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MEDI2 gen MED12 (Mediator complex subunit 12)
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TP53 gen TP53 (Tumor protein p53)

UL klasicky leiomyom/y

VEGF gen VEGF (Vascular endothelial growth factor)
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1. UVOD

1.1. Mezenchymové nadory vychazejici z hladké svaloviny

Mezenchymové nadory hladkosvalové diferenciace patii mezi nejcastéjsi nadory
zenského vnitiniho genitalu, které postihuji pfevazné délozni télo. Podle biologickych
vlastnosti rozd¢lujeme nddory na benigni (leiomyomy), maligni (leiomyosarkomy) a nadory
nejistého maligniho potencialu (STUMP — smooth muscle tumour of uncertain malignant
potentional). Mezi dalsi lokality vzniku hladkosvalovych nadort patii kiize, gastrointestinalni

trakt, moCovy systém a dalsi oblasti, kde se vyskytuji buiiky hladké svaloviny.

1.1.1. Epidemiologie

Leiomyomy d¢lohy patii mezi nejcastéj$i nddory téla déloznitho a jsou
diagnostikovany prevdzné ve stfednim véku, kolem 40-45 let; leiomyomy s bizarnimi jadry
(LBN) se mohou vyskytovat jiz o dekddu diive (Kurman RJ. et al, 2019). U Zen v druhé
dekadé¢ se incidence pohybuje kolem 4,3 na 1000 Zen, naproti tomu u Zen ve ¢tvrté dekade je
to 22,5 na 1000 Zen (Kubinova K. et al., 2013). Leiomyomy se Castéji vyskytuji u afro-
americkych Zen a méné u bilé rasy (Kurman RIJ. et al, 2019). S ohledem na zastoupeni
jednotlivych morfologickych subtyptli, v 90 % se jedna o bézné leiomyomy (UL) (konvenéni;
obvyklého typu), v 10 % jde o specidlni varianty (Cree IA. et al., 2020) [tabulka 1].

Leiomyosarkomy (LMS) jsou nejcastéj$i sarkomy dé&loZzniho téla (~ 40-50 %),
predstavuji vSak pouze 1-2 % vSech malignich nadort této oblasti (Cree IA. et al., 2020). Ve
srovnani s benignim protéjSkem se vyskytuji zhruba o dekadu pozdé&ji, kolem 50-55 let

(Abeler VM. et al., 2009; Giuntoli RL. 2nd et al., 2003).



Tabulka 1: Ptehled hladkosvalovych nadorti Zenského genitalu

Histologicky typ MKN-O
LEIOMYOM
klasicky typ 8890/0
lipoleiomyom 8890/0
apoplekticky leiomyom 8890/0
hydropicky leiomyom 8890/0
disekujici leilomyom 8890/0
celularni leiomyom 8892/0
myxoidni leiomyom 8896/0
epiteloidni leiomyom 8891/0
leiomyom s bizarnimi jadry 8893/0
metastazujici leilomyom 8898/1
STUMP 8897/1
epiteloidni STUMP 8891/1
myxoidni STUMP 8896/1
vietenobunécny STUMP 8896/1
LEIOMYOSARKOM 8890/3
vietenobunéény LMS 8891/3
epiteloidni LMS 8891/3
myxoidni LMS 8896/3

legenda: MKN-O — mezinarodni klasifikace onkologickych nemoci, STUMP — hladkosvalovy
nador nejistého maligniho potencialu, LMS — leiomyosarkom

1.1.2. Klinické priznaky

Klinickd prezentace leiomyoma zavisi na jejich poctu, velikosti a lokalizaci
(Bukulmez O. et Doody KJ., 2006), ¢ast z nich byvéa asymptomaticka. Nejcast&jsimi ptiznaky
jsou abnormalni vaginalni krvéaceni vyskytujici se zejména u submukdznich nadorti a tlak
v podbiiSku s bolestivosti. Intramurdlni leiomyomy zplsobuji tvarové deformity délohy,
naopak subserdzni pendulujici leiomyomy mohou podlehnout torzi a infarzaci. Submuko6zni
leiomyomy nékdy protruduji ptes cervikalni kanal aZ do pochvy. Pfitomnost leilomyomi mtliZe
zpiisobit komplikace v souvislosti s t€hotenstvim, a to spontdnni potraty, poSkozeni
plodovych obald, dystokii ramének pii porodu, poporodni krvéaceni a jiné. V neposledni fadé
muze dojit k sekundarni infekci nddoru, coz vyusti v horecku, leukocytézu a dalsi zanétlivé
ptiznaky (Kurman RJ. et al, 2019).

Pacientky s LMS maji nespecifické ptiznaky v podobé abnormélniho vaginalniho

krvaceni, panevni bolesti ¢i pocitu tumor6zni masy (Giuntoli RL. 2nd et al., 2003; Cree IA. et
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al., 2020). Gastrointestindlni a urogenitalni symptomatologie se objevuje pii regionalné
pokrocilej$im procesu. Mén¢ Casto se objevuje hemoperitoneum z diivodu ruptury tumoru. Pti
metastatickém rozsevu mohou byt pritomny i dalsi piiznaky, naptiklad dusnost pfi plicnich

metastazach nebo paraneoplasticky syndrom (Cree IA. et al., 2020).

1.1.3. Patogeneze
Vétsina leiomyomu vzniké z jedné transformované somatické mezenchymové buriky.
Pti soubézném vyskytu vice nadortu (uterus myomatosus) muze byt spolecny ptivod doplnén
dal§imi sekundarnimi subklondlnimi genetickymi aberacemi (Mehine M. et al., 2015). Mezi
nejcastejs$i molekularni zmény patii mutace genit MEDI12 (Mediator complex subunit 12), FH
Fumarate hydratase), HMGA2 (High Mobility Group AT-Hook 2), HMGAI (High Mobility
Group AT-Hook 1) a delece kratkého raménka chromozomu 1 (1p) [tabulka 2]. Zmény
v téchto genech jsou u jednotlivych nddort vzajemné se vylucujici. Méné cCasté alterace
zahrnuji chromozomalni 7q22 deleci (CUXT) a 22q deleci (DEPDC5 a SMARCBI) (Cree IA.
et al., 2020; Kurman RJ. et al, 2019). Gen DEPDC5 byl popsan jako potencidlné novy tumor
supresorovy gen, ktery hraje roli v progresi déloznich leiomyomd, data vSak doposud nejsou
jednoznacna (Mehine M. et al., 2015).
S ohledem na LBN a celularni leiomyomy (CL) nebyly specifické¢ molekuldrni zmény dlouho
znamé a data jsou pomérné limitovand. Recentni studie ukazuji, Ze LBN sdileji nckteré
genetické zmény s UL, ale také s LMS, nicméné jejich frekvence se lisi (Liegl-Atzwanger B.
et al., 2016; Mékinen N. et al., 2017; Barker KT. et al., 2006). Vyrazn¢ patrny rozdil je
zejména v alteracich genu FH (germindlnich i somatickych), véetné aberantni (chybéjici)
exprese jeho proteinu, které byly popsany hlavné u LBN, ale u UL a LMS jsou vzacné
(Mékinen N. et al., 2017; Lehtonen R. et al., 2004; Harrison W1J. et al., 2016; Ylisaukko-oja

SK. et al., 2006). U CL jsou alterace ve vyse uvedenych genech zastoupeny s jinou frekvenci.
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Mutace genu MED?2 je popsana v cca 5-16 % CL (Mikinen N. et al., 2013; Mékinen N. et al.,
2017), HMGAZ2 overexprese 0-32 % (Ayriviinen A. et al., 2020; Mikinen N. et al., 2017) a
mutace v genu FH 0-2,5 % (Ayriviinen A. et al., 2020; Barker KT. et al., 2002; Mikinen N.
et al.,, 2017). Pouze v jedné studii byla mutace FH prokazéna v 1/25 ptipadd CL (4 %)
(Mikinen N. et al., 2017). Dalsi literarné popsanou aberaci je delece kratkého raménka (p)
chromozomu 1, kterou lze nalézt az ve 25 % ptipadit CL (Christacos NC. et al., 2006; Hodge
JC. et. al., 2014).

U LMS bylo popsano mnozstvi molekuldrnich abnormalit, v¢etné¢ komplexnich
numerickych a strukturdlnich chromozomalnich aberaci, ale zadnd neni specificka. Mezi
nejCast¢jsi patii mutace gentt TP53, ATRX a MED 1?2 [tabulka 3] (Cree IA. et al., 2020; An Y.
et al., 2017; Yang CY. et al., 2015; Mikinen N. et al., 2016). Bylo prokazano, Ze pacienti
s LMS s mutaci genu 4ATRX maji horsi pfeZiti nez pacienti bez této mutace (Yang CY. et al.,
2015). ATRX mutované LMS vykazovaly alternativni prodlouzeni telomer (alternative
lengthening telomeres (ALT), ,,ALT phenotype®) a tim padem nesmrtelnost nadorovych
bun¢k (Yang CY. et al., 2015; Mikinen N. et al., 2016). Stanoveni stavu genu 47RX miiZe mit
v budoucnosti prognosticky 1 prediktivni vyznam. Tzv. ,,ALT fenotyp* je pozorovan
v riznych nadorech, coZ naznacuje, Ze inhibitory ATR, které byly nedavno objeveny, by
mohlo byt mozné v budoucnu pouZivat pro 1écbu tumori s deficitem ATRX, a mohly by tedy
pfedstavovat potencialni novou terapeutickou moznost i pro pacienty s LMS (Mékinen N. et
al., 2016).

Recentni studie navic ukazuji, Zze LMS jsou heterogenni skupina, kterou lze rozdélit do 2 typi
dle pfitomnosti riznych molekularnich abnormalit. Subtyp I, low grade délozni LMS, je
charakterizovany nadmérnou expresi genti ovlivityjici funkei hladkého svalstva, jako jsou

LMODI, SLMAP, MYLK a MYHII. Naproti tomu subtyp II, high grade délozni LMS, je

12



charakterizovan nadmérnou expresi genti zapojenych do cesty epitelomezenchymové tranzice,

jako jsou CDK6, MAPK13 a HOXAI (An'Y. et al., 2017).

Tabulka 2: Frekvence molekularnich alteraci u leiomyomu (ptfevzato z WHO klasifikace
nadort zenského genitalu, 2020)

gen MEDI2 | HMGA2 a HMGAI COL4A45 a COL446 FH

frekvence 70 % 25-29 % 4 % 1%

legenda: MED12 — mediator complex subunit 12, HMGAZ2 — high mobility group AT-hook 2,
HMGAI — high mobility group AT-hook 1, COL4A45 — collagen type IV alpha 5 chain,
COL446 — collagen type IV alpha 6 chain, FH — fumarate hydratase

Tabulka 3: Frekvence molekularnich alteraci u leiomyosarkomt (pfevzato z WHO klasifikace
nadort zenského genitalu, 2020)

gen TP53 ATRX MEDI2

frekvence ~30% ~25% ~20%

legenda: TP53 — tumor protein pS3, ATRX — alpha thalassemia/mental retardation syndrome
X-linked, MED 12 — mediator complex subunit 12

1.1.4. Makroskopicky obraz

Leiomyomy se vétSinou vyskytuji vicecetné, vzacnéji jde o solitarni léze. Jsou dobie
ohrani¢ené od okolni tkan¢, ale nemaji vlastni pouzdro. Jedna se o nadory tuhé konzistence,
na fezu bilé, bilo-rizové ¢i bilo-Sedé barvy, s fascikularni Upravou. VétSinou nejsou patrné
hemoragie ani nekrozy. V €asti ptipadul, pfevazn€ u objemnych nadorli, se miize vyskytnout
nekroza, ktera je zpisobend ischémii nadoru (ischemicky / hyalinni typ nekrézy), s patrnymi
nasledky jejiho hojeni (jizveni, hyalinizace, siderofagy). Kromé toho se ve
specialnich subtypech leiomyomil miize vyskytovat makroskopicky odlisny vzhled nadorové
tkan¢, napf. apoplekticky leiomyom bude vyrazn€ hemoragicky, coZ mliZze souviset s terapii
progesterony; myxoidni leiomyom bude gelatindzni konzistence; lipoleiomyom bude
obsahovat Zluté oblasti tvofené tukovou tkani, atd.

LMS jsou vétSinou solitdrni, mékké nadorové masy, na fezu masitého vzhledu

s Cetnymi lozisky hemoragie a nekrozy. Primérnd velikost naddoru je 10 cm, ale az 25 %
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nadori mize byt < 5 cm. OhraniCeni sarkomu od okolni tkané¢ je vétSinou neostré,

s infiltrativnim typem rustu.

1.1.5. Mikroskopicky obraz

Diagnéza hladkosvalovych nadori je =zalozena na peclivém zhodnoceni
makroskopickych a zejména mikroskopickych kritérii. Stanoveni biologické povahy se opira
o 3 zakladni histologické parametry, zahrnujici pfitomnost / nepfitomnost nadorového typu
nekrozy, pritomnost / nepfitomnost signifikantnich jadernych atypii, a pocet mitdz.
Diferencidlné diagnosticka rozvaha pro zatazeni hladkosvalovych nadorii dle biologickych
vlastnosti je uvedena v tabulce 4.
Vzhledem k mozné nddorové heterogenité u leiomyocelularnich naddort plati, ze spolehlivé
mikroskopické zhodnoceni 1éze je mozné pouze v piipadé kompletné vySetfené 1éze, nikoliv
pfi odbéru materidlu z kyretdZze nebo core-cut biopsie. I pies neustidly rozvoj znalosti
tykajicich se molekularnich aberaci v soucasné dobé nejsou k dispozici spolehlivé

molekularni markery rozliSujici mezi benignimi a malignimi hladkosvalovymi nadory.

Tabulka 4: Histologické kritéria pro diagnézu hladkosvalovych nadorti délohy (pfevzato z
Kurman RJ. et al, 2019)

Nekroza, Jaderné atypie Pocet mitéz na 10 HPF Diagno6za
nadorovy typ
pfitomna diftizni, sttedni / tézké rizny LMS
pfitomna Zadné / mirné > 10 LMS
pfitomna 7adné / mirné <10 STUMP
nepiitomna diftizni, sttedni / téZké >10 LMS
nepiitomna diflizni, stfedni / tézké <10 STUMP
nepiitomna 7adné / mirné <5 LM
nepiitomna Zadné / mirné 5-20 ML
nepiitomna fokalni, stfedni / t¢Zké >5 STUMP
nepiitomna fokalni, stfedni / tézké <5 LBN

legenda: LMS — leiomyosarkom, STUMP — hladkosvalovy nador nejistého maligniho
potencialu, LM — klasicky leiomyom, ML — mitoticky aktivni leiomyom, LBN — leiomyom
s bizarnimi jadry
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1.1.6. Lécba

Leiomyomy jsou Casto zcela asymptomatické a 1écbu nevyzaduji. K terapii se obvykle
piistupuje az u symptomatickych nadorti, nebo u nadorii, které by mohly zplsobit obtize
v t€hotenstvi. Dals$i indikaci k [é¢ebnému zakroku muze byt i nejistota tykajici se biologické
povahy nadoru, napft. u klinického stavu tzv. rychle rostouciho leiomyomu. Druh 1é¢by zdvisi
na vice faktorech, vcetné lokalizace nadoru, jeho velikosti a véku pacientky. Mezi nejCastéjsi
terapeutické vykony patii myomektomie a hysterektomie. Jako dalsi se vyuziva hormonalni
1éCba antagonisty gonadotropinu (GnRHa), ktefi snizuji hladinu estrogenu desenzitizaci
hypofyzy, coz méa za nésledek zmenSeni leiomyomu, zmenSeni objemu délohy a zmirnéni
symptomu pacientky (Kurman RJ. et al, 2019; Marsh EE. et Bulun SE., 2006). V neposledni
fadé mohou byt leiomyomy léCeny ischemizaci (embolizace ¢i ligace d€loznich tepen), kterd
vede k involuci naddoru (Marshburn PB. et al., 2006). Pokud po ischemizac¢ni 1é€bé dojde
k hysterektomii/myomektomii, mohou byt pii bioptickém vySetfeni zastizeny oblasti
ischemického typu nekrozy, kterda musi byt odliSena od nadorového typu nekrozy. Kromé
toho se v krevnich cévach, ale i mimo n¢, miize nachdzet embolizacni material (Dundr P. et al,
20006).

Optimalni 1écba u pacientek s diagnézou LBN neni ani v dnes$ni dobé jednozna¢na. Diivodem
je zejména:

1. jde o pacientky veékové skupiny kolem 30-40 let, které Casto nedokonCily své
reprodukéni plany.

2. diagnéza LBN miZe byt stanovena z kyretdZe ¢i parcidlni resekce (morcelace)
nadoru, a tudiz nelze s jistotou stanovit, zda je k bioptickému vySetfeni dodan kompletni
material.

3. morfologicky nalez mize byt sekundarné modifikovan ptedchozi terapii;

hormonalni 1écba a emboliza¢ni terapie zpusobuji ischemicky typ nekrozy, ktery v ¢asnych
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fazich mize napodobovat nadorovy typ nekrdozy a LBN muze byt zaménén za STUMP,
piipadné i LMS.

4. v minulosti pfevladal nazor, ze LBN je nador nejasné¢ho biologického potencidlu,
nicméné¢ nove¢jsi studie ukazuji, ze jde o nador s benignim chovanim. Riziko recidivy
onemocnéni se pohybuje vrozmezi 0-18 % (Ly A. et al., 2013; Mills AM. et al., 2013).
Maligni chovani LBN nebylo doposud popsano. V soucasné dobé se zduraziuje, Ze u
pacientek v reprodukénim véku je mozny konzervativni 1éCebny piistup (Sung CO. et al.,
2009; Croce S. et al., 2014; Ly A. et al., 2013; Boudova B. et al., 2019).

Metodou volby 1é€by LMS je hysterektomie; odpovéd’ na chemoterapii a radioterapii
je limitovana. Progn6za onemocnéni je pfimo imérnd stadiu onemocnéni, celkové se Sleté
preziti uvadi kolem 15-25 % (Cree IA. et al., 2020). Pon€kud lepsi pteziti je u stadia I-II, kde
se Sleté preziti pohybuje kolem 40-70 % (Cree IA. et al., 2020; Pelmus M. et al., 2009).
Progndéza se vtomto stadiu zhorSuje svyS$$i mitotickou aktivitou ¢i prokazanou

lymfovaskularni invazi (Pelmus M. et al., 2009).

1.2. Leiomyom s bizarnimi jadry

LBN je vzacny subtyp leiomyomu, ktery byl poprvé popsan vroce 1994. Na
morfologické trovni byl LBN vté dob& definovan ptfitomnosti stfednich ¢1 vyraznych
jadernych atypii, pfitomnosti < 10 mitéz na 10 HPF (obj. 40) a neptitomnosti koagula¢niho
(nddorového) typu nekrézy (Bell SW. et al., 1994). V té dob¢ se jednalo o jednotku, kterd byla
zafazena do nddorti s nizkym malignim potencialem. V priibéhu nasledujicich let se
pojmenovani 1éze ménilo od atypického leiomyomu s nizkym rizikem rekurence, pies pouze
atypicky leiomyom, pleomorfni leiomyom az po symplasticky leiomyom a zjistilo se, Ze
navzdory pfitomnosti jadernych atypii jde o jednotku benigni biologické povahy, kterd i v
pfipadé recidiv neni spojovana s Umrtim pacienta. Podle nové WHO Kklasifikace nadort

zenského genitdlu zroku 2020 je nynéjSi terminologie této 1éze pouze LBN nebo
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symplasticky leiomyom. Oznaceni atypicky leiomyom s nizkym rizikem rekurence se nyni
pouziva pro hladkosvalovy nador nejistého maligniho potencidlu — STUMP (Cree IA. et al.,
2020). WHO Kklasifikace také nové definuje LBN jako nador, ktery je ostfe ohraniceny od
okolniho myometria. Nadorové bunky maji vétSinou vzhled jako u klasického leiomyomu,
v rizném poctu a distribuci jsou vSak patrnd bizarni jadra (fokaln€, multifokalné ¢i difizné),
mohou byt patrné nuklearni pseudoinkluze, setfely (,,smudge*) chromatin, mitézy v poctu <
5/10 HPF, cytoplazma byva eozinofilni, muze obsahovat globularni struktury. Dale mohou
byt zastizena karyorekticka ¢i pyknoticka jadra, kterd imituji mitotické figury a mohou vést ke
stanoveni nespravné diagnozy LMS. Vylu€ujicim znakem diagnézy LBN je pfitomnost
koagulacniho typu nekrozy (Cree IA. et al., 2020). Podobné morfologické znaky mutzeme
najit i u nové vyclenéné jednotky, fumarat-hydrataza (FH) deficientniho leiomyomu (Cree IA.
et al., 2020). U FH—deficientniho leiomyomu jsou pfitomné somatické ¢i germinalni mutace
genu FH (fumarét hydrataza), které vedou ke ztrat€ jeho funkce, coz je u germinalnich mutaci
podkladem vzniku syndromu hereditarni leiomyomat6zy a rendlniho karcinomu (HLRCC)
(Cree IA. et al., 2020).

Recentni studie ukazuji, ze LBN jsou heterogenni skupinou a dale dochazi k jejich
subtypizaci na zékladé¢ morfologickych, imunohistochemickych a genetickych ryst. Zatim
jsou vyclenény 2 skupiny LBN s odliSnymi genetickymi aberacemi. U prvni skupiny (typ I)
cast LBN vykazuje mutace genu FH, kdezto druha skupina (typ II) vykazuje Casto mutace
v genech TP53 a RBI [tabulka 5] (Bennett JA. et al., 2017; Ubago JM. et al., 2016; Zhang Q.
et al., 2017). Morfologicky jsou u LBN prvniho typu v nddorovych butikach pfitomna velka
okrouhla ¢i ovalnd jadra, hladkd jadernd membréna, jemny vezikularni chromatin a
eozinofilni jadérko. U druhého typu LBN jsou jadra protahld, vietenitd, s nepravidelnymi
jadernymi membranami, s hrubym kondenzovanym chromatinem, s Zadnymi nebo zcela

nepatrnymi jadérky (Ubago JM. et al., 2016). U typu I je na imunohistochemické trovni
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popsana ztrata exprese FH a pfitomnost exprese 2SC (S-(2-sukcino)-cystein), tzn. aberantni
imunohistochemicky profil FH-/2SC+, coz signalizuje mutace v genu FFH (Bennett JA. et al.,
2017; Ubago JM. et al., 2016). LBN s normalnim imunohistochemickym profilem, tzn.

FH+/2SC-, vétSinou vykazuji alterace v genu TP53 nebo RB/ (Kurman RI. et al, 2019).

Tabulka 5: Rozdéleni LBN dle jadernych znakt

histologické znaky LBN typ 1 LBN typ 11

tvar jader okrouhld, pravidelna protahla, vietenita
jadernd membrana hladka nepravidelna
jadérka prominentni, velka mala nebo zadna
chromatin jemny, vezikularni, disperzni hruby, kondenzovany

1.3. Celularni leiomyom

CL je vzacna varianta leiomyomu charakterizovand ,,vyznamné* vyssi bunécnosti ve
srovnani s okolnim myometriem (Oliva E. et al., 1995; Cree IA. et al., 2020). Morfologické
znaky jsou dobfe definovany (Oliva E. et al., 1995; Cree IA. et al., 2020). Typicky jde o
hypercelularni nadory, fascikuldrné uspotadané, s husté nakupenymi buiikami. Néadorové
buiky maji vietenity tvar a mens$i mnoZstvi cytoplazmy. Jaderné atypie nejsou pifitomny,
mitdézy se vyskytuji zcela sporadicky. Krevni cévy jsou typicky velké, tlustosténné
(silnosténné), mohou byt dilatované. Déle jsou ve stromatu patrné tzv. Stérbiny (,,clefts®),
které pfedstavuji komprimované krevni cévy ¢i tkanové artefakty. Ve srovnani s jinymi
leiomyomy se u CL pomérné Casto vyskytuje neostré ohrani¢eni vii€i okolnimu myometriu.
Okraje jsou zvlnéné a nékdy mohou dokonce vykazovat i infiltrativni rysy. Popisovana je i
pfitomnost menSich satelitnich CL v okoli hlavniho néadoru, ktera muiZe budit dojem
infiltrativni invaze. Diferencialni diagnostika CL zahrnuje zejména endometridlni stromalni
nadory. OdliSeni mezi CL a endometridlnim stromalnim uzlem (ESN) nemé zadny klinicky
dopad, av$ak rozliseni mezi CL a low grade endometridlnim stromalnim sarkomem (LG ESS)

je zcela zasadni. Endometrialni stromalni nadory jsou, stejné jako CL, hypercelularni nadory,
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které podobné¢ jako u CL maji pomérné pravidelna jadra a vysoky nukleocytoplazmaticky
pomér. Mohou byt spatfeny mitotické figury. Oproti CL jsou vSak endometridlni stromalni
nadory, s vyjimkou specifickych morfologickych variant, tvofené ovalnymi, a nikoliv
vietenitymi buiitkami. Charakteristickym znakem endometridlnich stromalnich nadort je také
pritomnost malych arteriol obklopenych virovité¢ usporadanymi nadorovymi buiikami. Velké

silnosténné cévy a stérbiny (,,clefts) typické pro CL vétsinou chybi.

1.4. Fumarat hydrataza

Gen fumarat hydratiza (FH, fumardza) je lokalizovan na dlouhém raménku
chromozomu 1 na pozici 43 (1q42.3-q43), koduje enzym fumarat hydratdzu (FH), ktery ma 2
izoformy, a to mitochondridlni a cytosolickou. Ob¢ isoformy katalyzuji hydrataci fumaratu na
L-malat, 1i8i se pouze tim, ze mitochondrialni isoforma m4 inicialni mitochondrialni signalni
peptid (Alam NA. et al., 2005; Picaud S. et al., 2011). Cytosolicka isoforma je zapojena do
metabolizmu fumaratu v cytosolu builkky. Mitochondridlni isoforma katalyzuje pfeménu
fumaratu na L-malét v citraitovém cyklu (Krebsiv cyklus) jako soucast centralni aerobni
respirace.
Germinalni homozygotni FH mutace (FH deficience) se klinicky projevuje progredujici
neonatalni encefalopatii, psychomotorickou retardaci, hypotonii, cerebralnimi malformacemi
¢1 atrofii mozku, a vétSina postizenych umird v prvni dekad¢ zivota (Alam NA. et al., 2005).
U pacientd s germinalni heterozygotni FH mutaci mtze dojit v pribe&hu zivota k tzv. ,,second
hit* somatické mutaci druhé alely a tim k inaktivaci obou alel (Schmidt LS. et Linehan WM.,
2014). Pfi inaktivaci obou alel dochazi k redukci nebo kompletni ztraté funkce enzymatické
aktivity proteinu, nedochézi k pfeméné fumaratu na L-malat, coz vede k akumulaci fumaréatu.

Ptesny mechanizmus tumorigeneze pii mutacich v genu FH neni zcela objasnén,
nicméné se predpoklada, ze FH funguje jako tumor supresorovy gen. Existuje vice teorii

vychazejicich z predpokladu, Ze zdkladnim mechanizmem je zvySend hladina fumaratu, ktery

19



ma funkci onkoproteinu. ZvysSend akumulace fumaratu vede k jeho transportu z mitochondrii
do cytoplazmy. V cytoplazmé mohou zvySené hladiny fumaratu kompetitivné inhibovat
funkci prolylhydroxylazy hypoxii indukovaného faktoru (HIF), coz vede k akumulaci HIF. Se
zvySenymi hladinami podtypu HIF1-a jsou cilové geny HIF, jako jsou VEGF a GLUTI,
transkripné aktivovany, dochazi ke zvysené proliferaci bunék a jejich rezistenci k apoptodze,
dale dochazi ke zvySené vaskularizaci a transportu glukézy do nadorovych bun¢k FH-
deficientnich nadora (obr. 1). Tento fenomén byva popisovan jako ,,pseudohypoxie* (Llamas-
Velasco M. et al., 2016; Wei JI., 2016; Linechan WM. et Rouault TA., 2013; Schmidt LS. et
Linehan WM., 2014; Lameirinhas A. et al., 2019). Dalsi hypotéza, jak vysvétlit funkci FH
jako tumor supresorového genu je jeho hypermutabilita, pfevazné v souvislosti s oxida¢nim
stresem (Llamas-Velasco M. et al., 2016; Tomlinson IP. et al., 2002). V poslednich letech se
objevila hypotéza, ze akumulace fumaratu u FH-deficientnich leiomyomi vede k aktivaci
cilovych genil, naptiklad onkogenniho transkripéniho faktoru NRF2 (nuklearni erytroidni
faktor 2, nuclear factor erythroid 2-related factor 2) (Mehine M. et al., 2016).

Germindlni mutace maji riznou klinickou manifestaci, v€etné syndromu HLRCC. U pacientt
s HLRCC je zvySené riziko vzniku leiomyomu (d€loZnich a kozZnich) a renédlniho karcinomu,
nejCastéji papilarniho, ktery je v dobé diagnézy az u 50 % pacientl generalizovany
(Tomlinson IP. et al.,, 2002; Wei MH. et al., 2006; Launonen V. et al., 2001). Vyskyt
leiomyomt miZe ptedchazet vzniku rendlniho karcinomu i o né€kolik let, a proto je spravna
diagnostika srozpoznanim jejich charakteristickych, avSak ne zcela specifickych ryst,
dilezitd. Na podkladé¢ morfologie leiomyomu vSak nelze diagnézu syndromu HLRCC
stanovit, patolog miize pouze vyjadfit moznou souvislost, nutna je vzdy korelace s klinickym
obrazem a u indikovanych piipadii dovySeteni klinickym genetikem. Ne u vSech pacienti
s HLRCC se vsak leiomyomy vyvinou, v dostupnych publikacich je uveden vyskyt déloznich

leiomyomt u 80 % pacientl a koznich leiomyomu u 75 % pacientii (Lehtonen HJ. et al., 2006;
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Sanz-Ortega J. et al., 2013; Toro JR. et al., 2003; Wei MH. et al., 2006). Kozni leiomyomy se
obvykle vyskytuji kolem 25. roku véku, zatimco délozni leiomyomy se vyskytuji primérné
asi o 5 let pozdé¢ji a jsou charakteristicky mnohocetné (Kurman RIJ. et al, 2019). Renalni
karcinomy se vyvinou kolem véku 45 let (Toro JR. et al., 2003; Gardie B. et al., 2011; Merino
M. et al., 2007; Launonen V. et al., 2001; Harrison WJ., 2016). HLRCC syndrom pfedstavuje
syndrom se Sirokou fenotypickou variabilitou, od asymptomatického az po letalni, a jeho
piesna incidence neni znama (Sanz-Ortega J. et al., 2013).

V recentnim piehledovém ¢lanku bylo shrnuto 97 praci publikovanych do konce roku 2019,
které zahrnuji 672 pacienti s HLRCC. KoZni leilomyomy byly popsany u 474 z nich (71,5 %)
s prumérnym vékem 28 let. Leiomyomy délohy byly zastizeny u 356 (83 %) a byly
diagnostikovany praimérné ve véku 32 let, nicméné nejmladsi pacientce bylo pouhych 17 let.
Vétsina pacientek podstoupila hysterektomii primérné kolem 35. roku véku, nejmladsi bylo
pouze 19 let. Rendlni karcinom byl diagnostikovan u 189 pacientt (34,9 %), z toho v poloviné
ptipadu jiz bylo onemocnéni generalizované. Diagnoza renalniho karcinomu byla stanovena
pramérné ve véku kolem 36 let, ale nejmladsi pacientce bylo v dobé diagnézy pouze 11 let
(Chayed Z. et al., 2021).

Germinalni mutace genu FH nejsou spojovany pouze s HLRCC, ale méné casto také s nadory
z Leydigovych buné¢k, ovaridlnimi mucindéznimi cystadenomy a cerebralnimi kavern6znimi
hemangiomy (Llamas-Velasco M. et al., 2016; Carvajal-Carmona LG. et al., 2006). Velice
sporadicky se muze bialelickd mutace nachéazet také u karcinomu prsu, karcinomu mocového
méchyte, také u benignich nadora jako je adrendlni kortikalni adenom, nebo u nenddorovych
1ézi typu rendlnich cyst (Lehtonen HJ. et al., 2006). Krom¢ germindlnich mutaci byly
sporadické mutace F'H popsany u paragangliomu, feochromocytomu, neuroblastomu, gliomu,
ependymomu, osteosarkomu, Ewingova sarkomu a adrenokortikalniho karcinomu (Scagliola

E. etal., 2020, obr. 2).
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Somatické mutace genu FH, které se mohou vyskytnout u 1-3 % leiomyomi, jsou Cast¢j$i nez
germindlni. Pfi rozhodovani, ktefi pacienti by piipadné méli podstoupit germinalni testovani,
je tfeba vzit v uvahu nejen imunohistochemické a morfologické vlastnosti délozniho
leiomyomu, ale také klinické charakteristiky pacientek. Nejvice pravdépodobnd piitomnost
germindlni mutace je u pacientek, které maji solitdrni objemny FH-deficientni leiomyom a
jeho vyskyt je pred 35-40. rokem véku, zejména jsou-li pfitomné také kozni leiomyomy
(Kurman RJ. et al, 2019).

Sledovat stav genu FH muzeme nepfimo pomoci imunohistochemickych protilatek
anti-FH (FH) a anti-2SC. ZvySena hladina fumaratu modifikuje cysteinové zbytky v mnoha
proteinech, coz vede ke zvySené proteinové sukcinaci a produkci S-(2-sukcino)-cysteinu
(2SC). Ztrata enzymatické aktivity FH se vétSinou na imunohistochemické trovni projevuje
ztratou exprese FH a pozitivnim vysledkem vysSetieni s protilatkou anti-2SC (Trpkov K. et al.,
2016; Bennett JE. et al., 2017; Joseph NM. et al.,, 2015; Zhang Q. et al, 2018).
Imunohistochemické vySetieni s protilatkami FH a 2SC se zd4 byt pro identifikaci ztraty FH

aktivity vysoce specifické (Buelow B. et al., 2016).
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Obr. 1: Mechanizmus tumorigeneze pii defektu FH, tzv. ,,pseudohypoxie*

Zjednoduseny model citratového cyklu a patogeneze tumorigeneze pii defektu fumarat
hydratazy.

legenda: FH — fumarat hydratdza, PHD — prolylhydroxyldza, HIFF — hypoxii indukovany
faktor, VEGF — vaskularni endotelialni ristovy faktor, GLUTI — gluk6zovy transporter 1
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Obr. 2: Moznosti postiZzeni riznych orgénd pifi germindlni ¢i somatické mutaci v genu FH
(pfevzato od Scagliola E. et al., 2020)

legenda: PHEO — feochromocytom, PGG — paragangliom, RCC — karcinom z renalnich bungk,
HLRCC — syndrom hereditarni leilomyomat6zy a renalniho karcinomu
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1.5. Vybrané prognostické a prediktivni markery

Stanoveni biologické povahy hladkosvalovych nadori mé zasadni roli v dalSim
managementu pacientek. Stanoveni biologické povahy je zaloZzeno na zhodnoceni
morfologickych  znakii, v nékterych  pifipadech  vSak muize byt napomocné
imunohistochemické vysetfeni s vyuzitim exprese panelu vhodnych protilatek. Toto vySetfeni
muze mit vyznam zvlast€ u hraninich 1ézi. V nékterych piipadech (napt. kvalitativni a
kvantitativni limit materialu) je stanoveni biologické povahy i pies zhodnoceni vsech
dostupnych parametri velice obtizné. Mezi nejcastéji pouzivané imunohistochemické
markery patfi hormonalni receptory (ER, PR), protein p16 produkovany tumor supresorovym
genem CDKN24, protein p53 produkovany tumor supresorovym genem 7P53 a stanoveni
prolifera¢ni aktivity (Ki-67 index).

V poslednich letech je u nadord riizného typu pii prokazani urcitych molekularnich
aberaci ¢i pozitivnim vysledku prediktivnich imunohistochemickych vySetfeni dostupna
biologickéd (cilend) terapie. Vzhledem k vzacnému vyskytu nékterych téchto aberaci jsou
znalosti o jejich pfesné incidenci u cetnych nddor doposud limitované. Mezi nami
analyzované markery vySetfované imunohistochemickou expresi patii NTRK a ALK. Kromég

toho jsme se jako na dal$i prediktivni biomarker zaméfili na expresi PD-L1.

Prognostické markery ER, PR, Ki-67, p16. p53

Estrogenové receptory (ER) a progesteronové receptory (PR) hraji vyznamnou roli
v patologii Zenského pohlavniho systému i v patologii mlécné zlazy. ER poprvé identifikoval
Elwood V. Jensen na Chicagské univerzit¢ v roce 1958 (Jensen E., 2012). Walter
s kolektivem v roce 1985 zjistili, Ze gen ER (ESRI) lezi na chromozomu 6 (Walter P. et al.,

1985) a pomoci hybridizace in situ s cDNA obsahujicim kodujici sekvenci pro ER byla v roce
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1986 piifazena genu piesna lokalizace: 6q24-q27 (Gosden JR. et al., 1986). PR jsou kédovany
genem PGR, ktery je lokalizovan na chromozomu 11 (11g22) (Law ML. et al., 1987).
ER se vklidovém stavu nachazeji v cytosolu, ale po aktivaci ligandu jsou schopny
translokovat se do bunééného jadra a vazat se na DNA, ¢imz reguluji aktivitu riznych geni.
Jedna se tedy o tzv. ligandem aktivovany transkrip¢ni faktor (Levin ER., 2005). Kromé tohoto
genomického ucinku maji ER také negenomicky ucinek (reguluji genovou expresi bez piimé
vazby na DNA). Ktomu dochazi prostiednictvim proteinovych interakci s jinymi
transkripénimi faktory v jadfe, nebo Uu¢inky ER mohou vést ke zméné funkce
cytoplazmatickych proteintl, a tak regulovat genovou expresi (Bjornstrom L. et Sjoberg M.,
2005). Estrogen diky ER reguluje rist, vyvoj a fyziologii lidského reprodukéniho systému;
ovliviiuje neuroendokrinni, kosterni, tukovy a kardiovaskularni systém (Lee HR. et al., 2012;
Deroo BJ. et Korach KS., 2006). ER se také podileji na tumorigenezi nékterych nadort, napf.
mlécné zlazy, ovaria, d€lohy, prostaty ¢i kolorektalniho karcinomu. Asi nejlépe prozkoumana
je oblast karcinomu mlécné Zlazy, kde byly navrzeny 2 mozné hypotézy tumorigeneze. Prvni
je, ze vazba estrogenu na ER stimuluje proliferaci bunék mlécné Zlazy, se zvySenim
bunécného déleni a replikace DNA, coz vede ke zvySenému vyskytu mutaci. Druha hypotéza
predpokladd, Ze ptfi metabolizmu estrogenu vznikaji produkty, které plsobi genotoxicky.
Vysledkem obou procesii je naruseni bunééného cyklu, apoptdzy a reparace DNA (Deroo BJ.
et Korach KS., 2006).
ER neslouZi jenom jako marker prognosticky (vyssi exprese u Iépe diferencovanych nadort),
ale u ¢asti nadorti 1 jako marker prediktivni s moZnosti cilené 1é¢by — antihormonalni terapie
(antagonisté ER — tamoxifen ¢i inhibitory aromatazy — anastrozol).

Protein Ki-67 je jaderny marker, ktery je spojen s bunécnou proliferaci. Byva pfitomen
ve vSech aktivnich fazich buné¢ného cyklu (G1, S, G2 a mitdza), ale chybi v klidovych

buiikach (GO faze). Pouziva se tedy jako marker pro stanoveni tzv. ristové frakce cilené
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bunécné populace (Scholzen T. et Gerdes J., 2000). Podil nadorovych bunék pozitivnich s Ki-
67 do urCité miry koreluje s agresivitou nadorového onemocnéni, obecné znaci horsi
prognézu, na druhé strané vSak mitize byt marker lepsi odpovédi na piipadnou terapii.
Protilatka byla vytvofena imunizaci mySich jader bunéénymi liniemi Hodgkinova lymfomu
(L428). Nazev Ki-67 je odvozen od némeckého mésta Kiel, Cislo zna¢i potradi ptivodniho
klonu v 96jamkové desticce (Gerdes J. et al., 1983).

Protein p16 byl poprvé popsan v roce 1993 (Serrano M. et al., 1993). Je kédovan
genem CDKN2A4 (9p21.3) a jeho zakladni funkce je zpomaleni bunécného cyklu pti pfechodu
z G1 do S faze, ¢cimz plsobi jako nadorovy supresor. Cyklus déleni eukaryotickych bunék je
regulovan rodinou proteinkindz znamych jako cyklin-dependentni kinazy (CDK). Protein p16
je inhibitor CDK, véaZe se na CDK4, kterd normalné stimuluje bunécny cyklus, nicméné po
vazbé¢ pl6 je jeji funkce zablokovana. Timto zpisobem p16 fidi déleni bunék (Serrano M. et
al., 1993; Nobori T. et al., 1994; Stone S. et al., 1995). Delece genu CDKN2A miiZe mit za
nasledek nedostatecny nebo nefunkéni protein pl6, coz vyusti v zrychleni bunééného cyklu se
zvySenym rizikem vzniku nédoru.

Tumor supresorovy gen 7P53 byl popsan koncem sedmdesatych let minulého stoleti
(Soussi T., 2010) a je lokalizovan na kratkém raménku chromozomu 17 (17p13.1) (Isobe M.,
1986). Gen TP53 ma vétsi mnozstvi funkci, ve vztahu k onkogenezi plsobi jako ,,strdzce
genomu‘ tim, Ze reguluje bunéény cyklus. V piipadé poskozeni bunééné DNA bréni jeho
produkt, protein p53, dalSimu déleni bunégk, reguluje transkripci gentt nutnych k opravé DNA
a v ptipadé nemoznosti opravy navozuje samodestrukci poSkozené buiiky (apoptézu) (Stein Y.
et al, 2019). Kromé vySe uvedenych bunéénych a molekuldrnich ucinki ma p53
antitumoro6zni U¢inek na tkanové Urovni tim, Zze inhibuje angiogenezi. To se déje na 3

urovnich: 1. interferuje s regulatory nadorové hypoxie, jako je HIFI a HIF2; 2. inhibuje
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produkci faktor podporujicich angiogenezi; a 3. pfimo zvySuje produkci inhibitora

angiogeneze (Teodoro JG. et al., 2007; Assadian S. et al., 2012).

Prediktivni markery NTRK, ALK, PD-L1

Geny pro neurotrofni receptory s tyrosin kinazovou aktivitou - NTRK (NTRK 1, NTRK?2
a NTRK3) se podileji na normalnim vyvoji neurontt a koduji proteiny kindzy
tropomyosinového receptoru (TRK), tradicné znamé jako TRKA, TRKB a TRKC pro
neurotrofin. V nedavné dobé byly identifikovany translokace genit N7TRK u riznych typi
nadorii dospélych 1 détskych pacientd, které hraji roli v jejich tumorigenezi. Incidence aberaci
genu NTRK je v nadorech obecné velice nizka, pohybuje se do 1 % (Biichler T. et al., 2020;
Demetri GD. et al., 2020). Vyjimkou jsou nékteré vzacné typy nadori, jako je sekrecni
karcinom prsu, sekrecni karcinom mamarniho typu (MASC) slinnych 714z a gliové nadory,
kde se incidence pohybuje 96 %, 89 % a 3 % (Biichler T. et al., 2020). U nadori délohy byla
recentné popsana jednotka sarkomu s NTRK fuzi, kterd je v soucasné dobé povazovana za
variantu fibrosarkomu délohy, nikoliv leiomyosarkomu (Chiang S. et al., 2018).
Vzhledem k nizké incidenci aberaci genit NTRK se v ramci diagnostiky s vySe uvedenymi
vyjimkami v prvni fad€ vyuzivd screeningové imunohistochemické vySetfeni s protilatkou
pan-TRK. Nékteré studie poukazuji na vysokou miru senzitivity 75-88 % a specificity 81-
96 %, jiné vsak zduraznuji nizkou specificitu a u kazdého imunohistochemicky pozitivniho
pfipadu je nutné molekularni dovysetieni (Demetri GD. et al., 2020).
U nadorti s prokézanou piestavbou genlt NTRK se k 1é¢bé mohou vyuZit inhibitory kinazy
tropomyosinového receptoru (TRKi), které ovliviuji tuto signdlni drahu (Demetri GD. et al.,
2020).

Gen ALK je lokalizovan na chromozomu 2 (2p23.2-p23.1) a kdduje receptor

s tyrosinkindzovou aktivitou zvany kin4za anaplastického lymfomu (ALK). ALK receptorova

27



tyrosinkindza je exprimovana ve vyvijejicim se centralnim nervovém systému a v normalnich
tkanich dospé€lého pacienta ma minimalni ¢i zddnou expresi (Pulford K. et al., 1997; Davis LE.
et al., 2019). Aktivace kinazy vede k zapojeni signalnich drah, které ovliviuji rist, déleni a
zrani buné€k, a tim se podili na procesu tumorigeneze. Chromozomalni piestavby genu ALK
vedou ke vzniku fuznich gent, které zptisobuji nadmérnou transkripci genu ALK. Tyto zmény
jsou popisovany napf. u anaplastického velkobunécného lymfomu (Morris SW. et al., 1994;
Pulford K. et al., 1997), zanétlivého myofibroblastického tumoru (Davare MA. et al., 2015) a
asi 5 % adenokarcinomu plic (Katayama R. et al., 2015).

U pacientl s prokdzanymi aberacemi genu ALK (zlom genu ALK) se nabizi moznost cilené
terapie inhibitory ALK kinazy (napf. crizotinib).

PD-1 je receptor na povrchu bun€k kdédovany genem PDCDI lokalizovanym na
chromozomu 2 a fadi se mezi tzv. kontrolni body imunitniho systému (checkpoints). Je
exprimovan hlavné v aktivovanych T a B lymfocytech, makrofdzich, NK buiikach,
dendritickych bunikdch a plazmatickych buiikadch (Keir et al., 2008). Jednim z liganda
receptoru PD-1 je PD-L1, coz je transmembranovy glykoprotein vyskytujici se v Sirokém
spektru buné€k, vcetné bunc¢k nadorovych, ktery hraje dalezitou roli v inhibici imunitniho
systému. Bylo prokazéno, ze vazba PD-1/PD-L1 hraje vyznamnou roli v inhibici imunitni
odpovédi v nddorovém mikroprostiedi (Chen L., 2004; Zou W. et Chen L., 2008). Nadorové
bunikky exprimujici PD-L1 tak maji schopnost vyhnout se imunitnimu systému. V poslednich
letech je proto vénovana velkd pozornost inhibici vazby PD-1/PD-L1. Blokadou vazby PD-
1/PD-L1 dochdzi k zabranéni inhibi¢niho signdlu, k obnoveni Uc€innosti imunitnich
mechanizmil a ke zvySeni protinddorové aktivity imunitniho systému (Zatloukalova P. et al.,
2016). Mezi prvni nadory léené imunoterapii se zatfadil pokrocily metastazujici melanom,
rendlni karcinom, nemalobunéény karcinom plic a karcinomy mocového méchyie (Brahmer

JR. et al., 2012; Topalian SL. et al., 2012; Topalian SL. et al., 2014). Spektrum nadort je vSak
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v soucasné dob¢ podstatné SirSi a problematika imunoterapie zaznamenava pomérné rychly
rozvoj. Zcela sporadicky se objevuji 1 publikace ¢i jednotliva kazuisticka sdéleni o vyznamu
PD-1/PD-L1 v sarkomech (Vargas AC. et al., 2020).

S ohledem na hodnoceni exprese PD-L1 je nutno zdiiraznit, ze existuji rGzné postupy
hodnoceni. Jedna se o TPS (pozitivita nadorovych bun¢k), CPS (kombinované pozitivni skore)
a IC (pozitivita imunitnich bun¢€k). Zaroven jsou definovany rizné klinicky vyznamné hranice
pozitivity, které se vSak méni v zavislosti na diagnéze, pouzitém zpusobu hodnoceni a
v neposledni fad¢ i vazb¢ na konkrétni 1ék. Existuje i1 vice imunohistochemickych protilatek,
které 1ze pro diagnostiku pouzit. Aktualné se hodnoceni TPS standardné vyuzivéa u karcinomu
plic (NSCLC), hodnoceni CPS wu karcinomli Zzaludku a gastroezofagealni junkce,
dlazdicobunééného karcinomu hlavy a krku, karcinomu prsu, délozniho hrdla a urotelidlniho

karcinomu. Hodnoceni IC pak u karcinomu prsu a urotelidlniho karcinomu.
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2. VYMEZENI CiLU PRACE

Prace je zameéfena na komplexni analyzu nejcastéjSich nddorG zenského genitalu
mezenchymového ptivodu vznikajicich z hladké svaloviny, tedy leiomyocelularnich nadort,
se zacilenim na 2 vzicné varianty, LBN a CL. LBN mize na morfologické urovni
napodobovat LMS a muze byt stouto diagnézou zaménén, coz mize zdsadné ovlivnit
management pacientek. U CL mé zasadni klinicky vyznam diferencidlni diagnéza s LG ESS.
Jako srovnavaci soubory byly vybrany 2 skupiny nadort, a to UL a LMS.

Cilem prace je analyza LBN, CL, UL a LMS na turovni morfologické, imunohistochemické a
molekularné-biologické. V nasi praci se zaméfujeme na zhodnoceni pfinosu vyuziti
jednotlivych metod v diferencialni diagndze téchto nadorti, mozného objasnéni tumorigeneze
nadorii, pfi stanoveni prognézy a predikovani odpovédi na 1é¢bu. U skupiny LBN jsou
sledované parametry korelovany s relevantnimi klinickymi daty. Na imunohistochemické
urovni je cilem sledovat expresi vybraného panelu protilatek u vSech popsanych skupin.
V oblasti molekularnich analyz je prace zacilena hlavné na posouzeni zmén genu pro fumarat
hydratazu (FH), déale jsou u CL sledovany alterace v genech MEDI2 a HMGA2, a delece
kratkého raménka chromozomu 1.
Cile prace lze shrnout do nasledujicich bodi:

1) podpoteni hypotézy benigni biologické povahy LBN

2) provedeni detailni morfologické analyzy LBN a CL

3) bliz§i ozfeyjméni tumorigeneze LBN se zaméfenim na gen FH, na urovni

imunohistochemické 1 molekuldrni. Srovnani ziskanych dat s kontrolnim souborem
(CL, UL, LMS)

4) ozfejmeéni tumorigeneze CL
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5) zhodnoceni vyznamu vyuziti imunohistochemické protilatky FH (anti-FH) jako
screeningové metody k identifikaci mutaci genu FH

6) zhodnoceni vyznamu exprese vybranych imunohistochemickych protilatek v kontextu
morfologického nalezu v diferencialni diagnostice mezi benignimi a malignimi
hladkosvalovymi nadory, a dale mezi naddory jiné histogeneze

7) imunohistochemické analyza prognostickych a prediktivnich markerti, se zamétfenim

na LMS

Vysledky nasi prace tykajici se nekterych vymezenych cilti byly publikovany v nésledujicich
¢lancich:

publikace s IF

Gregova M, Hojny J, Némejcova K, Bartd M, Mara M, Boudova B, Laco J, Krbal L, Ticha I,
Dundr P. Leiomyoma with Bizarre Nuclei: a Study of 108 Cases Focusing on
Clinicopathological Features, Morphology, and Fumarate Hydratase Alterations. Pathol Oncol

Res. 2020;26(3):1527-1537. doi: 10.1007/s12253-019-00739-5. (IF2020=3.201)

Dundr P, Gregova M, Hojny J, Krkavcovd E, Michilkovd R, Némejcovad K, Barti M,
Hajkova N, Laco J, Mara M, Richtarova A, Zima T, Struzinské I. Uterine cellular leiomyomas
are characterized by common HMGA?2 aberrations, followed by chromosome 1p deletion and

MED12 mutation: morphological, molecular, and immunohistochemical study of 52 cases.

Virchows Arch. 2021 Oct 9. doi: 10.1007/s00428-021-03217-z. (IF2020=4,064)
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3. MATERIAL A METODIKA

3.1. Vybér souboru

Ptipady LBN a LMS byly ziskdny z archivii bioptickych vzorkli vySetfovanych
v ramci rutinniho provozu na Ustavu patologie 1. LF UK a VFN v Praze a Fingerlandova
ustavu patologie LF UK a Fakultni nemocnice v Hradci Kralové v obdobi 1998-2017.
Vsechny zahrnuté piipady byly podrobeny revizi, béhem které byla ovéfena diagnoza
v souladu s aktudlni WHO klasifikaci nadort zenského genitalu. Pripady UL a CL byly
ziskany z archivu Ustavu patologie 1. LF UK a VFN.
Analyzovany soubor pfedstavovalo 108 LBN, 52 CL, 50 UL a 68 LMS. Ve skupin¢ LMS
byly kromé nddort Zenského genitdlu (n= 44) zahrnuty i nadory kiize, mocového méchyte,
plic, dutiny Ustni, zaludku, nadvarlete a orbity (n= 24).
Relevantni klinicka data u LBN byla ziskana z nemocni¢nich informacnich systémi. Jednalo
se prevazné o informace tykajici se véku pacientek, klinickych symptomt, vlastniho nadoru
(pocet, velikost — korelace se sonografickym vySetfenim), charakteru vykonu (hysterektomie,
myomektomie) a v neposledni fadé¢ vyskytu rekurenci, metastdz nebo umrti. Klinicko-
patologické data u CL zahrnovala vék pacientek, operaéni vykon, velikost a hmotnost nadoru.
Morfologické, imunohistochemické a molekuldrni analyzy byly provedeny na archivnich
blocich po ptredchozi fixaci tkané€ v 10% roztoku formolu a nasledném zaliti tkan€ do parafinu
(formalin-fixed paraffin-embedded, FFPE). Morfologické hodnoceni bylo provedeno na
celotkanovych fezech z FFPE blokl o tloustce 4 pum, barvenych hematoxylin-eosinem, se
zhodnocenim vice parametri (blize viz kapitola morfologickd analyza). Pro
imunohistochemické analyzy byly z celotkanovych fezli FFPE vybrany a oznaceny vhodné
oblasti bloku pro vyrobu tkdnovych mikroCipii (tissue microarray — TMA). Z kazdého
darcovského (donor) bloku byla s vyuzitim néstroje TMA Master (3DHISTECH Ltd.,
Budapest, Mad’arsko) vyvrtdna 2-4 jadra (kazdé o priméru 2 mm), kterd byla nasledné
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pouzita ke konstrukci slozeného tkdnového mikrocipu. V ptipadé LBN byly po identifikaci a
oznaceni oblasti vyvrtana 4 jadra; 2 jadra z oblasti s bizarnimi jadry a 2 jadra z oblasti mimo
bizarni jadra (= oblasti vzhledu UL), za ucfelem samostatného imunohistochemického
vyhodnoceni odlisSnych partii nddoru. U 9 ptipadi toto nebylo mozné z ditvodu chybéni
nekteré z oblasti (nebyla zastizena mista UL). V ptipadech CL, UL a LMS byla vyvrtana 2
jadra z kazdého ptipadu.

Imunohistochemické analyze exprese FH bylo celkem podrobeno 252 vzorkl nddorové tkané,
které zahrnovaly 108 LBN, 52 CL, 50 UL a 42 LMS. Imunohistochemické vySetfeni s
roz§itenym panelem IHC protildtek (CD10, IFITM1, smoothelin, transgelin, ER, PR, Ki-67,
pl6, p53, pan-NTRK, ALK, PD-L1, PHH3) bylo provedeno celkem u 226 vzorkl (108 LBN,
50 UL a 68 LMS), ¢ast vySetfeni byla provedena také u 52 CL (CD10, IFITM1, smoothelin,
transgelin, pan-TRK, ALK).

Molekularni analyzy byly provedeny z celotkdnovych fezli z makrodisekovanych
reprezentativnich oblasti nddoru, se zhodnocenim procentudlniho zastoupeni nadorovych
bun¢k v makrodisekované tkani. Molekularni analyzy genu FH byly uspé$né provedeny
celkem u 152 vzorki (53 LBN, 32 CL, 47 UL a 20 LMS). Molekuléarni analyzy genit MEDI2,
HMGA2 a chromozomalni pfestavby chromozomu 1 byly Gspésné€ provedeny na DNA urovni

ve 32 piipadech CL a na RNA urovni ve 38 piipadech CL.

3.2. Morfologicka analyza leiomyomii s bizarnimi jadry a celularnich leiomyomu
Mikroskopické hodnoceni LBN bylo provedeno na celotkanovych fezech barvenych
hematoxylin-eosinem. Hodnoceny byly nasledujici parametry:

a) ohraniceni léze
ostré
infiltrativni

b) celularita nddoru
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nizka (nizs$i nez u UL)
stiedni (priblizné stejna jako u UL)
vysoka (vyssi nez u UL)
c¢) denzita bizarnich jader
nizka (<30 %)
stfedni (> 30 a <70 %)
vysoké (=70 %)
d) distribuce bizarnich jader
fokalni (< 5 fokusii bizarnich jader, s vyuzitim objektivu 20)
multifokalni (distribuce nejednotnd, > 5 fokust bizarnich jader, s vyuzitim objektivu
20)
difuzni (pfitomnost bizarnich jader prakticky v celém nadoru)
e) jaderné znaky
prominentni jadérka
eozinofilni jaderné pseudoinkluze
rozpadla , karyorektickd* jadra
f) dalsi morfologické bunécné znaky
pocet mit6z na 10 zornych poli velkého zvétseni
pritomnost eozinofilnich globuli v cytoplazmé nadorovych bunék (,,rhabdoid-like
cells®)
g) stromalni znaky
vaskularita (malé tenkosténné cévy, krevni paroznaté cévy, velke a tlusté krevni cévy)
vaskularni zmény (fibrinoidni nekrdza, vazivova obliterace lumen, perivaskularni
zangtliva infiltrace)
hydropické zmény
hyalinizace

nekroza (ischemicky typ, koagulacni typ)
Na zaklad¢ cytomorfologickych jadernych znakl popsanych v praci Ubago a spol. zroku
2016 byl nas soubor 108 LBN déle rozdélen na 2 podskupiny, LBN typ I a LBN typ II. Pokud
nadorové bunky vykazovaly jaderné znaky typické pro typ I 1 typ II, byl nador zatazen do

skupiny s vice nez 70% zastoupenim jednoho z typu jader.
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Mikroskopické hodnoceni CL bylo provedeno identicky jako u LBN z celotkénovych
fezll barvenych hematoxylin-eosinem. Mezi zékladni vybrané hodnocené parametry patfily:

a) ohraniceni l1éze (ostré/infiltrativni)
b) pfitomnost / neptfitomnost tzv. $térbin (,,clefts”)
¢) pfitomnost / neptitomnost tlustosténnych krevnich cév

d) pfitomnost / nepfitomnost satelitnich nodul

3.3. Imunohistochemicka analyza hladkosvalovych nadori

Imunohistochemicka analyza byla provedena na TMA fezech s vyuzitim standardnich
tezi z FFPE blok o tloust'ce 2-3 um. Protilatky, klony, fedéni, vyrobce, barvici technika a
detekce jsou popsany v tabulce 6.

3.3.1. Imunohistochemicka analyza s protilitkou FH (anti-FH)

Imunohistochemickd exprese FH byvd v normalni tkdni zachovald. V ptipadé
negativity vySetieni (ztrata exprese FH) je nutno pomyslet na moznost mutaci v genu FH. Pti
vySetfeni s protilditkou FH bylo jako pozitivni hodnoceno pouze granularni cytoplazmatické
zabarveni v nddorovych bunkach. Hodnoceni bylo provedeno kvalitativné na zakladé
intenzity zabarveni cytoplazmy ve 4 stupnich: negativni (0) a pozitivni (1+, 2+ a 3+). Stupeni
0 znamenal uplnou nepfitomnost zabarveni nadorovych bunck, stupenn 1+ slabé zabarveni,
stupen 2+ stfedné silné zabarveni a stupenl 3+ silné zabarveni cytoplazmy nadorovych bunék.
Jako wvnitini pozitivni kontrola v preparatu byla pozitivni reakce v endotelidlnich bunkéach
krevnich cév. U LBN byly samostatné¢ hodnoceny oblasti s pfitomnosti bizarnich jader (R) a
mimo tyto oblasti (G). Pokud byla zaznamenéna ztrata exprese FH alesponl v jedné oblasti,

ptipad byl hodnocen jako negativni.
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3.3.2. Imunohistochemicka analyza s dalSimi protilatkami
3.3.2.1. Protilatky hladkosvalové diferenciace

Mezi zékladni imunohistochemické protilatky ,hladkosvalové diferenciace® patii
hladkosvalovy aktin (SMA), desmin a h-caldesmon. Dalsi komer¢né dostupné protilatky pro
hodnoceni hladkosvalové diferenciace predstavuje naptf. smoothelin a transgelin. Benigni
hladkosvalové 1éze, tzn. leiomyom a jeho varianty, exprimuji hladkosvalové markery
v naprosté vétsSing piipadi ve vétSiné nadorovych buncék. Odlisnd mize byt situace u LMS,
kde se vyskytuji ptipady s velmi nizkou expresi hladkosvalovych markert, ¢i mohou byt
nékteré markery negativni. U ¢asti hladkosvalovych nadorti se vSak muizZe vyskytovat i
exprese dalSich imunohistochemickych markert, které jsou vice specifické pro jednotky jiné
nez hladkosvalové diferenciace, napt. endometrialni stromélni nadory riizné biologické
povahy (endometridlni stromdlni nodul, endometridlni stromélni sarkom — low grade i high
grade). Jedna se zejména o markery CD10 a IFITMI. V minulosti byla pozitivita CD10
pokladana za pomérné specificky marker endometridlni stromélni diferenciace, nicméné
souCasné poznatky ukazaly, Ze exprese CD10 se vyskytuje 1 u ¢asti hladkosvalovych 1ézi.
Protilatka IFITM1 se zd4 byt vice specificky marker endometrialni stromalni diferenciace,
data jsou vSak pomérn¢ limitovana.
NaSe prace se zaméfila na expresi recentné komeréné dostupnych IHC protilatek proti
smoothelinu a transgelinu, a dale CD10 a IFITM1.
Samotné zhodnoceni vysledkli imunohistochemického vySetfeni bylo zaloZeno na
semikvantitativnim zhodnoceni procenta pozitivnich nadorovych bunék (0-100 %). U
protilatek smoothelin a transgelin se hodnotila cytoplazmatickd pozitivita; u CD10
membranova pozitivita a u IFITM1 byly hodnocena cytoplazmatickd i membranova pozitivita.
V piipadé¢ imunohistochemického vySetteni HGMA2 byla jako nadmérnd exprese

(overexprese) hodnocena stfedni nebo silna jaderna exprese ve > 50 % nadorovych bunék.
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3.3.2.2. Stanoveni biologické povahy leiomyocelularnich nadora

Stanoveni biologické povahy leiomyocelularnich nadorGi ma zasadni roli v dalSim
managementu pacientek. Hledani vhodného biomarkeru/biomarkerti, které by byly razné
zastoupeny v LMS a leiomyomech riaznych variant, je dokumentovano jiz koncem
devadesatych let minulého stoleti a ma dva vyznamy, diagnosticky a prognosticky. Zakladem
pii stanoveni biologické povahy je vSak zhodnoceni morfologickych znaki nadoru.
Imunohistochemické vySetfeni ma pouze pomocny vyznam, a to zejména u hrani¢nich 1¢ézi.
NejcCastéji pouzivanymi protilatkami jsou vtomto sméru ER, PR, pl6, p53 a hodnoceni
prolifera¢ni aktivity pomoci markeru Ki-67, ptipadné¢ PHH3 (marker znacici mitdzy). V nasi
praci jsme provedli imunohistochemickou expresi vSech vySe vyjmenovanych protilatek na
souboru 108 LBN, 50 UL a 68 LMS.
U hormondlnich receptortt (ER, PR) bylo hodnoceni zaloZzeno na zhodnoceni procenta
pozitivnich jader naddorovych bunék (0-100 %). U protilatky pl16 byla hodnocena distribuce
cytoplazmatické a jaderné pozitivity naddorovych bunék semikvantitativné jako negativni,
nerovnomérnd (mozaikovitd, ,,patchy*) a difuzni. U protilatky p53 bylo hodnoceni zalozeno
na kombinaci rozsahu a intenzity pozitivity (1+, 2+ a 3+). Podle vysledki byla exprese
rozdélend do 2 skupin: aberantni typ exprese (nad 70 % nadorovych bunék s intenzitou 3+,
nebo kompletné negativni) a divoky typ exprese (jakakoliv exprese nespliujici kritéria pro
aberantni expresi). Proliferacni marker Ki-67 byl hodnocen v 500 nadorovych buikéach v
mistech s nejvyssi pozitivitou, tzv. hot spots (uvedeno v %). Imunohistochemickd exprese
PHH3 byla hodnocena jako pocet pozitivnich jader nddorovych bun€k (mitotickych figur) na

10 zornich poli velkého zvétSeni = 10 HPF (obj. 40).
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3.3.2.3. Imunohistochemicka exprese potencialné prediktivnich markeru

Do panelu nami studovanych biomarkert jsme zvolili protilatky pan-TRK, ALK a PD-
L1.
Imunohistochemické hodnoceni exprese pan-TRK bylo povazovano za pozitivni pfi
cytoplazmatické/jaderné expresi > 1 % nadorovych bunék. U protilatky ALK se hodnotil
rozsah a intenzita cytoplazmatické exprese v nadorovych buiikach (tzn. % zastoupeni
pozitivnich nadorovych bunék s intenzitou pozitivity 1+, 2+ a 3+). Exprese protilatky PD-L1
byla hodnocena pomoci TPS skore (pozitivita nddorovych buné€k). Jako pozitivni byla
hodnocena pouze membranova pozitivita nadorovych buné€k; hranice pozitivity byla

stanovena na > 1 %.

Tabulka 6 : Seznam pouzitych imunohistochemickych protilatek

protilatka  klon redéni vyrobce barvici technika detekce
FH polyklondlni 1:500 Abcam, Cambrige, PT-link (Agilent, En Vision
Velka Britanie Santa Clara, CA, FLEX (Agilent)
USA
Smoothelin R4A 1:50 Zeta Corporation, Ventana OptiView
Sierra Madre, CA,  BenchMark
USA ULTRA (Roche,
Basilej, Svycarsko)
Transgelin 2A10C2 1:300  Cell Marque, Ventana OptiView
Roclin, CA, USA BenchMark
ULTRA (Roche,
Basilej, Svycarsko)
CD10 56C6 1:50 Novocastra, Leica ~ Ventana OptiView
Biosystems, BenchMark

Wetzlar, Némecko ~ ULTRA (Roche,
Basilej, Svycarsko)

IFITM1 polyklondlni 1:300  Abcam, Cambrige, Ventana OptiView
Velka Britanie BenchMark
ULTRA (Roche,
Basilej, Svycarsko)
HMGA2 DI1A7 1:400  Cell Signalling, PT-link (Agilent, En Vision
Danvers, MA, USA Santa Clara, CA, FLEX (Agilent)
USA
ER SP1 1:200 Zytomed Systems Ventana OptiView
GmbH, Berlin, BenchMark
Némecko ULTRA (Roche,

Basilej, Svycarsko)
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PR

pl6

p53

Ki-67

pan-TRK

PD-L1

ALK

PHH3

16

JC2

BP53-12

MIB-1

EPR17341

22C3

DS5F3

polyklonalni

1:100

1:200

1:200

1:100

1:100

1:40

1:100

1:100

Novocastra, Leica
Biosystems,
Wetzlar, Némecko

Diagnostic
BioSystems
Pleasanton, CA,
USA

Zytomed Systems
GmbH, Berlin,
Némecko

Dako, Glostrup,
Déansko

Abcam, Cambrige,
Velka Britanie

Dako, Glostrup,
Dansko

Cell Signalling,
Danvers, MA, USA

Biocare Medical,
Pacheco, CA, USA

Ventana
BenchMark
ULTRA (Roche,
Basilej, Svycarsko)
Ventana
BenchMark
ULTRA (Roche,
Basilej, Svycarsko)
Ventana
BenchMark
ULTRA (Roche,
Basilej, Svycarsko)
Ventana
BenchMark
ULTRA (Roche,
Basilej, Svycarsko)
Ventana
BenchMark
ULTRA (Roche,
Basilej, Svycarsko)
Ventana
BenchMark
ULTRA (Roche,
Basilej, Svycarsko)
Ventana
BenchMark
ULTRA (Roche,
Basilej, Svycarsko)
Ventana
BenchMark
ULTRA (Roche,
Basilej, Svycarsko)

OptiView

OptiView

OptiView

UltraView

OptiView

OptiView

OptiView

UltraView

3.4. Molekularni analyza

Jako prvni byly provedeny molekuldrni analyzy genu FH u 108 LBN, 50 UL a 42

LMS. Genomicka DNA byla izolovana pomoci DNA Cobas® ptipravné sady (Roche, Basilej,

Svycarsko) podle protokolu vyrobce a poté spektrofotometricky kvantifikovana pomoci

ptistroje NanoDrop 2000 (Thermo Fisher Scientific Inc., Waltham, MA, USA). Kvalita DNA

byla zjiSténa za pouziti 2% agardzové gelové elektroforézy a kontroly qPCR (5 x HOT

FirePol EvaGreen HRM Mix NO ROX - Solis Biodyne, Tartu, Estonsko). Vzorky s

nedostatecnou kvalitou DNA (Cp> 40) v kontrole amplikony velikosti 237 a 308 bp byly
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z dalsi analyzy vylouceny, celkem §lo o 80 vzorki. DNA sekven¢ni analyza genu FH byla
uspésné provedena u 120 vzorki, a to 53 LBN, 47 UL a 20 LMS. Polymerazova fetézova
reakce (PCR) a pfimé Sangerovo sekvenovani bylo provedeno v celé kddovaci oblasti (10
exonl) a prilehlych intronovych sekvencich genu FH. Oblasti z4jmu byly amplifikovany
pomoci 5 HOT FirePol EvaGreen HRM Mix NO ROX (Solis Biodyne). BigDye Terminator
v3.1 Ready Reaction Mix (Applied Biosystems, Thermo Fisher Scientific Inc., Waltham, MA,
USA) byl pouzit k sekvenacni reakci. Separace byla provedena pomoci genetického
analyzatoru ABI 3500 (Applied Biosystems). Vzhledem k limitaci metody Sangerova
sekvenovani jsme byli schopni detekovat pouze varianty s frekvenci nad 15 ¢ 20 %. Odhad
frekvence mutované alely byl mozny ve srovnani s wild type alelou.

Vsechny vzorky s mutacemi tiidy 5/5 a 4/5 (patogenni nebo pravdépodobné patogenni) nebo
vicecetnymi nizkofrekvencnimi varianty detekovanymi dideoxy sekvenovéanim, které prosly
hodnocenim kvality DNA, byly opétovné sekvenovany pomoci sekvenace nové generace
(NGS), aby se vylouc¢ily mozné faleSn€ pozitivni detekce mutaci v disledku fixacnich
artefakt nebo pfitomnosti pseudogenti. Celkem se jednalo o 32 ptipadl, z toho 18 LBN, 6
UL a 8 LMS. Jednotlivé vzorky uréené pro panelovou NGS byly pfipraveny pomoci KAPA
HyperPlus kitu dle SeqCap EZ protokolu (Roche NimbleGen), pfiCemz cilové genové
sekvence byly obohaceny s vyuzitim panelu na zakdzku zhotovenych SeqCap hybridiza¢nich
sond proti viceCetnym ciliim (257kbp panel cilovych genl, NimbleGen, Roche, 89 genii nebo
genovych casti veetné celého kodovani sekvence FH). Pfipravené knihovny byly
sekvenovany pomoci piistroje NextSeq 500 (Illumina, San Diego, Kalifornie, USA) s
vyuzitim NextSeq 500/550 Mid Output Kitu v2.5 (150 cykld). Zékladni nezpracovanéd data
ziskana z panelového sekvenovani byla demultiplexovana, pfevedena do .fastq formatu a dale
analyzovdna pomoci NextGENe v2.1.2 (Softgenetics) softwaru. Pokryti vzorkd v genu FH

bylo v rozmezi 250-500x, coz ukazuje dostate¢nou citlivost metody NGS pro detekci mutaci
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s frekvenci > 5 %. Ve vysledcich jsou zahrnuty pouze varianty tiidy 4 (varianta
pravdépodobné patogenni) a 5 (varianta patogenni).

Molekularni analyzy 52 CL byly provedeny ve druhé dob¢. Capture NGS analyza byla
s ohledem na kvalitu materidlu mozna u 32 pfipadii na DNA trovni a u 38 pfipadli na RNA
urovni. Genomova DNA a RNA byly izolovany pomoci izolacni sady DNA/RNA FFPE
(ZymoResearch) podle protokolu vyrobce. Kontrola kvality DNA byla provedena testem
gPCR. Izolované vzorky celkové RNA byly charakterizovany pomoci kapilarni elektroforézy
(Fragment Analyser capillary electrophoresis system (AATI)) s pouzitim standardniho RNA
kitu. Komplementarni DNA (cDNA) byla syntetizovana z 2 ng celkové RNA. Panelova NGS
byla pfipravena identicky jako vySe popsana pomoci KAPA HyperPlus kitu podle protokolu
KAPA HyperCapture (Roche) a vlastnich hybridiza¢nich sond (944 kbp cilové sekvence,
véetné 765 kbp kodujicich oblasti 300 genil). Vzorky RNA byly zpracovany amplikonem
RNA NGS pomoci Archer FusionPlex Sarcoma Expanded Kit (ArcherDX) podle protokolu
vyrobce. Pripravené knihovny byly sekvenovany pomoci pfistroje NextSeq (Illumina)
s vyuzitim NextSeq500/550 High Output Kit v2.5 (300 cykli). Variace poctu kopii (CNV)
byla vyhodnocena pomoci algoritmu pfistrojem NextGENe CNV Tool (Softgenetics), vcetné
delece 1q, mutaci MEDI2 a FH. Faze byly vyhodnoceny z dat amplikonové RNA NGS

pomoci softwaru Archer Analysis v5.1.7 (ArcherDX).

Komentaf k hodnoceni mutaci:

Nézvoslovi variant mutaci se fidi doporu¢enimi Human Genome Variation Society (HGVS) a
je zalozeno na referencni sekvenci NM_000143.3. Nalezené mutace byly srovnavany s
mutacemi nalezenymi v dostupné literatufe nebo databazich (dpSNP, http: //www.ncbi.
nlm.nih.gov/SNP/; 1000 Genomes, http: / www. 1000genomes.org/; ClinVar,

https://www.ncbi.nlm.nih.gov/ clinvar /; ESP, http://varianttools.sourceforge.net/ Annotation/
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EDS; COSMIC, http://www.sanger.ac.uk/cosmic; HGMD,
https://www.qiagenbioinformatics.com/products/human-gene-mutation-database).

Pro vyhodnoceni nalezenych mutaci a jejich pfedpokladanému ucinku byla vyuzita metoda in
silico Variant Effect Predictor (Ensemble;
http://www.ensembl.org/info/docs/tools/vep/index.html) (McLaren W. et al., 2016). Varianta
byla povazovana za skute¢né patogenni, pokud byla mutace identifikovéna jako patogenni v
databazi ClinVar nebo pokud to naznacuje povaha mutace — zkraceni proteinového produktu
(nonsense, frameshift, start loss, indels mutations). Varianta byla povaZovéna za
pravdépodobné patogenni, pokud obsahovala alespoii Sest z deviti in silico ptedpokladaného
patogenniho pivodu varianty (CADD, GERP ++, Mutation Assessor, Mutation Taster,

Provean, SiPhy, VEST3, PolyPhen a SIFT).

3.5. Statisticka analyza

K zhodnoceni statistickych pfemén byl pouzit Software STATISTICA 10 (StatSoft, Tulsa,
OK, USA). K porovnani vysledkii mezi nddorovymi skupinami na zaklad¢
imunohistochemické a klinicko-patologické proménné byl pouzit Fisheriiv exact test nebo

chi-kvadrat. Za statisticky vyznamnou hodnotu byla povazovana p-hodnota < 0,05.

4. VYSLEDKY

4.1. Klinicka data leiomyomii s bizarnimi jadry a celularnich leiomyomii

Dostupna klinicka data tykajici se LBN jsou shrnuta v tabulce 7. V menSim rozsahu
jsou popsana také klinick4 data u CL. Vék pacientek s LBN se pohyboval v rozmezi od 25 do
84 let, v priméru 43 let. Ptiblizné u poloviny pacientek byla k dispozici klinické data, u druhé
poloviny se je nepodafilo dohledat. U 80 % pacientek s dostupnymi klinickymi daty bylo
nejcastéjSim klinickym piiznakem abnormalni vaginalni krvaceni mimo cyklus (33 %) a
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bolesti bficha ¢i bfiSni diskomfort (8 %). Sporadicky se vyskytly piipady hydronefrozy,
protruze leiomyomu & jiné. Cast pacientek ztéto skupiny byla asymptomaticka (12 %).
104/108 (96 %) ptipadd bylo lokalizovano v déloznim téle, pouze 2/108 (2 %) byly
lokalizovéany v oblasti parametrii a u 2/108 (2 %) nebyla lokalita uvedena. V 62 % se jednalo
o solitarni 1éze, ve 38 % o 1éze viceCetné. Informace o opera¢nim vykonu byla dostupnd u 105
pacientek, z toho hysterektomii podstoupilo 60 z nich (57 %) a myomektomii 45 (43 %).
Lokalni rekurence byla popsana v 19 % (18/92), ztoho 11 ptipadd se dale biopticky
neovéiovalo, 2 pacientky meéli lokalni recidivu LBN, 4 UL a 1 mitoticky aktivni leiomyom
(ML). U 2 pacientek byl pozdé&ji diagnostikovan LMS — u jedné vznikajici ve vaginalnim
pahylu 8 mésici po hysterektomii, u druhé vznikly v myometriu 7 let po myomektomii.
Metastazy LBN nebyly pozorovany v zadném z piipadii. Zadna z naSich pacientek neméla
v osobni anamnéze renalni neoplazii (sledovani probihalo od roku 1998 do roku 2017); ackoli
u jedné pacientky bylo vrodinné anamnéze uvedeno, Ze otec zemiel na generalizaci

svétlobunééného renalniho karcinomu ve véku 61 let.

Tabulka 7: Klinicka data u leiomyom s bizarnimi jadry (LBN)

Klinické udaje LBN LBN typ 1 LBN typ 11
n =108 n="72 (67 %) n =236 (33 %)

Vék (primeér, roky) 43 43 43

< primeér 67 52 15

> pramér 41 20 21

Se symptomy 50/63 (79,4 %) 33 (45,8 %) 17 (40,2 %)

Operacni vykon

hysterektomie 60/105 (57,1 %) 34 (47,2 %) 26 (72,2 %)

myomektomie 45/105 (42,9 %) 36 (50 %) 9 (25 %)

Pocet nadori

solitarni 59/96 (61,5 %) 38 (52,8 %) 21 (58,3 %)

vicecetné 37/96 (38,5 %) 27 (37,5 %) 10 (27,8 %)

Rezidua/rekurence 18/92 (19,6 %) 13 (18,1 %) 5 (13,9 %)

Metastazy 0 0 0

U pacientek s CL se veék pohyboval od 22 do 74 let, v priméru 43 let. Informace o

opera¢nim vykonu byla dostupnd v 51 ptipadech, z toho hysterektomii podstoupilo 25 z nich
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(49 %) a myomektomii 26 (51 %). Velikost nadoru bylo moZzné zhodnotit pouze ve 23
piipadech a pohybovala se mezi 15-75 mm, v priméru 39,6 mm. Hmotnost nadoru byla

hodnocena pouze po myomektomii u 19 ptipadl, v priiméru byla 104 g.

4.2. Morfologické zhodnoceni leiomyomu s bizarnimi jadry

Zhodnoceni ohrani¢eni 1éze od myometria bylo mozné pouze u 68 ptipadu, ve zbylych
40 piipadech nebyla zachycena pfechodova zoéna mezi nadorem a nenadorovou tkéni. Vsech
68 LBN (100 %) mélo expanzivni typ ristu, tzn. ostrou hranici vii¢i okoli. S ohledem na
celularitu 98 % (106/108) nadort vykazovalo stfedni a vysokou bunécnost, pouze 2 % (2/108)
mélo bunécnost nizkou. Distribuce bizarnich jader byla v nddorech heterogenni od diftizni
(33 %), ptes multifokalni (56 %), po fokélni (11 %) (obr. 3). Denzita bizarnich jader byla
v 58 % nizka, 26 % stfedni a 16 % vysoka. Prominentni jadérka byla pfitomna v 53 % a ve
33 % byly zastizeny eozinofilni jaderné pseudoinkluze. Pocet mitdz se pohyboval v rozmezi
0-4/10 HPF (obj. 40), s distribuci 73 % (0/10 HPF), 19 % (1/10 HPF), 4 % (2/10 HPF), 2 %
(3/10 HPF) a 3 % (4/10 HPF). V 18 % bylo hodnoceni poc¢tu mit6z komplikovano ptitomnosti
karyorektickych jader (obr. 4A). Kondenzace cytoplazmy do podoby tzv. globoidnich télisek
(,,rhabdoid-like cells®) byla pozorovdana v 56 % ptipadi (obr. 4B). Regresivni zmény
v podobé edému, hyalinizace a vystupiiovanych hydropickych zmén se vyskytovaly ve 31 %,
33 % a témét 4 %. Ischemicky typ nekrozy nebo suspekce na ischemicky typ nekrdzy byla
zaznamenana ve 4,6 %. Cévni zasobeni ve stromatu v podob¢ tzv. paroznatych krevnich cév
jsme pozorovali v 69 % piipadu (obr. 4C).
Na zaklad¢ jadernych znakl byl soubor rozdélen na 72 ptipadi LBN typ I (67 %, obr. 5A) a
36 ptipadi LBN typ II (33 %, obr. 5B).
Skupina LBN typ I Castéji obsahovala prominentni jadérka (x2 = 20,23, df = 1, p < 0,001) a

,rhabdoid-like cells* (y2 = 21,77, df = 1, p < 0,001) ve srovnani se skupinou LBN typ IIL.
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V naSem souboru nebyl statisticky vyznamny rozdil mezi piitomnosti tzv. paroznatych

krevnich cév v typu I a typu IT LBN.

Shrnuti v§ech morfologickych znaki LBN je v tabulce 8.

Tabulka 8: Histopatologické zhodnoceni leiomyomt s bizarnimi jadry (LBN)

Morfologické zhodnoceni | LBN LBN typ 1 LBN typ II
n =108 n=72(67%) n=36(33%)

Ohraniceni

ostré 68/68 (100 %) 41 (56,9 %) 27 (75 %)

infiltrujici 0 0 0

Buné¢nost

nizka 2 (2%) 1 (1,4 %) 1(2,8 %)

stiedni 75 (69 %) 52 (72,2 %) 23 (63,9 %)

vysoka 31 (29 %) 19 (26,4 %) 12 (33,3 %)

Denzita

nizka 63 (58 %) 44 (61,1 %) 19 (52,8 %)

stiedni 28 (26 %) 18 (25 %) 10 (27,8 %)

vysoka 17 (16 %) 10 (13,9 %) 7 (19,4 %)

Distribuce

fokalni 12 (11 %) 9 (12,5 %) 3 (8,3 %)

multifokalni 60 (56 %) 42 (58,3 %) 18 (50 %)

difuzni 36 (33 %) 21 (29,2 %) 15 (41,7 %)

Prominentni jadérka

Ano 57 (53 %) 49 (68 %) 8 (22,2 %)

Ne 51 (47 %) 23 (32 %) 28 (77,8 %)

Eozinofilni jaderné

pseudoinkluze

Ano 36 (33,3 %) 22 (30,6 %) 14 (38,9 %)

Ne 72 (66,7 %) 50 (69,4 %) 22 (61,1 %)

Karyorekticka jadra

Ano 19 (18 %) 10 (13,9 %) 9 (25 %)

Ne 89 (82 %) 62 (86,1 %) 27 (75 %)

Mitotické figury

0/10 HPF 79 (73 %) 55 (76,4 %) 24 (66,6 %)

1/10 HPF 20 (19 %) 14 (19,4 %) 6 (16,6 %)

2/10 HPF 4 (4 %) 2 (2,8 %) 2 (5,6 %)

3/10 HPF 2(2%) 0 (0 %) 2 (5,6 %)

4/10 HPF 33 %) 1 (1,4 %) 2 (5,6 %)

Rhabdoid-like buiiky

Ano 61 (56 %) 52 (72,2 %) 9 (25 %)

Ne 47 (44 %) 20 (27,8 %) 27 (75 %)

ParoZnaté cévy

Ano 74 (69 %) 51 (70,8 %) 23 (63,9 %)

Ne 34 (31 %) 21 (29,2 %) 13 (36,1 %)
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Obr. 3: LBN — distribuce bizarnich jader (hematoxylin-eosin, zvétSeni 20x)
A — fokélni (< 5 fokust bizarnich jader, s vyuzitim objektivu 20).
B — multifokalni (> 5 fokust bizarnich jader, s vyuzitim objektivu 20).
C — difuzni (pfitomnost bizarnich jader téméf v celém nadoru).
.o -

.

B | A&ﬁ%@r %. “
Obr. 4: LBN (hematoxylin-eosin)
A — karyorexe (zvétSeni 400x).

B — globoidni eozinofilni cytoplazma v nadorovych bunkach (tzv. ,,rhabdoid-like cells®,
zvétseni 200x).

C — paroznaté cévy ve stromatu nadoru (zvétSeni 40x).
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Obr. 5: LBN typ I a typ II (hematoxylin-eosin)
A — LBN typ I (zvétseni 400x): nadorové buiky s velkymi okrouhlymi ¢i ovalnymi jadry,
hladkou jadernou membranou, jemnym vezikuldrnim chromatinem a prominentnimi

eozinofilnimi jadérky.

B — LBN typ II (zvétSeni 100x): nadorové bunky s protdhlymi ¢i vietenitymi jadry,
s nepravidelnymi jadernymi membranami, s hrubym kondenzovanym chromatinem a zadnymi
nebo zcela nepatrnymi jadérky.

4.3. Morfologické zhodnoceni celularnich leiomyomu

Ohranic¢eni CL od myometria bylo hodnotitelné u 29/52 ptipadu (56 %), z toho pouze
v 8 ptipadech byla hranice ostra (27,5 %). Ve zbylych 21 ptipadech bylo rozhrani neostré, u 2
ptipadl az v podobé infiltrativniho typu ristu. U 2/27 ptipadl byly pozorovany tzv. satelitni
noduly. Tzv. Stérbinovité prostory (,.clefts®) typické pro CL byly pozorovany ve 48/52 vzork

(92,3 %) a tlustosténné krevni cévy v 51 ptipadech (51/52, 98 %) (obr. 6).
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Obr. 6: CL (hematoxylin-eosin)
A — hypercelularni 1éze, fascikularné uspotadané vietenité nadorové bunky bez atypii,
tlustosténné krevni cévy (zvétSeni 100x).

B — stérbinovité prostory (,,clefts”) (zvétseni 100x).

4.4. Imunohistochemické vySetieni
4.4.1. FH (anti-FH)

Imunohistochemické vysetfeni s protilatkou FH bylo provedeno u vsech
vysetfovanych 1ézich (LBN, CL, UL a LMS); komplexni piehled vysledkt je v tabulce 9 a
priklad pozitivni a negativni imunohistochemické exprese na obr. 7. U LBN jsme se zam¢ftili
na samostatné zhodnoceni oblasti s pfitomnosti bizarnich jader (R) a mimo tyto oblasti (G).
Imunohistochemicka analyza prokazala ztratu exprese FH u 67/108 (62 %) pitipadi LBN
(alesponl v jedné oblasti, tzn. R- nebo G-). V 97/108 (90 %) ptipadlt byla exprese v obou
hodnotitelnych lokalitach shodna. V 8/108 (7 %) ptipadu, oblast G nemohla byt vyhodnocena
kvili ptitomnosti difuznich bizarnich jader (chybéni oblasti typického leiomyomu). U 3/108
(3 %) ptipadti LBN byla zaznamenana odliSna exprese v riznych oblastech: R versus G (n = 2)
nebo riizna exprese FH ve stejné lokalité R (n = 1; R-, R+, G nejsou pfitomny) [tabulka 10].
Ve skupin¢ LBN typ I vykazovalo ztratu exprese FH 76 % 1ézi (55/72), coz bylo statisticky
signifikantné Castéjsi ve srovnani s 33 % (12/36) ve skupiné¢ LBN typ II (2 = 18,89, df =1, p
<0,001). Ve skupin¢ UL byla ztrata exprese FH pozorovana pouze ve 2 % (1/50) ptipadd. Ve

skupiné¢ CL a LMS nebyla ztrata exprese pozorovana v zadném vzorku.
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Tabulka 9: Imunohistochemicka exprese FH v rtiznych 1ézich

FHIHC [LBNtypI| LBNtypll | LBN UL CL LMS
exprese

pocet 72 36 108 50 52 42
negativni | 55(76 %) | 12(33%) | 67(62%) | 1(2%) 0 0
pozitivni | 17 (24 %) | 24 (66 %) | 41 (38 %) | 49 (98 %) | 52 (100 %) | 42 (100 %)

legenda: FH — fumarat hydrataza, [HC — imunohistochemické vySeteni, LBN — leiomyom
s bizarnimi jadry, UL — klasicky leiomyom, CL — celularni leitomyom, LMS — leiomyosarkom
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Obr. 7: LBN - 1mun0hlstochem1cke Vysetrem S protllatkou FH (zvetsem 200X)

A —pozitivni (zachovéna cytoplazmatickd imunohistochemické exprese FH).

B — negativni (ztrata imunohistochemické exprese FH, pozitivni vnitini kontrola v endoteliich
krevnich cév).

Tabulka 10: Imunohistochemické exprese FH u LBN v odliSnych oblastech R a G

LBN: IHC vySetreni R a G oblasti hodnoceni IHC 108 LBN
R-, G- negativni 59 (54,6 %)
R-, GO negativni 54,6 %)
R-, G+ negativni 2 (1,9 %)
R+, G+ pozitivni 38 (35,2 %)
R+, GO pozitivni 3(2,8%)
R-, R+, GO negativni 1 (0,9 %)

legenda: FH — fumarat hydratdza, IHC — imunohistochemické vySetfeni, LBN — leiomyom
s bizarnimi jadry, R — oblasti nadoru s pfitomnosti bizarnich jader, G — oblasti v nadoru mimo
bizarni jadra (= oblasti UL), GO — neptitomnost oblasti G v nddoru, -/+ - negativni / pozitivni
exprese FH
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4.4.2. Dalsi analyzované protilatky
4.4.2.1. Imunohistochemické markery hladkosvalové diferenciace

Imunohistochemickd exprese nékterych ,hladkosvalovych markerd“ je u LMS
signifikantné niz$i, u jinych markert jsou vsak literarni data pomérné limitovana a exprese
smoothelinu nebyla u hladkosvalovych 1ézi délohy doposud analyzovana. Prehled vysledkt
analyzovanych protilatek je v tabulce 11. U UL byla imunohistochemicka exprese
smoothelinu a transgelinu ve 48 % a 98 %; u LBN v 61 % a 99 %, u CL v 61,5 % a 96,1 %, a
u LMS pouze ve 14,7 % a 71 %. Pti srovnani téchto dvou protilatek se transgelin jevi jako
vice senzitivni marker.

V ptipad€ dalSich markeri byla u UL exprese CD10 a IFITM1 ve 12 % a 18 %; u
LBN9,3%a9,3%,uCL v 6549%a36,5%,aulLMS ve24,5% a32,4%.

Imunohistochemickd exprese HMGA?2 byla prokdzana v 23/52 ptipadech CL (44,2 %),
z toho u 19 ptipadi (19/52, 36,5 %) byla klasifikovana jako overexprese (= 50 % nadorovych

bunc¢k).

Tabulka 11: Imunohistochemicka exprese ,,hladkosvalovych* a dalSich markera

protilatka UL (n =50) LBN (n =108) CL (n =52) LMS (n = 68)
pozitivni (%) pozitivni (%) pozitivni (%) pozitivni (%)
smoothelin 24 (48) 66 (61,1) 32 (61,5) 10 (14,7)
transgelin 49 (98) 107 (99) 50 (96,1) 48 (71)
CD10 6(12) 10 (9,3) 34 (65,4) 18 (24,5)
IFITM1 9 (18) 10 (9,3) 19 (36,5) 22 (32,4)

legenda: UL — klasicky leiomyom, LBN — leiomyom s bizarnimi jadry, CL — celularni
leilomyom, LMS — leiomyosarkom

4.4.2.2. Pomocné markery pri stanoveni biologické povahy leiomyocelulirnich nadoru
Kompletni vysledky imunohistochemického vySetfeni pomocnych markert pfi

stanoveni biologické povahy hladkosvalovych 1ézi jsou shrnuty v tabulce 12.
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V nasem souboru vykazovalo vysokou expresi ER a PR 86-99 % piipadi UL a LBN,
ale pouze 28-36 % LMS.

Imunohistochemické exprese p16 byla zcela negativni ve 14 % UL, 3,7 % LBN a 10,3 %
LMS. Co se tyce pozitivni exprese, tak v benignich lézich byla zastizena pievazné
nerovnomérnd (tzv. mozaikovita ¢i ,,patchy”), u UL to bylo ve 100 % vzorkd, u LBN
v 88,5 %. U LMS byla mozaikovita exprese pl6 pozorovdna pouze ve 23 %, v této skuping
vyrazng prevySoval difuzni typ exprese, a to v 77 %. Exprese p53 byla divoké (wild type) u
96 % UL, 96,3 % LBN a u 39,7 % LMS. Difuzni typ exprese pl16 a aberantni exprese p53 se
tedy Cast&ji vyskytuji u LMS, pfi jejich vyuZiti v praxi je vSak nutné si uvédomit, ze tyto
markery nejsou zcela specifické, v nasi studii 11,5 % LBN vykazovalo diftizni expresi p16 a
3,7 % aberantni typ exprese p53.

Proliferacni aktivita (Ki-67 index) byla ve vSech pfipadech UL a LBN < 1 % (v
absolutnich cislech se pozitivita pohybovala u UL v rozmezi 0-9 pozitivnich jader nddorovych
bunék na 500 bunék a u LBN 0-10 pozitivnich jader naddorovych bunék na 500 bunék). Ve
skupiné LMS byl index Ki-67 heterogenni, < 1 % (16,2 %), 1-5 % (64,7 %), 6-10 % (10,3 %)
a>11 % (8,8 %), pfiCemZ nejvyssi pocet pozitivnich jader nadorovych bun€k na 500 bunék
¢inil 87.

Pfi pouziti imunohistochemického markeru PHH3, ktery znaci mitdzy, se pocet PHH3
pozitivnich bun€k pohyboval v rozmezi 0-7/10 HPF u UL, 0-8/10 HPF u LBN a 0-176/10
HPF u LMS. Vice nez 5 PHH3 pozitivnich bun¢k na 10 HPF bylo zastiZzeno u 2 % UL, 2 %

LBN a 72 % LMS.
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Tabulka 12: Imunohistochemickd exprese markerti pomocnych pfi stanoveni biologické

povahy hladkosvalovych 1¢ézi

protilatka UL (n =50) LBN (n =108) LMS (n = 68)
ER pozitivni (%) 43 (86) 95 (88) 25 (36,7)
PR pozitivni (%) 47 (94) 107 (99) 19 (28)
pl16 pozitivni (%) 43 (86) 104 (96,3) 61 (89,7)
patchy 43/43 (100 %) 92/104 (88,5 %) 14/61 (23 %)
difuzni 0/43 (0 %) 12/104 (11,5 %) 47/61 (77 %)
negativni (%)  7/50 (14) 4/108 (3,7) 7/68 (10,3)
p53 divoky 48/50 (96 %) 104/108 (96,3 %) 27/68 (39,7 %)
aberantni 2/50 (4 %) 4/108 (3,7 %) 41/68 (60,3 %)
Ki-67 <1% 50 (100 %) 108 (100 %) 11 (16,2 %)
1-5% 0 0 44 (64,7 %)
6-10 % 0 0 7 (10,3 %)
>11% 0 0 6 (8,8 %)
PHH3 0 10 (80 %) 92 (85 %) 6 (9 %)
1-5 9 (18 %) 14 (13 %) 13 (19 %)
6-10 1(2%) 2 (2%) 14 (21 %)
> 10 0 (0 %) 0 (0 %) 35 (51 %)

legenda: ER — estrogenové receptory, PR — progesteronové receptory, pl6 — protein p16, p53
— protein p53, Ki-67 — marker proliferacni aktivity, PHH3 — protilatka znacici mitozy (fosfo-

histon H3)

Srovnani vysledkd imunohistochemické exprese vybranych protilatek pomocnych pfi

stanoveni biologické povahy hladkosvalovych 1ézi v nasi studii a v souhrnem piehledovém

¢lanku z roku 2021 je uvedeno v tabulce 13.

Tabulka 13: Vysledky exprese IHC protiladtek s vyznamem pii stanoveni biologické povahy

nadort (uvedeno v %)

Dundr et al. naSe studie
UL LBN LMS UL LBN LMS
ER 89 73 39 86 &8 37
PR 96 98 44 94 99 28
pl6* 0 22 60 0 12 77
pS3** 0 12 45 4 4 60

legenda: UL — Kklasické leiomyomy, LBN — leiomyomy s bizarnimi jadry, LMS —
leiomyosarkomy, * — difuzni blokova pozitivita, ** — aberantni typ exprese

Pfi srovnani imunohistochemickych vysledkli a vysledkli molekularniho vySetfeni ve

skupiné LBN je zfetelné, Ze u prvniho typu LBN je CastéjSi pfitomnost mutaci v genu FH,

kdezto u druhého typu jsou castéjSi mutace genti 7P53 a CDKN2A. Vice nez 5 PHH3
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pozitivnich bun€k na 10 HPF bylo zastiZzeno pouze ve skupiné LBN typu II (2/36, 5,6 %), ve
skupiné LBN typu I se nenasel zadny takovy piipad.
V tabulce 14 je srovnani imunohistochemickych vysledka a vysledki molekularniho vySetteni

genu FH u LBN typu I a typu 11

Tabulka 14: Imunohistochemické srovnani exprese vybranych protilatek mezi LBN typ [ a Il

LBN typ I (n=72), % LBN typ II (n=36), %

ER 89 86
PR 11 14
pl6* 6,9 19.4
pS3** 2,8 5,6
PHH3

0/10 HPF 88.9 77,8

1-5/10 HPF 11,1 16,7

6-10/10HPF 0 5,6

>10/10HPF 0 0
mutace FH 35 16

legenda: ER — estrogenové receptory, PR — progesteronové receptory, pl6 — protein p16, p53
— protein p53, PHH3 — protilatka znacici mitézy (fosfo-histon H3), FH — gen fumarat
hydrataza

4.4.2.3. Imunohistochemicka exprese potencialné prediktivnich markeri

Do skupiny ndmi studovanych markerd jsme zatadili pan-TRK, ALK a PD-L1
[tabulka 15].

Exprese pan-TRK byla prokazana u 8 % UL (intenzita pozitivity 1+ az 2+), u 5,6 %
LBN (intenzita pozitivity 1+), u 9,6 % CL a u 10,3 % LMS (intenzita pozitivity se
pohybovala od 1+ az po 3+). Exprese ALK byla zastizena pouze ve skupiné¢ LMS, a to ve 3
ptipadech (4,4 %). V ramci semikvantitativniho hodnoceni byla pozitivita prokézana v 40 %,
70 % a 80 % nadorovych buné€k a intenzita se pohybovala od slabé az po silnou (1+ az 3+).
Imunohistochemicka exprese PD-L1 byla prokazéna pouze ve skupiné LMS, a to ve 2

ptipadech (TPS 40 % a 80 %).
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Tabulka 15: Exprese prediktivnich biomarkerti v hladkosvalovych 1ézich

protilatka UL (n =50) LBN (n =108) CL (n =52) LMS (n = 68)
pozitivni (%) pozitivni (%) pozitivni (%)  pozitivni (%)

pan-TRK 4(8) 6 (5,6) 5(9,6) 7 (10,3)

ALK 0 0 0 344

PD-L1 0 0 - 2(2,9)

4.5. Molekularni analyza

Sekvenéni analyza byla u LBN primarné provedena pomoci piimého Sangerova
sekvenovani. Vysledky vykazovaly vysoky pocet detekovanych mutaci v genu FH (243)
s vysokym procentualnim zastoupenim substituci C>T nebo G>A (97/243; 40 % a 93/243;
38 9%). Tyto substituce byvaji Castokrat popisovany v souvislosti s fixacnimi artefakty
(pravdépodobné pii deaminaci, ktera vznikla fixaci materidlu). VéEtSina z téchto substituci (82 %
C>T a 62 % G>A) vykazovala nizkou frekvenci vyskytu (mensi nez 25 %) na Sangerovych
elektroforeogramech. Kromé toho bylo detekovano nékolik nizkofrekvenénich mutaci v
mnoha dalSich vzorcich. Pro vylouceni mozné falesné pozitivni detekce mutaci v dasledku
artefaktli fixace nebo existujicich pseudogentt FH byly piipady pozitivni v Sangerovém
sekvenovani znovu sekvenovany pomoci NGS. Celkem se jednalo o 32 pfipadl, z toho 18
LBN, 6 UL a 8 LMS. Vysledky mezi sekvenaci NGS a Sangerovou metodou byly porovnany
a bylo zjisténo, Ze nizkofrekven¢ni varianty mutaci (varianty, jejichZ signal byl méné nez
jedna tretina signalu divokého typu na elektroforeogramu) nebyly potvrzeny pomoci NGS.
Proto byly tyto varianty povaZovany za artefakty, které byly spolecné se pseudogenovymi
variantami odfiltrovéany.
Pti analyze NGS dat bylo zaznamenano mapovani ¢teni do oblasti mimo kédujici sekvenci
genu FH, coz vedlo k identifikaci dvou pseudogeni FH. Pseudogen fumarat hydratazy 1
(FHP1) byl jiz popsany (HGNC: 39442; Entrez Gene ID: 100873790), zahrnuje reverzné
transkribovanou sekvenci mRNA FH exonu 7-10 (NCBI Ref Seq: NG 032302.2), je

lokalizovany na chromozomu 13q14.11 a vykazuje 95% homologii. My jsme popsali dalsi
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kopii tohoto pseudogenu vykazujici 89% homologii s FH, kterd dosud v databdzich uvedena
nebyla. Porovnanim sekvence pseudogenu s lidskym genomem za pouziti BLAST/BLAT
jsme urcili lokalizaci této nové varianty pseudogenu na chromozomu 5p13.2.

Sekvenace odhalila 57 alteraci genu FH u 39/120 1ézi, vCetné 56 jednonukleotidovych
polymorfismu a jedné komplexni patogenni varianty (c. [278T> C; 282d e | A; 2 84C> G], s.
[I1e9 3 Thr; Ala95ValfsTer5]). Z nalezenych 57 alteraci bylo 6 trunka¢nich mutaci (protein
zkracujicich, 6/57, 10,5 %), 25 missense (mutace ménici smysl, 25/57, 43,9 %), 8 silent
mutaci (mutace neménici smysl, 5/57, 14 %) a 17 mutaci v nekddujicich oblastech (non-
coding, 17/57, 29,8 %).

Ze vSech 57 identifikovanych alteraci bylo 51 variant unikatnich (48 bylo detekovano jednou,
2 byly detekovany ve dvou vzorcich, 1 byla detekovana u 5 vzorkil). Z téchto 51 unikatnich
variant bylo 24 variant jiz v databazich popséno a 27 variant bylo novych.

Zhodnoceni funkéniho dopadu zjisténych alteraci bylo pomoci databaze ClinVar a in silico
detekce. Patogenni varianty dle ClinVar nebo trunkacni mutace byly nalezeny u 7/53 LBN
(13 %). Patogenni (tfida 5/5) nebo pravdépodobné patogenni (tfida 4/5) mutace byla
stanovena metodou in silico u 8/53 LBN (15 %). V celkovém zhodnoceni byla patogenni nebo
pravdépodobné patogenni mutace genu FH nalezena u 15/53 (28,3 %) LBN; z toho 12/34
(35 %) uLBN typuIa3/19 (16 %) u LBN typu IL

Pfi srovnani imunohistochemického vySetfeni s molekuldrnimi analyzami byla u 45 % LBN
(13/29) s detekovanou ztratou exprese FH na proteinové irovni nalezena i mutace genu FH.
Mutace genu FH se kromé toho vyskytla i u 2/24 ptipadl se zachovalou expresi FH (8 %)

[tabulka 16].
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Tabulka 16: Srovnani IHC vySetieni FH s molekuldrnimi analyzami genu FH

Vysledky IHC a LBN typ 1 LBN typ II
molekularniho vySetreni LBN,n=108 n=72(67 %) n=36 33 %)
Pocet ptipadt s mutaci FH/ |2/24 (8 %) 1/11 (9 %) 1/13 (8 %)
pozitivni [HC

Pocet ptipadt s mutaci FH / | 13/29 (45 %) 11/23 (48 %)  2/6 (33 %)
negativni IHC

Souhrnné tedy byly patogenni ¢i pravdépodobné patogenni mutace (tj. mutace tiidy 5/5 a 4/5)
detekovany u 15/53 (28,3 %) LBN, ale v zadném ptipad¢ UL (0/47) nebo LMS (0/20).

Zjisténé varianty byly prevazné somatického ptivodu, prokdzana vSak byla i 1 germinalni
patogenni varianta FH v exonu 5 (c.698G> T, p.R233L; frekvence mutované alely 50 %; obr.
8), ktera byla nalezena u pacientky ve véku 36 let. Tato varianta se nachazi v sekvenci aktivni
katalytické domény (Lyase 1) FH a byla jiz popsana v n¢kolika publikacich a databazich
spojenych se syndromem HLRCC. Analyza metodou in silico svéd¢ila pro patogenni povahu

varianty.

Wt FHsequence—- CATCAAGATTGGACGTACTCATACTCAGG

LBN: Mut-CATCAAGATTGGACTITACTCATACTCAGG
‘ \J

ft
f

WL_L /\“ /l-k_\i\;,ﬂﬂ, \M “Lﬂﬁ/\

Non-tumor: Mut-CATCAAGATTGG/—\CITACTCATACTCAGG
Fallopian tube i Y
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Obr. 8: Sekvenacni analyza genu FH.

Germindlni patogenni mutace v exonu 5 genu fumarat hydratizy NM_000143,3: ¢ 698 G>T;
p. (Arg233Leu); rs121913123. Heterozygotni varianta byla detekovdna v LBN a také v
odpovidajici nenadorové tkani (d€lozni tuba).

56



U 3 ptipadi LBN s diskrepanci ve vysledcich imunohistochemického vySetfeni mezi oblastmi
s bizarnimi jadry a mimo n¢ byly vysledky molekularniho vysetieni nasledujici: u prvniho
piipadu (R-, G+) byly prokazany 2 pravdépodobné patogenni (missense) mutace v exonu 8 (p.
G389R - frekvence mutované alely 35 % a p.P410L - frekvence mutované alely 30 %). U
druhého ptipadu (R-, GO) a ve tietim ptipadé (R-, R+) nebyly nalezeny Zadné mutace genu
FH.

Pii NGS analyze 52 CL (32 na urovni DNA a 38 na trovni RNA) byla ve 3/32 ptipadt
(9,4 %) prokdzana mutace genu MEDI2, v 6/31 ptipadi (19,3 %) heterozygotni delece
chromozomu 1p a v 5/38 vzorkd (13,2 %) pfestavba genu HMGA2. VSechny ptipady
s pfestavbou genu HMGA2 vykazovaly imunohistochemickou overexpresi HMGA2. Fuzni
partneifi byli identifikovani na Grovni mRNA ve tfech piipadech: (i) HMGA2 (exon 3)-
C90rf92 (exon 4); (i1)) HMGA2 (exon 5)-PBXI (exon 3); a (iii)) RAD51B (exon 8)-HMGA?2
(exon 2). Ve zbyvajicich 2 ptipadech nebyl detekovan Zadny fuzni partner. Patogenni mutace
genu FH nebyly zjistény v Zadném vzorku.
Ve 29 vySettovanych vzorcich (29/52), které byly soufasné¢ vhodné pro kompletni
imunohistochemickou i DNA a RNA NGS analyzu (mutace MED12, overexprese HMGA2,
pfestavba HMGA2, exprese FH a mutace FH, delece chromozomu lp), byly vSechny
zastizené aberace unikdtni a vzdjemné se vylucovaly. Vysledky imunohistochemickych a

NGS analyz u CL jsou shrnuty v tabulce 17.

Tabulka 17: Vysledky imunohistochemickych a molekularnich analyz u CL

HMGA?2 THC overexprese delece chromozomu 1p mutace MED12

CL (n = 52) 36,5 % 19.3 % 9,4 %

57




5. DISKUZE

Leiomyomy jsou necastéj$i benigni nadory délohy, jejichz diagnostika je ve vétSing
pfipadi jednoducha. Minorita nddord, zejména specidlnich morfologickych subtypt, vsak
vykazuje urcité rysy, které mohou zpisobovat diferencidln¢ diagnostické problémy. Mezi tyto
subtypy, které predstavuji asi 10 % vsech leiomyomt délohy, patii i LBN; dal§imi subtypy
jsou napiiklad CL, ML, myxoidni leiomyom a epiteloidni leiomyom. LBN pfedstavuje
vzacny subtyp leiomyomu. V recentni praci, kterd se zaméfila na follow-up pacientek
s diagn6zou LBN po myomektomii diagnostikovanych v letech 2002-2017, bylo hodnoceno
celkem 1680 pacientek, z toho pouze u 37 (2,2 %) byla stanovena diagn6za LBN (Boudova B.
et al., 2019). Doposud publikované studie vétSinou zahrnuji fddové desitky piipadi LBN,
nebo jde pouze o kazuisticka sd€leni (Liegl-Atzwanger B. el al., 2016; Ubago JM. et al., 2016;
Bennett JA. et al., 2017; Croce S. et al., 2014; Dastranj Tabrizi A. et al., 2015; Kefeli M. et al.,
2018; Liang Y. et al., 2015; Ly A. et al., 2013; Sung CO. et al., 2009; Zhang Q. et al., 2018;
Kalogiannidis I. et al., 2016). Nase prace zahrnujici 108 ptipadl je s ohledem na velikost
jeden z dosud nejvétsich publikovanych soubort.

LBN byl poprvé popséan v roce 1994 (Bell SW. et al., 1994). Terminologie této 1éze se
opakované¢ menila, star§Si nazvy znély atypicky leiomyom s nizkym rizikem rekurence,
atypicky leiomyom, pleomorfni leilomyom a také symplasticky leitomyom. Souc¢asnd WHO
klasifikace nadort Zenského genitalu z roku 2020 uvadi pouze 2 akceptovatelné terminy, a to
LBN nebo symplasticky leiomyom (Cree IA. et al., 2020). I pfes terminologické zmény,
morfologicka diagnostickd kritéria nastavenad v roce 1994 pretrvavaji s mirnymi odchylkami
dodnes. V roce 1994 byl LBN definovan jako hladkosvalovy nador s pfitomnosti stfedné
tézkych az tézkych jadernych atypii, s vyskytem < 10 mitéz na 10 HPF, bez ptitomnosti

koagulaéniho typu nekrézy (Bell SW. et al., 1994). Recentni WHO klasifikace nadorii
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zenského genitalu definuje LBN jako hladkosvalovy nddor s bizarnimi jadry v rtizném poctu a
distribuci (fokaln¢, multifokalné ¢i diftzn€), s mitdézami v poctu < 5/10 HPF a nepfitomnosti
koagula¢niho typu nekrozy (Cree IA. et al., 2020). Popsany jsou navic také dalsi dopliujici
morfologické znaky, jako jsou karyorektickd ¢i pyknotickd jadra, jaderné pseudoinkluze,
vezikularni nebo hruby jaderny chromatin, eozinofilni cytoplazma a globoidni
cytoplazmaticka téliska (Cree IA. et al., 2020). Zdtraznéno je, ze karyorektickd jadra nesmi
byt mylné interpretovana jako mitodzy, coz by mohlo vést k chybné diagnéze LMS. N¢které
uvedené morfologické znaky miizeme najit 1 u CL, UL a u nové vyc¢lenéné jednotky, FH-
deficientniho leiomyomu (Cree IA. et al., 2020), u které¢ho byvaji prokazany somatické ¢i
germinalni mutace FH. Dle nejnovéjsSich studii se zdd, ze LBN piedstavuje heterogenni
skupinu nédort, jejichZ jedna Cast je asociovana s alteracemi v genu FH, u druhé ¢asti se
Castéji vyskytuji alterace v genech 7P53 a RBI (Bennett JA. et al., 2017; Ubago JM. et al.,
2016; Zhang Q. et al., 2017).
V nasi praci jsme provedli komplexni retrospektivni klinicko-patologickou, morfologickou,
imunohistochemickou a molekularni analyzu LBN. Z molekularniho hlediska jsme se zam¢fili
hlavné na stanoveni genetickych a epigenetickych zmén genu FH, které jsou v recentnich
publikacich povazovany za soucast tumorigeneze casti LBN. Kromé& toho se u LBN
s alteracemi v genu FH u casti pacientd miZe jednat o manifestaci HLRCC, ptficemZ vznik
leiomyomli muize predchazet vzniku rendlniho karcinomu i o n¢kolik let. Proto jsme se
zamé&fili 1 na moZnost vyuziti imunohistochemického vySetieni s protildtkou FH (anti-FH)
jako screeningové metody k odhaleni pacientli s mutaci genu FH.

Problematika biologické povahy LBN byla v literatuie opakované diskutovéna.
V minulosti se na LBN nahliZelo jako na nador s nizkym malignim potencidlem nebo nador
nejasné ¢i neznamé biologické povahy. VéEtSina pacientek proto podstupovala jako kurativni

vykon hysterektomii, a to 1 pfes skutecnost, Ze se jednalo Casto o mladsi pacientky
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v reprodukénim véku. Dostupné publikace s delSim sledovanim pacientek vSak ukazuji, ze
vétsina LBN vykazuje benigni chovani (Sung CO. et al., 2009; Croce S. et al., 2014; Ly A. et
al., 2013). Navzdory této skuteCnosti je nutno zduraznit, ze Cast LBN sdili nékteré
morfologické a molekuldrni znaky s LMS, coz mulZze pii jejich diagnostice zplsobovat
problémy. Néekteré prace vzhledem k tomu také zpochybinuji, Ze LBN je nador s vyraznymi
»degenerativnimi® bunéénymi/jadernymi atypiemi a vyslovuji hypotézu, ze by se mohlo
jednat o nador s potencialnim malignim chovanim, resp. ze by mohlo dochézet k jeho progresi
do LMS. LBN by tak piedstavoval prekurzorovou 1ézi (Liegl-Atzwanger B. et al., 2016;
Mikinen N. et al., 2017). Nadéle tedy ptetrvavaji urCité nejistoty tykajici se biologické
povahy téchto 1ézi. I kdyZ je na LBN v soucasné dob& nahlizeno jako na 1éze benigni, literarni
data jsou pomérn¢ limitované a vétSina pacientek je naddle 1é¢ena hysterektomii. Rozsahlejsi
studie sledujici pacientky lé€ené myomektomii chybi (Sung CO. et al., 2009; Croce S. et al.,
2014).

Z naseho souboru 108 pacientek byla dostupna follow-up data u 92 piipadi a lokdlni
rekurence byla popsdna u 18 znich (19,6 %), z toho 11 nebylo histologicky ovéfeno. U 7
biopticky ovéfenych recidiv se ve 2 z nich jednalo opét o LBN (28,6 %), ve 4 o UL (57,1 %) a
v 1 ptipadé¢ o ML (14,3 %). Kromé toho u 2 pacientek byl nasledné diagnostikovan LMS.
V jednom pfipadé vznikly ve vaginidlnim pahylu 8 mésicii po hysterektomii, ve druhém
pfipad€¢ vznikly 7 let po myomektomii v déloze. Metastaticky rozsev nebyl pozorovan v
zadném z ptipadi.

Nejstarsi prace, kterd poukazuje na pfitomnost lokéalnich recidiv, se objevuje jiZ v roce 1994,
kdy Peters a kolektiv hodnotili 15 hladkosvalovych nddord klasifikovanych jako nadory
s nejistym biologickym chovanim, a ve 27 % doSlo k recidivé onemocnéni. Jednalo se o
nadory s mirnymi az stfedné téZzkymi bunéénymi atypiemi a pfitomnosti 5-10 mit6z na 10

HPF. Nebyla vSak uvedena zminka o pfitomnosti ¢i absenci koagulacniho typu nekrézy, a
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tedy je diskutabilni, jestli se ve vSech ptipadech opravdu jednalo o LBN (Peters WA. 3rd et al.,
1994).
Recidivy LBN po hysterektomii a myomektomii popisuji také autofi jiné studie na souboru 51
pacientek. Hysterektomii podstoupilo 34 pacientek a myomektomii 17 pacientek. Z pacientek
1écenych hysterektomii byla pozorovéana 1 recidiva (2,9 %) v podobé LBN v retroperitoneu po
87,5 mésicich, zbyvajici pacientky byly bez recidivy. Ve skupiné pacientek po myomektomii
byla u 3 pacientek (18 %) popsana recidiva v podobé LBN. U 2 pacientek se jednalo o 1ézi
diagnostikovanou v nasledné hysterektomii, 1 pacientka podstoupila opakovanou
myomektomii nasledné se 2 GspéSnymi téhotenstvimi (Ly A. et al., 2013). Recidiva LBN byla
popséna také v jiné studii ve 2 z 35 ptipadi LBN (5,7 %), v 1 z téchto ptipadl se jednalo o
recidivu extrauterinni (Mills AM. et al., 2013). Pouze v jedné praci zahrnujici 59 ptipada
LBN nebyla popsédna z4dné recidiva onemocnéni, i zde se jednalo o pacientky bud po
hysterektomii (42), nebo po myomektomii (17) (Croce S. et al., 2014).
V porovnani naSich vysledkl s vysledky jinych studii lze konstatovat, Ze u ¢asti pacientek
muze dojit k recidivé onemocnéni, v naSem piipadé byla ¢etnost vyskytu rekurenci 19,6 %.
I ptes vyskyt recidiv nebylo v literatufe popsano imrti pacienta v pfimé souvislosti s LBN.
Nase vysledky i vysledky dalSich publikovanych studii tedy podporuji nazor, ze i kdyz LBN
vykazuje na morfologické urovni jaderné atypie a na molekularni Grovni urc¢ité podobnosti
s LMS, jednd se o lézi benigni. Vhledem k uvedenému se tedy u pacientek pfiejicich si
zachovani fertility jevi myomektomie jako adekvatni 1écebnd metoda. Ve studii 37 pacientek
s LBN po myomektomii sledovanych v rdmci naSi nemocnice bylo zaznamenano uspésné
téhotenstvi ve 23 ptipadech (Boudova B. et al. 2019).

Z pohledu patologa je dulezité spravné morfologické zhodnoceni 1éze. LBN se
vyznacuje pfitomnosti bizarnich jader, nesmi byt zastizen koagulacni typ nekrdzy a pocet

mitdéz musi byt < 5/10 HPF. Definujicim znakem této varianty je tedy pfitomnost bizarnich
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jader. V nasem souboru byla denzita bizarnich jader rlizna; nizka, stfedni 1 vysoka, 58 %,
26 %, resp. 16 %. Distribuce bizarnich jader byla fokélni, multifokalni a difazni v 11 %, 56 %
a 33 %. Denzita bizarnich jader v jednotlivych publikacich se pohybovala v rozmezi nizké (5-
48 %), stiedni (32-62 %) a vysoké (20-33 %). Identicka situace je i s distribuci bizarnich jader,
kterd mlze byt fokalni (26-39 %), multifokalni (44 %), diftzni (30-69 %) (Croce S. et al.,
2014; Ubago JM. et al., 2016; Bennett JA. et al., 2017). Z publikovanych vysledka i nasich
dat tedy vyplyva, ze piitomnost bizarnich jader muze byt v nddoru i ve velice malém
mnozstvi a stanoveni diagnézy tedy muze byt v ncékterych ptipadech i ztohoto pohledu
obtizné.

S ohledem na vyskyt koagula¢niho typu nekrozy, kterd predstavuje vylucujici kritérium pro
diagnézu LBN, je dulezité jeji odliSeni od ischemického typu nekrdzy. V nasem souboru se
ischemickd nekroza vyskytla ve 4,6 % ptipadid (5/108). V jedné praci byla nekrdza
detekovana az ve 36 %, navic byla i multifokalni (Croce S. et al., 2014).

Poslednim z hlavnich morfologickych kritérii je stanoveni poctu mitéz. Podle soucasnych
diagnostickych kritérii musi byt pocet mitéz < 5/10 HPF, jinak je 1éze klasifikovana bud’ jako
STUMP (5-9/10 HPF), nebo jako LMS (= 10/10 HPF). V nasem souboru nebyly u 73 %
piipadl zastizeny zadné mitozy, 1/10 HPF byla u 19 % ptipadd, 2/10 HPF u 4 % piipadd,
3/10 HPF u 2 % ptipadl a 4/10 HPF u 3 % ptipadl. Dle soucasnych diagnostickych kritérii
pocet mitdéz > 5/10 HPF vylucuje diagnézu LBN, nicméné v pracich publikovanych pred
timto datem je popsano né€kolik publikaci s vy$Sim poctem mitdz. V praci autorti z roku 2016
pocet mitdz kolisal od < 1/10 HPF (8 %), ptes 1-5/10 HPF (82 %), az po > 5/10 HPF (10 %)
(Ubago JM. et al., 2016). V jiné praci z roku 2014 byl pocet mitéz < 2/10 HPF v 63 %, 2-5/10
HPF v19 % a v5 % byl > 5/10 HPF, konkrétné¢ 6-7/10 HPF (Croce S. et al., 2014).
Hodnoceni po¢tu mitéz muze byt v nékterych piipadech LBN velice obtizné, zejména

zdlvodu vyskytu karyorektickych ¢i pyknotickych jader, kterd Ize snadno mylné
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interpretovat jako mitézy. V tomto ohledu miize byt napomocné imunohistochemické
vysetieni s protilatkou PHH3 (Liang Y. et al., 2015; Pang SJ. et al., 2015). Mitézy znacené
protilaitkou PHH3 jsou snadno pozorovatelné a umoznuji rychlou identifikaci oblasti s
nejvyssi mitotickou aktivitou (tzv. ,,hot spots®). V praci Lianga, ktera zahrnovala 15 UL, 32
LBN a 15 LMS, je patrna statisticky vyznamna odchylka v expresi PHH3 mezi popsanymi
kategoriemi, kde exprese > 5 PHH3 pozitivnich bun¢k na 10 HPF byla pozorovana u 80 %
LMS, 16 % LBN a pouze u 0,67 % UL (Liang Y. et al., 2015). Podobn¢ Mills a jeho
spolupracovnici prokazali > 5 PHH3 pozitivnich bun¢k na 10 HPF u 46 % LMS a pouze u
2,78 % LBN (Mills AM. et al., 2013). V naSem souboru se exprese PHH3 pozitivnich
nadorovych bunck na 10 HPF pohybovala v rdmcei 0-7/10 HPF u UL, 0-8/10 HPF u LBN a 0-
176/10 HPF u LMS. Vice nez 5 PHH3 pozitivnich bun€k na 10 HPF bylo zastizeno u 2 % UL,
2 % LBN a 72 % LMS. Nutné je vSak zdiraznit, Ze v kategorii LMS bylo 28 % nadort, které
vykazovaly nizkou expresi PHH3, tzn. 0-5/ 10 HPF. NaSe vysledky jsou v souladu
s dosavadnimi publikacemi a poukazuji na skutecnost, ze imunohistochemické vySetieni
s protilatkou PHH3 mitiZe byt pfi stanoveni poctu mit6z ndpomocné, a to zejména pii odliSeni
mezi pravou mitézou a jejim napodobovatelem rizného plivodu. V soucasné dobé by vsak
vySetfeni PHH3 nemélo byt pouzito pfi stanoveni poctu mit6z na 10 HPF za ucelem stanoveni
biologické povahy leiomyocelularnich nadorti, nastavené algoritmy vychazeji z hodnoceni
preparatli barvenych hematoxylin-eosinem a literarni data poukazuji na fakt, Ze pocet mit6z
hodnocenych s pouzitim PHH3 je vyssi, coZ by u ¢asti nddorti ménilo jejich klasifikaci.

Mezi dal§imi hodnocenymi morfologickymi znaky byly cytologické charakteristiky jader
nadorovych buné€k, podle kterych lze LBN zatadit do 2 kategorii, LBN typ I a typ II. Prvni
skupina je dle literarnich udajii vyraznéji spjatd s alteracemi v genu FH. V recentné popsané

praci na 60 LBN bylo zastoupeni obou skupin piiblizn€ rovnomérné, 53 % typ 1 a 47 % typ 11
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(Ubago JM. et al., 2016). V naSem souboru byl vice zastoupeny typ I, ktery piedstavoval 67 %
1ézi.

Mezi pomocné mikroskopické znaky LBN patii pfitomnost eozinofilnich cytoplazmatickych
globuli a paroznatych krevnich cév (,,staghorn vessels®). Tyto znaky vSak nejsou specifické
pro LBN a mohou se vyskytovat i u jinych 1ézi. Naptiklad eozinofilni cytoplazmatické
globule Ize nalézt 1 u UL, kde se vSak vyskytuji pouze asi u 2 % ptipadd (Dundr P. et al.,
2006). Vyskyt téchto globuli u LBN je vSak podstatné Castéjsi, publikované prace popisuji
jejich ptitomnost u 48 %, resp. 41 % ptipadit (Ubago JM. et al., 2016; Croce S. et al., 2014).
V naSem souboru jsme je nalezli u 56 % piipadu.

Molekularni aberace vyskytujici se u LBN nejsou pfesné¢ zndmé, problematikou se
zabyvalo pouze limitované mnozstvi studii. Recentn¢ vSak byly popsédny zejména aberace
vgenu FH. V studii 77 ptipadd LBN se autofi zaméfili na identifikaci zmén genu FH
zhodnocenim exprese imunohistochemickych protilatek FH a 2SC (Zhang Q. et al., 2018).
Vysledky jejich studie ukazaly aberantni imunohistochemickou expresi (FH-/2SC+) u 51 %
LBN, z toho u 21 % byly potvrzené mutace genu FH. V nasi studii byla ztrata exprese FH
zastizena u 67/108 (62 %) ptipadii a mutace genu FH u 15/53 (28,3 %) ptipadi. Z 15 naSich
ptipadl s alteracemi v genu FH bylo 80 % LBN typ I (12/15) a 20 % LBN typ II (3/15).
Imunohistochemickou ztratu exprese FH jsme pozorovali u 76 % LBN typ I a 33 % LBN typ
II. Tyto vysledky koreluji s vySe zminénou praci, ve které ztrata exprese FH byla popsdna u
82,5 % LBN typ I a u 16,2 % LBN typ II (Zhang Q. et al., 2018). Imunohistochemicka
protilatka 2SC neni v soucasné¢ dobé komeréné dostupnd, proto jsme ji na naSem souboru
pacientek nemohli pouZit.

Vysledky imunohistochemickych a molekularnich metod nasvédéuji tomu, ze LBN
typ I a LBN typ II pfedstavuji odli$né jednotky s jinou cestou tumorigeneze (Ubago JM. et al.,

2016). LBN typ I vznikd nejCastéji v souvislosti s alteracemi genu FH, u LBN typu II jsou
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Castéjsi zmény v genech TP53, CDKN2A, HMGA2 a MED12. Jedno z moznych vysvétleni je,
ze LBN typ II vznikd na podkladé¢ UL. Vysledky nasi studie tuto moznost podporuji, ve
skupin€ LBN typu I jsme prokazali mutaci v genu FH u 35 % piipadi, zatimco u LBN typu II
pouze v 16 %. Kromé toho ve skupin¢ LBN typu II jsme imunohistochemicky prokézali
diftzni pozitivitu p16 a aberantni typ exprese p53 v 19,4 % a 5,6 %, ve skupin€¢ LBN typu I to
bylo pouze v 6,9 % a 2,8 % ptipadi.

Ve studii 1583 nadorti hladké svaloviny délohy (182 LBN, 1058 UL, 57 CL, 61
epiteloidnich leiomyomu a 226 LMS), byla ztrata exprese FH zjiSténa pouze u 86 piipadi
(5,43 %). Ve skupin¢ LBN byla Cetnost nejvyssi (37,3 %), u UL byla pouze u 1,6 % piipadu,
u CL v 1,8 % piipadd, a u epiteloidnich leiomyomi v 1,6 % ptipadd. VSechny LMS mély
expresi FH zachovalou (Miettinen M. et al., 2016). Molekularni analyza byla v této studii
provedena pouze u 16 ptipadil se ztratou exprese FH a s dostate¢né kvalitni DNA, z toho v 50 %
byly nalezeny mutace genu FH. Obdobné vysledky jsme prokézali i v nasi studii, kde byla
ztrata exprese FH u LBN v 62 %, u UL ve 2 % au LMS v 0 %.

Studie zabyvajici se komplexni imunohistochemickou analyzou zaméfenou na
stanoveni diferenciace nddoru prokdzaly u LMS pomérné casto expresi markerii diive
nahlizenych jako markery endometridlni stromalni diferenciace, naopak exprese
,hladkosvalovych markerii miize byt limitovand sohledem na jeji rozsah i spektrum
exprimovanych marker. Pomérné €asto byla u LMS popséana exprese markeru CD10 (55 %)
a IFITM1 (30 %), tedy markerti ,,endometridlni stromalni* diferenciace. Z hladkosvalovych
markerl je ¢asto zastizena exprese transgelinu (80-100 %), ktery se kromé vysoké senzitivity
zda byt 1 marker s vysokou specificitou, data jsou vSak pomérné limitovana (Dundr P. et al.,
2021; Tawfik O. et al, 2014; Robin YM. et al, 2013). Znalost variability
imunohistochemického profilu LMS je v ramci diferencidlni diagnostiky dilezita, chybné

vyhodnoceni exprimovanych markeri muize vést ke stanoveni Spatné diagnézy. V naSem
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souboru 68 LMS byla exprese CD10 zastizena ve 24,5 %, IFITMI1 ve 32,4 %, transgelinu v
71 % a dosud u téchto nadorii nevySetfovaného markeru smoothelinu ve 14,7 %.

Dalsi hladkosvalovou 1ézi, ktera podobné jako LMS muze vykazovat pomérné znacné
odchylky od ,,typického* imunohistochemického profilu hladkosvalové diferenciace, je CL.
v uvahu je LG ESS, je znalost morfologie a imunohistochemického profilu obou 1€zi zésadni.
S ohledem na expresi jednotlivych markerti u CL je nutno zdlraznit skute¢nost, Ze markery
»endometrialni stromalni diferenciace* CD10 a IFITMI jsou u CL exprimovany ve vysokém
procentu piipadl. Historicky prvnim markerem ,.endometrialni stromdlni* diferenciace je
CD10, jehoz exprese je u LG ESS pfitomna asi v 87 % ptipadl. Piestoze exprese CD10 byla
zpocatku pokladana s ohledem na potvrzeni endometridlni stromalni diferenciace za vysoce
specifickou, nasledné studie ukazaly, Ze se nejednd o marker specificky a jeho exprese byla
popséna asi u 20-40 % CL (Chu PG. et al., 2001; McCluggage WG. et al., 2001; Zhao W. et
al., 2021). Oproti nddorim s endometridlni stromdlni diferenciaci, u kterych je exprese CD10
Casto siln¢ intenzivni a difuzni, je exprese u CL Casto spiSe fokalni a slab4. V naSem souboru
CL vykazovalo expresi CD10 65,4 % pfipad, nicméné pouze v 9,6 % byla exprese
signifikantni (> 50 % néadorovych bunék). Imunohistochemicka exprese novéjsiho markeru
,endometridlni stromalni“ diferenciace IFITM1 byla u CL hodnocena pouze v omezeném
poctu studii. Ve studii zahrnujici 16 CL byla slaba exprese IFITM1 pozorovana ve 43,7 %
(Parra-Herran CE. et al., 2014). V recentni praci z roku 2021 zahrnujici 33 ptipadi CL byla
exprese IFITM1 popséna v 18,2 % (Zhao W. et al., 2021). V naSem souboru 52 CL byla
exprese IFITM1 prokdzana ve 36,5 %, avSak pouze v jednom pfipad¢ byla exprese zastizena
ve > 50 % bunck. Pfi diagnostice endometrialnich stromalnich nadori tedy vykazuje vySetfeni
s protilatkou IFITM1 vyssi senzitivitu a specificitu (86,7 % a 81,8 %) nez CD10 (63,3 % a

78,8 %) (Zhao W. et al., 2021). Vysledky nasi studie vSak prokazaly, Ze pti zohlednéni
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rozsahu exprese je specificita IFITM1 pro endometridlni stromalni diferenciaci podstatné
vys$i nez literarné udavana.

Hledani vhodnych markert, které by mély piinos pfi stanoveni biologické povahy
hladkosvalovych 1ézi, zapocalo jiz koncem devadesatych let minulého stoleti (Hall KL. et al.,
1997; Zhai YL. et al., 1999). Nasledovalo pomérn¢ velké mnozstvi dalSich studii, optimalni
panel imunohistochemickych protilatek, ktery by s jistotou rozlisil mezi benigni a maligni 1€z,
se vSak nepodafilo doposud nalézt. Analyzu dat z jednotlivych studii komplikuje fakt, ze
hranice pozitivity pro jednotlivé markery jsou ¢asto vyznamné rozlisSné. V obecné trovni vSak
studie ukazuji, ze exprese hormonalnich receptorti klesd od benignich nadorti smérem
k malignim, a naopak exprese pl6 a p53 mé opacnou tendenci (Dastranj T. A. et al., 2015;
Maltese G. et al., 2018; Zhang Q. et al., 2017). Studie 22 leiomyomi a 31 LMS prokézala u
leiomyom1 expresi ER v 95,5 % a PR ve 100 %, u LMS pouze ve 41,9 %, resp. 38,2 %.
V této praci autoii hodnotili také expresi pl6é a p53, a prokazali signifikantné ,,vyssi
pozitivitu*“ u LMS — 45,2 %, resp. 58,1 %, nez u leiomyomil — 4,5 %, resp. 9,1 %; interpretace
téchto vysledkd je vSak obtizna z divodu chybéni jednoznaéného stanoveni hranice pozitivity,
resp. vyssi pozitivity dle metodiky (Maltese G. et al., 2018). Jina studie popsala u LMS ztratu
exprese ER a PR v 65 % a 75 % ptipadd (Zhang Q. et al., 2017). V recentné publikovaném
pfehledovém ¢lanku byly podany souhrnné vysledky riznych studii zamétenych na
imunohistochemickou analyzu exprese ER, PR, pl6 a p53 u rlznych skupin
leiomyocelularnich nadorti Zenského genitalu (Dundr P. et al., 2021). Vysledky poukazuji na
fakt, Ze wvyuziti uvedenych imunohistochemickych vySetieni mize mit vyznam u
hladkosvalovych vietenobunécnych 1ézi, avSak c¢ast LBN ma na této Grovni n€které spolecné
znaky s LMS a vyuZiti zejména pl16 a p53 je v diferencialni diagnostice mezi LBN a LMS
limitované. U vietenobunéénych 1ézi by mohlo mit imunohistochemické vySetfeni vyznam pfi

hodnoceni 1ézi spadajicich do kategorie STUMP. Nékteré prace popisuji signifikantné vyssi
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expresi Ki-67, p16 a p53 u pacientl s vy$sim rizikem recidivy onemocnéni STUMP, nicméné
v metodice nepopisuji IHC vyhodnoceni vysledka protilatek, a proto je 1 interpretace téchto
dat svizelna (Huo L. et al., 2020).

Metaanalyza cCitajici 661 pacientii s hladkosvalovymi nadory délohy prokazala, ze
difazni exprese pl16 je vyznamné vyssi u LMS, nez u leiomyom a jejich variant (p < 0,001),
a také byla prokdzéna korelace exprese pl6 s vyssi mirou rizika recidivy onemocnéni (p=
0,019) (Cao HY et al., 2017).

Zéasadn¢ dtlezitou se v posledni dob€ s rozvojem novych terapeutickych moznosti
stavd problematika prediktivniho testovani. U mezenchymalnich nadorti délohy je vsSak
vyznam prediktivniho testovani omezen na nékolik definovanych jednotek vykazujicich
specifické terapeuticky ovlivnitelné molekularni aberace, znalosti tykajici se dalSich 1ézi,
véetné¢ hladkosvalovych, jsou vSak velmi limitované. Jednim z potencialné prediktivnich
markert, jehoz data jsou s ohledem na vyskyt u LMS v literatufe limitovana, je exprese pan-
TRK. V nasem ptipadé byla exprese tohoto markeru prokdzana u 8 % UL, 5,5 % LBN a 10,3 %
LMS. Vysledky vSak nebyly dale analyzovany pomoci molekuldrnich metod a vzhledem
k tomu, Ze imunohistochemické vySetfeni je pomérné nespecifické, se ke skutecné incidenci
prestavby genli NTRK nelze s jistotou vyjadfit. Tato oblast si v§ak zasluhuje dal$i vyzkum a
moznost vyuZiti 1écby inhibitory kindzy tropomyosinového receptoru (TRKi) u ¢asti LMS by
byla diileZit4 i s ohledem na fakt, Ze LMS jsou chemo- a radiorezistentni.

DalSim potencialné prediktivnim markerem je ALK. V rozsahlejsi studii zahrnujici témét 400
LMS z riznych lokalit byla identifikovana ptestavba genu ALK u 2,4 % piipadi (Davis LE. et
al., 2019). Dale se v literatufe objevuji jednotliva kazuisticka sdéleni o pfitomnosti zmén genu
ALK u LMS (Testa S. et al., 2021). V naSi praci jsme na imunohistochemické tirovni prokézali

expresi ALK u 4,4 % LMS. K jednozna¢nému potvrzeni mozné piestavby genu ALK by vSak
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bylo nutné provést molekularni vysetfeni. U Zadného ptipadu UL, CL a LBN nebyla exprese
ALK prokazana.

Zcela sporadicky se v literatuie objevuji prace zamétené na problematiku exprese PD-1/PD-
L1 u sarkomii. Ve studii z roku 2020 byla analyzovana exprese PD-L1 u 522 sarkomt. PD-L1
exprese (TPS, > 1 %) byla identifikovana u 31 % nediferencovanych pleomorfnich sarkomd,
29 % angiosarkomt, 26 % rhabdomyosarkom, 18 % myxofibrosarkomt, 11 % LMS a 10 %
dediferencovanych liposarkomua (Vargas AC. et al., 2020). S ohledem na expresi PD-L1 u
hladkosvalovych nadort délohy jsou literarni data velmi limitovana. V jedné studii zahrnujici
39 hladkosvalovych nadora délohy (23 LMS, 8 STUMP, 7 LBN, 11 UL) byla exprese PD-L1
pfitomna u 70 % LMS a 14 % LBN, naopak vSechny ptipady STUMP a UL byly negativni
(Shanes ED. et al., 2019). V nasem souboru pacientek byla exprese PD-L1 prok4zdna pouze
ve 2 déloznich LMS (2,9 %), a to ve 40 % a 80 % néadorovych bunék. V skupiné¢ UL a LBN
nebyl pozitivni (> 1 %) zadny piipad. NaSe data jsou tedy oproti uvedené studii vyznamné
odli$nd, v tuto chvili se vSak vzhledem k absenci dalSich studii zamétenych na uvedenou
problematiku nelze k frekvenci vyskytu exprese PD-L1 u LMS vyjadfit a zapotiebi jsou dalsi
studie.

Studie zabyvajici se problematikou molekularnich aberaci u leiomyoceluldrnich 1ézi
délohy prokazaly, Ze existuji 3 zakladni molekularni subtypy leiomyomd, jejichz frekvence
vyskytu je mezi jednotlivymi subtypy odlisnd. Tyto aberace zahrnuji zmény genu HMGA?2
(ptestavby vedouci k nadmérné transkripci genu s overexpresi proteinu HMGA?2), vyskytujici
se piiblizn& u 20-30 % UL (Bertsch E. et. al., 2014; Mikinen N. et al., 2017; Ayriviinen A. et
al., 2020). Déle jsou to mutace genu MED 12 vyskytujici se v 60-70 % UL a mutace genu FH,
kterou lze nalézt u pfiblizn€ 1 % vSech leiomyomt, nicméné u LBN se vyskytuje s Cetnosti
20-30 %. (Zhang Q. et al., 2018; Ubago JM. et al., 2016; Mékinen N. et al., 2013; Lehtonen R.

et al., 2004; Nibert M. et Heim S., 1990). V nasi studii jsme se zaméfili i na problematiku

69



molekularnich aberaci vyskytujicich se u CL. Podle literarnich udaji pievazuje u CL
overexprese HMGA2 (10-32 %), nasledovéana deleci kratkého raménka chromozomu 1 (do
25 %) a mutacemi v genu MEDI2 (5-16 %). Velice vzacné jsou pozorovany mutace genu FH.
V nasem souboru 52 CL byla overexprese HMGA2 zastizena ve 34,6 %, delece lp
chromozomu v 19,3 % a mutace genu MEDI2 v 9,4 %. VSechny aberace byly vzajemné se
vylucCujici a ptipady s deleci 1p tedy nejspiSe piedstavuji samostatny molekuldrni subtyp.
Alterace genu FH nebyly v naSem souboru nalezeny.

Vysledky nasi prace tykajici se problematiky mutaci genu F'H jsou ve shod¢ s literarnimi daty,
kterd potvrzuji vyrazné vyssi incidenci mutaci v genu FH u skupiny LBN. V naSem souboru
LBN byla prokézana patogenni ¢i pravdépodobné patogenni varianta FH u 28,3 %. V studii
analyzujici 72 LBN byla mutace genu FH prokazana u 21 % ptipadl (Zhang Q. et al., 2018).
V jiné studii zahrnujici 18 ptipadii byla mutace FH ve 33,3 % (Maékinen N. et al., 2017).
Mutace v genu FH mohou byt germinalniho 1 somatického pivodu. Germinalni mutace v
genu FH jsou spojeny se syndromem HLRCC. U rodin s vyskytem HLRCC je prok4zana
germinalni mutace FH piiblizn€ v 60 % (Lehtonen R. et al., 2004). Leiomyomy dé€loZniho téla
¢i kozni leiomyomy u pacientli s HLRCC vnikaji v niz§im véku. Jedna studie se zaméfila na
soubor 194 pacientek s vyskytem leiomyoml pfed 40. rokem véku. Tyto nadory byly
analyzovany na molekularni rovni se zamétenim na priikaz mutace FH, ktera byla nalezena
v 5 ptipadech (2,6 %). Na morfologické urovni vykazovaly 4/5 ptipadi typické rysy popsané
u LBN typ 1. VSech 5 nadorti vykazovalo pozitivitu barveni s protildtkou 2SC; u 2/5 byla
prokazéana ztrata exprese FH (Joseph NM. et al., 2015).

Jina studie se zaméfila na problematiku leiomyomi u pacientek s HLRCC a na sporadické
leiomyomy a prokéazala, ze mutace v genech FH a MEDI2 se vzijemné vylucuji. Celkem
vramci studie hodnotili 122 leiomyomil asociovanych s HLRCC a 66 sporadickych

leiomyomt. U HLRCC asociovanych leiomyomu byla u 92 % ptipadi prokdzana pomoci
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imunohistochemického vySetteni s 2SC aberace FH. Ve zbylych 8 % ptipadd této skupiny
byla prokdzana mutace genu MEDI2. Ve skupiné sporadickych leiomyomil byla u 55 %
piipadi prokdzana mutace genu MEDI2 a v zadném piipadu nebyl mutovan gen FH. VéEtsina
dé€loznich leiomyom je tedy u pacientek s HLRCC zplisobena inaktivaci genu FH, vyskytuji
se vSak 1 sporadické tumory vzniklé somatickymi mutacemi genu MED12 (Kampjarvi K. et al.
2016).

Somatické mutace genu FH byly popsany i v jinych studiich. Naptiklad v jedné studii
zahrnujici 1152 neselektovanych d€loznich leiomyomt, 5 déloznich leiomyomil u pacientii
s HLRCC a 88 LMS byla u 1 % neselektovanych leitomyomi a u vSech 5 ptipadl letomyomi
u pacienti s HLRCC pozorovadna ztrata imunohistochemické exprese FH. VSechny LMS
v této studii mély expresi FH zachovalou. Pfi bliz$i analyze neselektovanych leiomyomil se
ztratou exprese FH vSak nebyla v zddném piipad¢ prokdzana germinalni mutace genu FH
(Harrison WJ. et al., 2016).

V souhrnu 3 studii je popsana mutace genu FH u 0,7 % neselektovanych déloznich
leiomyom1 (2/282), pfi¢emZ ani jeden z nich nebyl asociovan s germindlni mutaci (Barker
KT. et al., 2002; Barker KT. et al., 2006; Lehtonen R. et al., 2004).

V jiné praci zabyvajici se problematikou inaktivace FH pii sporadické tumorigenezi autofi
analyzovali kromé nador jiného histologického typu i 153 neselektovanych dé&loZnich
leiomyomt, u kterych detekovali ztratu heterozygozity FH u 5 (3,3 %) ptipadi. Z téchto 5
piipadl byla somatickd mutace detekovana ve 2 ptipadech, ve zbylych 3 piipadech se nalezla
germinalni mutace (Lehtonen R. et al., 2004).

S ohledem na potencialni vyuziti imunohistochemického vysetieni jako screeningové metody
pro detekci pfitomnosti mutace genu FH je dulezitd znalost sensitivity a specificity tohoto
vySetieni. Ve studii zroku 2015 byla vyslovena teorie, ze pozitivni imunohistochemické

barveni s protilatkou 2SC je senzitivni a specifické pro detekci alteraci v genu FH, zatimco

71



ztrata exprese FH je specificka, avSak neni dostateCné senzitivni. V této studii byla exprese
FH nalezena i u ptipadt s missense mutacemi v genu FH (Joseph NM. et al., 2015). V nasem
souboru byla mutace tfidy 4/5 genu FH nalezena v 13/29 (45 %) LBN se ztratou
imunohistochemické exprese FH (FH-) a u 2/24 (8 %) LBN bez ztraty imunohistochemické
exprese FH (FH+). Senzitivita imunohistochemického vysetieni s protilatkou FH byla v nasi
studii 87 % a specificita 58 % (negativni prediktivni hodnota = 92 %).

V jiné studii zahrnujici 31 LBN byla provedena imunohistochemickd (n=31) i sekvenacni
analyza (n=24). Aberantni imunohistochemicky profil (FH-/2SC+ nebo FH+/2SC+)
vykazovalo 17 ptipadl (55 %). Sekvenacni analyza provedena na 24 ptipadech zahrnovala i
14 piipadl s aberantnim imunohistochemickym profilem a ve 13/14 ptipadech se potvrdili
abnormality v genu FH (Bennett JA. et al., 2017).

Dalsi studie se zabyvala expresi FH v koZnich leiomyomech u pacientii s HLRCC. Celkové
autofi zhodnotili imunoprofil 96 koznich leiomyomt od 87 pacientd, pficemz 12 vzorkl
pochazelo od 7 pacientii s diagn6zou HLRCC. Imunohistochemicka exprese FH ziistala
zachovana v 85 piipadech, v9 pfipadech byla jeji ztrata, u 2 piipadd byl vysledek
imunohistochemického vySetfeni nejasny (velice slaba imunohistochemickd exprese). Z 9
negativnich pfipadl bylo 7 vzorkl od pacientli s HLRCC. Senzitivita imunohistochemického
vySetieni s protilatkou FH pro diagnozu HLRCC byla v ramci této studie stanovena na 70 %,
specificita na 97,6 % (Carter CS. et al., 2017).

V jiné studii zahrnujici 42 hladkosvalovych 1ézi (13 1ézi u pacientl se suspekci nebo
potvrzenym HLRCC, 20 sporadickych koZznich leiomyomt, 2 angioleiomyomy a 17 LMS)
byla senzitivita imunohistochemického vySetfeni s protilatkou FH 83,3 % a specificita 75 %
(Llamas-Velasco M. et al., 2014). Celkov¢ lze z dostupnych studii zhodnotit, Ze senzitivita
imunohistochemického vySetfeni s protilatkou FH se pohybuje v rdmci 70-87 % a specificita

58-97,6 %. Protilatku FH (anti-FH) 1ze tedy potencialné vyuzit jako screeningovou metodu
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k odhaleni pacientii s moznym HLRCC, avsak v zké korelaci s klinicko-patologickymi daty.
U suspektnich piipadi je na podkladé klinické indikace nutné dovySetieni lékarskym

genetikem.

6. ZAVER

Cilem nasi prace byla morfologickda, imunohistochemickd a molekularni analyza
vybranych leiomyocelularnich nddorti délohy, zejména se zamétenim na dva vzacné subtypy
— LBN a CL. LBN piedstavuje asi 2 % vSech benignich hladkosvalovych nadort délohy a
vzhledem k vzéacnosti této diagndzy jsou pocty piipadi v jednotlivych studiich obvykle
omezené, celkové bylo doposud analyzovano ve vSech pracich zabyvajicich se jejich
problematikou asi 400 piipadi. Nas soubor 108 pacientek s diagnézou LBN je tedy pomérné
unikatni a predstavuje jeden z dosud nejvétSich publikovanych souborti. Vyskyt CL je o néco
vys$si, odhaduje se na 5 % vSech benignich leiomyocelularnich nadorti délohy, pfesto jsou
vsak literarni data zabyvajici se jejich problematikou pomérné omezena.

Vysledky nasi studie tykajici se LBN potvrdily skute¢nost, Ze navzdory znepokojivym
cytologickym znakiim se tyto 1éze chovaji benigné, 1 kdyz mohou recidivovat. Metodou volby
muze byt u pacientek fertilitu zachovavajici vykon, nikoliv tedy nutné hysterektomie.
Vysledky nasi studie podporuji teorii, ze LBN jsou heterogenni skupina 1€zi, které lze rozd¢lit
na 2 zakladni skupiny, typ I a typ II, jejichz morfologicky nalez koreluje s pfitomnymi
molekuldrnimi aberacemi. U LBN typu I jsou Castym nélezem alterace genu FH, vétSinou
somatické; naproti tomu u LBN typu II jsou ¢astym ndlezem alterace v genu 7P53, CDKN2A,
MEDI2, HMGA2. Germinalni mutace genu FH jsou asociovany se syndromem HLRCC.
Vzhledem k tomu, Ze leiomyomy vyskytujici se u tohoto syndromu maji urcité specifické

morfologické 1 imunohistochemické rysy a obvykle ptedchazeji vzniku karcinomu ledviny, je
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jejich spravna diagnostika velmi diilezitd a mliZze upozornit na moznost tohoto syndromu,
jehoz piesna incidence neni v populaci znama. Diagnostika leiomyocelularnich 1ézi zalozena
na kombinaci morfologickych a imunohistochemickych znakl s vyuzitim protilatky FH (anti-
FH) by tedy mohla v definovanych ptipadech poslouzit jako vhodna a dostupna screeningova
metoda. Senzitivita imunohistochemického vySetieni s protilatkou FH se pohybuje kolem 70-
87 % a specificita 58-97,6 %.

U mezenchymovych nadort délohy je zakladnim aspektem bioptické diagnostiky
stanoveni jejich histogeneze a biologické povahy léze. Ke stanoveni histogeneze pomaha
kromé morfologického a imunohistochemického vySetfeni v nejednoznacnych piipadech také
molekularni analyza. VétSina leiomyomt vykazuje ,typicky® imunohistochemicky profil
s expresi hladkosvalovych markeri, nicméné hlavné u ¢asti CL a LMS se miiZze vyskytnout
CasteCna ztrata exprese téchto markerti ¢i dokonce jejich negativita. Navic se mlize u téchto
jednotek vyskytnout i exprese dalSich markerl, které nejsou charakteristické pro hladkou
svalovinu. Typickym piikladem je exprese CD10, kterd je historicky vnimana jako zakladni
marker ,,endometridlni stromdalni“ diferenciace. Bylo vSak prokdzano, Ze se nejedna o
specificky marker, a exprese CD10 se muze vyskytnout i u nadort s hladkosvalovou
diferenciaci, zejména CL a LMS. Imunohistochemickd exprese nov¢jStho markeru
sendometridlni stromalni* diferenciace IFITM1 se zdd byt vtomto kontextu o néco
stromalni diferenciaci je vSak exprese CD10 a IFITMI1 v hladkosvalovych nadorech Casto
spiSe fokalni a slaba. Znalost variability imunohistochemického profilu mezenchymovych lézi
je vramci diferencialni diagnostiky dileZzita, chybné vyhodnoceni exprimovanych markert
muze vést ke stanoveni nespravné diagnozy.

Pti stanoveni biologické povahy hladkosvalovych 1ézi je zdkladem morfologické zhodnoceni

léze. Vyuziti imunohistochemického vysetieni s protilatkami ER, PR, p16, p53 a Ki-67 ma
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omezeny vyznam, nicmén¢ muze byt pomocné. Vysledky nasi prace koreluji s vysledky
dalsich studii a potvrzuji, ze u LMS dochazi ke snizeni/ztraté exprese ER a PR, a naopak ke
zvySené expresi pl6é a p53. Vyuziti imunohistochemického vySetfeni v praxi je vSak
v diferencialni diagnostice mezi LBN a LMS problematické, protoze ¢ast LBN vykazuje
spole¢né znaky s LMS.

Studie tumorigeneze leiomyocelularnich nadort délohy prokazaly, ze existuji 3
zékladni fidici mutace, a to v genech MEDI2, HMGA2 a FH, podle jejichz vyskytu se
leiomyomy déli do tzv. molekularnich subtypti. Nejlépe prostudovanou skupinou jsou UL, ve
kterych jsou alterace genu MED 12 prokazany v 60-70 %, HMGA2 ve 20-30 % a FH v 1 %.
Studie zabyvajici se touto problematikou u LBN a CL jsou vS8ak velice limitované. Na rozdil
od UL se u LBN mutace genu FH vyskytuje s vyrazné vyssi Cetnosti, a to 20-30 %. Vysledky
nasi prace svyskytem ve 28,3 % LBN odpovidaji doposud publikovanymi studiim.
Molekularni aberace vyskytujici se u CL zahrnuji overexpresi HMGA2 (10-32 %), deleci
kratkého raménka chromozomu 1 (do 25 %) a mutace v genu MEDI2 (5-16 %). V nasem
souboru CL byla overexprese HMGA?2 zastizena ve 34,6 %, delece 1p chromozomu v 19,3 %
a mutace genu MEDI2 v 9,4 %. V zadném piipad¢ nebyly nalezeny zmény genu FH. Na
zakladé naSich vysledkd se vzhledem k tomu, Ze vSechny ndmi detekované aberace byly
vzajemné se vyluc€ujici, 1ze domnivat, ze nadory s deleci 1p nejspiSe predstavuji samostatny
molekularni subtyp. Vyznam molekuldrniho testovani mé dopady i na rutinni diagnostiku,
miZze byt pouzito v diferencialni diagnostice nejednoznaénych piipadi s prekryvnymi znaky,
zejména LBN versus LMS a CL versus LG ESS. U LMS je popsdno mnoZstvi molekularnich
abnormalit a mezi nejcastéjsi patfi mutace gentt 7P53, ATRX a MEDI2. Poznatky o
molekularnich aberacich vyskytujicich se u endometrialnich stromalnich tumord se rychle
rozvijeji a u ¢asti jsou nalezeny chromozomalni pfestavby genti zahrnujicich JAZF1, EPCI,

CXorf67, BCOR a dalsi.
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S rozvojem novych terapeutickych moznosti se dulezitou soucasti diagnostiky stava i
problematika prediktivniho testovani. Mezi nami studované markery jsme zafadili pan-TRK,
ALK a PD-L1. Exprese pan-TRK a ALK byla prok4zéana v nasi studii v 10,3 % a 4,4 % LMS.
Tyto pozitivni pfipady vSak nebyly dale analyzovadny pomoci molekularnich metod a
vzhledem k tomu, ze imunohistochemické vySetfeni neni zcela specifické, se ke skutecné
incidenci pifestavby gentt NTRK, piip. ALK nelze s jistotou vyjadrit. Také incidence vyskytu
exprese PD-L1 v LMS je limitovand, v jedné praci byla zastizena v 11 % LMS. Vysledky nasi
studie jsou pon€kud odlisné, exprese PD-L1 jsme prokézali pouze ve 2 (2,9 %) déloznich
LMS. Samotnd problematika prediktivniho testovani v sarkomech si vSak zasluhuje dalsi

vyzkum a zapottebi jsou dalsi studie.
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7. ABSTRAKT

Uvod

Leiomyom s bizarnimi jadry (LBN) a celularni leiomyom (CL) patfi mezi vzacné varianty
hladkosvalovych nadorG délohy. V diagnostické praxi mize u LBN dojit k zdméné
s leiomyosarkomem (LMS) a u CL hlavn¢ s low grade endometrialnim stromalnim sarkomem
(LG ESS). Pii stanoveni diagndézy je nutné peclivé zhodnoceni morfologickych znak,
v nékterych hrani¢nich pfipadech nam muUze pomoct imunohistochemické (IHC) a
molekularni vySetfeni. Literdrni data tykajici se molekuldrné genetickych alteraci
vyskytujicich se u LBN a CL jsou limitovand, ukazuje se vSak, ze ¢ast t€chto nadorh sdili

nékteré aberace s klasickymi leiomyomy (UL) a LMS.

Cile

Cilem prace je prohloubeni znalosti o hladkosvalovych nadorech délohy, zejména LBN a CL,
jejich komplexni morfologické, IHC a molekularni zhodnoceni. Cile zahrnuji: 1) podpofeni
hypotézy benigniho chovani LBN, 2) morfologickou analyzu LBN, 3) bliz§i ozfejméni
tumorigeneze LBN se zamétenim na gen fumarat hydratdiza (FH), 4) ozfejméni tumorigeneze
CL, 5) vyuziti imunohistochemické protilatky FH jako screeningové metody k identifikaci
mutaci genu FH, 6) vyuziti morfologického zhodnoceni a vysledki IHC vySetieni
k usnadnéni diferencidlné diagnostické rozvahy mezi benignimi a malignimi hladkosvalovymi
nadory, a ddle mezi nddory jiné histogeneze, 7) IHC analyzu prognosticko-prediktivnich

markert, se zam¢ienim na LMS.

Material a metody
Soubor obsahoval 108 LBN, 52 CL, 50 UL a 68 LMS. Bylo provedeno morfologické

zhodnoceni LBN a CL, u vSech skupin IHC vySetfeni s vybranym panelem protilatek.
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Molekularni analyza byla provedena pomoci Sangerova sekvenovani a NGS tuspésné u 53

LBN, 47 UL, 20 LMS a 38 CL.

Vysledky

1) LBN se chovaji benigné, mohou recidivovat, ale nemetastazuji. 2) LBN lze rozdélit dle
morfologie na 2 skupiny, typ I a II. 3) Ztrata IHC exprese FH byla zastizena v 62 % LBN a 2 %
UL, ale v Zddném ptipad€ CL a LMS. Molekularni analyzy prokézaly mutace genu FH u 28,3 %
LBN (35 % u typu I, 16 % u typu II), ale v Zadném piipadé¢ UL, CL a LMS. 4) U CL
v tumorigenezi pfevazuje overexprese genu HMGA2 (34,6 %), nasledovana deleci 1p
chromozomu (19,3%) a mutaci genu MEDI12 (9,4 %). 5) Senzitivita IHC protilatky FH je 87 %
a specificita 58 %. 6) Morfologické zhodnoceni 1€zi je pro diagnostiku zasadni. U spornych
piipadl 1ze v rdmci diagnostiky vyuzit IHC 1 molekularni analyzu, ¢ast 1ézi vSak mize mit
ptekryvny imunoprofil. 7) U ¢asti LMS jsme na IHC trovni prokézali expresi nékterych
potencidlné prediktivnich markeri (pan-TRK 10,3 %, ALK 4,4 %, PD-L1 2,9 %), potiebné

jsou vsak dalsi studie.

Zavér

Nase prace potvrdila, ze LBN se 1 pfes pfitomnost jadernych abnormalit chovaji benigné a
jako terapeuticky vykon lze pacientkam, zejména v piipad¢é pozadavku na zachovani fertility,
doporu¢it myomektomii. Cast hladkosvalovych 1ézi délohy mtize vykazovat expresi IHC
markert endometrialni stromalni diferenciace, napt. CD10 a IFITM1, proto je znalost mozné
variability IHC profilu dilezitd a jeho chybna interpretace mize vést ke stanoveni nespravné
diagnozy. V piipad€ tumorigeneze hladkosvalovych 1ézi jsou nase vysledky ve shodé s dosud
publikovanymi studiemi, ve skupiné LBN dominuje pfitomnost mutaci genu FH (28,3 %) a ve

skupiné CL overexprese genu HMGA2 (34,6 %). Tyto poznatky lze v urCitych piipadech
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vyuzit vramci diferencidlni diagnostiky spornych 1ézi. Mutace genu FH u LBN byvaji
vétSinou somatického plivodu, minoritné se jednd o mutace germinalni, které mohou byt
asociovany se syndromem hereditarni leiomyomatozy a rendlniho karcinomu (HLRCC).
Morfologické zhodnoceni hladkosvalovych 1ézi, v¢éetné IHC vySetieni s protilatkou FH, by
mohlo pomoci odhalit pacienty s moznym HLRCC, nezbytna je vsak korelace s klinicko-
patologickymi daty a v indikovanych ptipadech vysetfeni klinickym genetikem. Senzitivita
[HC vysetfeni byla v nasi studii 87 % a specificita 58 % (negativni prediktivni hodnota =
92 %). U c&asti LMS jsme na IHC tarovni prokdzali expresi potencialné terapeuticky
ovlivnitelnych biomarkeri (NTRK, ALK, PD-L1), v tomto ohledu je vSak zapotiebi dal§iho

vyzkumu.

8. SUMMARY

Introduction

Leiomyoma with bizarre nuclei (LBN) and cellular leiomyoma (CL) are rare variants of
uterine smooth muscle tumors. In diagnostic practice, LBN can be mistaken for
leiomyosarcoma (LMS), while CL may mimic low grade endometrial stromal sarcoma (LG
ESS). Careful evaluation of morphological features is necessary when making the diagnosis;
in some borderline cases, immunohistochemical and molecular examinations may help.
Literature data on molecular genetic alterations in LBN and CL is limited, but some of these

tumors appear to share certain aberrations with classical leilomyomas (UL) and LMS.

Aims
The aim of the work is to expand the knowledge about smooth muscle tumors of the uterus,

especially LBN and CL, and perform a complex morphological, immunohistochemical (IHC),
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and molecular evaluation of their features. The individual goals include: 1) confirmation of
the hypothesized benign behaviour of LBN, 2) morphological analysis of LBN, 3) more
detailed clarification of LBN tumorigenesis with a focus on the fumarate hydratase (FH) gene,
4) clarification of CL tumorigenesis, 5) the use of IHC FH antibody as a screening method to
identify FH gene mutations, 6) the use of morphological evaluation and results of IHC
examination to facilitate differential diagnostic balance between benign and malignant smooth
muscle tumors, and also between tumors of other histogenesis, 7) IHC analysis of prognostic

and predictive markers, focusing on LMS.

Material and methods

The study cohort contained 108 cases of LBN, 52 cases of CL, 50 cases of UL, and 68 cases
of LMS. Morphological evaluation of LBN and CL was performed, and IHC examination
with a selected panel of antibodies was carried out in all tumor groups. Molecular analysis
using Sanger sequencing and NGS was successfully performed in 53 LBN, 47 UL, 20 LMS,

and 38 CL.

Results

1) LBNs have a benign behaviour, as they may recur, but they do not metastasize. 2) LBNs

can be divided according to morphology into 2 groups, type I and II. 3) Loss of IHC FH
expression was found in 62% LBN and 2% UL, but in no cases of CL and LMS. Molecular
analysis showed mutations in the F'H gene in 28.3% of LBN (35% in type I, 16% in type II),

but in no cases of UL, CL, and LMS. 4) In CL, the molecular aberrations are characterised
mainly by HMGA?2 gene overexpression (34.6%), followed by deletion of the 1p chromosome
(19.3%) and mutation of the MED12 gene (9.4%). 5) The sensitivity of the FH antibody is 87%

and the specificity 58%. 6) Careful morphological evaluation of these lesions is essential for
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achieving a correct diagnosis. In controversial cases, IHC and molecular analysis can also be
used, but some lesions may have an overlapping immunoprofile. 7) When analysing the LMS
group, we demonstrated the expression of some potentially predictive markers at the IHC

level (pan-TRK 10.3%, ALK 4.4%, PD-L1 2.9%), but further studies are needed.

Conclusion

Our work confirmed that LBN, despite the presence of nuclear abnormalities, have a benign
behaviour and as such myomectomy can be recommended to patients as a therapeutic
procedure, especially in the cases when fertility needs to be preserved. Some uterine smooth
muscle lesions may express IHC markers of endometrial stromal differentiation, such as
CD10 and IFITM1, so the knowledge of possible variability of the IHC profile is important as
misinterpretation may lead to misdiagnosis. When focusing on the tumorigenesis of smooth
muscle lesions, our results are in agreement with previously published studies. In the LBN
group, the presence of F'H gene mutations represents the dominant finding (28.3%), while in
the CL group HMGA2 gene overexpression predominates (34.6%). This knowledge can be
used in certain cases in the differential diagnosis of controversial lesions. Mutations in the F'H
gene in LBN are usually of somatic origin with germinal mutations being rare, and may be
associated with hereditary leiomyomatosis and renal cell carcinoma syndrome (HLRCC).
Morphological evaluation of smooth muscle lesions, including IHC examination with FH
antibody, could help identify patients with possible HLRCC, but further correlation with
clinicopathological data and (in indicated cases) referral to a clinical geneticist is necessary.
In our study, the sensitivity of IHC FH examination was 87% and the specificity 58%
(negative predictive value = 92%). We have demonstrated the expression of potentially
therapeutically modifiable biomarkers (NTRK, ALK, PD-L1) in some LMS cases at the IHC

level, but further research is needed in this regard.
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Abstract

Leionmyoma with bizame nuclei (LEN) is an uncommon variant of uterine smooth muscle neoplasm. Invdvement of fumarate
hydratase (FH) has been sugzested in te pathogenesis of 2 subset of LBN. The goal of our study is to asess the clinicopath-
ological, morphological, immunchistochemical and molecular findings focusing on FH in LBKs {(r = 108) and compare it with
the findings in usual leiomyomas (UL, n=3500 and leiomyosarcomas (LMS; n=42). Immunchistochemically, kss of FH
expression was found in 67/108 of LEN, 1/30of UL and in no LMS. Class 45 FH mutatons were detected in 15/533 LBN with
sufficient DNA quality for molecular analy sz, Pathogenic variants of the FH gene were detected in neither UL nor LMS. Local
recurrenc ¢ afier surgery was presentin 1892 of LBN patients, 7 of which were hisio logically verified and 2 of which were found
o be LBM. Cur results confimed that L BN behave in a benign fashion, although they may relapse. FH gene mutations were a
common finding cnly in LEN, but not in UL and LMS. Immundhistochemistry with an antibody against FH seems to have a
good sensitivity (E79%) and moderate specificity (38%) with regard ®© predicting FH gene mutations and could be vaed as 2
sereening medeod in tumors with features suggestive of FH alterations to identify patients who are at risk for the FH aberations.

Keywords Leionmomawith bizame nuclei - Usal leiomyoma - Leionerosarcoma - Fumarate hydratase

Introduction

Leionmyomsa with bizare meclei (LBMN) is an wneommmom v ar-
ant of wierine smooth muscle neoplasm. This entity was de-
fined in 1994 and, according to Bell's criteria, is characierized
by moderate-to-severe nuclear atypia, < 10 mitoses per 10
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high power fields (HPFF), and no tumor type {coagulative)
necresis [I]. Initially, this lesion was termed “atypical
leiomyoma with Low risk of recurrence™, but Later the termi-
ndogy was changed & “atypical leiomyoma™ { ALM), pleo-
morphic leiomyoma and symplastic leiomyoma. LEBN were
onginally regarded as tumors with a low sk of malignant
behavior, but the current opinicn is that despite the possibility
of recumence, these tumors probably behave in benign fash-
ion. Howewver, the experience with this entity is still mited,
especially in conservatively trested tumors,

According to the latest WHO classification (2014), this
tumar should be termed “leiomyoma with bizame meclei™
and the we of the term “atypical leiomyoms™ is no longer
recommended (e term “atypical smooth muscle umor” is
wsed as 8 synomym for smoeoth muscle tumaors of uncertain
malignant potential) [2]. However, as the bizame nuclei do
not necessarily neod v be present in certain variants of this
tumr, te terminology is not yet perfect. WHO classification
defines this entity as a tumor containing bizame cells (focal,
multifocal or diffise) on a background of otherwise typical
leiomyoma Prominent ecsinophilic neclecli are a common
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finding in acertain subset of these umors, The mitotic activity
i typically low, but karyomrhectic nuclei may be present, in
which case they may mimic atypical mitotic figures. The cy-
oplasm is usually ecsinophilic and can contain globular bod-
ies, giving the cells a rhabdoid appearance. Infarct type
(hyaline) necrosis can be seen, but no tumor type
(coagulative) necrosis should be present

Molecular genetic changes oocuming in LBN are largely
unkmowt. Howewer, recent stedies have shown that some of
these tumors share some genetic changes with usual
leiomyoma (UL) and leiomyosarcoma (LMS), including fi-
marale kydratase (FH) alerations or MED] 2 mutations, but
the frequency of these changes is different in different entities
[3,4]. Motably, FH alterations inc heding germline and somatic
FH mutations and an aberrant protein expression were de-
scribed in a subset of LB, but are rarely found in UL and
LMS [4-10]. On the: oter kand, genomic deleticns of the FH
gene were described as a common finding in all
leiomyocelular tumaors, according to one study [3].

The FH gene iz located on the long am of chromosome
| at position 43 {1g42.3-g43). The FH loous encodes two
isoforms of fumaraie hydratase: cytosolic and mitochomndrial
Muareover, the Ensemble (release 94, Jansary 2001%) and the
NCBI database both contin a record of fumarate hydramse
peendogene | (FHP1, HGNC: 39442, Entrez Gene ID:
1ETITHN) which includes a reversely transcribed mRMA
squence of FH exen 7-10 (NCBI Ref Seq: NG_03.2302.2)
and iz localized on chromosome 13gl4.11 {(93% of
homology).

FH catalyzes the reversible hydration of fumarate & L-ma-
laie. The michondrial isoform performs this reaction as a
part of the Krebs" cycle and as such is central to aerobic res-
piration. The cytosolic izoform isthought o be vvolved in the
metbolizm of fumarate, which is produced in the cytosol by
several reactions [11]. Patients which camy the germline ho-
mozygous FH mutation (FH deficiency) present with neonatal
encephalopathy and rarely survive beyond early childhood.
Patients with a heterczyg ous FH mutation present with vari-
able symptoms, including HLRCC (hereditary
leiomyomatosis and renal cell carcinoma).

Although the mechanizm of tumaonigenesiz in FR-mutated
cells remains incompletely undersiood, it is believed that FH
i5 & tumor suppressor gene. Therefore, the inactivation of both
FH alleles resultsin the redwction or complete less of the FH s
enzymatic activity, which leads to fumarate accumulation
[12]. There are several proposed mechanisms by which the
resulting elevated levels of fumarate may function a5 an
oncoprotein, Elevated fumarate may be ransporied out of
the mitochondria into e cyoplasm, where it can competi-
tively inhibit the function of hypoxia-inducible factor (HIF)
profyl hydrocylase, resulting in HIF accumulation. With in-
creased HIF-1a levels, HIF target genes, such as VEGF and
GLUTI, are transcriptionally activated, leading to
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proliferation and resigtance to apoptosis, providing increased
wasculature and gheose transport for tese gluccse-dependent
FH-deficient tumors. This phenomenon is called *peewdo-
hypomia™ [12-15]. A different hypothesis to explain the role
of FH a5 a tumor suppressor includes the presence of hyper-
mutshility, a5 a resultof oxidative damage [ 16]. The increased
level of fumarate modifies the cysteine residues in many pro-
teins, resulting in ncressed protein succination and the pro-
duction of S-{2-succing)-cysteine (250). The loss of FH's
enzymatic activity & mostly demonstrated by negative THC
staining of FH and positive THC stining of 25C, due o itz
accumulation [1'7], The HC saning of FH and 25C has been
described as highly specific fior the identification of loss of FH
activity [ 17, 1E].

Patients with hereditary leiomyomatosis and renal cell car-
cinoma (HLRCC) are at an increased risk of developing
smeoth muscle wumaors of the wiens and skin, as well as renal
tumaors. HLRCC associaied renal cell carcinomas are aggres-
sive, wally papillary carcinomas, with metastatic disease in
30F of patients at the time of presentation. Effort to reduce
the morbidity and mortality of this disease frowgh screening
for disease carriers would be beneficial [ 16, 19]. These pa-
tients and family members would benefit from early identifi-
cation and appropriate surveillance . Germline muktions of the
FH gene are associated not only with the risk of renal cell
tumors, but less frequently aleo with Leydig cell tumaors, ovar-
ian mucinous cystadenomas, and cerehral cavemous heman-
giomas [12].

In our study we underiook a comprehen sive analysis of 108
cases of LBN focusing on their clinicopathological featunes,
morphology, and fumarate hydratase (FH) alterations on ge-
nomic DNA and protein level. The results were compared
with & control cohort of 50 uswal leiommyomas (UL) and 42
leiomyosarcomas (LMS).

Material and Methods
Casa Selection

Fomalin-fixed paraffin-embedded (FFPE) tissue blocks and
patient characterization from 1908 to 2017 were obtained
from the archive files and databases of the participating
institvions,

The ital amowt of 108 cases of LBN (Table 1) was se-
lected for analyses The hematoorylin-gosin slides from each
case were re-gvaluated to confirm the original diagnosis, A
cohort of 42 cases of LMS and 50 cases of UL was wsed as
a conirol group, The LMS cases included 17 wterine and 23
extragenital tumors {incleding skin, wrinary bladder, hing, oral
cavity, stomach, epididymal, and orbital tumors).

In compliance with the Helsinki Dieclaration, the siudy has
been approved by The Ethics Committee of General
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within the LBN was assessed as: focal - if BN were only
present i scattered aress inoan amount arbitranly defined a5
up to 3 {per <20 objective field), multifocal - if BN were still
patchy and = 5 {per «20 objective field), and diffuse - if BN
were seen essentially throughout the entine tumor. The density
of BN within the LEN was semi-quantittively sssessed as
follows: low: <30% of tumor cells, intermediate: =30 and <
T0%, and high: =70%.

The cytologic featwes inchided: the character of chroma-
tin, the presence of prominent eosinophilic nucleoli,
karyorrhectic nuclei, nuclear pseudoinclusions, rhabdoid-like
cells, and mitotic count (per 10 high power fields (HPFs)).

The LEN cases were divided into 2 subtypes, type | and I1,
acconding to their distinet nusclear features, as described by
others [3]. Type | LEN were characterized by their large round
oroval nuclei, distinet and smooth nuclear membranes, prom-
inenit muscleoli and open, coarse chromatin, Type [ILEN wene
characterized by their elongated or spindled nuclei, iregular
nusclear membranes, pinpoint or noe necledi, and dard: anedgy
chromatin. Cases wene defined as either type [ or [T when over
T0% of the tumor cells appeared to show nuclear features
which fvored either one or the other

Faor the tissse microamay (TMA) construction, the eligible
areas of tumor were identified and marked The tissue cones
{each 2.0 mm in diameter) were drilled from different areas in
a single donor block (formalin-fixed paraffin-embedded
(FFPE) tissue) from each case using the tissue microamay
instrument TMA Master (3IDHISTECH Ltd., Budapest,
Hungary). Incases of LEN samples, 2 cores were taken from
areas with bizarme nuclei (arbitrary termed “R"), and 2 cones
oo the aress where the typical kiomyoma i on the back-
ground (arbitrary termed “ (™), in order o independently eval-
uate the B and G areas. In 9 cases, however, only the areas
with atypical nuclei were taken, as there were no areas with a
typical leimyoma appearance. In cases of UL and LMS sam-
ples, 2 cores from each biopsy wene taken.

Immunohistochemnical Analysis

Immumnohistchemical analysiz was performed manually on
4 pm sections with an antiboedy against FH {polyclonal,
1500, Abcam, Cambridge, United Kingdom). The epitope
retrieval solution of pH 9.0 (Leica Bicsystems, Wetzlar,
Crermany ) was used for prewreatment. The expression of FH
was double-blindly evaluated by two observers. We graded
the smining a5 negative (0) and positive { 1+, 2+, 3+), on the
basis of it intensity. Grade 0 signifies 2 complete absence of
stining of the tumor cells, grade 1+ weak staining, grade 2+
moderaie siining, and grade 3+ describes srong labeling.
Only the cytoplasmic pesitivity was evaluated. In each LEN
tee B and G areas were analyzed separately. Overall, cases
with a negative staining pattem in at least te R areas wene

1 5pringer

considered as [HC negative (Table 2). Endothelial cells show-
ing a positive stining were wsed 45 an intemal control.

Molecular Analysis

Genomic DNA was isolied using the Cobas® DNA Sample
Preparation Kit (Roche, Basel, Switzerland) acconding to the
manufacturer’s protocol, and then spectrophotometrically
quantified using the NanoDrop 2000 instrument ( Themmo
Fisher Scientific Inc., Waltham, MA, USA). The quality was
ascerined usng a 2% agarose gel electrophoresis, and con-
trol gPCR amplification using 3% HOT FireFol Evalireen
HREM Mix MO ROX (Solis Biodyne, Tartu, Estonia).
Samples with poor DNA guality (Cp> 400 in the control
amplicons of sizes 237 and 308 bp were excluded from furter
analysis (B0200 samples). DMA sequence analysis of the FH
genewas spocessfully performed in 33 LBN, 20 LMS, and 47
UL {120,200 samples).

PCR and direct Sanger sequencing of te whole coding
region (10 exons) and the adjacent intronic sequences was
performed. Fragment of interest were amplified using 5=
HOT FirePol EvaGreen HEM Mix NO ROX (Solis
Bicdyne). BigDye Terminaior v3.1 Ready Reaction Mix
(Applied Biosystems, Thermo Fizher Scientific Inc.,
Waltham, MA, USA) was used for the sequencing reaction.
Separation was performed on an ABI 3500 genetic analyzer
(Applied Biosystems), Due to the limitations of the direct
Sanger sequencing method, we were only shle to detect vari-
ants with frequency over 13 or 20%, and due o the semi-
quanttative manner of the medod, only a rough estimation
of the fegquency of the mutant allele in comparizon to the
wild-type sequence was possible.

All zamples with elass 45 mustations or multiple low fre-
quency variants detectedby dideoxy sequencing which passed
DA quality criteria (32 cases, incheding 1 8 LEN, 6 UL, and
8 LMS) were selected and re- sequenced using next generation
sequencing (NG S) in arder to exchude false positive detections

Table? The THC expression of FH in 108 LEBN auses in separated awas
with (R} or without {(F) aells with bizme noda

THC stining in Rand Garms  [HC evahotion 108 LEN cases
R., G- negative 59 (S46%)
R, G0 negative 5 @6%)

R., G+ negative 2 (1.9%)

R+, O posithve I8 {15.2%)
R+, G0 pasitve 1 @A%)

Re, R4, G0 negative 1 0.9%)

Abbreviations: LEN leiomyoma with bizame noclei, FH fomaree
hydratese, R amas with hizame nooli, (7 ares withoot bizames nockei,
i camem without (3} arees, — 5 negativepositive FH angres i
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within the LBN was assessed as: focal - if BN were only
present i scattered aress inoan amount arbitranly defined a5
up to 3 {per <20 objective field), multifocal - if BN were still
patchy and = 5 {per «20 objective field), and diffuse - if BN
were seen essentially throughout the entine tumor. The density
of BN within the LEN was semi-quantittively sssessed as
follows: low: <30% of tumor cells, intermediate: =30 and <
T0%, and high: =70%.

The cytologic featwes inchided: the character of chroma-
tin, the presence of prominent eosinophilic nucleoli,
karyorrhectic nuclei, nuclear pseudoinclusions, rhabdoid-like
cells, and mitotic count (per 10 high power fields (HPFs)).

The LEN cases were divided into 2 subtypes, type | and I1,
acconding to their distinet nusclear features, as described by
others [3]. Type | LEN were characterized by their large round
oroval nuclei, distinet and smooth nuclear membranes, prom-
inenit muscleoli and open, coarse chromatin, Type [ILEN wene
characterized by their elongated or spindled nuclei, iregular
nusclear membranes, pinpoint or noe necledi, and dard: anedgy
chromatin. Cases wene defined as either type [ or [T when over
T0% of the tumor cells appeared to show nuclear features
which fvored either one or the other

Faor the tissse microamay (TMA) construction, the eligible
areas of tumor were identified and marked The tissue cones
{each 2.0 mm in diameter) were drilled from different areas in
a single donor block (formalin-fixed paraffin-embedded
(FFPE) tissue) from each case using the tissue microamay
instrument TMA Master (3IDHISTECH Ltd., Budapest,
Hungary). Incases of LEN samples, 2 cores were taken from
areas with bizarme nuclei (arbitrary termed “R"), and 2 cones
oo the aress where the typical kiomyoma i on the back-
ground (arbitrary termed “ (™), in order o independently eval-
uate the B and G areas. In 9 cases, however, only the areas
with atypical nuclei were taken, as there were no areas with a
typical leimyoma appearance. In cases of UL and LMS sam-
ples, 2 cores from each biopsy wene taken.

Immunohistochemnical Analysis

Immumnohistchemical analysiz was performed manually on
4 pm sections with an antiboedy against FH {polyclonal,
1500, Abcam, Cambridge, United Kingdom). The epitope
retrieval solution of pH 9.0 (Leica Bicsystems, Wetzlar,
Crermany ) was used for prewreatment. The expression of FH
was double-blindly evaluated by two observers. We graded
the smining a5 negative (0) and positive { 1+, 2+, 3+), on the
basis of it intensity. Grade 0 signifies 2 complete absence of
stining of the tumor cells, grade 1+ weak staining, grade 2+
moderaie siining, and grade 3+ describes srong labeling.
Only the cytoplasmic pesitivity was evaluated. In each LEN
tee B and G areas were analyzed separately. Overall, cases
with a negative staining pattem in at least te R areas wene
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considered as [HC negative (Table 2). Endothelial cells show-
ing a positive stining were wsed 45 an intemal control.

Molecular Analysis

Genomic DNA was isolied using the Cobas® DNA Sample
Preparation Kit (Roche, Basel, Switzerland) acconding to the
manufacturer’s protocol, and then spectrophotometrically
quantified using the NanoDrop 2000 instrument ( Themmo
Fisher Scientific Inc., Waltham, MA, USA). The quality was
ascerined usng a 2% agarose gel electrophoresis, and con-
trol gPCR amplification using 3% HOT FireFol Evalireen
HREM Mix MO ROX (Solis Biodyne, Tartu, Estonia).
Samples with poor DNA guality (Cp> 400 in the control
amplicons of sizes 237 and 308 bp were excluded from furter
analysis (B0200 samples). DMA sequence analysis of the FH
genewas spocessfully performed in 33 LBN, 20 LMS, and 47
UL {120,200 samples).

PCR and direct Sanger sequencing of te whole coding
region (10 exons) and the adjacent intronic sequences was
performed. Fragment of interest were amplified using 5=
HOT FirePol EvaGreen HEM Mix NO ROX (Solis
Bicdyne). BigDye Terminaior v3.1 Ready Reaction Mix
(Applied Biosystems, Thermo Fizher Scientific Inc.,
Waltham, MA, USA) was used for the sequencing reaction.
Separation was performed on an ABI 3500 genetic analyzer
(Applied Biosystems), Due to the limitations of the direct
Sanger sequencing method, we were only shle to detect vari-
ants with frequency over 13 or 20%, and due o the semi-
quanttative manner of the medod, only a rough estimation
of the fegquency of the mutant allele in comparizon to the
wild-type sequence was possible.

All zamples with elass 45 mustations or multiple low fre-
quency variants detectedby dideoxy sequencing which passed
DA quality criteria (32 cases, incheding 1 8 LEN, 6 UL, and
8 LMS) were selected and re- sequenced using next generation
sequencing (NG S) in arder to exchude false positive detections

Table? The THC expression of FH in 108 LEBN auses in separated awas
with (R} or without {(F) aells with bizme noda

THC stining in Rand Garms  [HC evahotion 108 LEN cases
R., G- negative 59 (S46%)
R, G0 negative 5 @6%)

R., G+ negative 2 (1.9%)

R+, O posithve I8 {15.2%)
R+, G0 pasitve 1 @A%)

Re, R4, G0 negative 1 0.9%)

Abbreviations: LEN leiomyoma with bizame noclei, FH fomaree
hydratese, R amas with hizame nooli, (7 ares withoot bizames nockei,
i camem without (3} arees, — 5 negativepositive FH angres i
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of a mutation due to either fixation artifacts or existing
peendogenes. A Nimblegen custom panel sequence captune
(257 kbp, B9 genes or gene parts including whole coding
sequence of FH) of samples prepared using the Hyper Phs
Library preparation kit (KAPA) was performed according to
e Roche SeqCap EZ Library protocol. The samples were
paired-end sequenced by MiSeq instrument ([umina) wsing
the 2 75 bp Reagent Kit v3 (Tumins). Demultipleced FastQ)
files were processed wsing the in-house bicstatistic pipeline
(ncluding PCR. duplicate and low-quality reads remonval ), per-
formed by the NextGENe +2.1.2 software (Softgenetics). The
average coverage of mmples in the FH gene was in the range
of 250-500x, which shows aufficient sensitivity for the NGS
detection of mutations with a freguency > 3% (at least 10
reads with mutation).

Annotation of Varlants

The nomenclature of variants follows te recommendations of
the Human Genome Variation Society (HGVS), and is hased
on the NM_(00143.3 reference sequence. Mutations which
were not found in e literature or datsbases until January
2019 were considerad as novel (dpSNP, hitp:/iwww.nebi.
nlm nih.gow/SNP/; 1000 Genomes, http://www.
1000 zenomees o, Clin'Var, https:Swaw mebinlm. nih gov
clivvar’, ESF, hitp/varianttools source forge. net/ Anmotation’
EV3: COSMIC, http://www.sanger.ac. uk/cosmic; or
HGMD, https:/fwww.qiagenbioinformatics, com.jrod uets/
hurnan-gene- rutation-database) .

The in silico teol Varant Effect Predictor (Ensemble;
hittp: /www.ensembl.org/info’'docs/too s vepindex. itml)
was used to evaluate the predicted effects of all of the
variants [20]. A varant was considered as a “true”
pathogenic when identified as pathogenic in e mutation
databases (ClinVar) or when the nature of the mutation sug-
gests a truncated protein product (nonsense, frameshift,
start loss or indels mutations). A variant was considered
as a “predicted” pathogenic when at least six of the nine
i zilico predictive softwares suggested a damaging nafure
of the variant (including CADD, GERP++, Mutation
Assessor, Mutation Taster, Provean, SiPhy, VEST3,
PolyPhen and SIFT).

Statistical Analysi

The software STATISTICA 10 (StatSoft, Tulsa, OK, USA)
was used. The Fisher exact st or the chi-square test were
used to compare different tumor groups based wpon the im-
munohistochemical and clinicopathological variables. All
sk were two sided, and a p value less than .05 was consid-
ered zignificant.

Results

The patients” characteristics, clinicopathological, gross and
micrescopic features of LBN cohort are summarnzed in
Table 1. Ina nutshell, the mean age was 43 years (range 25—
£4), and the tumor sizes ranged from 5 to 130 mm. Most
patients included in this sudy were admitted to hospital for
abnomal wering bleeding (7 =36; 33.3%), or pelvic pain/
discomfort (r="0; E3%). Other patients were either asymp-
tomatic {a=13; 12%) or had clinical symptoms of anoter
nature {(hydronephrosis, myomatus werss, leiomyoma pro-
trusion, vaginal discharge, n = 3:4.6%). No data was available
for 45 patients (41.7%). OF the 108 LBN, 104 {26%) were
localized in the werus, 2/108 (2%) in the parametrium and
in 2 cases (2%) the location was unknown, Local recurmence
after surgery was present in 19.6% (18/92) of patients — of
which 11 patients presented clinically with a myomatows wier-
us without abioptic confirmation of the lesions, 2 kad LEN, 4
UL and the last one had mitotically active leiomyoma
Additionally, two of the patients who were treated for LEN
later on developed LMS — one arisng in the vaginal stump
£ months after a hysterectomy, while the second one was a
case of wierine LMS cocurring 7 years afier a myomecimy. In
baoth these cases the tumars arose without a relation to LEN,
and as such LBN cannot be regarded as their precursor
Metmsmaes were not observed in any of the cases. None of
o patients had a personal history of renal necplasia; although
it had been reported that one patient’s faiher died of general-
ization of renal clear cell carcinoma (RCC) at the age of 61.
Microescopic evaluation revealed that all LBN cases had
sham, well-circumseribed margins (68/68; 100%). However,
the margins could not be sscermined in 4108 of the LBEN
cases a5 their interface with the myometium was not ob-
served. A majority of cases showed both inkermediae and
high cellularity (106/108; 98%), and only 2108 (2%) cases
were hypooelular, Fibrinoid necrosis of the vessel wall was
found in 6108 (6%) cases, luminal vascularoblieration in 5/
108 (3%), and a perivascular inflimmatory infilteate com-
posed of mononuclear cells in 30/ 108 (28%). Tumor regres-
sive changes like edema were present in 31.5% (34/108) of the
cases, hyalinization in 33.3% (36/108), and hyd ropic changes
im 3.7% {4/108). The chemic type of necrosis or a siepicion
of this type of necrosis was observed in anly 4.6% (5/108)
CavES,
The LBN were further divided into two subgroups: type [
(72 cases) and type I1{36 cases) (Fig. 1a, b). The LEN of type
I and Il were significantly different, based wpon the histopath-
ological characteristics presented in Table 1. LBN type I more
frequently had prominent nucleoli (x*=2023, df=1,
p<0.001) and rhabdoid-like cells (x*=21.77, df=1, p<
0.001) when compared with type [I There was no difference
between the presence of stighom vessek in typel and typeII
lesions,
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Fig. 1 Leicamyoma with hizame
mckei. Motz the prminemt
ensmophilicmdenli in fetypal.
tmenr { LA, HE, 400 x) and
marse, derik smod gad chemmatin
in thetypeTL. amaor (1B, HE, 100
x. Immamsh isnchemice]
expeessnion of FH showing
gramular positivity in 2l tumor
ells {1C, 200 x). Loss of FH
expession in tumor aells {10,
200 x). Kote the granular
pomitivity in emdothe izl cdls

Immunchistochemical Findings

I chistochemical findings are summarized in Table 3.
Briefly, the immunchistochemical analysis showed at least a
peartial Loss of FH expression in 67/ 108 (62%) of LBN cases.
I 77108 {90%) cases the expression was concondant in both
of the evaluated regions, R and G (Fig. le, d). In /108 (7%)
cases fhe G areacould nat be evalvated due to the preaence of
diffuse atypias without background areas of typical
leiomyoma. In 37108 (3% ) of LBN cases the noied expression
was different in different areas: R versus G (r=2) orin 2
different cores from the B area (r=1; -, R+, G not present)
(Table 2). Maore cases with loss of FH expression were ob-
served in LBN type [ group in comparison to the type [1 group
ix'=18.89, df=1, p=< 0001 ). In the group of type I LEN
T6% (55/72) showed loss of FH expression, compared to
33%(12.36) in type [ILBN group. In UL, loss of FH expres-
0N was present in 1750 (2%) case. Mo cases of LMS showed

Molecular Findings

Sequencing analysis was performed primarily using direct
Sanger sequencing, but this approach showed a high number
(243) of detected FH variants with a relatively highpercentge
of C>TorG=A substintions (97/243; 40% and 93,243, 38%),
respectively, suggesting the presence of sequenced fixation
anefacts (likely deamination which aross from focation). The
majority of these substitutions (82% of C>Tand 62% of(2=A)
showed low frequency pattem with an estimated variant allels
frequency of less than 25% on Sanger electropherograms
Moreover, multiple low frequency mutations were detected
in mumernous other samples. Therefore, the NGS caplure ap-
proach was implemented to setup cut-of 5 to filer out the high
mutation background. The NGS resule were compared to
Sanger sequencing data, Low-froquency variants detecied
using Sanger sequencing {variants the signal of which was
less than one thind of the wild-type signal on the electrople-
rogram) were not confirmed using the WGS approach.

Tabie ¥ The THC expression of

FH in diferent dizgnmes FH e pression LEN npal LENtype I LBN L LM3
Mo, ofevalueed qses T2 35 108 50 42
negative 55 (M%) 12 G3%) 6% 102%) ]
pesitive 17 (24%) 24 %) 41 JR%) 49 SR%E) 42 {100%:)
Abbrevatons: LEN |somyome with hizme nuds, DT osual leiomy LM leicymmmy
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Therefore, those variants were considered as fixation artifacts
that were, together with the so-called psevdogene variants,
filtered out. Two FH psendogenes were identified due to the
localization of some NGS reads inall of the sequenced cases
outide of the coding sequence of FH. Firstly, an already de-
seribed paeudogene FHP, and secondly another copy of this
peeudogene, which has not yet been described in databases.
This novel paewdogene was found by comparing the sequence
fragment (with the mutation identified using Sanger sequenc-
ing) o the human genome using BLAST/BLAT on chromao-
some 3pl3.2, This copy shows B9% homology.

Altogether, DNA sequence analysis of te FH gene was
successfully performed in 33 LEN, 20LMS, and 47 UL cases,
and revealed 57 alterations in 3120 lesions, including 56
single nucleotide variants and one complex pathogenic variant
(. [2TET>C;282delA;284C>G], p.[11e93Thr,
Ala05Val ETers]). Out of these variations, & wene protein trun-
cating [&'37 (10.5%)], 25 missense [23/37 (43.9%]], § silent
[B/5T (14%)] and 17 were non-coding [17/57 {20 8%)]. None
ofthese were found in the general splice site DNA consensus
motifs.

QOut of all the 57 identified varants, 51 variants were
unique (48 were detected once, 2 were detected in two sam-
ples, and one intronic variant was detected in 3 samples). OF
the unique variants, 24 have already been previously de-
seribed in datsbases and 27 variants were novel. Moreover,
1§ nonsynonymows variants were in the catalytic domain of
FH spanning codons 38-389. Pathogenic variants, according
o the ClinVar datahase or truncating nature of the variant
{excluding in silico analyses of missense vanank), were de-
tected in 7/53 (13 2%) LEN. Furthermore, 9 missense varians
with an unknown zignificance which were determined using
in zilico took as pathogenic or damaging were deected in &/
SILBN (15.1%:; | case carried 2 mutations).

Pathogenicor likely pathogenic mutations {class 4/3) were
detected in 35% (12 outoF34) of the analyzed type | LEN and
16% (3/19) of type I LBN {summarized in Table 1. Intotal,
1329 {45%) LBN with loss of FH expression, and 2/24 {B%)
LEN with positive FH expression carried a class 475 mutation
ofthe FH gene. No pathogenic FH gene variants were detect-
ed in UL and LMS.

Wt FH sequence—C 4 T C

In total, pathogenic, likely pathogenic, and predicted path-
ogenic mutations (acconding i databases, the truncating na-
ture of the mutation or in silico analysis ie. chs 45 mula-
tions) wene detected in 15753 (28 3%) LBM, but in no UL or
LMS cases

The detected variants were mainly of a somatic origin.
However, there was a confirmed germline pathogenic variant
inexon 5 {c6980G>T, p.R23IL; mutant allele frequency 50%:;
Fig. 2) found in one of the patients, diagnosed with LEBN at the
ageof 36. This varant i located in the conserved sequence of
the active catalytic domain (Lyase 1) of FH, and has been
described in several publications and datbeses 25 2 mutation
associated with HLRCC and multiple cutaneous and wierine
leiomyomas. The set of in silico predction tools which we
used in our study slso sugoested the damaging nature of tis
mutation

Three cazes of LEN showed a difference in the immumo-
histochemical staining of FH in an area with bizarre nucled va
an area with typical nuclei. In the firs case(R-, G+) two likely
pathogenic missense variants in exon § (p.G3E9R - mutant
allele frequency 33% and p.P410L - muiant allele frequency
30¢% ) were found, In the second case (R-, G+) and the thind
case (R-, R+)no mutation was found,

Discussion

Leiomyoma with bizare nuclei (LBN) is an uncommon var-
iant of wierine smooth muscle neoplasm Only & few stedies
with at least 10 cases (gither termed LEBN or atypical
leiomyomas (ALM)) have i date been reported, and as such
less than 400 cases in wtal have been analyzed [3, 5, 21-28].
Additional sporadic single case repors or small series have
akeo been reported [29].

LENALM was originally regarded as a tumor with a low
risk of malignant behavior, but subsequent studies have shown
that this lesion probably behaves ina benign fashion. Despite
this fact, LBN shanes some molecular featres with LMS and
it has been suggested that LEN bears some potential to sub-
sequent malignant transformation [3]. However, there are no
well documentsd deaths related to this tumor

AAGATTGGACGTACTCATACTCAGG

mvealad germline padogenic LEM; Mut-CATCAAGATTGGACTITACTCATACTCAGS
s ReTme RN o S f ]
of fumerae hydratme : 1. |'| R oy 'Y
000143 3oc 698 T T ol 0 paft A g )
PAE I e ra12 1913 123, IVULAAA AT YL A JI|“.".I 1 'III I. nn fl IIﬁL,'.I
Haternzygous variant w I UL STV T N ol oy ] o w VY L. TR
hﬁ;“:'dmﬁg Nontumor: Mut-CATCAAGATTGGACTITACTCATACTCAGE
ffom e ¥ Fallapian tube | "I L
I h . 1
N hatl . oA fia .
i} . |I |'_| 15N _I."'I (I | & I . |I
VAT A A TR AU A LA
'I ' II "] ,l': i : | I”, II'.'I | "ﬁ'- AV EE | ! Lilg

108



M. Gamgered et al

The optimal treatment of this tumor i still a subject with
some uneeriainties. Most patients are treated by hysiereciomy
and large shudies following patients treated by myomectomy
are lacking [22, 27]. In ourstwdy 1 9/45 (42%) patient treated
by mryomeec iomy showed clinical local recurmence. However,
only T of these recurrences were hisiologically verified, of
which 2 were LBM, 4 UL and 1 mittically active leiomyoma.
Based on the findings of several stedies, relapse after treat-
ment {predominantly in the form of myomectomy) was found
only in the range of (&%, but in our stedy the recumence after
nryomectonty was 42% acconding to clinical data [26, 30].
However, the LBN relapse was proven inonly 277 histologi-
cally verified cases.

From the pathologist's point of view, LBN commonly pre-
sents a diagnostic dilemma and iz probably the
leiomy ocellular tumor mest commonly misdiagnosed as
leiomyosarcoma [12]. However, when the lesion is carefully
scrutinized, and the typical diagnostic criteria are ascertained,
thee diagnosis is usually straightforwand. The biggest problem
seems 0 be the assesament of mittic activity, a5 a typical
feature of these tumors is the presence of multiple
karyorrhectic nuclel, which are easily misinerpreted a5 mito-
sg5. In this setting, the antibody against PHH3 seems to be
helpful [25, 3 1].

O of the other typical features of LEN/ALM is the pres-
ence of ecsinophilic cytoplasmic globules. However, these are
not specific for LER/ALM and can ako be found in UL,
altwough in UL these bodies are very rare. In our previous
study we were ahle to find them only in 1W42E wsual
leiomyomas (2.3%) [32]. Moreover, a staghom pattem of ves-
sek, nuclear peendoinclusions, rhabdaid-like cells, and fibril-
lary appearance of the cyioplasm can alsobe found as a part of
e LEN morphology.

Mutation analysiz of our cohont revealed pathogenic or
likely pathogenic variant of FH in LEN cases, but not in
UL and LMS cazes. Recent studies have shown that there
are at least 3 putative driver mutations or oyl genetic rear-
rangements which occur in leiomyomas. These include the
translocation t(12:14) gl 5:g24), leading to an overexpression
ofthe high mability group AT-hook 2 (HMGAZD), eocurring in
approximately 20% of UL, The other two mutations are the
el coum plex subiird 12 (M ED] 2) mstation, socurming in
6-T0f0 of UL, and the FH muktion, which canbe found in
approximaiely 20% of LBN, but is very rare in UL [3-7, 33].
In LMS, FH mutation and HMGAZ overexpression i rarely
found [34]. However, in one sudy the awthors found deletions
of FH gene in 27% of patient with UL, 30.8% of patients
with LBM, and 25% of patients with LMS [3].

Several studies have focused on the detailed morphological
aspects of LEN/ALM and some recent studies have also fo-
cused on the molecular genetic changes which occwr in these
wmors [21-23]. Based on their results discussions have
emerged, debating whether LEN/ALM represents a single
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entity or two (or more) distinct entities. In a recent stady of
60 cases, the avthors defined 2 subtypes of LBN/ALM based
on their nuclear features [ 5], Type | LEN/ALM were charac-
terized by round or oval nuclei with smooth nuclear mem-
brases, prominent nucledi with perinuclear halos, and open,
coarse chromatin, Type 11 LENALM had elongated or spin-
dled nuclei with imegular nuclear membrane, pinpoint or no
nucleoli, and dark sudgy chromating The authors wene able
to classify 95% of cases, the remaining 3% showed mixed
nuclear features of both types and were clasified based on
the predominant component. In a subsequent study {expanded
to 7T cases) the mwthors fecused on FH alierstionsby asessing
the murtation status of the FH gene and immurnohistoch emistry
with antibodies against FH and S-+{2-succino}-cystein {25C)
[28]. The results of their study showed tat 51% of LBN had
alteration dedcted by immunochistochemistry and 21% of
LEN harbored the FH gene mutation. In our stedy the come-
sponding result were 62% (67/108) and 14% (15/108), re-
spectively. Out ofthe 15 cases with FH alierations, 80% were
oftype [ and 20% were of type [ LEN. We observed loss of
FH expression in 76% LBN I and 33% LBN II {Table 3).
Class 4/5 mutations of FH were more frequent in LEN 1
(35%, 12/34) than LEN I {16%, 3/19). The description of
type I tumors in this stedy is quite simiar & wierine smooth
muscle tumors with fumarate hydratse alteration (SMT-FHs),
as describad recently [35-37].

In a large study of 1 353 uterine smooth muscle tumars, FH
deficiency was detected in B6 cases (3.43%). The frequency of
FH deficiency was the highestin LBNALM (37.3%), while it
was low in waeal leiomyomas (1-2%). None of the included
leiomyosarcomas showed FH deficiency. The authors dedect-
ed 17 non-atypical leiomyomas with abemant FH expression
in a group of 105 § leiomyomas [18]. Marpholegically, 13/17
cases contined at least some cells with mildly enlarged eo-
sinophilic meclesli, 13717 with ecsinophilic cytoplasmic in-
chigions, and 17717 with staghorn vessels. The molecular ge-
netic findings in 16 of these tumors showed abnomalities in
the FH gene in 30% (n=E§). In this study, the awihors also
anabyzed 1 &2 cases of LEM/ALM. They observed loss of
FH expression n 37.3% (68/182).

FH deficient tumors were often asocisted with FH mut-
tigns. These mutations vary from single nucleotide substitu-
tions i whole gene deletions. The mest commonly reported
changes are single nucleotide substitutions. Among the less
frequent FH alterations were frameshift mutations, splice site
mutations, and gene deletions [7, 3E]. In our study the reported
variants included missense (44%) and frameshift {5%) mut-
tions, but no splice site nutations. There is no clear evidence
of a genotype-phenotype correlation. Gemline muttions in
the fiemarase/fimaraie hpdratase (FH}-gene are associaied
with hereditary leiomyomatosis and renal cell cancer
(HLROC) syndrome, which predigposes camiers to the devel-
opment of cutaneous and ulerine smooth muscle tumons s
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well as kidney cancer, frequently in the form of papillary renal
cell carcinoma.

A germline missense mutation (Nh_000143.3:c 608(=T:
p-R233IL) was determined inone patient with LEN diagnosed
at the age of 36, The damaging nature of this variant is sup-
paried by several publications and database entries (Clinar,
dbSNP, HGMD) which show it association with HLRCC and
multiple cutaneous and wterine leiomyomas [39, 407.

Immunchistochemistry can be helpful in the screening of
tumors with suspected FH deficiency. FH is believed tobe a
wmor suppressor gene and inactivation of both FH alleles
results in complete loss or reduction of the FH's enzymatic
activity and leads o fumarate sccumulation. This increased
level of fumarate slso modifies the cysteine residses in many
proteins, resulting in an incressed protein swecination and pro-
duction of S-{2-succino)-cysieine (23C), The loss of FH -
FTymatic activity result in negative FH and positive 25C on
immunohistochemistry. An algorithm combining the antibody
against FH and 25C has been suggested as having a high
specificity for identifying mutations in the FH gene, includ-
ing, HLRCC-associated tumers [17, 18, 21, 37], Tumaors
which are: FH negative25C positive andior FH positive/25C
positive are suspected of FH genetic alterations, including
homezygous deletions and mutations [21]. The probability
of FH mutation in tumors which are FH positive/25C negative
& very low. In one study, of the 41 25C positive cases, 39
showed loes of FH expression. The remaining 2 cases which
wene positive for both FH and 25C did not reveal any FH gene
mutations [28]. In another study of 31 cases of LBN the an-
theors found aberrant FH/2ZSC expression in 17 tumars (16 FH-
negative/28C-positive; | FH-positive/28C-positive).
Massively parallel sequencing (n=24) found that 13/14 -
mors with an abemant FH/2SC immunoprofile had FH gene
alerations, including homozygous deletions (=7 and mu-
mtions {n=4). Mo FH gene alierations were found in tumors
with normal FH/2SC immunophenotype [21]. The problem of
using this algoritm in routine practice is that the antibody
against 25C i, to our knowledge, currently not commencially
available. Moreover, according to seme studies, this antibody,
despite being highly sensitive, lacks specificity. Nevertheless,
e sensitivity and specificity of the antibody against FH is,
acconding to some stsdies, high even when not used in com-
bination with 25C [§, 41].

Conclusion

In conchsion, the results of our study have confirmed that
despite their worrisome nuclear features LBN behave in a
benign fshion, although relapse is possible. We have found
that FH gene nutations are a commdan finding in LEN, but in
our study they do not oocurin any of the cases of UL or LMS.

In LEN, immmumohistec hemistry with antibody against FH
seems to have a moderate sensitivity (E7%) and specificity
(58%) with regard to predicting the FH gene mutations. We
believe that immunchistochemistry can be a cheap and effioc-
tivetool, which could be used asa sereening method in tunors
with features suggestive of FH alterations o identify patients
who are at risk for the FH aberrations, including herediry
leiomyomatosis and renal cell carcinoma (HLRCC)
Haowever, to be able to draw definite conclusions conceming
the wse of ant-FH antibody in this setting fisture studies with
larger coharts are needed.

Fundiing Infosmation This wok was supponed by Ministry of Hamlth,
Czech Repoblic (Coneepinal development of researdh omganimtion
64165, Genem] University Hospital in Pegoe), by Chades University
(Praject Progres Q2B/LF1, UNCE 204065 and SVV 260367y, by
Ewropean Regional Develo pment Fund, prject EF16_013/000 1674 and
BEMRI_CZLM201 5089, and by OPPK (Ressaxch Labhoratry of Tumor
Diseanes, CZ.2 1675 10024509,

Compliance with Ethical Standards 1n complince with fe
Hedsinid Dieclamtion, the project ha heen approved by Eics Commite
of tha (emneral University Flepital, Pragns {refessnces mumber £j. 9876
Gt RVOLVFN 64165).

Competing Interests  The aothom declass that thery have no competing
it

References

1. Bdl3W, Kempson R L, Hendrickson MR (1994) Problematic mer
me smooth muscls neoplame. A climopathologio sody of 213
cmes. Am J Sarg Pathol 18(6):535-558

2. Kuman R, Carcangin ML, Young RH, Haringion CSE 2014)
WHO Clessifietion of tnmours of #mals reprodoctive organs,
4 edn. TARC, Lyon: 307

3 LieglAtzwanga B, Heimer E, Flicker K, Muller 5, Uz B Saglam
0, Tevamsoli F, Devoumsmane-Shishshomn M, Gaigl 1 Maoinfar F
(2018) Explosing chn al at al ities 2. gemetic changes
in ubarine smooth mascle twmors. Miod Paghol 2% 10 1262-1277.
hitps i org 10,1 (38 madpathal 20 16107

4. Makinen M, Kampjarvi K, Frizeell N, Busow R, Vahtesisto P
{201 Ty Characerimton of MED] 2, HMGAZ, and FH altrations
rervestl s minl eculer varishility in mwerine smooth muscle tomors. Mol
Cancer 16{1 101, hitpsdoiorgf 0.1 186751208 3017067 2-1

5. Lihago M, Thang O, Kim JI, Kong B, W 11{20156) Two subtypes
of atypica] L ormyoma: obimi ], histolo gic, and molscolar anatysis.
Am J Swrg Pathol 40(7):923-933% heps: Mol org/ 10109V PAS.
OO0 D000 GES

6. Nibert M, Ham 5 {1920} Lhesine keiomymma cyingmetio. (enes
Chromosomes Cancer 3{1:3-13

7. Lehsmen R, Kium M, Vanhaomta 5, Sjoberg I, Ademen LM,
Adsomalki K, Arola I, Busow B, Eng ©, Husgafvd Pursiainen K,
Isola ), Jarvinen H, Koivisin P, Meddin JP, Pebomalki F, Salnaan
R, Wasenmos Vi, Karim A, Lamonen V, Mupponen MM, A slonen
LA {2004) Biallelic mactivation of famemie hydooss (FH) ooours
in noms yndromic wesine 1aiomyomes bt i rae in other fmons.
Am J Pathol 164(1):17-22. https=doiorg/10.1016/30002-
Q480 16300 1-X

£l Springse

110



M. Gamgervi o1

Hamison W1, Andrici ], Mackean F, Madadi-(Ghahan B, Farzin M,
Simaon L, Toon O, Clrdson A, Watson M, Pideest 1, Field M,
Crook A, Tocker K, Goodwin A, Anderson L, Srimivasan B,
(rossmam P, Martinek P, Ondic O, Hes O, Trpkov K, Qifion-
Bligh B, Drvight T, Gill AJ (20 16) Frnane nskatss.deficien
nierine laiomy omas oomr in hot the syndromic and sporadic set
tings. Am J Surg Pathol 40050 599-607. httpeidoi arg/10. 1097
PAS D0000000 0000573

Visaukko-oja SK, Kinm M, Letinnm HI, Letionen R, Puldal E,
Arola I, Lavmonen WV, Aalonen LA (23006) Analysis of fimame
hydratess mubtions m 2 popolatonhaed series of sarly onset
nizmine laomyosarooma patiens. Int J Cancer 11902283287,
Thips: o iorg 10,1 0025 21798

Barber KT, Spendlove HE, Banu N3, Bridge JA, Fisher C, Shipley
1, Gamat M, Mamwonda [ Houlstm 'Rﬂfmﬂu w:dutuﬁr
epigenetic inactvation of £ hyed im Resicamyy
leiomymsaroomes. Cancer Lett 2551 ) 136=1 40, }m]'n..'ifdlm:l;g'"ll].
101 & canlet 200504 017

Alam MA, Olpin 5, Rowan A, Kelell T, Leigh T, Tomlinsm P,
Weaver T (2005 ) Missense masation 5 in fumenste hydratase in mul-
tip e oo tenenus and merine e is and remal cell cancer. J
Mol Diisgn N 437443 htps:Vdoiog/10.10 165 15251 57810}
G057 40

Llzmas Aelasoo M, Rauena L, Adam 1 Frizzell N, Hagtmam A,
Mianitze] T {30 16} Loss of fomamds hydratess and abemant peoisin
sucoinaton detsater] with 5-2 Succino)-opsteine siining o idens-
fy pl:mh with H'nh[iu cuansms and warine Laomyomadsis
and is and renal cell @ncer syndmme.
Am J Dermatpatho] 381 2eBE7-R2 1. htpsVdoiong/ 1010977
DAT OO0 MIEED

Wi 10 2014) Atypical la omyome widh Eatres suggesting offo-
maraie ot munton. Int J Gynecol Pathol 35(60531=536
Tt e o 10L 10O D00 D000 0000I2 75

Linghan WM, R it TA (201 %) Maolecular pag £

yd mise-deficient kidney caner-ugating tuW.l'b:lg effext im
cancer. Clin Cancer Res 1913 3345-3352. hitps/doiorg]0.
1158107 80432 OCR-13-03 04

Tomg WH, Sowrbier C, Kovinmanych G, Jeong 3, Vim M, Ghosh
M, Romero VV, Sougmt B, Vaulnt 5, Viollet B, Kim Y3, Lee 5,
Trepel 1, Srinfvasan R, Brasboysky (0, Yang ¥, Linshan WM,
Reoumk TA (2011) The ghyoolytsc shif in fumarstehydratss.
deficient kidney cancer lowes AMPK levds, maemes mzbaolic
propensities and lowers cellular inon levels. Cancer Cael 2003
315=327. hitpsAdoi og /10,10 165,201 107018

Teomlimson IR Alem MA, Rowan AL Barclay E, Jasger EE, Kelsell
I, Leigh L Cikmman P, Lamium I, Rahman 3, Roylance BR, Olpin
5, Bevan § Badeer K, Hada M, Houlsion RS, Kivro M, Léhiomen
R, Kt A, Vilkld 5, Ladho P, Bidund C, Vierimea 0, A isomald K,
Hietzlz M, Sistonmn P, Pastan A, 54 R, HewvaR, L

W, Azkonen LA, Mulipl Leiomyoma C (2002) Germlins mut
tioms in FH prechi spese i domin an thy inh ariiesd merine fibenids, skin
leiomyomats and papil lary enal call cancer. Mat (emet 30 &cdl6-
410, bt Vedoi o 10,1 (3R mged

Trpioory K, Hes (0, Agaimy A, Banert M, Marting: P, Magi-Gallozi
C, Kristiansen (3, Loders C, Nesi {1, Comperat E, Sihony M,
Beamey DM, Metra B, Brimo F, Hartmamm A, Hossin A, Frizzell
M, Hilks K, Madeen F, Srinivasan B, Gill AJ (20146) Funanis
Ty et deficiemt memal ol cercinoma is stnonghy comelaesd with
fumarade hydratese mutation and herediary la i amd
rmnal el cardnome syndrome. Ami J Surg Paghol 4007 R65-875.
Ttz iekoiomg 10109 TPA SO0 00000 000 00617

Buelow B, Cohen I, Magymamold Z, Frizzell N, Jossph NM,
MoCalmont T, Garg K (2014) Immunohistachemisty for 2-
Succinocystane (2350) and Fumarese Hydratses (FH) in ouaneoms
leiomyomas mey &d in identifimtion of paienss with HLROC
{ Hereditary Leiomyomatosis and Renal Cell Carcinoma

€] springer

20

2L

23X

2%

24

25

26.

7.

IR

9.

30

3L

3

111

Syndmme] Am J Sy Pathaol 40(7T9R2-988. higs Mdoiorg 10,
1O TPAS 0 (0000 (OO0 (KG25
Wi MH, Towme O, (Glenn (M, Pifimicpakom M, Nedoers L, Siolls
C, Choyies P, Grobb B, Middelbon L, Tumer ML, Walther MM,
Mering M1, Zhar B, Linshan Whi, Tom JR (2006 ) Movel muttons
in FH mand expansion of the spectrum of phenotypes enxgpressad in
famidlies with hereditary leiomyomatnsis and =l o=l caner. J
Mad Genet 43101827, hips S oiorg/1 0.1 136 meg 2005 033508
Mclaren W, Gil L, Hont 3E, Rizt HS, Richis (R, Thomam A,
Flicsk P, Commingham F {2016) The Ensemil variant offect pedic
fow. (Genome Bial 11122, hitpsfdoi og/10. 11 885 130592016
744
Beanat] A, Weigsh B, Chizng 5., Selenica P, Chen VB, Bialik A, Bi
K, Sdmltheis AM, Lim RS, Ng CKY, Morales-0) varvide V, Ym g
R, Reuer VE, Soskow MD]ME {ﬂl]‘?}'l'.mnrrl_l,-u'ruwﬂl
izame mud e & maorphak o] and moleo
ular malysis of 31 cmes Mod Patual 30 10147 6=14 88, https:
dai_omg/10. 138 maodnath ol 20 17,56
Crocs 8, Young RH, Oliva E (2014) Tharine kdomyomas with
himme mudd: 2 dincoméhologio study of 59 cases. Am J Swrg
Pathol 38(10):1330=1339. https://doi.org/10.1097/PAS .
OO00D0NN0N249
Diastranj Tabrizi A, Ghojamdeh M, Thagizadeh Amar T, Vahedi A,
Maji 5, Mmstfidi E, Beremjian 5 (201.5) Enmamohi sinchemi ol pro-
ﬂnufmﬁuhiun]urrlw:it izares noclei; oompanison with
ABE T v Je tumos of unoarzm mae
harmtpnil'l:n]md leiomyosaronma. Ady Pharm Ball 5{5agp] 1
GE3=68T. hitpsdoiorg 10,151 71/52ph. 2015093
Kafeli M, Caliskan 5, Kurtoglu E, Yildiz L, Kokan A (2017)
L sy oma with hizams moclei: climimal] and pathologic Satores
of 30 patients. Int J CGhymeool Paghol 3 7:379-387. hps:fdoi og !
10109 PP D000 D000 0042 5
Limg ¥, Zhang X, Chen X, Lu W (2015} Dizgnostic value of
progestanones receqror, plb, p53 and pHHY expeession in werine
afypicl kiomyoma It J Clin Exp Pathal 86071967202
Ly A, Millk AM, McKemey JK, Bazer BL, Kemgson EL,
Hendrickson MR, Longace TA (2013) Anpical leiomyomas of
the wems: a clinicopatwlogic sudy of 51 cases. Am J Sarg
Pathol 37(5):643 =649, https:/doiorg/10.1097/PAS.
b 1 2231 B28 93135
Smg 00, Alm (G, Song 5Y, Choi Y1, Bas IS 2009) Atypical
leimmyomas of the wems with long-emm follverap afier myomec
ey wigh immamohi sinchemi @] anahysis for plGINES A, p53, Ki-
67, estmgen moeptons, amd recepiors. It J Chymesao]
Pathol 2R({6):529=-534. https://doi.org/10.1097/PGP.
b0 1 323181 2Zh B3
Fhang (), Poropatich K, Thhagn J, Xie I, Xu X, Frizell N, Kim I,
Kmng B, Wei 17 {2017) Funamis nydraiass muasions and ol e
ations in Leiomyoma with bizame mudal. IntJ Goymennl Paghal 37:
421 =430, hetpsafdoiorg’ 10,109 VPGP0 00000000 £47
Kalogianmidis [, Sonvrakis T, Dagldis T, Panusis 5, Nikolsidon C,
Venizedos I Rousso D (201 &) A clinicopadol ogical study of atyp-
ical lsiomyomes: bemign variant keiomyoma or smooth-mosde w-
maw o funcentin malignant potential. Onop] Lett 1102142 5=1428.
hitpsdoiomg 10389001 2015 4062
Mills AM, Ly A, Baker BL, Hendrickson MR, Kempson RL,
MK amey JE, Longaas TA 2013) Cell oyl reguleiry markers
im merine atypio] leiomyoma and leiomyosanoma: immemiohi sn-
chemical of 68 cmes with climical follbwaop. Am ] Sarg
Pathol 375 634=-642. https: Vdoi.org/10.1097/PAS.
Ob0 35182877790
Pang 81, LiCC, Shan ¥, Lim ¥Z, 5hi ¥, Lin YX 2015) Vale of
ommting positive FHH? cdls in fhe disgnosis of merms smooth
mascle semaors. Int J Clin Exp Pathol 854 418-4426
Drmidr P, Pavysil C, deiD,HnH{MT}Unu]mn'nyum
with imchisim bodies: an el and al 1




Lo yparn.a with Bizare Muclé: & Shidy of 108 Cres, Foauing on Clrikopethalogiedl Festuss, Marphalogy

anahysis of 12 cases. Pathol Res Pract 2030 ¢ 145-151. htps i

g1 0,101 G5.prp 2006, 1.2.008

Makinen N, Vahieristo P, Kempjarvi K, Arol ], Buzow R,

Aalirmen LA {3013y MED]2 exon 2 masadion s in hisiopadho kogical

uierine ldomyoma variants. Eor J Hum Ganet 21{11c1300-1303.

itz doiomg 101038 %jhg 201333

Makimen N, Asvildo M, Heilicinen T, Teipals M, Taipals I,

K:n-:l-:-K:nndu'R. Buzow K, \Hm?{ﬂ]]ﬁjﬂnunulu
g of idemti fien Fequent

n TP‘_‘AJ, ATRX, md'H'ED]E PLoS Genet 122 joa 100SES0. hitpe:

doi n7g/10.13 71 jownal pgen. 100585

Reym C, Ksramumin Y, Frizzd | M, Garg K, Nonaia T, Chen YB,

Saslow RA (201 4) Uierine smooth muscle mmon with faxtomes

38

0.

Hmu?dmtﬂmﬁ,“’q'ﬂ,ﬂlmﬁ Wang Z,
Eume.T.ml{Zl]]ﬁj“ i

uirine}

lar gemeti Ilﬂc]:rncqnllitg:c
mdyufﬂﬁuu.hnlﬂug?ddﬂ]ﬂt]ﬁ] 1668, htpsfdoi.
arg/1 0L 1097 /PAS. 0000000000 0007 03

Picand 5, Kxvamagh KL, Yioe WW, Les WIH, MullerKnapp 5,
(il O, Sacchedtini I, Opy {2011 5 ] hasis of
fimarate hydmtess defidency. J Inherit Meth Dis M40 08 71-676.
Tt Sicdooi o 10, 10075 10154 540 11-9294-8

Chuang G5, MartnezMir A, Geyer A, Engler DE, (laser B,
Cserhalmi-Friadman PR, Gordon 0, Howw L, Lokash B, Heman
E, Cid MF, Beemmer 5, Landan M, Spescher E, Garcia Mhmet MF,
Chistiano AM, Tlongomid A (2005) Gemmline fmments by dodes

sugpesting fimarass hydratese shermation: du.lhdn'bu'phing:c it and evidence fira founder muitstion unded ying mubtiple
anahysin and aovmelation with 54 2-succina)-oyseine i - and werine k yomate JAm Aad Deamain] 520 Pr
chemiszy. Maod Pafal 2771 020-1027. hipsdoiog10.1058 170d 104 16. hiips doiarg10. 10167 jazd 2004 08051

maxipafi L2 3215 41, SieglerL, Erher R, Burghans 5, Prodi o T, Wackisr i, Wilkinson

Sarz-Oriega 1, Vocks C, Stratton P Linshan WM, Mering MJ
(2013 Marphologic and molecular characteristios of werine
leiomyomas in hereditary kiomyomainsis and renal cancer
(HLROC) syndrome. Am J Sorg Patol 37 1):74=R0. hips idai
a/TLI09NPAS (hD1 23182 S 16F

Jomeph MM, Sokemam DA, Frized] M, Rabban IT, Zaloudek C,
Carg K (2015 'an:hi:gy and immamoch isndhamistny for 250
amd FH 2id in d e iy gene shermtinns in
ierin & e oS iun young patienis. Am ] 'ﬁ!g Paghal 711}
1529-1 539, s i oiorg/1 0L 109 VPAS 0000000005 20

N, Bolion I, Seringfllow T, Haller F, Beckmann MW, Hastmann A,
Agaimy A (2018) Funamies hydatse (FH) defidenoy in werine
]mu'rlyurrlu recognition by histological featmre versos hlind

ing. Virch Arch 4TH5xTRO-T9. hitps-Udoi.
argl 01007, 500 2501822926

Publisher’s Mobe Springer Naine remains nantm] with regard in jorisdio-

tiomzl o sims in publisk

112

] acffil intions .

d maps and i

£l Springer



Virchows Archiv
hittps-/idolong 10.1007/00428-021-03217-z

ORIGINAL ARTICLE

Chack for

Uterine cellular leiomyomas are characterized by common HMGA2
aberrations, followed by chromosome 1p deletion and MED12
mutation: morphological, molecular, and immunohistochemical study
of 52 cases

Pavel Dundr'® - Marla Gregova' - Jan Hojny" - Eva Krkavcovd' - Romana Michalkovd' - Kristyna Némejcovd' -
Michaela Barid" - Nikola HéJkovd' - Jan Laco® - Michal Mdra® - Adéla Richtdrova® - Toma2 Zima® - lvana Strufinska’

Recatved: 30 July 2021 / Revised: 14 Saptember 2021 / Accepted: 30 September 2021
©The Author(s), under exclusive licence to Springer-Verag GmbH Garmany, part of Spanger Nature 2021

Abstract

Cellular leiomyoma (CL) represents an uncommon variant of uterine leiomyoma with limited data concerning its immunohis-
tochemical and molecular profile. We performed a comprehensive analysis of 52 CL cases all of which were analyzed immu-
nohistochemicalty. Molecular analysis was possible in 32 cases with sufficient DNA. and 38 cases with sufficient RNA. The
immunchistochemical results showed a high expression of smooth muscle markers (calponin (100%), desmin (100%), smooth
muscle actin (98. 1%), caldesmon (96, 1%:), transgelin (96.1%), smooth muscle myosin heavy chain (86.5%), and smoothelin
(61.5%)). Concerning markers of endometrial stromal differentiation, the expression of CD 10 was observed in 63.4% cases
(42 2% with H-score > 300, and [FITMI in 36.5% cases (1.9% with H-score = 50). 36.5% showed HMGA 2 overexpression
at the THC level, associated with increased mENA expression in 14/14 cases. The rearrangement of the HM (A2 gene was
detected in 13.2%. Chromosome |p deletion was found in 19.3%, while 9.4% of tumors showed a pathogenic mutation in the
MED2 pene. In conclusion, CL is immunohistochemically characterized by a high expression of “smooth muscle” markers
commaonly associated with a co-ex pression of “endometrial stromal™ markers, where IFITM 1 shows superior performance
compared to CI 0 regarding its specificity for diffzrentiation from endometrial stromal tumors. The sensitivity of smoothelin
in CL seems rather low, but no data is available to assess its specificity. On a molecular level, the most common mutually
exclusive aberration in CL affects HMGAZ, followed by chromosome |p deletions and MEDS 2 mutations.

Keywords Cellular keiomyoma - MEDV 2 - HMGAZ - Chromosome [p - NGS - ddPCR
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Cellular leiomyoma (CL) is uncommon and represents less
than 3% of all uterine keiomyomas [1]. A correct diagno-
sis is crucial, as the differential diagnosis includes not only
benign kesions such as endometrial stromal nodule (ESN),
but also malignant tumors, especially low grade endo-
metrial stromal sarcoma (LG-ESS) and kiomyosarcoma
(LMS) [2-5]. The morphologic diagnostic criteria are well
established, but there are cases which cannot be diagnosed
with certainty based on the morphology alone and ancillary
methods are needed. Currently, the molecular classifica-
tion of tumors is gaining significance and the knowledge
of recurrent molecular aberrations is increasingly used in
the differential diagnostics of several tumors. The spectrum
of aberrations occurring in usual lziomy omas, which are
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mastly characterized by the MED] 2 mutation and kess com-
monly by HMGAZ overexpression, is well known [6-9]. The
third molkecular subtype of kiomyoma is characterized by
fumarate hydratase (FH) deficiency. which is typical for FH-
deficient keiomyoma and a subset of leiomyoma with bizarme
nuclei (LBN), but is absent or very ram in usual keiomyoma
(UL} [10-12]. However, the knowledge of mobecular find-
ings occurring in CL is limited. In our study, we focused on
molecular aberrations occurring in CL with respect to the
three molecular kiomyoma subtypes, their mutual exclusiv-
ity, the occurmence of cases with chromosome |p deletion,
and the assessment of other molecular changes with a pos-
sible rcurrent pattern. Moreover, we performed a complex
immunohistochemical analysis using a broad panzl of anti-
bodies potentially useful for differential diagnosis between
CL and endometrial stromal tumors (EST). including some
less commonly wsed antibodies (transgelin, [FITMI) and
antibodies whose expression has not yet been analyzed in
CL (smoothelin). We also analyzed the expression of other
antibodies with possible diagnostic meaning whose expres-
sion has not vet been analyveed in CL (BCOR, NTRK, ALK,
HMB43) or has been analyzed in only & limited number of
cases (COV 7. CD44). Finally, our IHC findings were com-
parcd with the available literary data.

Materlals and methods

The archive files of our department were scarched for cases
diagnosed as CL. All cases wer reviewed independently
by two pathologists (PD) and KN) and only the 52 con-
sensual cases meeting the strict diagnostic criteria of CL
were included in the study. The main diagnostic criterium
for differentiation between usual and cellular kiomyoma
represenied a substantially increased cellularity compared
to the surrounding myometrium (if present). If the myo-
metrium was absent (myomectomy or morcellated speci-
mens), only cases in which the subjective impression of
hy percellularity was supported by other features typical of
CL., such as thick-walled vessels and the presence of clefts,
wene included in the study. Microscopic features assessed in
each tumor selected for the study included: nuclear atypia,
mitotic figures (per 10 HPF equal to 2.4 mm’), margins
(sharp; irregular—undulating uneven margins with possible
intersecting fascicles of myometrial smooth muscle; infiltra-
tive—tongue-like infiltrative appearance with a dissection of
myometrial smooth muscle), hyalinization (absent; present;
rame ), hyaline plagues—plague-like areas usually occurring
in endometrial stromal tumors (absent; present; rar ), neural-
like areas (absent; present; rare). satellite nodules (absent;
present ), clefi-like spaces (absent; present; rare); and large
vessels with a thick muscular wall (absent; present; rane).
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Immunohistochemical analysis

The immunohistochemical (IHC) analysis was performed
using 4 pm thick sections of formalin-fixed and paraffin-
embedded (FFPE) tissue using tissue microarrays (TMAz)
The eligible areas of tumor were identified and two tissue
cores (each 2.0 mm in diameter) were drilled from the
donor block using the tissue microarray instrument TMA
Master (3DHISTECH Lid.. Budapest, Hungary ). The only
exception was the expression of smoothelin, which was
assessed on whole tissue sections due to its limited and
commonly weak expression. The expression of the fol-
lowing antibodies was examined in each tumor: transge-
lin, smoothelin, smooth muscle actin (3MA), IFITMI,
fumarate hydratase (FH), CD 0, desmin, caldesmon,
BCOR, CIM4. calponin. smooth muscle myosin heavy
chain (SMMHC), pan-TEK, ALK, CI} 117, and HMB45.
The clones, manufacturers, dilution, and staining instro-
ments for all antibodies are summarized in Table |. The
immunochistochemical results wene assessed according to
the overall percentage of positive cells (0-100%) and then
also semi-quantitatively, using the H-score. This method
is based on the assessment of the percentage of positive
cells based on the level of staining intensity (| + for weak
intensity, 2 + for moderate, and 3 + for strong intensity ).
The final H-score for each case is then calculaed by add-
ing the multiplication of the different staining intensi-
ties according to the following formula: I1x (% of cells
I +)+2x (% of cells 2+)+ 3x (% of cells 3 +), resulting
in an H-score value of O — 300. For the comparison of
our results with literature data, cases wene classified based
only on the extent (not intensity ) of expression as negative
(0%), positive (any positivity ), and 3 + positive (= 50%).
The literary data concerning the extent of HMGAZ expres-
sion necessary to be classified as an “overcxpression” is
not well defined. In our study, we used the same criteria as
Bertsch et. al., and moderate to strong expression in = 30%
of tumor cells was classified as “overexpression” [13].

Maolecular analysis

Capture NGS analysis of DNA and RNA was performed
for all qualitatively sufficient cases: 3452 (61.5%) DNA
and 3852 (7315 RNA.

Genomic DNA and RNA were isolated by the DINAJ
RMNA FFPE isolation kit (ZymoResearch) according to the
manufacturer’s protocol. DNA guality control was per-
formed by gPCR assay, as described previously [14]. The
isolated total RNA samples were characterized by Frag-
ment Analyser capillary electrophoresis system (AATI)
using Standard RMA kit (AATI), resulting in an RNA
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Table 1 List of immunohistochemical antibodies

Antibody  Clone Dilution Producer Platform Deetaction
Transgelin  ZAWMC? 12300 Cell Marque, Rocklin, CA, USA Ventana BenchMark ULTRA (Roche,  OptiView
Basel, Switreriand)
Smaoothelin R4A 1:50 Zeta Corporation, Sserra Madre, CA,  Ventana BenchMark ULTRA (Roche,  OrpliView
LI5A Basel, Switreriand)
SMA 144 1:800  Dako, Glosgrup, Denmark PT-Enk (Agilent, Santa Clara, CA, EnVision FLEX (Agilent)
USAD
IFITMI polyclonal  1:3000  Abcam, Cambridge, United Kingdom  Ventana BenchMark ULTRA (Roche,  OptiView
Basel, Switreriand)
FH polyclonal  1:500  Abcam, Cambridge, United Kingdom  PT-Enk (A gilent, Santa Clara, CA, EnVision FLEX (Agilent)
USAD
CDIl0 566 1:50 MNowocastra, Leica Biosystems, Wetzlar, Ventana BenchMark ULTRA (Roche,  OptiView
Germany Basel, Switnertand)
Diesmin 033 1:300 Dako, Glosrup, Denmark Ventana BenchMark ULTRA (Roche,  OpliView
Basel, Switreriand)
Caldesmon  BCD 1:50 MNowocastra, Leica Biosystems, Wetzlar, PT-kink (A gilent, Santa Clara, CA, EnVision FLEX (Agilent)
Germany USA)
BCOR C- 1 1:50 Santa Cruz Bickechnology, Dallas, TX, Ventana BenchMark ULTRA (Roche,  OptiView
LI5A Basel, Switreriand)
D44 DFI485  1:1000  Dako, Glosrop, Denmark PT-Enk (A gilent. Santa Clara, CA, EnVision FLEX {(Agilent)
USAD
Calponin -~ CALP 12400 Diako, Glosgrup, Denmark PT-Enk (Agilent, Santa Clara, CA, EnVision FLEX (Agilent)
USAD
SMMHC  BMMS1  1:50 Drako, Glostrup, Denmark PT-Enk (A gilent. Santa Clara, CA, EnVision FLEX {(Agilent)
USAD
PanTRE  EPFRI7341 1:350  Ahbcam, Cambridge, United Kingdom  Ventana BenchMark ULTRA (Roche,  OpliView
Basel, Switreriand)
ALK D3F3 12100 Cell Signalling, Damvers, MA, USA Ventana BenchMark ULTRA (Roche,  OpliView
Basel, Switreriand)
Co117 polyclonal 14000 Dako, (Glosrup, Denmark PT-Enk (Agilent, Santa Clara, CA, EnVision FLEX (Agilent)
USAD
HMB45 HMB45  1:100  Dako, Glosrop, Denmark PT-Enk (A gilent. Santa Clara, CA, EnVision FLEX {(Agilent)
USAD
HMGAZ  DIAT 12400 Cell Signalling, Damvers, MA, USA PT-Enk (A gilent. Santa Clara, CA, EnVision FLEX {(Agilent)
USAD

SMA smooth musche actin, FH fumarsie hydratase; SHMHC smooth muscke myosin heavy chain

Cuality Number (RON: median 3.3; range 1.1-10). Ampli-
fication capability was assessed by qPCR assay as a part
of the FusionPlex protocol (Archer[X).

Targeted NGS DNA analysis, biostatistical evaluation,
and the interpretation of data was performed as described
previously with minor changes [14]. The samples were
processed using KAPA HyperPlus Kit (Roche) according
to the KAPA HyperCapture protocol (Roche) and custom
hybridization probes (944 kbp of target sequence, includ-
ing 765 kbp of coding megions of 300 genes; Supplemen-
tary Table |; KAPA HyperChoice: Roche). The RNA sam-
ples were processed by amplicon RNA NG S using Archer
FusionPlex Sarcoma Expanded Kit (Archer}X) according
to the manufacturer’s protocol. Five samples with undeter-
mined HMGAZ fusion or detected low read count fusion
were reanalyzed by targeted capture RNA-Seq approach
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using KAPA RNA HyperPrep Kit (Roche) with o panel of
hyhbridization probes (373 kbp of target sequence: 147 genes;
Supplementary Table 2, KAPA HyperChoice: Roche). The
prepared libraries wene sequenced by the NextSeq instru-
ment (Illumina) using the NextSeq300/ 530 High Output Kit
v2.5 (300 Cycles) according to the manufacturer’s protocol.

Copy number variation (CNV ) was evaluated using an
algorithm in the NextGENe CNV Tool {Softgenstics). The
variants (including lg, MED{2, and FH deletions) were
evaluated in all cases. Precise CNV data analysis of the
entire sequenced region was limited in several low-guality
samples (complete CNV anatyses wem possible in 21 cases).

Fusions were evaluated from amplicon RNA NGS data
using Archer Analysis software v3.1.7 (ArcherDX). Low-
reads fusions or undetermined HMGA2 fusions wen fur-
ther inspected based on the capture RNA-Seq data in the
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CLC Genomics Workbench and compared to the Archer
FusionPlex results. Low-read fusions wene considered only
when detected by both the amplicon and capture RNA NGS
approach.

Detailed pipelines of all NGS data analysis together with
module settings are available upon request.

Droplet digital PCR (ddPCR) expression analysis
of HNGAZ mRMA

Complementary DNA (cDXNA) was synthesized from 2 pg
of total RNA as described previously [15]. The expression
analysis was performed using the QX200 ddPCR system
(Bio-Rad), guantification kits for probes (Bio-Rad), and
custom FAM/HEX guencher probes. The amplicon in the
POLR2A gene (located in the exon 27 and 28) was used as a
reference and the amplicon in HMGA2 (located in the exon
| and 2) was used as a target (Supplementary Table 3). The
reactions were prepared in multiplex PCR reactions using
the ddPCR Supermix for Probes (Mo dUTP; Bio-Rad), 10 pl
of cDNA emplate (approx. 5300 ng of total RNA; where
available) and 3 pmol of sach of the two primers and two
probes (250 oM final concentration) in a 20 pl maction
volume. Droplets were generated in the QX200 AutoDG
instrument (Bio-Rad) and amplified according to the manu-
facturer's protocol. The resulting data was acquined by the
QX200 Droplet Reader instrument (Bio-Rad) and analyzed
by QuuantaSoft (Bio-Rad).

Samples with > 10 reference POLR2A emplates per | pl
of cDMNA wer further evaluated (the ddPCR expression
analysis of HMGAZ mRNA was possible in 40052 cases ).
Given that the median of expression of POLR2A in a healthy
uterus is 144.4 TPM (Transcripts per million) and expres-
sion of HMGAZ is 0.02 TPM (according to GTEx Portal
[ratabase), we considered a high HMGAZ2 expression to
be=0.25 of POLR2A [la6].

Results

Fifty-two cases were included in the study; 50 originated
from our routine in-house fiks and 2 cases were sourced
from our consultation files. Both consultation cases were

sent for a second opinion with a differential diagnosis of

CL and EST. From the in-house cases, only 2/30 {4%)
were diagnostically challenging and the differential diag-
nosis of CL and EST was mentioned in the original biopsy
report. In 15/50 cases (30%), immunohistochemistry was
used during the routine pathological assessment to confirm
the keiomyocellular differentiation of the lesion. The basic
clinico-pathological data for all patients in the study (age.
tvpe of specimen, size. or weight of the tumor) are summa-
rized in Table 2. Microscopic findings together with THC and
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Table 2 Basic clinico-pathological data

Climical and gross featumes (number of

cases)

Age (52); years Range 22-74
Mean 432
Median 425

Surgical procedure (51) HE 5
Myomectomy 3
Morcellation 23

Diameter (23); millimeters: HE specimens  Range 15-75
Mean 39.6
Median L1

Wizight (19); grams; myomeciomy and Range 23-1719

mearce 1lakion specimens Mian 1048

Median 6

HE hysterectomy

maolecular findings are descriptively summarized in Fig. 1.
The tumors commonly showed irregular margins (19/29),
but in most cases, these changes were only focal. Infiltrative
margins resembling the type of growth occurring in LG-ESS
were found rarely and focally (229 cases). Representative
microscopic findings are shown in Fig. 2.

Immunohistochemical findings

Immunohistochemical results are summarized in Fig. | and
Table 3. Briefly. from the “smooth muscle markers.” positiv-
ity of calponin and desmin was seen in 32/32 cases (100%),
SMA in 51/52 cases (98.1%), caldesmon and transgelin in
500352 cases (96.1%), SMMHC in 45/32 cases (86.5%), and
smoothelin in 3252 cases (61.3%) (Fig. 3). BOOR, CD1I7,
and S100 protein were negative in all cases. The assess-
ment of smoothelin was complicated by the commonly
weak staining intensity, as a strong intensity of staining was
present in only (V32 cases. The markers of “endometrial
stromal differentiation” showed the expression of CDVO in
34452 cases (63.4%) and [FITMI in 19352 cases (36.5%)
(Fig. 3). The H-scom = 50 for CDI0 was recorded in 2352
cases (44.2%) and for [FITMI in 1/52 cases (1.9%). When
only the extent of staining is taken into consideration, the
expression of CIN0 was present in> 30% of tumor cells in
352 cases (9.6%) and expression of IFITMI in 1/32 cases
(1.9%).

CD44 expression was detected in 852 cases (13.4%) and
HMB 45 in 2/32 cases (3.8%). From antibodies not listed in
Table 3, the expression of HMGAZ was observed in 2352
cases (44.2%), but only in |32 of cases (36.3%) was the
expression classified as overex pression (= 309 wmor cells)
(Fig. 3). All 332 cases (100%) showed a retained expres-
sion of FH. NTR K expression was seen in 5 cases (3 nuclear,
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Fig. 1 Summary of the mokecular, immunohistochemical, and microscopic features

2 cytoplasmic), but no case with NTRE rearrangement was
found. ALK was negative in all cases.

We compared our results with the available literary data
concerning the expression of selected markers in CL and
low grade endometrial stromal sarcoma, mostly based on our
previous review focusing on the immunchistochemical find-
ings in mesenchymal tumors of the uterus [3. 17-28]. The
results are summarized in Table 3. Data for some antibodics
weme not available in the literature.

Molecular genetic findings

The NG S outputs (32 DNA and 38 RNA) are summarized
in Fig. |. In total, 3/32 cases (9.4%) harbored mutations in
the MED 2 gene and /3] cases (19.3%) had a heterozygous
deletion of chromosome 1p. The RMA-seq revealed mear
rangement of the HMGA2 gene in 3/38 (13.2%) cases (all
showing IHC overexpression of HMGAZ2). Fusion partners
wene identified on mRNA level in three cases: (i) HMGAZ
(exon 3—C%rf92 (exon 4); (i) HMGAZ (exon 53—PBX |
(exon 3); and (iii) RADSIB {exon 8}—HMGAZ (exon 2). In
the emaining 2 cases, no fusion partner gene was detected.
In these cases, the rearrangements were within the non-cod-
ing areas of chromosome 3 (chrd 34,437,681-34,437,906)
and 6 (chry 169,376,151-169,376,269), both connected to
HMGAZ exon 4 on the RMNA level. A high expression of
HMGAZ mENA was dewcted by ddPCR in 1440 (35%)
cases, in all of which it was associated with HMGAZ2

117

overexpression on the THC level. In the 2952 cases which
were suitable for complete immunohistochemical and DNAJS
RENA MNGS analyses of all the markers (MED 2 mutation,
HMGA?2 overexpression, HMGAZ marrangement, FH
ex pression and mutation, and chromosome |p deletion), all
the aberrations were mutually exclusive.

In addition to the “driver” aberrations (mutually exclusive
MED 2 mutation, deletion of chrlp, or HMGA2 overes pres-
sion) other mutations and/or copy number alterations were
detected in a wide spectrum of genes and were mostly co-
occurring (Supplementary Table 4 and 3). However, none
of those aberrations had a recurrent pattern. Pathogenic
mutations in the FH gene were not detected. Only two cases
showed a variant of uncertain significance (class 3) and in
one case a heterozygous deletion of the FH locus (all cases
with retained FH ex pression on THC level ).

Discussion

CL are defined as keiomyocellular tumors having a “signifi-
cantly™ greater cellularity compared to the adjacent myome-
trium, the microscopic features of which have already been
well described in the lierature [1, 4, 20-31]. The differ-
ential diagnosis of CL includes especially leiomyosarcoma
(LMS) and EST. CL compared to LMS lacks significant
nuclear atypia, substantial mitotic activity, and tumor-ty pe
necrosis. Based on this, the differential diagnosis between

€} Springer
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Fig.2 Cellular leiomyomas. A Lesion with substantially increased
cellularity, numernous thick-walled vessels, and sporadic “clefis” {case
m. 36, HE, x40). B Neurikemoms-like areas with palisading of the
nuckei (case na. 7, HE,» XN). C Multiple hyaline plagues (case no. 2,

CL and LMS is usually straightforward. However, the dif-
ferential diagnosis between CL and EST is more compli-
cated, especially in cases of the so-called highly cellular
keiomyomas [1, 4, 5]. EST consists mostly of oval cells, and
the fascicles of spindle cells are usually sbsent. Similarly to
CL, the umor cells have regular nuclei and a high nuclear-
cytoplasmic ratio. However, the mitotic activity may be
high, even in benign ESN. The characteristic feature of EST
is the presence of small arteriokes surrounded by whirls of
tumor cells. Large thick-walled vessels and clefts ane usnally

4 Springer
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HE, = XK}). I} Areas with vessals forming the so-called “clefls” (case
no. 8, HE = ). Some lesions showed ime gular (E) andfor intiltra-
tive margins (F) (HE, » 400

ahsent. The small arerioles tvpical for EST may be present
also in CL, but umor cells whorls surrounding these aneri-
oles are absent. Increased perivascular cellularity due to the
proliferation of pericytes may be confused with tumor cells
whirling. Since ESN represents a benign entity, the most
impaortant differential diagnosis is between CL and LG-ESS.
In this context, we should be aware that despite the relation
to the surrounding myometrium being a defining feature
for the discrimination between ESN and LG-ESS, this is
not necessarily helpful in the distinction between CL and
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Table 3 Comparison of immunohistochemical tmdings in our CL cases with literary data (CL, LG-ESS)

CL {our 1+ positived 2+ positivel 3+ positival CL {literary LGERS (lit-
Casas) all (%) a1 (%) all {520 data) erary data)
Positive/sll  HE <50 HS 50-149 HS=150 = 508 Positive/all = 50 Positivefall = 50%:; posi-
(%) positivelall (%) positive/all (%) tivelall (%)
(%) (%)
Calpomin 5252 (1000 Or52 {00 V32(IE  SP52 (9.1} SUSZ(GE1) 99 (1000 @O (100 1741 (41.5) 1741 (24D
Caldesmon  5V52 (96.1) 452007 WS2(135) 3IW52(75) 4W52(ELT) T4TO@ITY 1W34(500  HF158 A0 (4.4)
(127}
Diesmin SUS2 (1000 52 (0 W52019.2) 452 (R0B)} SN2 (a1} TIT8 (9RT) elfed (307) 100241 157180 (8.3)
(41.5)
EMA 5152 (8.1} OF52(0) F52 (00 51/52(98.1) 51/52(08.1) S57/58 (98.3) S57/58 (98.3) 1087215 W43 211
(50.7)
SMMHC  45/52 (B6.5) W52{13.5) 3452(654) 4520070  34/52(65.4) NA NA B0 (3 0F 10 (00
Smoothelin 32052 (61.5)  1&/52 (3LE) 1W52(25) /52 (5.8) 16752 (30.8) MA NA A NA
Transgelin - 5W52 (96.1) 452007  %52(173) 3IWIZ(TLI1) 4&/52(BBS5) NA NA VT @) 7 )
CDIn Y52 (654 1NS2ZLDY 1WS2QZLD) 132{23.1) N52(96)  23e7 (373 WIR(LTy 3517405 1577285
(BaT) (55.10
IFTMI1 1932 (36.5) 1452 2600 V3Z{100 V52000 52019 Wle(dis) Fla(l 26/ IR(92.00  1ai28 (57.1)
BCOR W52 () 1] 1] 1] I] NA NA 46T (8D Fe? (0
D44 BSZ(154)  W52(135)  VIZ{1O00 NS 52019 2525 (1000  NA 200103y  OF30 (00
HMB45 H52(3.8) V5219  W5(1%  O0S52a W52 @) NA NA 10259y 5101 (4.9
CDI17 W52 () 1] 1] I] I] 9 o 147104 ¥I5en
(13.5)

CI. cellular keiomyoma, LG-ESS low grade endometrial stromal sarcoma, HE H-scom, NA not available, SMA smooth muoscle actin; SMMHC

smooth muscke myosin heavy chain

LG-ESS [32, 33]. The reason being that CL. may commaonly
manifest irregular tumor borders with undulating margins
and can even show infiltrative features. We should also be
aware of the possibility of satellite small CL in the vicin-
ity of the main tumaor, which can give the impression of
infiltrative invasion, mimicking the tongue-like myometrial
infiltration of LG-ESS. In summary, because in some CL
cases morphology alone is not sufficient to achieve diagno-
sis, especially in cases of the so-called highly CL. ancillary
methods are needed [ 1]. These methods include immunohis-
tochemical analysis and molecular esting. However, these
diagnostically challenging cases are rare (in our study, they
represented only 4% of the in-house cases) and in most cases
of CL the diagnosis is straightforward, without the need for
using ancillary methods.

The most commonly used antibodies in this context are
CDN0, h-caldesmon, desmin, smooth muscle actin, and
recently IFTTMI [3, 22, 23, 34]. Previously, CDV0 expres-
sion was regarded as a relatively specific marker of endo-
metrial stromal differentiation, but current knowledge is
that CI 10 expression is relatively common in keiomyocel-
lular tumors. In LG-ESS, CDV0 expression is present in
about 87% of cases, but can also occur in CL and has been
described in 37.3% of CL {(according to 6 studies analyzing
the total of 67 CL cases) [17, 18], The extent and intensity
of CI} 10 expression may be an important feature becanse
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in LG-ESS significant positivity (which is quantified differ-
ently in individual studies) ocours in . 55% of cases, while
in CL. the expression is usually only focal and significant
expression has been seen in 1.7% of cases (according to the
limited literature data). However, in our study, the expres-
sion of CDV0 was present in 65.4% of CL and significant
in 23.1% of all cases (in 9.6% of cases present in 2 50% of
tumor cells). With mspect to other markers—according to
literature data desmin is expressed in abowt 40% of LG-ESS
and 98% of CL, muscle-specific actin in 20% of LG-ESS
and 100% of CL., SMA in 50% of LG-ESS and 98% of CL,
and caldesmon in 13% of LG-ESS and 94% of CL. Lierary
data suggests that the IFITMI antibody has a significantly
higher specificity than CIM 0 while maintaining high sen-
sitivity (93%) for LG-ESS. However, according to the only
study focusing on IFITMI expression in CL, the expression
was present in 7716 cases (43.7%), but never strong. The
results of this study were confirmed by our work, in which
the expression of [IFITM 1 was found in 1932 cases (36.5%),
but in only one case was the expression present in morne than
S0% of wmor cells. In summary, immunchistochemistry is
an essential part of the differential diagnosis betwesn CL
and EST, but a panzl of antibodies should be used, and we
should be aware of the limitations due to the overlapping
immunohistochemical profile in some cases. Our data sug-
gests that out of the “endometrial stromal markers™ IFITM

&) Springer



Fig.3 Immunohigochemical fndings in cellular leiomyomas. &
Tumar cells showing diffuse and strong positivity for rensgelin (case
w26, AWK, B Another exampde with focal and weak positivity for
transgelin (case no. 35 300). C Diffuse and strong expession of
smoothelin (case no. 1. 300, I Focal weak positivity of smoothe-
lin {note the strong expmssion in smooth muoscle cells of the vessel
wall) (cas no. 3, XN, E Weak expre ssion of smoothelin in soms

clearly outperforms CDI0, especially if we consider not onby
the presence of positivity but also the intensity and exient
of the staining.

In some CL, the correct diagnosis cannot be achieved
with certainty and molecular testing can be helpful. How-
ever, knowledge of molecular aberrations occurring in CL
is, contrary to UL, limited. UL have been shown to share
recurment molecular aberrations and can be classified into
three molecular subtypes including tumors with MED (2
mutation, HMGA2 overexpression, and FH deficiency [6,
8]. The MEDJ 2 mutations occur in approximately 40-75%,
of UL cases and according to literary data their frequency
differs based on ethnicity/nationality [6]. On the contrary,
in CL. the mutation of MED/ 2 is present in approximate ly
5-16% of cases [35-37]. Only one study meported a higher
percentage of 33% of CL showing MED! 2 mutations, but

41 Springer
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tumor cells {case oo 18,x 1), F Megative staining of smoothelin
in tumaor cells (node the positivity in the adjacent myometrium) (case
no. 7200, G Daffuse and srong expeession of CDI0 (case mo.
35, =000 H Megativity of IFITM] (note the positivity in endothe-
lial cells) {case no. &0, W), 1 Diffuse and strong expression of
HMGAZ (case no. 14, 2000

as only 6 cases of CL were analyzed in this study, it is not
statistically significant [38]. In our study, MEDS2 muta-
tions were present in 9.4% of cases. HGMAZ ovemx pres-
sion occurs in 10-253% of UL cases [13, 36, 37]. Some of
these am associated with HMGA 2 intergenic rearrangement,
but in most studies, the ovenex pression and rearrangements
of HMGAZ were not analysed simultaneously and the per-
centage of cases with overexpression showing HMGA 2 rear-
rangement is not entirely clear [9, 38-42]. The knowledge
concerning HMGAZ aberrations in CL is very limited. In
one study, overexpression of HMGAZ2 was seen in 327 of
CL (8/25 cases) [36]. The “highly™ CL in this study showed
overxpression of HMGA2 in 10.8% (4/37 cases). In another
study of 6 CL cases, no case with HMGAZ overexpression
was found [37]. In another recent study, the authors per-
formed RNA sequencing of 11 CL cases and identified three
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cases with fusions, including HMGAZ-TRAF2IP 2, HMGA2-
NAA I and TPCN2-¥AP! [27].In our work, HMGA? over-
expression (2 30% of wmor cells) was present in 1832 cases
(34.6%). The HMGA2 rearrangement was found in 338
cases (13.2%), all of which showed strong THC expression
of HMGAZ in 100% of tumor cells. Other mechanisms of
HGMAZ2 overexpression in leiomyomas without HMGA2
intergenic rearrangement have also been suggesied. Rear-
rangements in flanking arcas of the HMGA2 gene, which
are usually not detected by standard methods, could poten-
tially lead to HMGA 2 overexpression, as well as HMGA2
promoter DNA hypomethylation [40, 43]. Another recurment
aberration detected in wterine keiomyomas is FH deficiency
[44]. Inactivation of FH occurs mostly in leiomyoma vari-
ants such as LBN and FH-deficient keiomyoma [ 10, 11, 45].
In UL. FH deficiency is very rare, occurring in 0-2.5% of
cases [36, 37, 46]. In CL the data is limited. In one study,
FH-deficiency occurred in 1/25 of CL cases (4%) [36]. In
our study, no pathogenic mutations or homozygous dele-
tions were found, and all cases showed retained expression
of FH. Finally, another recurrent aberration detected in CL
is the loss of the short arm (p) of chromosome 1, which can
be found in up to 23% of cases (in our work it was 193%)
[47, 48]. According to some authors, these umors seem o
represent a distinct entity with potentially more aggressive
behavior [48].

According to the literature, the aberrations occurring
in the leiomyoma molecular subtypes ssem to be mutually
exclusive [9, 13]. Our results ar in concordance with this
data on both the molecular and immunchistochemical kev-
els. We have confirmed that the deletion of chromosome 1p
is mutually exclusive with the other molecular subtypes as
well. However, in one study the overexpression of HMGAZ
on mENA level has also been described in a kiomyoma with
MED] 2 mutations [49]. In our work, the mRNA expression
was high only in cases with overcapression detected by THC.
The molecular findings in CL may be useful in practice in
the differential diagnosis with EST. Knowledge of molecu-
lar aberrations occurring in cndometrial stromal tumors is
rapidly evolving and a substantial pant of these tumors is
characterized by known aberrations, mostly chromosomal
rearrangements of genes involving JAZF 1, EPCI, CXorfa7,
and BCOR (such as JAZF1-JJAZ1, EPCI1-PHF 1, PHF I-
MEAF6, MBTIDN -CXorft7 . and ZC3H7R-BCOR [30-61].

In conclusion, the results of our study showed that on
a molecular level CL represents a heterogencous group
of lesions. The most common abnormality occurring in
CL sezms to be affecting HMGAZ, as a high percent-
age of cases showed an ovenex pression on the THC level
(36.5%). Where molecular analysis was possible, 30% of
these cases wene associated with HMGA2 rearrangements.
The second most common aberration was chromosome
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Ip deletion, present in 19.3% of cases. A minority of CL
cases may have MED 2 mutations (9.4%.), which are far
less common in CL than in UL. The FH-deficient sub-
type of leiomyoma seems to be very rare in CL. and
in our study, we have not detected any such case. All
maolecular aberrations including chromosome 1p dele-
tions were mutually exclusive, which suggests that CL
leiomyoma with chromosome |p deletions represents a
distinct molecular subty pe. Even though we have detected
B other gene mutations and deletions and/or duplications
of several genes, we have not identified any other molecu-
lar aberration with a recurrent pattern and there remains
a substantial number of CL cases which do not fit any of
the defined molecular subtypes. From a practical point of
view, the molecular aberrations occurring in CL may be
used as an ancillary marker in the differential diagnosis
of equivocal cases with overlapping features with EST,
which arc characterized by different recurrent molecular
aberrations. Regarding immunchistochemical analysis, we
should be aware that in a high percentage of cases CL can
express markers traditionally regarded as more specific
for endometrial stromal differentiation, such as CIDN0 and
IFITM . In our study, we also analyzed the expression of
smoothelin, which is regarded as highly specific for dif-
ferentiated smooth muscle cells but its expression has not
vet been studied in smooth muscle uterine tumors. The
results showed the expression of smoothelin in 61.5% of
cases, but the intensity of staining was commonly weak,
which seems to be a limiting factor for its practical use.
Mevertheless, the literary data concerning its expression
in EST is missing and further research is needed to assess
its practical use in the differential diagnosis of equivocal
cases.
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