by germline or somatic SDHx mutations. These GISTs
occur in the setting of Carney triad, which was defined as a non-familial syndrome of
unknown etiology manifesting with gastric GIST, pulmonary chondroma and paraganglioma
in 1977 (Carney et al., 1977). In fact, up to 78% of patients demonstrate incomplete triad, the
most common combination being gastric GIST and pulmonary chondroma (Carney, 1979,
1983, 1999; Segal et al., 1994). Some patients may also develop adrenocortical adenoma
and/or esophageal leiomyoma (Carney, 1999). The GISTs of Carney triad are KIT and
PDGFRA wild type (Diment et al., 2005; Knop et al., 2006), and although SDHB-deficient,
they were found SDHXx wild type (Matyakhina et al., 2007).

In contrast to Carney-Stratakis syndrome, the tumors arising in most Carney triad
patients demonstrate SDHC promoter hypermethylation (Haller et al., 2014; Killian et al.,
2014; Urbini et al., 2015), although a small subset of these patients may also harbor germline
SDHx mutations (Boikos et al., 2016). Somatic promoter hypermethylation of the SDHC gene
is a rare event, which leads to silencing of the SDHC gene locus with functional impairment
of the SDH enzyme complex activity (Haller et al., 2014). Current data on tissue distribution
of promoter hypermethylation of SDHC are rather conflicting. First, SDHC hypermethylation
was identified in tumor tissue as well as in blood and saliva of Carney triad patients. This
finding was interpreted as a mosaic constitutional epimutation clonally expanding in tumor
cells (Killian et al., 2014). Another recent study describes significant SDHC promoter
hypermethylation in two sporadic SDHB-negative paragangliomas and low-level methylation
in coincidental adrenocortical adenoma in a patient without SDHx germline mutation. Blood
and reference benign adrenal tissue were unmethylated at the SDHC promoter site (Richter et
al., 2016). Nevertheless, the blood and saliva analysis lacks information on cellular
localization of the investigated DNA, which was found to be methylated in the first study.
Thus, especially in blood samples, possible contamination by circulating tumor DNA
(ctDNA) cannot be ruled out.

To further specify the distribution of SDHC promoter hypermethylation in the body of
patients with Carney triad, we investigated promoter hypermethylation status of SDHC in
neoplastic and non-neoplastic tissues of 3 new patients with Carney triad. All patients were
young women and they were all affected by KIT/PDGFRA wild type SDHB-deficient
epithelioid gastric GISTs. Further tumors detected in the 3 patients included pulmonary

chondroma, pheochromocytoma, adrenocortical adenoma, and extraadrenal paraganglioma.
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As all investigated tumors were SDHA-positive, only SDHB-D genes were subjected to
sequence analysis and they were all found wild type. Subsequently, SDHC promoter
hypermethylation was proven in all cases of GIST. Non-neoplastic tissues tested for SDHC
promoter hypermethylation comprised perigastric lymph node, duodenum and stomach. While
the lymph node and duodenal samples were unmethylated at the SDHC promoter site, the

gastric tissue devoid of neoplastic cells displayed SDHC promoter hypermethylation.

Our results further support the hypothesis of postzygotic somatic mosaicism of SDHC
promoter hypermethylation as a molecular genetic background of Carney triad. The finding of
SDHC hypermethylation in non-neoplastic gastric wall explains the typical multifocal
distribution and common recurrences of gastric GISTs in the setting of Carney triad, as it is
reasonable to hypothesize that Carney triad patients with hypermethylation of non-neoplastic
tissue may be at greater risk of recurrent or additional tumors, because of maintenance of
SDHC epimutation (Killian et al., 2014). Unfortunately, the deregulatory events leading to
SDHC epimutation during early developmental period and subsequent impairment of activity
of SDH enzyme complex in selected cells and its descendants are currently unknown.
Similarly, it remains unresolved, why the SDHC hypermethylation leading to Carney triad-
associated tumors occurs only in selected tissues. Namely, the syndromic infliction of
stomach, paraganglia and bronchial cartilage instead of a more or less regular distribution of

tumors throughout foregut structures remains an enigma.

In conclusion, we present 3 new cases of Carney triad and investigate distribution of
hypermethylation at the SDHC promoter site in the tumors and in the non-neoplastic tissue of
the stomach, duodenum and lymph node. The fact, that only the gastric non-tumorous tissue
displayed SDHC promoter hypermethylation, probably mirrors postzygotic somatic
mosaicism of SDHC epimutation and also explains the well-known multifocality of gastric

GISTs in Carney triad patients.
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TABLE: Summary of clinical, morphological and molecular genetic findings

Patient No. 1 2 3
Sex F F F
Age 12 14 14 (GIST); 48 (chondroma); 57

(pheochromocytoma)

Tumor(s) (localization,

size)

GIST (stomach, 60 mm);

pulmonary chondroma

GIST (stomach, 58 x 40 x 35

mm)

GIST (stomach 38x36x32 mm); extraadrenal
paraganglioma; pheochromocytoma (left
adrenal, 75 mm); adrenal adenoma (right
adrenal); stable pulmonary calcified nodular
lesion , v. s. chondroma (right lung,

49x43%x28 mm)

Molecular genetic

profile (tumor)

Polymorphism in KIT exon 17
wt/2484C-T; PDGFRA exon 12
1701A-G/1701A-G; PDGFRA

exon 18 wt/2472C-T; SDHB-D -

KIT —wt; PDGFRA — wt;

SDHB-D - wt

KIT —wt; PDGFRA — wt; SDHB-D - wt

wt
Metastases Liver Lymph nodes, liver, Liver (GIST)
diaphragm, omentum
SDHC GIST - positive GIST - positive GIST - positive

hypermethylation

(tumor)

Pheochromocytoma - positive

SDHC
hypermethylation

(non-neoplastic tissue)

Perigastric lymph node — negative

Duodenum — negative

Stomach — positive

Treatment

Imatinib

Sunitinib

Regorafenib

F: female

SDHB-D: genes SDHB, SDHC, and SDHD

wt: wild type
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3. Zavér

Ackoli by se mohlo zdat, ze témata pro vyzkum mezenchymalnich nadori traviciho traktu
jsou jiz do zna¢né miry vyCerpand, pfinaseji mensi i rozsahlé studie kazdoro¢né nové
informace, diky nimz je mozné nahlédnout do patogeneze i molekularni podstaty téchto

jednotek.

Studie v ramci doktorské dizertacni prace prokazaly nékolik variant genit SDHx dosud
nejasného vyznamu v souboru solitarnich fibroznich tumort a v ojedinélém ptipadu
mediastinalniho GISTu s patogenni mutaci genu KIT. Dale byla prokazana absence
somatickych mutaci genu PDGFRA Vv intestinalnich lipomech, coz uvadi v pochybnost
predpoklad o uloze germinalnich mutaci PDGFRA v onkogenezi lipomt vyskytujicich se
v ramci ,,PDGFRA-mutantniho syndromu®. Kazuistickou formou byla demonstrovana
problematika imunoexprese DOG1 v diferencialni diagnostice mezenchymalnich nadort
traviciho traktu. V posledni, dosud nepublikované studii distribuce metylace SDHC
v nenadorovych tkanich pacientli s Carneyho trias byla prokazana metylace SDHC
V nenddorove stén¢ zaludku, avSak nikoli v lymfatickych uzlinach nebo duodenu, coz by

mohlo vysvétlovat tendenci k multifokalit€ a recidivam Zalude¢niho GISTu u téchto pacienti.

80



4. Literatura

10.

11.

12.

13.

14.

15.

Agaimy, A., Stoehr, R., Vieth, M., et al. Benign serrated colorectal fibroblastic
polyps/intramucosal perineuriomas are true mixed epithelial-stromal polyps (hybrid
hyperplastic polyp/mucosal perineurioma) with frequent BRAF mutations. Am J Surg
Pathol, 2010, 34(11): 1663-71.

Agaimy, A., Terracciano, L.M., Dirnhofer, S., et al. V600E BRAF mutations are
alternative early molecular events in a subset of KIT/PDGFRA wild-type
gastrointestinal stromal tumours. J Clin Pathol, 2009, 62(7): 613-6.

Agaimy, A., Vassos, N.,Croner, R.S. Gastrointestinal manifestations of
neurofibromatosis type 1 (Recklinghausen's disease): clinicopathological spectrum
with pathogenetic considerations. Int J Clin Exp Pathol, 2012, 5(9): 852-62.

Agaimy, A.,Wunsch, P.H. Gastrointestinal stromal tumours: a regular origin in the
muscularis propria, but an extremely diverse gross presentation. A review of 200 cases
to critically re-evaluate the concept of so-called extra-gastrointestinal stromal tumours.
Langenbecks Arch Surg, 2006, 391(4): 322-9.

Agaimy, A.,Wunsch, P.H. True smooth muscle neoplasms of the gastrointestinal tract:
morphological spectrum and classification in a series of 85 cases from a single
institute. Langenbecks Arch Surg, 2007, 392(1): 75-81.

Agaimy, A.,Wunsch, P.H. Lymph node metastasis in gastrointestinal stromal tumours
(GIST) occurs preferentially in young patients < or = 40 years: an overview based on
our case material and the literature. Langenbecks Arch Surg, 2009, 394(2): 375-81.
Agaram, N.P., Chen, C.L., Zhang, L., et al. Recurrent MYODZ1 mutations in pediatric
and adult sclerosing and spindle cell rhabdomyosarcomas: evidence for a common
pathogenesis. Genes Chromosomes Cancer, 2014, 53(9): 779-87.

Agaram, N.P., Wong, G.C., Guo, T., et al. Novel V600E BRAF mutations in imatinib-
naive and imatinib-resistant gastrointestinal stromal tumors. Genes Chromosomes
Cancer, 2008, 47(10): 853-9.

Akinleye, A., Avvaru, P., Furgan, M., et al. Phosphatidylinositol 3-kinase (PI3K)
inhibitors as cancer therapeutics. J Hematol Oncol, 2013, 6(1): 88.

Alassiri, A.H., Ali, R.H., Shen, Y., et al. ETV6-NTRKS3 Is Expressed in a Subset of
ALK-Negative Inflammatory Myofibroblastic Tumors. Am J Surg Pathol, 2016,
40(8): 1051-61.

Alkhuziem, M., Burgoyne, A.M., Fanta, P.T., et al. The Call of "The Wild"-Type
GIST: It's Time for Domestication. J Natl Compr Canc Netw, 2017, 15(5): 551-554.
Allibone, R.O., Nanson, J.K.,Anthony, P.P. Multiple and recurrent inflammatory
fibroid polyps in a Devon family (‘Devon polyposis syndrome’): an update. Gut, 1992,
33(7): 1004-5.

Altinok, G., Himmetoglu, C., Gurel, B., et al. Clinicopathological features and
immunohistochemical staining for c-kit protein (CD117) in metastatic and primary
malignant melanoma of the gastrointestinal tract. Abstract. Virchows Archiv, 2005,
447: 678-679.

Amatya, V.J., Takeshima, Y., Kaneko, M., et al. Esophageal carcinosarcoma with
basaloid squamous carcinoma and rhabdomyosarcoma components with TP53
mutation. Pathol Int, 2004, 54(10): 803-9.

Amieux, P.S. Getting the GIST of the Carney Triad: growth factors, rare tumors, and
cellular respiration. Pediatr Dev Pathol, 2004, 7(4): 306-8.

81



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

Andersson, J., Sjogren, H., Meis-Kindblom, J.M., et al. The complexity of KIT gene
mutations and chromosome rearrangements and their clinical correlation in
gastrointestinal stromal (pacemaker cell) tumors. Am J Pathol, 2002, 160(1): 15-22.
Antonescu, C.R., Suurmeijer, A.J., Zhang, L., et al. Molecular characterization of
inflammatory myofibroblastic tumors with frequent ALK and ROS1 gene fusions and
rare novel RET rearrangement. Am J Surg Pathol, 2015, 39(7): 957-67.

Argani, P., Fritsch, M., Kadkol, S.S., et al. Detection of the ETV6-NTRK3 chimeric
RNA of infantile fibrosarcoma/cellular congenital mesoblastic nephroma in paraffin-
embedded tissue: application to challenging pediatric renal stromal tumors. Mod
Pathol, 2000, 13(1): 29-36.

Asada, Y., Isomoto, H., Akama, F., et al. Metastatic low-grade endometrial stromal
sarcoma of the sigmoid colon three years after hysterectomy. World J Gastroenterol,
2005, 11(15): 2367-9.

Baines, A.T., Xu, D.,Der, C.J. Inhibition of Ras for cancer treatment: the search
continues. Future Med Chem, 2011, 3(14): 1787-808.

Banck, M.S., Kanwar, R., Kulkarni, A.A., et al. The genomic landscape of small
intestine neuroendocrine tumors. J Clin Invest, 2013, 123(6): 2502-8.

Barras, D. BRAF Mutation in Colorectal Cancer: An Update. Biomark Cancer, 2015,
7(Suppl 1): 9-12.

Basile, U., Cavallaro, G., Polistena, A., et al. Gastrointestinal and retroperitoneal
manifestations of type 1 neurofibromatosis. J Gastrointest Surg, 2010, 14(1): 186-94.
Bauer, S., Duensing, A., Demetri, G.D., et al. KIT oncogenic signaling mechanisms in
imatinib-resistant gastrointestinal stromal tumor: PI13-kinase/AKT is a crucial survival
pathway. Oncogene, 2007.

Beghini, A., Tibiletti, M.G., Roversi, G., et al. Germline mutation in the
juxtamembrane domain of the kit gene in a family with gastrointestinal stromal tumors
and urticaria pigmentosa. Cancer, 2001, 92(3): 657-62.

Bergmann, F., Andrulis, M., Hartwig, W., et al. Discovered on gastrointestinal stromal
tumor 1 (DOG1) is expressed in pancreatic centroacinar cells and in solid-
pseudopapillary neoplasms-novel evidence for a histogenetic relationship. Hum
Pathol, 2011, 42(6): 817-23.

Besmer, P., Murphy, J.E., George, P.C., et al. A new acute transforming feline
retrovirus and relationship of its oncogene v-kit with the protein kinase gene family.
Nature, 1986, 320(6061): 415-21.

Billings, S.D., Meisner, L.F., Cummings, O.W., et al. Synovial sarcoma of the upper
digestive tract: a report of two cases with demonstration of the X;18 translocation by
fluorescence in situ hybridization. Mod Pathol, 2000, 13(1): 68-76.

Blei, E.,Gonzalez-Crussi, F. The intriguing nature of gastric tumors in Carney's triad.
Ultrastructural and immunohistochemical observations. Cancer, 1992, 69(2): 292-300.
Boikos, S.A., Pappo, A.S., Killian, J.K., et al. Molecular Subtypes of KIT/PDGFRA
Wild-Type Gastrointestinal Stromal Tumors: A Report From the National Institutes of
Health Gastrointestinal Stromal Tumor Clinic. JAMA Oncol, 2016, 2(7): 922-8.
Boikos, S.A., Xekouki, P., Fumagalli, E., et al. Carney triad can be (rarely) associated
with germline succinate dehydrogenase defects. Eur J Hum Genet, 2016, 24(4): 569-
73.

Boldorini, R., Tosoni, A., Leutner, M., et al. Multiple small intestinal stromal tumours
in a patient with previously unrecognised neurofibromatosis type 1:
immunohistochemical and ultrastructural evaluation. Pathology, 2001, 33(3): 390-5.
Brand, T.M.,Wheeler, D.L. KRAS mutant colorectal tumors: past and present. Small
GTPases, 2012, 3(1): 34-9.

82



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

Brenca, M., Rossi, S., Polano, M., et al. Transcriptome sequencing identifies ETV6-
NTRKS3 as a gene fusion involved in GIST. J Pathol, 2016, 238(4): 543-9.
Burnichon, N., Cascon, A., Schiavi, F., et al. MAX mutations cause hereditary and
sporadic pheochromocytoma and paraganglioma. Clin Cancer Res, 2012, 18(10):
2828-37.

Candanedo-Gonzalez, F.A., Krause-Senties, L., Bencosme-Vinas, C.M., et al.
Incomplete form of Carney’s triad: clinical and morphologic analysis of a case in
Mexico. Endocr Pathol, 2000, 11(4): 287-294.

Cantley, L.C.,Neel, B.G. New insights into tumor suppression: PTEN suppresses
tumor formation by restraining the phosphoinositide 3-kinase/AKT pathway. Proc
Natl Acad Sci U S A, 1999, 96(8): 4240-5.

Carney, J.A. The triad of gastric epithelioid leiomyosarcoma, pulmonary chondroma,
and functioning extra-adrenal paraganglioma: a five-year review. Medicine
(Baltimore), 1983, 62(3): 159-69.

Carney, J.A. Gastric stromal sarcoma, pulmonary chondroma, and extra-adrenal
paraganglioma (Carney Triad): natural history, adrenocortical component, and
possible familial occurrence. Mayo Clin Proc, 1999, 74(6): 543-52.

Carney, J.A., Sheps, S.G., Go, V.L,, et al. The triad of gastric leiomyosarcoma,
functioning extra-adrenal paraganglioma and pulmonary chondroma. N Engl J Med,
1977, 296(26): 1517-8.

Carney, J.A.,Stratakis, C.A. Familial paraganglioma and gastric stromal sarcoma: a
new syndrome distinct from the Carney triad. Am J Med Genet, 2002, 108(2): 132-9.
Carney, J.A.,Stratakis, C.A. Stromal, fibrous, and fatty gastrointestinal tumors in a
patient with a PDGFRA gene mutation. Am J Surg Pathol, 2008, 32(9): 1412-20.
Ceballos, K.M., Francis, J.A.,Mazurka, J.L. Gastrointestinal stromal tumor presenting
as a recurrent vaginal mass. Arch Pathol Lab Med, 2004, 128(12): 1442-4.

Cessna, M.H., Zhou, H., Perkins, S.L., et al. Are myogenin and myoD1 expression
specific for rhabdomyosarcoma? A study of 150 cases, with emphasis on spindle cell
mimics. Am J Surg Pathol, 2001, 25(9): 1150-7.

Cessna, M.H., Zhou, H., Sanger, W.G., et al. Expression of ALK1 and p80 in
inflammatory myofibroblastic tumor and its mesenchymal mimics: a study of 135
cases. Mod Pathol, 2002, 15(9): 931-8.

Ciampi, R., Giordano, T.J., Wikenheiser-Brokamp, K., et al. HOOK3-RET: a novel
type of RET/PTC rearrangement in papillary thyroid carcinoma. Endocr Relat Cancer,
2007, 14(2): 445-52.

Ciftci, B., Vardar, E., Tasli, F., et al. Reactive Nodular Fibrous Pseudotumor
Presenting as a Huge Intra abdominal Mass after Abdominal Surgery: a Case Report.
Iran J Pathol, 2015, 10(2): 149-54.

Ciruna, B.G., Schwartz, L., Harpal, K., et al. Chimeric analysis of fibroblast growth
factor receptor-1 (Fgfrl) function: a role for FGFR1 in morphogenetic movement
through the primitive streak. Development, 1997, 124(14): 2829-41.

Clary, B.M., DeMatteo, R.P., Lewis, J.J., et al. Gastrointestinal stromal tumors and
leiomyosarcoma of the abdomen and retroperitoneum: a clinical comparison. Ann Surg
Oncol, 2001, 8(4): 290-9.

Coffin, C.M., Watterson, J., Priest, J.R., et al. Extrapulmonary inflammatory
myofibroblastic tumor (inflammatory pseudotumor). A clinicopathologic and
immunohistochemical study of 84 cases. Am J Surg Pathol, 1995, 19(8): 859-72.
Colombo, P., Rahal, D., Grizzi, F., et al. Localized intra-abdominal fibromatosis of the
small bowel mimicking a gastrointestinal stromal tumor: a case report. World J
Gastroenterol, 2005, 11(33): 5226-8.

83



52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Cook, J.R., Dehner, L.P., Collins, M.H., et al. Anaplastic lymphoma kinase (ALK)
expression in the inflammatory myofibroblastic tumor: a comparative
immunohistochemical study. Am J Surg Pathol, 2001, 25(11): 1364-71.

Corless, C.L. Gastrointestinal stromal tumors: what do we know now? Mod Pathol,
2014, 27 Suppl 1: S1-16.

Corless, C.L., Schroeder, A., Griffith, D., et al. PDGFRA mutations in gastrointestinal
stromal tumors: frequency, spectrum and in vitro sensitivity to imatinib. J Clin Oncol,
2005, 23(23): 5357-64.

Crucis, A., Richer, W., Brugieres, L., et al. Rhabdomyosarcomas in children with
neurofibromatosis type I: A national historical cohort. Pediatr Blood Cancer, 2015,
62(10): 1733-8.

Cully, M., Shiu, J., Piekorz, R.P., et al. Transforming acidic coiled coil 1 promotes
transformation and mammary tumorigenesis. Cancer Res, 2005, 65(22): 10363-70.
Daniels, M., Lurkin, 1., Pauli, R., et al. Spectrum of KIT/PDGFRA/BRAF mutations
and Phosphatidylinositol-3-Kinase pathway gene alterations in gastrointestinal stromal
tumors (GIST). Cancer Lett, 2011, 312(1): 43-54.

Daum, O., Grossmann, P., Vanecek, T., et al. Diagnostic morphological features of
PDGFRA-mutated gastrointestinal stromal tumors: molecular genetic and histologic
analysis of 60 cases of gastric gastrointestinal stromal tumors. Ann Diagn Pathol,
2007, 11(1): 27-33.

Daum, O., Hatlova, J., Mandys, V., et al. Comparison of morphological,
immunohistochemical, and molecular genetic features of inflammatory fibroid polyps
(Vanek's tumors). Virchows Arch, 2010, 456(5): 491-497.

Daum, O., Hes, O., Vanecek, T., et al. Vanek's tumor (inflammatory fibroid polyp).
Report of 18 cases and comparison with three cases of original Vanek's series. Ann
Diagn Pathol, 2003, 7(6): 337-47.

Daum, O., Klecka, J., Ferda, J., et al. Gastrointestinal stromal tumor of the pancreas:
case report with documentation of KIT gene mutation. Virchows Arch, 2005, 446(4):
470-2.

Daum, O., Vanecek, T., Sima, R., et al. Reactive nodular fibrous pseudotumors of the
gastrointestinal tract: report of 8 cases. Int J Surg Pathol, 2004, 12(4): 365-74.

Daum, O., Zalud, R., Grossmann, P., et al. A case of imatinib-naive ileal fibrous
stromal tumor with unusual morphology and double PDGFRA mutation. Appl
Immunohistochem Mol Morphol, 2010, 18(5): 484-485.

Debelenko, L.V., Arthur, D.C., Pack, S.D., et al. Identification of CARS-ALK fusion
in primary and metastatic lesions of an inflammatory myofibroblastic tumor. Lab
Invest, 2003, 83(9): 1255-65.

Debiec-Rychter, M., Sciot, R., Le Cesne, A., et al. KIT mutations and dose selection
for imatinib in patients with advanced gastrointestinal stromal tumours. Eur J Cancer,
2006, 42(8): 1093-103.

Debiec-Rychter, M., Wasag, B., Stul, M., et al. Gastrointestinal stromal tumours
(GISTSs) negative for KIT (CD117 antigen) immunoreactivity. J Pathol, 2004, 202(4):
430-8.

Delecluse, H.J., Feederle, R., O'Sullivan, B., et al. Epstein Barr virus-associated
tumours: an update for the attention of the working pathologist. J Clin Pathol, 2007,
60(12): 1358-64.

Demetri, G.D. Differential properties of current tyrosine kinase inhibitors in
gastrointestinal stromal tumors. Semin Oncol, 2011, 38 Suppl 1: S10-9.

Demetri, G.D., Reichardt, P., Kang, Y.K., et al. Efficacy and safety of regorafenib for
advanced gastrointestinal stromal tumours after failure of imatinib and sunitinib

84



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

(GRID): an international, multicentre, randomised, placebo-controlled, phase 3 trial.
Lancet, 2013, 381(9863): 295-302.

Devilard, E., Bladou, F., Ramuz, O., et al. FGFR1 and WT1 are markers of human
prostate cancer progression. BMC Cancer, 2006, 6: 272.

Deyrup, A.T., Lee, V.K,, Hill, C.E., et al. Epstein-Barr virus-associated smooth
muscle tumors are distinctive mesenchymal tumors reflecting multiple infection
events: a clinicopathologic and molecular analysis of 29 tumors from 19 patients. Am
J Surg Pathol, 2006, 30(1): 75-82.

Di Cristofano, A., Pesce, B., Cordon-Cardo, C., et al. Pten is essential for embryonic
development and tumour suppression. Nat Genet, 1998, 19(4): 348-55.

Diller, L., Sexsmith, E., Gottlieb, A., et al. Germline p53 mutations are frequently
detected in young children with rhabdomyosarcoma. J Clin Invest, 1995, 95(4): 1606-
11.

Diniz, G., Aktas, S., Ortac, R., et al. Kit expression in spindle cell rhabdomyosarcoma
can possibly create a different approach for its tumorigenesis and therapy. Pathol Res
Pract, 2006, 202(9): 671-7.

Donner, L.R., Trompler, R.A.,White, R.R.t. Progression of inflammatory
myofibroblastic tumor (inflammatory pseudotumor) of soft tissue into sarcoma after
several recurrences. Hum Pathol, 1996, 27(10): 1095-8.

Doorn, P.F., Molenaar, W.M., Buter, J., et al. Malignant peripheral nerve sheath
tumors in patients with and without neurofibromatosis. Eur J Surg Oncol, 1995, 21(1):
78-82.

Ernst, S.1., Hubbs, A.E., Przygodzki, R.M., et al. KIT mutation portends poor
prognosis in gastrointestinal stromal/smooth muscle tumors. Lab Invest, 1998, 78(12):
1633-6.

Eser, S., Schnieke, A., Schneider, G., et al. Oncogenic KRAS signalling in pancreatic
cancer. Br J Cancer, 2014, 111(5): 817-22.

Falchook, G.S., Trent, J.C., Heinrich, M.C., et al. BRAF mutant gastrointestinal
stromal tumor: first report of regression with BRAF inhibitor dabrafenib
(GSK2118436) and whole exomic sequencing for analysis of acquired resistance.
Oncotarget, 2013, 4(2): 310-5.

Fassan, M., Salmaso, R., Saraggi, D., et al. Plexiform fibromyxoma of the gallbladder.
Pathologica, 2015, 107(3-4): 181-4.

Fletcher, C.D., Berman, J.J., Corless, C., et al. Diagnosis of gastrointestinal stromal
tumors: A consensus approach. Hum Pathol, 2002, 33(5): 459-65.

Fletcher, J.A. KIT Oncogenic Mutations: Biologic Insights, Therapeutic Advances,
and Future Directions. Cancer Res, 2016, 76(21): 6140-6142.

Folpe, A.L., Fanburg-Smith, J.C., Miettinen, M., et al. Atypical and malignant glomus
tumors: analysis of 52 cases, with a proposal for the reclassification of glomus tumors.
Am J Surg Pathol, 2001, 25(1): 1-12.

Fox, K.R., Moussa, S.M., Mitre, R.J., et al. Clinical and pathologic features of primary
gastric rhabdomyosarcoma. Cancer, 1990, 66(4): 772-8.

Fruman, D.A.,Rommel, C. PI3K and cancer: lessons, challenges and opportunities.
Nat Rev Drug Discov, 2014, 13(2): 140-56.

Fujiie, M., Yamamoto, M., Taguchi, K., et al. Gastric carcinosarcoma with
rhabdomyosarcomatous differentiation: a case report and review. Surg Case Rep,
2016, 2(1): 52.

Furlong, M.A., Mentzel, T.,Fanburg-Smith, J.C. Pleomorphic rhabdomyosarcoma in
adults: a clinicopathologic study of 38 cases with emphasis on morphologic variants
and recent skeletal muscle-specific markers. Mod Pathol, 2001, 14(6): 595-603.

85



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Gallo, S.H.,Sagatelian, M.A. Benign schwannoma of the small intestine: an unusual
cause of gastrointestinal bleeding. J Ky Med Assoc, 1995, 93(7): 291-4.

Garlipp, B.,Bruns, C.J. State of the Art in the Treatment of Gastrointestinal Stromal
Tumors. Gastrointest Tumors, 2014, 1(4): 221-36.

Gauchotte, G., Bressenot, A., Serradori, T., et al. Reactive nodular fibrous
pseudotumor: a first report of gastric localization and clinicopathologic review.
Gastroenterol Clin Biol, 2009, 33(12): 1076-81.

Geller, M.A., Argenta, P., Bradley, W., et al. Treatment and recurrence patterns in
endometrial stromal sarcomas and the relation to c-kit expression. Gynecol Oncol,
2004, 95(3): 632-6.

Gengler, C.,Guillou, L. Solitary fibrous tumour and haemangiopericytoma: evolution
of a concept. Histopathology, 2006, 48(1): 63-74.

Giarola, M., Wells, D., Mondini, P., et al. Mutations of adenomatous polyposis coli
(APC) gene are uncommon in sporadic desmoid tumours. Br J Cancer, 1998, 78(5):
582-7.

Gibson, J.A.,Hornick, J.L. Mucosal Schwann cell "hamartoma": clinicopathologic
study of 26 neural colorectal polyps distinct from neurofibromas and mucosal
neuromas. Am J Surg Pathol, 2009, 33(5): 781-7.

Gill, AJ., Chou, A., Vilain, R., et al. Immunohistochemistry for SDHB divides
gastrointestinal stromal tumors (GISTs) into 2 distinct types. Am J Surg Pathol, 2010,
34(5): 636-44.

Gleason, B.C.,Hornick, J.L. Inflammatory myofibroblastic tumours: where are we
now? J Clin Pathol, 2008, 61(4): 428-37.

Golden, T.,Stout, A.P. Smooth muscle tumours of the gastrointestinal tract and
retroperitoneal tissues. Surg Gynecol Obstet, 1941, 73(3): 784-790.

Gottlieb, E.,Tomlinson, I.P. Mitochondrial tumour suppressors: a genetic and
biochemical update. Nat Rev Cancer, 2005, 5(11): 857-66.

Gripp, K.W. Tumor predisposition in Costello syndrome. Am J Med Genet C Semin
Med Genet, 2005, 137C(1): 72-7.

Groisman, G.M.,Polak-Charcon, S. Fibroblastic polyp of the colon and colonic
perineurioma: 2 names for a single entity? Am J Surg Pathol, 2008, 32(7): 1088-94.
Groisman, G.M., Polak-Charcon, S.,Appelman, H.D. Fibroblastic polyp of the colon:
clinicopathological analysis of 10 cases with emphasis on its common association with
serrated crypts. Histopathology, 2006, 48(4): 431-7.

Gutmann, D.H., Ferner, R.E., Listernick, R.H., et al. Neurofibromatosis type 1. Nat
Rev Dis Primers, 2017, 3: 17004.

Guzel, T., Mech, K., Mazurkiewicz, M., et al. A very rare case of a small bowel
leiomyosarcoma leading to ileocaecal intussusception treated with a laparoscopic
resection: a case report and a literature review. World J Surg Oncol, 2016, 14(1): 48.
Haller, F., Moskalev, E.A., Faucz, F.R., et al. Aberrant DNA hypermethylation of
SDHC: a novel mechanism of tumor development in Carney triad. Endocr Relat
Cancer, 2014, 21(4): 567-77.

Han, J., Chong, Y., Kim, T.J., et al. Mucosal Schwann Cell Hamartoma in Colorectal
Mucosa: A Rare Benign Lesion That Resembles Gastrointestinal Neuroma. J Pathol
Transl Med, 2017, 51(2): 187-189.

Hasegawa, T., Matsuno, Y., Shimoda, T., et al. Extrathoracic solitary fibrous tumors:
their histological variability and potentially aggressive behavior. Hum Pathol, 1999,
30(12): 1464-73.

86



107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124,

125.

126.

Hasegawa, T., Matsuno, Y., Shimoda, T., et al. Gastrointestinal stromal tumor:
consistent CD117 immunostaining for diagnosis, and prognostic classification based
on tumor size and MIB-1 grade. Hum Pathol, 2002, 33(6): 669-76.

Hayashi, Y., Okazaki, T., Yamataka, A., et al. Gastrointestinal stromal tumor in a
child and review of the literature. Pediatr Surg Int, 2005, 21(11): 914-7.

Heidet, L., Boye, E., Cai, Y., et al. Somatic deletion of the 5' ends of both the
COL4AS5 and COL4AG genes in a sporadic leiomyoma of the esophagus. Am J Pathol,
1998, 152(3): 673-8.

Heinrich, M.C., Corless, C.L., Demetri, G.D., et al. Kinase mutations and imatinib
response in patients with metastatic gastrointestinal stromal tumor. J Clin Oncol,
2003, 21(23): 4342-9.

Heinrich, M.C., Corless, C.L., Duensing, A., et al. PDGFRA activating mutations in
gastrointestinal stromal tumors. Science, 2003, 299(5607): 708-10.

Hemmi, A., Inaniwa, Y., Ohno, S., et al. Relationship between skeinoid fibers and
stromal matrix in gastrointestinal stromal tumors: morphometric analysis with quick-
freezing and deep-etching method. Pathol Int, 2001, 51(5): 338-48.

Higa, S., Matsumoto, M., Tamai, O., et al. Plexiform leiomyoma of the esophagus: a
peculiar gross variant simulating plexiform neurofibroma. J Gastroenterol, 1996,
31(1): 100-4.

Hilal, L., Barada, K., Mukherji, D., et al. Gastrointestinal (GI) leiomyosarcoma (LMS)
case series and review on diagnosis, management, and prognosis. Med Oncol, 2016,
33(2): 20.

Hill, D.A., Dehner, L.P., Gow, K.W., et al. Perianal rhabdomyosarcoma presenting as
a perirectal abscess: A report of 11 cases. J Pediatr Surg, 2002, 37(4): 576-81.
Hirota, S., Isozaki, K., Moriyama, Y., et al. Gain-of-function mutations of c-kit in
human gastrointestinal stromal tumors. Science, 1998, 279(5350): 577-80.

Hirota, S., Ohashi, A., Nishida, T., et al. Gain-of-function mutations of platelet-
derived growth factor receptor alpha gene in gastrointestinal stromal tumors.
Gastroenterology, 2003, 125(3): 660-7.

Hoekstra, A.S.,Bayley, J.P. The role of complex Il in disease. Biochim Biophys Acta,
2013, 1827(5): 543-51.

Hostein, I., Faur, N., Primois, C., et al. BRAF mutation status in gastrointestinal
stromal tumors. Am J Clin Pathol, 2010, 133(1): 141-8.

Hrzenjak, A. JAZF1/SUZ12 gene fusion in endometrial stromal sarcomas. Orphanet J
Rare Dis, 2016, 11: 15.

Huss, S., Kunstlinger, H., Wardelmann, E., et al. A subset of gastrointestinal stromal
tumors previously regarded as wild-type tumors carries somatic activating mutations
in KIT exon 8 (p.D419del). Mod Pathol, 2013, 26(7): 1004-12.

Chan, O.T.,Haghighi, P. Hamartomatous polyps of the colon: ganglioneuromatous,
stromal, and lipomatous. Arch Pathol Lab Med, 2006, 130(10): 1561-6.

Choi, Y.J., Jung, S.H., Kim, M.S, et al. Genomic landscape of endometrial stromal
sarcoma of uterus. Oncotarget, 2015, 6(32): 33319-28.

Chou, A., Chen, J., Clarkson, A., et al. Succinate dehydrogenase-deficient GISTs are
characterized by IGF1R overexpression. Mod Pathol, 2012, 25(9): 1307-13.
Janeway, K.A., Kim, S.Y., Lodish, M., et al. Defects in succinate dehydrogenase in
gastrointestinal stromal tumors lacking KIT and PDGFRA mutations. Proc Natl Acad
Sci U S A, 2011, 108(1): 314-8.

Janeway, K.A., Zhu, M.J., Barretina, J., et al. Strong expression of IGF1R in pediatric
gastrointestinal stromal tumors without IGF1R genomic amplification. Int J Cancer,
2010, 127(11): 2718-22.

87



127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Jaroszewski, D.E., Lam-Himlin, D., Gruden, J., et al. Plexiform leiomyoma of the
esophagus: a complex radiographic, pathologic and endoscopic diagnosis. Ann Diagn
Pathol, 2011, 15(5): 342-6.

Joensuu, H., Roberts, P.J., Sarlomo-Rikala, M., et al. Effect of the tyrosine kinase
inhibitor STI1571 in a patient with a metastatic gastrointestinal stromal tumor. N Engl J
Med, 2001, 344(14): 1052-6.

Jonaitis, L., Kiudelis, M., Slepavicius, P., et al. Plexiform angiomyxoid
myofibroblastic tumor of stomach: A rare case. World J Gastrointest Endosc, 2016,
8(18): 674-678.

Jora, C., Pankaj, P., Verma, R., et al. Primary malignant melanoma of the esophagus.
Indian J Nucl Med, 2015, 30(2): 162-4.

Kang, G., Park, H.J., Kim, J.Y., et al. Glomus tumor of the stomach: a
clinicopathologic analysis of 10 cases and review of the literature. Gut Liver, 2012,
6(1): 52-7.

Kawagishi, J., Kumabe, T., Yoshimoto, T., et al. Structure, organization, and
transcription units of the human alpha-platelet-derived growth factor receptor gene,
PDGFRA. Genomics, 1995, 30(2): 224-32.

Kebebew, E., Weng, J., Bauer, J., et al. The prevalence and prognostic value of BRAF
mutation in thyroid cancer. Ann Surg, 2007, 246(3): 466-70.

Kethu, S.R., Zheng, S.,Eid, R. Metastatic low-grade endometrial stromal sarcoma
presented as a subepithelial mass in the stomach was diagnosed by EUS-guided FNA.
Gastrointest Endosc, 2005, 62(5): 814-6.

Killian, J.K., Miettinen, M., Walker, R.L., et al. Recurrent epimutation of SDHC in
gastrointestinal stromal tumors. Sci Transl Med, 2014, 6(268): 268ral77.

Kim, M.K., Higgins, J., Cho, E.Y., et al. Expression of CD34, bcl-2, and kit in
inflammatory fibroid polyps of the gastrointestinal tract. Appl Immunohistochem Mol
Morphol, 2000, 8(2): 147-53.

Kinoshita, K., Isozaki, K., Hirota, S., et al. c-kit gene mutation at exon 17 or 13 is very
rare in sporadic gastrointestinal stromal tumors. J Gastroenterol Hepatol, 2003, 18(2):
147-51.

Knezevich, S.R., McFadden, D.E., Tao, W., et al. A novel ETV6-NTRK3 gene fusion
in congenital fibrosarcoma. Nat Genet, 1998, 18(2): 184-7.

Koelsche, C., Schweizer, L., Renner, M., et al. Nuclear relocation of STATG6 reliably
predicts NAB2-STATG6 fusion for the diagnosis of solitary fibrous tumour.
Histopathology, 2014, 65(5): 613-22.

Kunstlinger, H., Huss, S., Merkelbach-Bruse, S., et al. Gastrointestinal Stromal
Tumors With KIT Exon 9 Mutations: Update on Genotype-Phenotype Correlation and
Validation of a High-Resolution Melting Assay for Mutational Testing. Am J Surg
Pathol, 2013, 37(11): 1648-59.

Kwon, M.S., Lee, S.S.,Ahn, G.H. Schwannomas of the gastrointestinal tract:
clinicopathological features of 12 cases including a case of esophageal tumor
compared with those of gastrointestinal stromal tumors and leiomyomas of the
gastrointestinal tract. Pathol Res Pract, 2002, 198(9): 605-13.

Lamba, G., Gupta, R., Lee, B., et al. Current management and prognostic features for
gastrointestinal stromal tumor (GIST). Exp Hematol Oncol, 2012, 1(1): 14.

Lannon, C.L.,Sorensen, P.H. ETV6-NTRKS3: a chimeric protein tyrosine kinase with
transformation activity in multiple cell lineages. Semin Cancer Biol, 2005, 15(3): 215-
23.

88



144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

Lasota, J., Dansonka-Mieszkowska, A., Sobin, L.H., et al. A great majority of GISTs
with PDGFRA mutations represent gastric tumors of low or no malignant potential.
Lab Invest, 2004, 84(7): 874-83.

Lasota, J., Felisiak-Golabek, A., Wasag, B., et al. Frequency and clinicopathologic
profile of PIK3CA mutant GISTs: molecular genetic study of 529 cases. Mod Pathol,
2016, 29(3): 275-82.

Lasota, J., Stachura, J.,Miettinen, M. GISTs with PDGFRA exon 14 mutations
represent subset of clinically favorable gastric tumors with epithelioid morphology.
Lab Invest, 2006, 86(1): 94-100.

Lasota, J., Wang, Z., Kim, S.Y ., et al. Expression of the receptor for type i insulin-like
growth factor (IGF1R) in gastrointestinal stromal tumors: an immunohistochemical
study of 1078 cases with diagnostic and therapeutic implications. Am J Surg Pathol,
2013, 37(1): 114-9.

Lasota, J., Wang, Z.F., Sobin, L.H., et al. Gain-of-function PDGFRA mutations,
earlier reported in gastrointestinal stromal tumors, are common in small intestinal
inflammatory fibroid polyps. A study of 60 cases. Mod Pathol, 2009, 22(8): 1049-56.
Lasota, J., Wozniak, A., Sarlomo-Rikala, M., et al. Mutations in exons 9 and 13 of
KIT gene are rare events in gastrointestinal stromal tumors. A study of 200 cases. Am
J Pathol, 2000, 157(4): 1091-5.

Lasota, J., Xi, L., Coates, T., et al. No KRAS mutations found in gastrointestinal
stromal tumors (GISTs): molecular genetic study of 514 cases. Mod Pathol, 2013,
26(11): 1488-91.

Lee, C.H., Lin, Y.H., Lin, H.Y, et al. Gastrointestinal stromal tumor of the prostate: a
case report and literature review. Hum Pathol, 2006, 37(10): 1361-5.

Lens, M., Bataille, V.,Krivokapic, Z. Melanoma of the small intestine. Lancet Oncol,
2009, 10(5): 516-21.

Liegl, B., Leithner, A., Bauernhofer, T., et al. Immunohistochemical and mutational
analysis of PDGF and PDGFR in desmoid tumours: is there a role for tyrosine kinase
inhibitors in c-kit-negative desmoid tumours? Histopathology, 2006, 49(6): 576-81.
Line, A., Slucka, Z., Stengrevics, A., et al. Altered splicing pattern of TACC1 mRNA
in gastric cancer. Cancer Genet Cytogenet, 2002, 139(1): 78-83.

Liu, T., Willmore-Payne, C., Layfield, L.J., et al. A gastrointestinal stromal tumor of
the stomach morphologically resembling a neurofibroma: demonstration of a novel
platelet-derived growth factor receptor alpha exon 18 mutation. Hum Pathol, 2008,
39(12): 1849-53.

Long, K.B., Butrynski, J.E., Blank, S.D., et al. Primary extragastrointestinal stromal
tumor of the pleura: report of a unique case with genetic confirmation. Am J Surg
Pathol, 2010, 34(6): 907-12.

Lonsdale, R.N., Roberts, P.F., Vaughan, R., et al. Familial oesophageal
leiomyomatosis and nephropathy. Histopathology, 1992, 20(2): 127-33.

Lopes, L.F., West, R.B., Bacchi, L.M., et al. DOG1 for the diagnosis of
gastrointestinal stromal tumor (GIST): Comparison between 2 different antibodies.
Appl Immunohistochem Mol Morphol, 2010, 18(4): 333-7.

Lopez-Guerrero, J.A., Navarro, S., Noguera, R., et al. Mutational analysis of the c-KIT
AND PDGFRalpha in a series of molecularly well-characterized synovial sarcomas.
Diagn Mol Pathol, 2005, 14(3): 134-9.

Lovly, C.M., Gupta, A., Lipson, D., et al. Inflammatory myofibroblastic tumors harbor
multiple potentially actionable kinase fusions. Cancer Discov, 2014, 4(8): 889-95.

89



161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Lucas, D.R., al-Abbadi, M., Tabaczka, P., et al. c-Kit expression in desmoid
fibromatosis. Comparative immunohistochemical evaluation of two commercial
antibodies. Am J Clin Pathol, 2003, 119(3): 339-45.

Luis, J., Ejtehadi, F., Howlett, D.C., et al. Leiomyosarcoma of the small bowel: Report
of a case and review of the literature. Int J Surg Case Rep, 2015, 6C: 51-4.

Luk, P.P., Yu, B., Ng, C.C., et al. BRAF mutations in non-small cell lung cancer.
Transl Lung Cancer Res, 2015, 4(2): 142-8.

Mace, J., Sybil Biermann, J., Sondak, V., et al. Response of extraabdominal desmoid
tumors to therapy with imatinib mesylate. Cancer, 2002, 95(11): 2373-9.

Maeyama, H., Hidaka, E., Ota, H., et al. Familial gastrointestinal stromal tumor with
hyperpigmentation: association with a germline mutation of the c-kit gene.
Gastroenterology, 2001, 120(1): 210-5.

Majewska, H., Skalova, A., Stodulski, D., et al. Mammary analogue secretory
carcinoma of salivary glands: a new entity associated with ETV6 gene rearrangement.
Virchows Arch, 2015, 466(3): 245-54.

Martland, G.T., Goodman, A.J.,Shepherd, N.A. CD117 expression in oesophageal
carcinosarcoma: a potential diagnostic pitfall. Histopathology, 2004, 44(1): 77-80.
Mazur, M.T.,Clark, H.B. Gastric stromal tumors. Reappraisal of histogenesis. Am J
Surg Pathol, 1983, 7(6): 507-19.

McKeeby, J.L., Li, X., Zhuang, Z., et al. Multiple leiomyomas of the esophagus, lung,
and uterus in multiple endocrine neoplasia type 1. Am J Pathol, 2001, 159(3): 1121-7.
McWhinney, S.R., Pasini, B.,Stratakis, C.A. Familial gastrointestinal stromal tumors
and germ-line mutations. N Engl J Med, 2007, 357(10): 1054-6.

McWhinney, S.R., Pilarski, R.T., Forrester, S.R., et al. Large germline deletions of
mitochondrial complex Il subunits SDHB and SDHD in hereditary paraganglioma. J
Clin Endocrinol Metab, 2004, 89(11): 5694-9.

Medeiros, F., Corless, C.L., Duensing, A., et al. KIT-negative gastrointestinal stromal
tumors: proof of concept and therapeutic implications. Am J Surg Pathol, 2004, 28(7):
889-94.

Miettinen, M., Fetsch, J.F., Sobin, L.H., et al. Gastrointestinal stromal tumors in
patients with neurofibromatosis 1: a clinicopathologic and molecular genetic study of
45 cases. Am J Surg Pathol, 2006, 30(1): 90-6.

Miettinen, M., Furlong, M., Sarlomo-Rikala, M., et al. Gastrointestinal stromal
tumors, intramural leiomyomas, and leiomyosarcomas in the rectum and anus: a
clinicopathologic, immunohistochemical, and molecular genetic study of 144 cases.
Am J Surg Pathol, 2001, 25(9): 1121-33.

Miettinen, M., Killian, J.K., Wang, Z.F., et al. Immunohistochemical loss of succinate
dehydrogenase subunit A (SDHA) in gastrointestinal stromal tumors (GISTs) signals
SDHA germline mutation. Am J Surg Pathol, 2013, 37(2): 234-40.

Miettinen, M.,Lasota, J. Gastrointestinal stromal tumors: pathology and prognosis at
different sites. Semin Diagn Pathol, 2006, 23(2): 70-83.

Miettinen, M.,Lasota, J. Gastrointestinal stromal tumors: review on morphology,
molecular pathology, prognosis, and differential diagnosis. Arch Pathol Lab Med,
2006, 130(10): 1466-78.

Miettinen, M., Makhlouf, H., Sobin, L.H., et al. Gastrointestinal stromal tumors of the
jejunum and ileum: a clinicopathologic, immunohistochemical, and molecular genetic
study of 906 cases before imatinib with long-term follow-up. Am J Surg Pathol, 2006,
30(4): 477-89.

90



179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

Miettinen, M., Makhlouf, H.R., Sobin, L.H., et al. Plexiform fibromyxoma: a
distinctive benign gastric antral neoplasm not to be confused with a myxoid GIST. Am
J Surg Pathol, 2009, 33(11): 1624-32.

Miettinen, M., Monihan, J.M., Sarlomo-Rikala, M., et al. Gastrointestinal stromal
tumors/smooth muscle tumors (GISTs) primary in the omentum and mesentery:
clinicopathologic and immunohistochemical study of 26 cases. Am J Surg Pathol,
1999, 23(9): 1109-18.

Miettinen, M., Paal, E., Lasota, J., et al. Gastrointestinal glomus tumors: a
clinicopathologic, immunohistochemical, and molecular genetic study of 32 cases. Am
J Surg Pathol, 2002, 26(3): 301-11.

Miettinen, M., Sarlomo-Rikala, M.,Lasota, J. Gastrointestinal stromal tumors: recent
advances in understanding of their biology. Hum Pathol, 1999, 30(10): 1213-20.
Miettinen, M., Sarlomo-Rikala, M., Sobin, L.H., et al. Esophageal stromal tumors: a
clinicopathologic, immunohistochemical, and molecular genetic study of 17 cases and
comparison with esophageal leiomyomas and leiomyosarcomas. Am J Surg Pathol,
2000, 24(2): 211-22.

Miettinen, M., Sarlomo-Rikala, M., Sobin, L.H., et al. Gastrointestinal stromal tumors
and leiomyosarcomas in the colon: a clinicopathologic, immunohistochemical, and
molecular genetic study of 44 cases. Am J Surg Pathol, 2000, 24(10): 1339-52.
Miettinen, M., Sobin, L.H.,Lasota, J. Gastrointestinal stromal tumors of the stomach: a
clinicopathologic, immunohistochemical, and molecular genetic study of 1765 cases
with long-term follow-up. Am J Surg Pathol, 2005, 29(1): 52-68.

Miettinen, M., Sobin, L.H.,Lasota, J. True smooth muscle tumors of the small
intestine: a clinicopathologic, immunhistochemical, and molecular genetic study of 25
cases. Am J Surg Pathol, 2009, 33(3): 430-6.

Miettinen, M.M., Sarlomo-Rikala, M., Kovatich, A.J., et al. Calponin and h-
caldesmon in soft tissue tumors: consistent h-caldesmon immunoreactivity in
gastrointestinal stromal tumors indicates traits of smooth muscle differentiation. Mod
Pathol, 1999, 12(8): 756-62.

Min, K.W.,Balaton, A.J. Small intestinal stromal tumors with skeinoid fibers in
neurofibromatosis: report of four cases with ultrastructural study of skeinoid fibers
from paraffin blocks. Ultrastruct Pathol, 1993, 17(3-4): 307-14.

Miranda, C., Nucifora, M., Molinari, F., et al. KRAS and BRAF mutations predict
primary resistance to imatinib in gastrointestinal stromal tumors. Clin Cancer Res,
2012, 18(6): 1769-76.

Miyamoto, H., Molena, D.A., Schoeniger, L.O., et al. Solitary fibrous tumor of the
pancreas: a case report. Int J Surg Pathol, 2007, 15(3): 311-4.

Miyoshi, Y., lwao, K., Nawa, G., et al. Frequent mutations in the beta-catenin gene in
desmoid tumors from patients without familial adenomatous polyposis. Oncol Res,
1998, 10(11-12): 591-4.

Mohtaram, A., Mesmoudi, S., M'Rabti, H., et al. Malignant peripheral nerve sheath
tumor of the small bowel: an unusual presentation with fatal outcome. Case Rep Oncol
Med, 2013, 2013: 423867.

Montgomery, E., Torbenson, M.S., Kaushal, M., et al. Beta-catenin
immunohistochemistry separates mesenteric fibromatosis from gastrointestinal stromal
tumor and sclerosing mesenteritis. Am J Surg Pathol, 2002, 26(10): 1296-301.

Moris, D., Spanou, E., Sougioultzis, S., et al. Duodenal plexiform fibromyxoma as a
cause of obscure upper gastrointestinal bleeding: A case report. Medicine (Baltimore),
2017, 96(1): e5883.

91



195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

2009.

210.

211.

212.

Morotti, R.A., Nicol, K.K., Parham, D.M., et al. An immunohistochemical algorithm
to facilitate diagnosis and subtyping of rhabdomyosarcoma: the Children's Oncology
Group experience. Am J Surg Pathol, 2006, 30(8): 962-8.

Mussi, C., Schildhaus, H.U., Gronchi, A., et al. Therapeutic consequences from
molecular biology for gastrointestinal stromal tumor patients affected by
neurofibromatosis type 1. Clin Cancer Res, 2008, 14(14): 4550-5.

Nakamura, Y., Inui, K., Yoshino, J., et al. Inflammatory myofibroblastic tumor
(inflammatory fibrosarcoma) of the pancreas: a case report. Hepatogastroenterology,
2005, 52(62): 625-8.

Nannini, M., Astolfi, A., Urbini, M., et al. Integrated genomic study of quadruple-WT
GIST (KIT/PDGFRA/SDH/RAS pathway wild-type GIST). BMC Cancer, 2014, 14:
685.

Nemoto, H., Tate, G., Schirinzi, A., et al. Novel NF1 gene mutation in a Japanese
patient with neurofibromatosis type 1 and a gastrointestinal stromal tumor. J
Gastroenterol, 2006, 41(4): 378-82.

Nga, M.E., Wong, A.S., Wee, A., et al. Cytokeratin expression in gastrointestinal
stromal tumours: a word of caution. Histopathology, 2002, 40(5): 480-1.

Nishida, T., Hirota, S., Taniguchi, M., et al. Familial gastrointestinal stromal tumours
with germline mutation of the KIT gene. Nat Genet, 1998, 19(4): 323-4.

Nishida, T., Tsujimoto, M., Takahashi, T., et al. Gastrointestinal stromal tumors in
Japanese patients with neurofibromatosis type I. J Gastroenterol, 2016, 51(6): 571-8.
Novelli, M., Rossi, S., Rodriguez-Justo, M., et al. DOG1 and CD117 are the
antibodies of choice in the diagnosis of gastrointestinal stromal tumours.
Histopathology, 2010, 57(2): 259-70.

Ogasawara, N., Sasaki, M., Ishiguro, H., et al. Gastric schwannoma with adjacent
external progression harbored aberrant NF2 gene. Dig Endosc, 2009, 21(3): 192-5.
Okamura, K., Yamamoto, H., Ishimaru, Y., et al. Clinical characteristics and surgical
treatment of perianal and perineal rhabdomyosarcoma: analysis of Japanese patients
and comparison with IRSG reports. Pediatr Surg Int, 2006, 22(2): 129-34.

Pandey, D., Verma, A., Akhtar, A., et al. Malignant Peripheral Nerve Sheath Tumour
of Small Intestine Presenting as Ileo-lleal Intussusception - A Rare Tumour with
Unusual Complication. J Clin Diagn Res, 2015, 9(5): XD03-XD04.

Pantaleo, M.A., Urbini, M., Indio, V., et al. Genome-Wide Analysis Identifies MEN1
and MAX Mutations and a Neuroendocrine-Like Molecular Heterogeneity in
Quadruple WT GIST. Mol Cancer Res, 2017, 15(5): 553-562.

Papadelis, A., Brooks, C.J.,Albaran, R.G. Gastric glomus tumor. J Surg Case Rep,
2016, 2016(11).

Parfitt, J.R., Xu, J., Kontozoglou, T., et al. Primary monophasic synovial sarcoma of
the colon. Histopathology, 2007, 50(4): 521-3.

Pasini, B., Matyakhina, L., Bei, T., et al. Multiple gastrointestinal stromal and other
tumors caused by platelet-derived growth factor receptor alpha gene mutations: a case
associated with a germline V561D defect. J Clin Endocrinol Metab, 2007, 92(9):
3728-32.

Pasini, B., McWhinney, S.R., Bei, T., et al. Clinical and molecular genetics of patients
with the Carney-Stratakis syndrome and germline mutations of the genes coding for
the succinate dehydrogenase subunits SDHB, SDHC, and SDHD. Eur J Hum Genet,
2008, 16(1): 79-88.

Pasquini, P., Baiocchini, A., Falasca, L., et al. Mucosal Schwann cell "Hamartoma™: a
new entity? World J Gastroenterol, 2009, 15(18): 2287-9.

92



213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

Patil, D.T.,Rubin, B.P. Gastrointestinal stromal tumor: advances in diagnosis and
management. Arch Pathol Lab Med, 2011, 135(10): 1298-310.

Pauls, K., Merkelbach-Bruse, S., Thal, D., et al. PDGFRalpha- and c-kit-mutated
gastrointestinal stromal tumours (GISTs) are characterized by distinctive histological
and immunohistochemical features. Histopathology, 2005, 46(2): 166-75.

Penzel, R., Aulmann, S., Moock, M., et al. The location of KIT and PDGFRA gene
mutations in gastrointestinal stromal tumours is site and phenotype associated. J Clin
Pathol, 2005, 58(6): 634-9.

Perez, D., Demartines, N., Meier, K., et al. Protein S100 as prognostic marker for
gastrointestinal stromal tumors: a clinicopathological risk factor analysis. J Invest
Surg, 2007, 20(3): 181-6.

Prevot, S., Bienvenu, L., Vaillant, J.C., et al. Benign schwannoma of the digestive
tract: a clinicopathologic and immunohistochemical study of five cases, including a
case of esophageal tumor. Am J Surg Pathol, 1999, 23(4): 431-6.

Purgina, B., Rao, U.N., Miettinen, M., et al. AIDS-Related EBV-Associated Smooth
Muscle Tumors: A Review of 64 Published Cases. Patholog Res Int, 2011, 2011:
561548.

Quattrone, A., Wozniak, A., Dewaele, B., et al. Frequent mono-allelic loss associated
with deficient PTEN expression in imatinib-resistant gastrointestinal stromal tumors.
Mod Pathol, 2014, 27(11): 1510-20.

Reith, J.D., Goldblum, J.R., Lyles, R.H., et al. Extragastrointestinal (soft tissue)
stromal tumors: an analysis of 48 cases with emphasis on histologic predictors of
outcome. Mod Pathol, 2000, 13(5): 577-85.

Rekhi, B., Basak, R., Desai, S.B., et al. Immunohistochemical validation of TLE1, a
novel marker, for synovial sarcomas. Indian J Med Res, 2012, 136(5): 766-75.

Ricci, R., Maggiano, N., Castri, F., et al. Role of PTEN in gastrointestinal stromal
tumor progression. Arch Pathol Lab Med, 2004, 128(4): 421-5.

Ricci, R., Martini, M., Cenci, T., et al. PDGFRA-mutant syndrome. Mod Pathol,
2015, 28(7): 954-64.

Righetti, A.E., Jacomini, C., Parra, R.S., et al. Familial adenomatous polyposis and
desmoid tumors. Clinics (Sao Paulo), 2011, 66(10): 1839-42.

Richardson, S.C., Winistorfer, S.C., Poupon, V., et al. Mammalian late vacuole protein
sorting orthologues participate in early endosomal fusion and interact with the
cytoskeleton. Mol Biol Cell, 2004, 15(3): 1197-210.

Robertson, S.C., Tynan, J.,Donoghue, D.J. RTK mutations and human syndromes:
when good receptors turn bad. Trends Genet, 2000, 16(8): 265-271.

Rodriguez, J.A., Guarda, L.A.,Rosai, J. Mesenteric fibromatosis with involvement of
the gastrointestinal tract. A GIST simulator: a study of 25 cases. Am J Clin Pathol,
2004, 121(1): 93-8.

Romeo, S., Rossi, S., Acosta Marin, M., et al. Primary Synovial Sarcoma (SS) of the
digestive system: a molecular and clinicopathological study of fifteen cases. Clin
Sarcoma Res, 2015, 5: 7.

Rossi, G., Sartori, G., Valli, R., et al. The value of c-kit mutational analysis in a
cytokeratin positive gastrointestinal stromal tumour. J Clin Pathol, 2005, 58(9): 991-3.
Row, D.,Weiser, M.R. Anorectal melanoma. Clin Colon Rectal Surg, 2009, 22(2):
120-6.

Rubin, B.P., Singer, S., Tsao, C., et al. KIT activation is a ubiquitous feature of
gastrointestinal stromal tumors. Cancer Res, 2001, 61(22): 8118-21.

Sakurai, S., Hasegawa, T., Sakuma, Y., et al. Myxoid epithelioid gastrointestinal
stromal tumor (GIST) with mast cell infiltrations: a subtype of GIST with mutations of

93



233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

platelet-derived growth factor receptor alpha gene. Hum Pathol, 2004, 35(10): 1223-
30.

Sarlomo-Rikala, M., Kovatich, A.J., Barusevicius, A., et al. CD117: a sensitive marker
for gastrointestinal stromal tumors that is more specific than CD34. Mod Pathol, 1998,
11(8): 728-34.

Segal, A., Carello, S., Caterina, P., et al. Gastrointestinal autonomic nerve tumors: a
clinicopathological, immunohistochemical and ultrastructural study of 10 cases.
Pathology, 1994, 26(4): 439-47.

Seo, H.S., Hyeon, J.Y., Shin, O.R., et al. C-Kit-Negative Gastrointestinal Stromal
Tumor in the Stomach. J Gastric Cancer, 2015, 15(4): 290-4.

Serrano, C.,George, S. Recent advances in the treatment of gastrointestinal stromal
tumors. Ther Adv Med Oncol, 2014, 6(3): 115-27.

Serrano, C., Wang, Y., Marino-Enriquez, A., et al. KRAS and KIT Gatekeeper
Mutations Confer Polyclonal Primary Imatinib Resistance in GI Stromal Tumors:
Relevance of Concomitant Phosphatidylinositol 3-Kinase/AKT Dysregulation. J Clin
Oncol, 2015, 33(22): €93-6.

Shah, R., Sabanathan, S., Okereke, C.D., et al. Rhabdomyosarcoma of the oesophagus.
A case report. J Cardiovasc Surg (Torino), 1995, 36(1): 99-100.

Shekitka, K.M.,Sobin, L.H. Ganglioneuromas of the gastrointestinal tract. Relation to
Von Recklinghausen disease and other multiple tumor syndromes. Am J Surg Pathol,
1994, 18(3): 250-7.

Shi, E., Chmielecki, J., Tang, C.M., et al. FGFR1 and NTRK3 actionable alterations in
"Wild-Type" gastrointestinal stromal tumors. J Transl Med, 2016, 14(1): 339.

Shi, G., Cui, Y., He, Y., et al. An unusual case of incomplete Carney triad: an 18-year-
old girl suffering from multiple benign tumors. J Thorac Dis, 2016, 8(10): E1202-
E1206.

Shi, S.S., Wu, N., He, Y., et al. EGFR gene mutation in gastrointestinal stromal
tumours. Histopathology, 2017, 71(4): 553-561.

Shidham, V.B., Chivukula, M., Gupta, D., et al. Immunohistochemical comparison of
gastrointestinal stromal tumor and solitary fibrous tumor. Arch Pathol Lab Med, 2002,
126(10): 1189-92.

Shimamura, Y., Omata, F., Nakamura, K., et al. Adult Duodenal Pleomorphic
Rhabdomyosarcoma. ACG Case Rep J, 2014, 2(1): 11-2.

Shukla, N., Ameur, N., Yilmaz, I., et al. Oncogene mutation profiling of pediatric
solid tumors reveals significant subsets of embryonal rhabdomyosarcoma and
neuroblastoma with mutated genes in growth signaling pathways. Clin Cancer Res,
2012, 18(3): 748-57.

Schaefer, .M., Wang, Y., Liang, C.W., et al. MAX inactivation is an early event in
GIST development that regulates p16 and cell proliferation. Nat Commun, 2017, 8:
14674.

Schildhaus, H.U., Cavlar, T., Binot, E., et al. Inflammatory fibroid polyps harbour
mutations in the platelet-derived growth factor receptor alpha (PDGFRA) gene. J
Pathol, 2008, 216(2): 176-82.

Schmitt-Ney, M.,Camussi, G. The PAX3-FOXOL1 fusion protein present in
rhabdomyosarcoma interferes with normal FOXO activity and the TGF-beta pathway.
PLoS One, 2015, 10(3): e0121474.

Schoffski, P., Reichardt, P., Blay, J.Y., et al. A phase I-11 study of everolimus
(RADO001) in combination with imatinib in patients with imatinib-resistant
gastrointestinal stromal tumors. Ann Oncol, 2010, 21(10): 1990-8.

94



250.

251.
252.

253.

254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

Simons, M., Ferreira, J., Meunier, R., et al. Primary versus Metastatic Gastrointestinal
Melanoma: A Rare Case and Review of Current Literature. Case Rep Gastrointest
Med, 2016, 2016: 2306180.

Singer, M.,Mutch, M.G. Anal melanoma. Clin Colon Rectal Surg, 2006, 19(2): 78-87.
Singer, S., Rubin, B.P., Lux, M.L., et al. Prognostic value of KIT mutation type,
mitotic activity, and histologic subtype in gastrointestinal stromal tumors. J Clin
Oncol, 2002, 20(18): 3898-905.

Singh, D., Chan, J.M., Zoppoli, P., et al. Transforming fusions of FGFR and TACC
genes in human glioblastoma. Science, 2012, 337(6099): 1231-5.

Sleijfer, S., Wiemer, E.,Verweij, J. Drug Insight: gastrointestinal stromal tumors
(GIST)--the solid tumor model for cancer-specific treatment. Nat Clin Pract Oncol,
2008, 5(2): 102-11.

Soreide, K., Sandvik, O.M., Soreide, J.A., et al. Global epidemiology of
gastrointestinal stromal tumours (GIST): A systematic review of population-based
cohort studies. Cancer Epidemiol, 2016, 40: 39-46.

Spagnolo, F., Ghiorzo, P., Orgiano, L., et al. BRAF-mutant melanoma: treatment
approaches, resistance mechanisms, and diagnostic strategies. Onco Targets Ther,
2015, 8: 157-68.

Stenman, G. Fusion oncogenes in salivary gland tumors: molecular and clinical
consequences. Head Neck Pathol, 2013, 7 Suppl 1: S12-9.

Styron, S.L., Burke, T.W.,Linville, W.K. Low-grade endometrial stromal sarcoma
recurring over three decades. Gynecol Oncol, 1989, 35(2): 275-8.

Tada, T., Wakabayashi, T.,Kishimoto, H. Plasma cell granuloma of the stomach. A
report of a case associated with gastric cancer. Cancer, 1984, 54(3): 541-4.
Takahashi, Y., Shimizu, S., Ishida, T., et al. Plexiform angiomyxoid myofibroblastic
tumor of the stomach. Am J Surg Pathol, 2007, 31(5): 724-8.

Takahashi, Y., Suzuki, M.,Fukusato, T. Plexiform angiomyxoid myofibroblastic tumor
of the stomach. World J Gastroenterol, 2010, 16(23): 2835-40.

Takazawa, Y., Sakurai, S., Sakuma, Y., et al. Gastrointestinal stromal tumors of
neurofibromatosis type I (von Recklinghausen's disease). Am J Surg Pathol, 2005,
29(6): 755-63.

Tarn, C., Rink, L., Merkel, E., et al. Insulin-like growth factor 1 receptor is a potential
therapeutic target for gastrointestinal stromal tumors. Proc Natl Acad Sci U S A, 2008,
105(24): 8387-92.

Thorpe, L.M., Yuzugullu, H.,Zhao, J.J. PI3K in cancer: divergent roles of isoforms,
modes of activation and therapeutic targeting. Nat Rev Cancer, 2015, 15(1): 7-24.
Tornillo, L., Terracciano, L.M. An update on molecular genetics of gastrointestinal
stromal tumours. J Clin Pathol, 2006, 59(6): 557-63.

Troiani, T., Napolitano, S., Della Corte, C.M., et al. Therapeutic value of EGFR
inhibition in CRC and NSCLC: 15 years of clinical evidence. ESMO Open, 2016,
1(5): e000088.

Ueki, Y., Naito, I., Oohashi, T., et al. Topoisomerase | and Il consensus sequences in a
17-kb deletion junction of the COL4A5 and COL4AG6 genes and
immunohistochemical analysis of esophageal leiomyomatosis associated with Alport
syndrome. Am J Hum Genet, 1998, 62(2): 253-61.

Vadakara, J.,von Mehren, M. Gastrointestinal stromal tumors: management of
metastatic disease and emerging therapies. Hematol Oncol Clin North Am, 2013,
27(5): 905-20.

95



269.

270.

271.

272.

273.

274.

275.

276.

2717.

278.

279.

280.

281.

282.

283.

284.

285.

286.

Vallat-Decouvelaere, A.V., Dry, S.M.,Fletcher, C.D. Atypical and malignant solitary
fibrous tumors in extrathoracic locations: evidence of their comparability to intra-
thoracic tumors. Am J Surg Pathol, 1998, 22(12): 1501-11.

Van der Aa, F., Sciot, R., Blyweert, W., et al. Gastrointestinal stromal tumor of the
prostate. Urology, 2005, 65(2): 388.

Van Looy, T., Wozniak, A., Floris, G., et al. Phosphoinositide 3-kinase inhibitors
combined with imatinib in patient-derived xenograft models of gastrointestinal stromal
tumors: rationale and efficacy. Clin Cancer Res, 2014, 20(23): 6071-82.

van Nederveen, F.H., Gaal, J., Favier, J., et al. An immunohistochemical procedure to
detect patients with paraganglioma and phaeochromocytoma with germline SDHB,
SDHC, or SDHD gene mutations: a retrospective and prospective analysis. Lancet
Oncol, 2009, 10(8): 764-71.

Vanek, J. Gastric submucosal granuloma with eosinophilic infiltration. Am J Pathol,
1949, 25(3): 397-411.

Voltaggio, L., Murray, R., Lasota, J., et al. Gastric schwannoma: a clinicopathologic
study of 51 cases and critical review of the literature. Hum Pathol, 2012, 43(5): 650-9.
Wagner, A.J., Chugh, R., Rosen, L.S., et al. A phase | study of the HSP90 inhibitor
retaspimycin hydrochloride (IP1-504) in patients with gastrointestinal stromal tumors
or soft-tissue sarcomas. Clin Cancer Res, 2013, 19(21): 6020-9.

Wai, D.H., Knezevich, S.R., Lucas, T., et al. The ETV6-NTRK3 gene fusion encodes
a chimeric protein tyrosine kinase that transforms NIH3T3 cells. Oncogene, 2000,
19(7): 906-15.

Walenta, J.H., Didier, A.J., Liu, X., et al. The Golgi-associated hook3 protein is a
member of a novel family of microtubule-binding proteins. J Cell Biol, 2001, 152(5):
923-34.

Wang, J.H., Lasota, J.,Miettinen, M. Succinate Dehydrogenase Subunit B (SDHB) Is
Expressed in Neurofibromatosis 1-Associated Gastrointestinal Stromal Tumors
(Gists): Implications for the SDHB Expression Based Classification of Gists. J
Cancer, 2011, 2: 90-3.

Wang, Q., Zhao, X.,Han, P. Endometrial stromal sarcoma arising in colorectal
endometriosis: a case report and review of the literature. Case Rep Obstet Gynecol,
2015, 2015: 534273.

Wang, Y.M., Gu, M.L.,Ji, F. Succinate dehydrogenase-deficient gastrointestinal
stromal tumors. World J Gastroenterol, 2015, 21(8): 2303-14.

Wardelmann, E., Hrychyk, A., Merkelbach-Bruse, S., et al. Association of platelet-
derived growth factor receptor alpha mutations with gastric primary site and
epithelioid or mixed cell morphology in gastrointestinal stromal tumors. J Mol Diagn,
2004, 6(3): 197-204.

Wardelmann, E., Losen, I., Hans, V., et al. Deletion of Trp-557 and Lys-558 in the
juxtamembrane domain of the c-kit protooncogene is associated with metastatic
behavior of gastrointestinal stromal tumors. Int J Cancer, 2003, 106(6): 887-95.
West, R.B., Corless, C.L., Chen, X., et al. The novel marker, DOGL, is expressed
ubiquitously in gastrointestinal stromal tumors irrespective of KIT or PDGFRA
mutation status. Am J Pathol, 2004, 165(1): 107-13.

Westcott, P.M.,To, M.D. The genetics and biology of KRAS in lung cancer. Chin J
Cancer, 2013, 32(2): 63-70.

Wilde, B.K., Senger, J.L.,Kanthan, R. Gastrointestinal schwannoma: an unusual
colonic lesion mimicking adenocarcinoma. Can J Gastroenterol, 2010, 24(4): 233-6.
Wilson, M.A.,Nathanson, K.L. Molecular testing in melanoma. Cancer J, 2012, 18(2):
117-23.

96



287.

288.

289.

290.

291.

292.

293.

294,

295.

296.

297.

298.

299.

300.

301.

302.

308.

304.

Wingen, C.B., Pauwels, P.A., Debiec-Rychter, M., et al. Uterine gastrointestinal
stromal tumour (GIST). Gynecol Oncol, 2005, 97(3): 970-2.

Wong, N.A. Gastrointestinal stromal tumours--an update for histopathologists.
Histopathology, 2011, 59(5): 807-21.

Wong, N.A.,Shelley-Fraser, G. Specificity of DOG1 (K9 clone) and protein kinase C
theta (clone 27) as immunohistochemical markers of gastrointestinal stromal tumour.
Histopathology, 2010, 57(2): 250-8.

Xu, L., Sowa, M.E., Chen, J., et al. An FTS/Hook/p107(FHIP) complex interacts with
and promotes endosomal clustering by the homotypic vacuolar protein sorting
complex. Mol Biol Cell, 2008, 19(12): 5059-71.

Xu, Z., Huo, X., Tang, C., et al. Frequent KIT mutations in human gastrointestinal
stromal tumors. Sci Rep, 2014, 4: 5907.

Yagihashi, N., Kaimori, M., Katayama, Y., et al. Crystalloid formation in
gastrointestinal schwannoma. Hum Pathol, 1997, 28(3): 304-8.

Yamaguchi, U., Hasegawa, T., Masuda, T., et al. Differential diagnosis of
gastrointestinal stromal tumor and other spindle cell tumors in the gastrointestinal tract
based on immunohistochemical analysis. Virchows Arch, 2004, 445(2): 142-50.
Yamamoto, H., Oda, Y., Kawaguchi, K., et al. c-kit and PDGFRA mutations in
extragastrointestinal stromal tumor (gastrointestinal stromal tumor of the soft tissue).
Am J Surg Pathol, 2004, 28(4): 479-88.

Yamamoto, H., Yoshida, A., Taguchi, K., et al. ALK, ROS1 and NTRK3 gene
rearrangements in inflammatory myofibroblastic tumours. Histopathology, 2016,
69(1): 72-83.

Yang, J., Ikezoe, T., Nishioka, C., et al. Long-term exposure of gastrointestinal
stromal tumor cells to sunitinib induces epigenetic silencing of the PTEN gene. Int J
Cancer, 2012, 130(4): 959-66.

Yantiss, R.K., Nielsen, G.P., Lauwers, G.Y., et al. Reactive nodular fibrous
pseudotumor of the gastrointestinal tract and mesentery: a clinicopathologic study of
five cases. Am J Surg Pathol, 2003, 27(4): 532-40.

Yantiss, R.K., Rosenberg, A.E., Sarran, L., et al. Multiple gastrointestinal stromal
tumors in type | neurofibromatosis: a pathologic and molecular study. Mod Pathol,
2005, 18(4): 475-84.

Yarden, Y., Kuang, W.J., Yang-Feng, T., et al. Human proto-oncogene c-kit: a new
cell surface receptor tyrosine kinase for an unidentified ligand. Embo J, 1987, 6(11):
3341-51.

Yi, E.S., Strong, C.R., Piao, Z., et al. Epithelioid gastrointestinal stromal tumor with
PDGFRA activating mutation and immunoreactivity. Appl Immunohistochem Mol
Morphol, 2005, 13(2): 157-61.

Yi, X.J., Chen, C.Q., Li, Y., et al. Rare case of an abdominal mass: Reactive nodular
fibrous pseudotumor of the stomach encroaching on multiple abdominal organs. World
J Clin Cases, 2014, 2(4): 111-9.

Yoshida, A., Tsuta, K., Ohno, M., et al. STAT6 immunohistochemistry is helpful in
the diagnosis of solitary fibrous tumors. Am J Surg Pathol, 2014, 38(4): 552-9.
Younus, J., Verma, S., Franek, J., et al. Sunitinib malate for gastrointestinal stromal
tumour in imatinib mesylate-resistant patients: recommendations and evidence. Curr
Oncol, 2010, 17(4): 4-10.

Zamecnik, M.,Chlumska, A. Perineurioma versus fibroblastic polyp of the colon. Am J
Surg Pathol, 2006, 30(10): 1337-9.

97



305. Zhang, X., Ibrahimi, O.A., Olsen, S.K., et al. Receptor specificity of the fibroblast
growth factor family. The complete mammalian FGF family. J Biol Chem, 2006,
281(23): 15694-700.

306. Zhang, Y., Yu, D., Li, X., et al. Reduced expression of PTEN protein and its
prognostic significance in the gastrointestinal stromal tumor. J Huazhong Univ Sci
Technolog Med Sci, 2010, 30(2): 165-9.

98



