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ABSTRAKT

Doktorska dizertacni prace popisuje neobvyklé tumory kizZze a mékkych tkani, které byly podkladem
postgradudlniho studia MUDr. Ladislava Hadravského na Univerzité Karlové v Praze, Lékarské fakulté
v Plzni v obdobi let 2013 — 2016.

Obsahuje zdokumentované kozni a mékkotkanové tumory vramci dédicnych syndromd,
s neobvyklou morfologii, vzacnym biologickym chovanim, minoritni kauzalni spojitosti s pFislusSnym
onemocnénim a rozdilnymi fenotypy. Pfipady byly publikovdny v ¢asopisech simpakt faktorem a
v recenzovanych ¢asopisech.

SUMMARY

This doctoral thesis describes unusual skin and soft-tissue tumors, which were the basis of the
postgraduate study of Ladislav Hadravsky, MD at Medical faculty in Pilsen of Charles University in
Prague during 2013 — 2016.

It contains documented cases of skin and soft-tissue tumors related to hereditary syndromes,
unusual morphology, rare biological behavior, minor causal association with the respective disease,
or different phenotypes. These cases were published in journals with the impact factor and in peer-
reviewed journals.
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KUZE



UvoD

Kdze vytvari vnéjsi povrch naseho téla a slouzi jako stit pred fyzikalnimi, chemickymi vlivy a
infekénimi organismy. Je jednim z nejvétsich organd lidského téla majici v priiméru plochu 1,5 a7 2 m?
a vahu odpovidajici kolem 10% télesné hmotnosti. KlZe se skldda z 3 zakladnich ¢asti: epidermis
(pokozka), dermis (korium, skara) a tela subcutanea (subcutis, podkozi ¢i podkozni tukova tkan).

Vsechna kozni adnexa jsou derivaty epidermis, ackoliv vétSina z nich je lokalizovana v koriu. KoZzni
adnexa délime na dvé skupiny: keratinizovana a Zlazova. Mezi keratinizovana patfi nehty a vlasy, meazi
Zldzova mazové a potni Zlazy, které se dale déli na apokrinni (tzv. velké potni zZlazy) a ekrinni (tzv.
malé potni zlazy). (1)

Nadory podle Svétové zdravotnické organizace (zkr. WHO z angl. World Health Organization) z roku
2006 délime na keratinocytarni, melanocytarni, hematolymfoidni, mékkotkanové, nervové nadory a
neoplazie koznich adnex.



KOZNi TUMORY V RAMCI DEDICNYCH SYNDROMU

SEBACEOZNI TUMORY KUZE

Béhem studia jsme se zaméfili pfedevsim na sebacedzni tumory klzZe. KoZni tumory se sebacedzni
diferenciaci délime: (2)

e Sebacedzni adenomy

e Sebaceomy

e Sebacedzni karcinomy extraokuldrni
e Sebacedzni karcinomy periokuldrni

Sebacedzni tumory kiiZze se mohou vyskytovat v ramci dédiéného onemocnéni, tzv. Muirova-Torreova
syndromu (MTS).

MUIRUV-TORREUV SYNDROM

MuirGv-Torrelv syndrom (MTS) je autozomalné dominantné dédi¢né onemocnéni s incidenci kolem
1 : 10 000, které je definovano pfitomnosti minimalné jednoho koZniho tumoru se sebacedzni
diferenciaci a alespon jednou visceralni malignitou. Poprvé byl popsan nezavisle dvéma autory
Muirem a Torrem v roce 1967 a 1968. (3) V soucasnosti je povazovan za fenotypovou variantu
mnohem castéjsiho Lynchova syndromu (LS; &i tzv. syndromu hereditdrniho nepolypdzniho
kolorektalniho karcinomu — HNPCC, zkratka z angl. hereditary nonpolyposis colorectal carcinoma). (4)

PROJEVY - KOZNI

Kozni |éze zahrnuji sebacedzni adenom, sebaceom a extraokuldrni sebacedzni karcinom. Periokularni
sebacedzni tumory jsou naopak uMTS vzdcné sdosud popsanymi cca 40 pfipady ve svétové
literature. (5) (6) Kozni tumory se vyskytuji obvykle mnohocetné, ale byly popsany i pfipady
solitarnich Iézi. (7) Klinicky obraz je shodny jako u jejich sporadickych protéjskl projevujici se jako
papuly anoduly hladkého povrchu, naZloutlé ¢i rGzové barvy anebo zbarveni kize velikosti
od nékolika mm do 5 mm.

U sebacedznich karcinom(l mohou léze dosahovat vétsich rozmér( a vyznacuji se nepresnym
ohranié¢enim, rychlym rlistem a moZnou ulceraci na povrchu.

Obecné Ize zhodnotit, Ze mnohocetné kozni nddory se sebacedzni diferenciaci vyskytujici se u jedincl
pred 50 rokem Zivota nebo postihujici télni partie mimo oblicej jsou indikdtorem MTS. (8)

MIKROSKOPICKY

SEBACEOZNI ADENOM

Sebacedzni adenomy maji charakteristické lobuldrni uspofddani a jsou spojeny s pfilehlou epidermis.
Jednotlivé lobuly jsou sloZeny z periferni casti tvorené nékolika fadami malych bazaloidnich
germinativnich bunék a z centralni Casti prezentované zralymi sebocyty s objemnou narliZovélou
pénitou az jemné vakuolizovanou cytoplazmou a jadrem hvézdicového tvaru.



SEBACEOM

Sebaceom je tumor uloZeny vdermis, tvorfeny obvykle nékolika noduly svelmi vzacnym
epidermalnim spojenim. Noduly byvaji kulaté, rGznych velikosti a sloZzené prevainé z malych
monomorfnich a bazaloidnich bunék; zralé sebocyty tvori méné nez palku samotného tumoru.

SEBACEOZNI KARCINOM

Sebacedzni karcinomy vykazuji na rozdil od vyse zminénych benignich tumor( maligni cytologické
detaily, jako je bunéény a nukledrni pleomorfismus a atypické mitézy. Dale mizZe byt pfitomna
i nekréza.

Histopatologicky jsou sebacedzni kozni nadory (sebacedzni adenom, sebaceom, sebacedzni
karcinom) na podkladé MTS prakticky identické s jejich sporadickymi protéjsky. Existuji ale nékteré
morfologické zmény, které mohou vzbudit podezieni na MTS. (2) Jedna se o nasledujici morfologické
znaky: cystickd prestavba, architektura napodobujici keratoakantom, intra- a peritumoralni infiltrace
lymfocyty, mucindzni jezirka a inter- a intratumoralni heterogenita.

MORFOLOGICKE ZMENY

CYSTICKE ZMENY
Cysticka prestavba sebacedzniho tumoru je povaZovana za nejcastéjsi indikator MTS. (9) Obvykle se
jedna o vystupriovanou holokrinni sekreci, fokalni disintegrace bunék a slou¢eni mikrocyt. (10)

ARCHITEKTURA NAPODOBUJICI KERATOAKANTOM

Tento morfologicky rys je nej¢astéji pfitomen u sebacedznich adenom{l. Jde o centrdlni, krateru
podobnou invaginaci, kterda mlze byt pfitomna solitarné nebo spolecné s perifernim limcem

a dlazdicobunécnou diferenciaci. V minulosti byly tyto léze nazyvany seboakantomy. (11)

INTRA- A PERITUMORALNI INFILTRACE LYMFOCYTY
Pritomnost intra- a peritumoralnich lymfocytli u sebacedznich neoplazii je dalsim voditkem pro
podezieni na MTS.

MUCINOZA
Fokalni mucindza je vzacné zminovdana jako jeden z ryst MTS, a to zejména u sebacedznich adenom
a karcinomd. (10)

INTRA- A INTERTUMORALNI HETEROGENITA

Biopsie z rlizné lokalizovanych lézi u jedince s MTS casto vykazuji rozdilnou morfologii. Rznou
morfologii miZzeme pozorovat i u stejné histologické léze (napf. adenomu, karcinomu), ¢i dokonce

i v ramci samotného nadoru mohou byt detekovany morfologické rozdily, napt. ve stupni sebacedzni
diferenciace a nuklearniho pleomorfismu. (12)

PROJEVY - VISCERALNI

Mezi visceralni maligni nadory ve spojitosti s MTS se nejcastéji fadi karcinomy kolorekta (66%),
urogenitalniho traktu (22%), prsu (6%), dale hematologické malignity (11%), nadory hlavy a krku (5%)
a tenkého streva (3%). (3)



LYNCHUV SYNDROM

Lynchlv syndrom (LS) je autozomalné dominantné dédi¢né onemocnéni projevujici se vznikem
kolorektalnich karcinom (CRC) u pacientll mladsiho véku (kolem 40 — 45 let), s penetranci u muzli
83% a u Zen 48%, s incidenci 1 : 1050. Zastupuje cca 3-5% vSech kolorektalnich karcinom(. Oproti
sporadickym kolorektalnim karcinomim, které vznikaji u pacientl obvykle az po 60 letech véku, se ve
vétsiné pripadl lisi i prekurzorovymi lézemi - plochymi adenomy. Proto dalsi pouZivany nazev
Lynchova syndromu je syndrom hereditarniho nepolypézniho kolorektalniho karcinomu (HNPCC,
zkratka z anglického hereditary non-polyposis colorectal carcinoma). Tyto dédi¢né karcinomy poprvé
popsal Henry T. Lynch vroce 1966 (13). Jedinci sLS jsou dale ve zvySeném riziku vzniku
endometridlnich karcinom( (2% vSech endometrialnich karcinomua), tenkého streva, Zaludku a dalSich
organa. (14) (15) (16) (17) (18) (19) (20)

MORFOLOGICKE ZMENY

Stejné jako sebacedzni léze u MTS tak i kolorektdlni karcinomy u LS vykazuji urcité morfologické
znaky oproti sporadickym analoglim, které mohou vzbudit podezieni na moZnou asociaci se
syndromem. Mezi tyto morfologické zmény patfi vystupfiovana hlenotvorba extracelularni v podobé
hlenovych jezirek, intracelularni v podobé prstencitych bunék. Dale peri- a intratumoralni infiltrace
lymfocyty, mezibunéénd disociace, kdy buriky nedrzi kohezivné a vytvafi tzv. meduldrni vzhled. (21)

Dalsim typickym mikroskopickym rysem u kolorektalnich karcinomi vznikajicich v rdmci LS je intra-
a peritumoralni pritomnost lymfocytd a heterogenita tumoru definovana pfitomnosti dvou
morfologicky odlisnych nddorovych populaci tvofici minimalné 10% tumordzni tkané. (21)

SPECIFICKE VYSOKOSKOLSKE VYZKUMNE PROJEKTY (SVV)

Vramci SVV projektu: Lynchiv syndrom a jeho fenotypovd varianta Muirv-Torretlv syndrom:
retrospektivni identifikace probandi a jejich pokrevnich pribuznych (SVV 260809/2010), jsme provedli
revizi 3 673 pripadl kolorektalnich karcinom( od roku 1998-2009 z plzeriského registru.

Na tento projekt navazoval dalsi SVV projekt: Identifikace a vysetieni pacientli s Muirovym-
Torreovym syndromem (SVV 262801/2011), pfi kterém jsme provedli revizi 450 pfipadC koZnich
sebacedznich tumord.

IDENTIFIKACE PROBANDU

Pficinou MTS a LS je zarodecnd mutace v jednom z MMR genu. RozliSujeme sedm MMR genl: MLH1,
MSH2, MSH6, PMS2, PMS1, MSH3 a MLH3. (Tab. 1) Geny exprimuji stejnojmenné jaderné MMR
proteiny, které opravuji nové vlakno DNA po replikaci. Pokud z dlvodu mutace genu protein
nefunguje spravné, dochazi ke kumulaci chyb na DNA. Casem takto poskozend DNA vede buriku
k nekontrolované proliferaci a vzniku nddoru s charakteristickymi morfologickymi i diagnostickymi

rysy. (22)



MMR GENY LOKALIZACE NA DELKA cDNA (kB) POCET EXONU
CHORMOZONU
MLH1 3p23-21 2.3 19
MSH2 2p22-21 2.8 16
MSH6 2pl6-15 4.2 10
PMS2 7p22 2.6 15
PMS1 2931-33 2.8 13
MSH3 5q11-12 3.4 24
MLH3 14q924.3 4.4 12

Tab. 1 SEDM MMR GENU A JEJICH CHARAKTERISTIKA

JelikoZ se jedna o tumor supresorové geny, k projevu onemocnéni dochazi az po tzv. druhém zasahu
(second hit) druhé doposud funkéni alely genu. To mize byt zplsobeno somatickou mutaci nebo
ztratou heterozygozity (LOH, z angl. loss of heterozygozity) funkcni alely. (23)

ALGORTIMUS VYSETRENI IDENTIFIKACE PROBANDU
Kromé mikroskopického vysetieni mezi dalsi laboratorni techniky pro identifikaci proband s MTS a
LS patfi:

IMUNOHISTOCHEMIE

Pfitomnost nebo absenci jadernych MMR proteind mlZeme detekovat pomoci
imunohistochemického vysetreni. Standardné vysetfujeme expresi proteini MLH1, MSH2, MSHS®,
PMS2. (24) Proteiny pracuji v paru MLH1-PMS2 a MSH2-MSH6. V uvedenych parech prvni MMR
protein je hlavni, druhy vedlejsi. Pokud nefunguje jeden z hlavnhich MMR protein(, dochazi ke ztraté i
vedlejsiho proteinu, a to fyziologickou ubiquitinovou cestou. (25) Nepotiebny protein se rozloZi na
aminokyseliny. Pfi mnohocetnych nadorech na podkladé MTS nebo LS se ve vSech ocekava vypadek
stejnych protein( (26) (27) az na vyjimecné ptipady. (28)

MIKROSATELITN{ STABILITA

Na DNA rozliSujeme 5 usekl s kratkymi sekvencemi nukleotidl, které nazyvame mikrosatelity. Na
téchto mistech DNA polymeraza pfi tvorbé nového vldkna DNA nejcastéji chybuje. Funkéni MMR
proteiny tyto chyby posléze opravi. Avsak u nefunkénich proteind chyby zlstavaji. Proto se na tato
mista diagnosticky zamérujeme. Seznam doporucenych mikrosatelitl k detekci. (Tab. 2)

10



MSI MONO- NEBO UMISTENI NA DNA LOKALIZACE NA
DINUKLEOTIDY CHORMOZONU

D25123 DI MSH2 GEN 2p16

D5S346 DI APC GEN 5q21-22

D175250 DI PRILEHLY LOKUS K TP53 17q11.2-12

BAT25 MONO INTRON c-Kit ONKOGENU | 4q12

BAT26 MONO INTRON MSH2 GENU 2p22-21

Tab. 2 MIKROSATELITNI PANEL DOPORUCENY K DETEKCI MSI (NATIONAL CANCER INSTITUTE)

K vysetfeni je zapotrebi tkan tumoru a tkan nenadorova, které se mezi sebou porovnaji. (29) Mozné
jsou tfi vysledky:

MSS — mikrosatelitné stabilni
MSI LOW — mikrosatelitné instabilni — nizka nestabilita (lisi se 30-70% mikrosatelit)
MSI HIGH — mikrosatelitné instabilni — vysokd nestabilita (>70%)

Vysokou mikrosatelitni nestabilitu vykazuje pfiblizné 70 % nadoru u pacient s MTS. (22) (30)

MUTACE BRAF

Test mutace genu BRAF se provadi jako prospektivni screening u kolorektdlnich karcinomu
s podezfenim na LS. Jde o onkogenni hotspot mutace V600E, kterda se vyskytuje predevsim u
sporadickych CRC s vysokou MSI vzniklé na podkladé hypermethylace promotoru genu MLH1. U LS se
mutace BRAF nevyskytuje. Mutace BRAF tedy prakticky vylucuje LS. U koznich lézi pfi MTS se tento
test neprovadi. (31)

HYPERMETHYLACE PROMOTORU GENU MLH1

Promotor je charakteristickd sekvence DNA, na niZ se vaZze prostiednictvim své o-podjednotky RNA-
polymeraza. V tomto misté se zahajuje transkripce daného genu. Pokud jsou obé alely promotoru
hypermethylovany, promotor je uzamcen a gen neni exprimovan. PfiCina je obvykle somaticka, ale
mohou nastat pripady dédicné hypermethylace promotoru. (32) Pfi hypermethylaci promotoru genu
MLH1 nador vykazuje zpravidla ztrdtu exprese genll MLH1 a PMS2, vysokou MSI a obvykle i pozitivni
mutaci BRAF (31) a odhaduje se, Ze zahrnuje 15% mikrosatelitné nestabilnich CRC. (33)

MOLEKULARNE GENETICKE VYSETRENI MUTACE Z PERIFERNI KRVE PACIENTA

Pro definitivni potvrzeni MTS nebo LS se provadi molekularné genetické vysetfeni zarodec¢né mutace
MMR gen( z periferni krve probanda. Pfed odbérem krevniho vzorku pfedchazi geneticka konzultace,
ktera je provadéna lékarskym genetikem. Lékafsky genetik sezndmi pacienta s onemocnénim a jeho
disledky. Vytvofi s probandem rodokmen, podle néhoZ se provede screening nasledné zjisténé
zarodecné mutace.

Obvykle je pouzivana PCR metoda s naslednou pfimou sekvenaci korespondujicich PCR fragment

slouzici k detekci malych mutaci a MPLA (multiplex ligation-dependent probe amplification)
umoznujici detekci rozsahlych deleci a duplikaci.

11



Na vzniku MTS se podili pfedevsim zarode¢né mutace v genu MSH2 (cca 90 % pfipadd). (22) (24) (30)
Mutace v MLH1 genu zahrnuje zhruba 10% pfipadl a v posledni dobé byly detekovany také mutace
v MISH6 genu. (30) (34) (35) U pacientll s MTS byla zachycena cela skala mutaci, a to kratké delece
a inzerce, bodové missense a nonsense mutace a rozsahlé delece ¢i duplikace celych exond. (27)

U nékterych pacientd s LS byla nalezena i zdrodec¢na delece genu EPCAM (také znam jako TACSTD1),
kterd zplsobuje metylaci genu MSH2. (36) Vysetfeni tohoto genu je zahrnuto pfi molekularné
genetickém vysSetfeni genu MSH2.

LYNCH-LIKE A MUIR-TORRE-LIKE SYNDROMY

Posledni védecké prace ukazuji, Ze asi 70% takto vysetfenych pacientl pfipada mezi tzv. Lynch-like
syndrom. (33) Nadory u Lynch-like syndromu sice vykazuji MSI, ale Zadnou zarodec¢nou mutaci
v MMR genech a ani hypermethylaci promotoru genu MLH1. (33) Existuje nékolik moZnych
vysvétleni:

1. Mutace neznamych gend, které mohou zpUlsobit MSI
Mutace MMR genu nebo jejich promotort, které nase metody neumé;ji identifikovat
liné intratumoralni genetické procesy spojené se ,second-hit” inaktivaci genl nebo
bialelickou hypermethylaci promotoru genu MLH1

Podle price Mesenkampa zroku 2014 je aZ polovina pfipadd Lynch-like syndromu zplsobena
somatickou ,two-hits“ kombinaci nejcastéji z dlvodu ztraty heterozygozity a somatickymi bi-
alelickymi mutacemi. (37)

Soubor nékolika pfipadl Muir-Torre-like syndromu se somatickymi MMR mutacemi zdokumentoval
Joly v roce 2015. (38)

ALGORITMUS
Idedlni postup vysSetfeni znazoriuje schéma, které jsme publikovali v ¢lanku Diagnéza Lynchova
syndromu od patologa v Klinické onkologii v roce 2016. (39)

ZAVERY SVV PROJEKTU

Vystup SVV projektl vedl k vytvoreni registru pacientd s MTS a LS. Z celkovych 3 673 CRC a 450
sebacedznich tumord klGze bylo imunohistochemicky a geneticky z bloku tkdané vysetfeno pres 400
pfipadl. Kolem 250 pfipadl bylo selektovdno pro molekularné genetické vysetfeni MMR genl
z periferni krve pacienta. Ne u vSech pacientli bylo mozné provést vysetreni, a to z divodu Umrti
pacienta, nemoznosti jej dohledat nebo jeho nesouhlasu s vysetfenim.

U LS bylo molekularné geneticky testovano 79 jedincl. U 47 jsme neobijevili Zddnou zarodecnou
mutaci v MMR genech. Tyto pfipady jsou podkladem pro dalsi védecké badani. U zbylych jsme nalezli
32 probandd, z nichZ 12 se zarode¢nou mutaci v genu MLH1, 8 v genu MSH2, 7 v MHS6, 1 v PMS2 a 2
v zarodecné hypermethylaci promotoru genu MLH1.

U MTS bylo provedeno molekularni vysetfeni u 37 jedincd. U 30 nebyla nalezena zarodec¢na mutace
v MMR genech. U 5 byly nalezeny zarode¢né mutace po 2 v genech MLH1 a MSH2 a 1 v genu MSH6.
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Dale vystup projektd vedl k zavedeni imunohistochemického vysSetfreni MMR protein(l a
mikrosatelitni stability do praxe, racionalizaci a vylepseni metodiky identifikace probandd pomoci
nového algoritmu vysetieni. V rdmci morfologické studie bylo objeveno nékolik neobvyklych tumora
vramci MTS/LS, které byly nasledné podkladem publikaci v mezindrodnich ¢asopisech simpakt
faktorem. (viz dale)

Jedinci s diagnostikovanym MTS a LS vstupuji do programu preventivni onkologické péce. Podstupuji
preventivni prohlidky k zastizeni a odebrdni v¢asné léze karcinomu. Diky tomuto postupu jedinci
s MTS nebo LS se dozZivaji stejného véku jako bézna populace. (40)

Mladym pardm, kde jeden z partneri ma MTS nebo LS, je nabizena mozZnost preimplantaéni
genetické diagnostiky (PGD) pro poceti potomka bez mutace. PGD je nastavba umélého oplodnéni,
pfi kterém se z bunék embrya provede molekularné geneticky test na pfitomnost zarode¢né mutace.
PFi autozomalné dominantni dédi¢nosti je polovi¢ni riziko pfenosu mutované alely genu. Po vylouceni
mutace se embryo implantuje do délohy. (41)
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PREHLEDOVY CLANEK

MUIR-TORRE SYNDROM — FENOTYPICKA VARIANTA
LYNCHOVA SYNDROMU

Kacerovska D.':2, Kazakov D.V.":2, Cerna K.!:2, Hadravsky L.!, Michal M. Jr.!, Dostal J.!, Skalova A. Jr.,
Michal M."2

1Sikliv patologicko-anatomicky Ustav, Fakultni nemocnice a Lékarska fakulta Univerzity Karlovy, Plzeri
2Biopticka laboratof s.r.o., Plzef

Souhrn

Muir-Torre syndrom (MTS) je autozomalné dominantné dédiéné onemocnéni, které je dnes povazovano za fenotypickou variantu mnohem
castéjsiho hereditarniho nepolypézniho kolorektalniho karcinomu neboli Lynchova syndromu. MTS zahrnuje kombinaci nejméné jednoho
kozniho nadoru se sebacedzni diferenciaci (sebaceézni adenom, sebaceom, sebacedzni karcinom) a minimalné jednoho visceralniho
tumoru. Pri¢inou vzniku je vétSinou autozomalné dominantné dédiéna zarode¢na mutace v nékterém z genu zodpovédnych za opravy
replikacnich chyb v DNA, tzv. mismatch repair (MMR) genu. Tumory vznikajici u MTS se ve velké ¢asti pfipadu vyznacuji ztratou exprese
MMR proteinll a v cca 70 % vykazuji vysokou mikrosatelitni nestabilitu.

Podezfeni na tento syndrom byva nejcastéji vysloveno dermatology, dermatopatology/patology, event. gastroenterology a gynekology.
K definitivnimu potvrzeni diagnézy jsou vSak vyzadovana dalsi vySetieni, kterd |ze provadét jen na specializovanych patologickych
pracovistich disponujici imunohistochemickymi a molekularné biologickymi metodami.

Kli¢ova slova: Muir-Tore syndrom — hereditarni nepolyp6zni kolorektalni karcinom — Lynchiv syndrom — mismatch repair (MMR) geny —
MMR deficience — MMR zarode¢na mutace — mikrosatelitni nestabilita

Summary

Muir-Torre Syndrome — a Phenotypic Variant of Lynch Syndrome

Muir-Torre syndrome (MTS) represents an autosomal dominantly inherited condition and is considered a phenotypic variant of the
more common hereditary nonpolyposis colorectal cancer syndrome (HNPCC), or Lynch syndrome. MTS combines at least one
cutaneous neoplasm with sebaceous differentiation (e.g. sebaceoma, sebaceous adenoma, and sebaceous carcinoma), and at least
one visceral malignancy. MTS is a genetic disorder caused by a germline mutation in one of the DNA mismatch repair (MMR) genes.
Tumors in MTS patients are characteristically associated with the loss of MMR protein expression and/or microsatellite instability
(70%).

Patients who are suspected to have MTS/Lynch syndrome are often identified by dermatologists, dermatopathologists/pathologists,
gastroenterologists and gynecologists. If MTS is suspected on a clinicopathological ground, necessary additional laboratory
investigations should be performed only in specialized pathological departments providing immunohistochemistry and molecular biologic
analysis service.

Key words: Muir-Torre syndrome — hereditary nonpolyposis colorectal cancer — Lynch syndrome — mismatch repair (MMR) genes — MMR
deficiency — MMR germline mutation — microsatellite instability
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hem ¢astéjsiho hereditarniho nepolyp6zniho kolorektalniho
karcinomu (hereditary nonpolyposis colorectal cancer;
HNPPC) neboli Lynchova syndromu, pro ktery je typicky

uvoD

Muir-Torre syndrom (MTS) je autozomalné dominantné
dédicné onemocnéni, které bylo poprvé popsano nezavis-
le dvéma autory, tj. Muirem a Torrem v roce 1967 a 1968.
Tento syndrom zahrnuje kombinaci nejméné jednoho koz-
niho nadoru se sebacedzni diferenciaci a minimalné jed-
noho visceralniho tumoru. Stejné tak jsou koznim pfizna-
kem MTS mnohocetné keratoakantomy vyskytujici se
u mladych osob na mistech chranénych pred sluncem.
Mezi nejcastéjsi interni malignity asociované s timto syn-
dromem patfi karcinomy gastrointestinalniho (cca 50 %)
a urogenitalniho traktu (25 %). Kozni léze ve vétsiné pri-
padll prfedchazeji anebo se vyskytuji sou¢asné s nadory
vnitfnich organt (1).

MTS je dnes povazovan za fenotypickou variantu mno-

¢asny vyskyt kolorektalnich karcinomd lokalizovanych pie-
vazné v proximalnim Useku tlustého stfeva a obvykle asoci-
ovanych s dal§imi malignitami postihujici jiné organy. Pravé
wotec* HNPCC Henry Lynch v roce 1981 poukazal na spo-
le€nou moznou etiologii mezi MTS a HNPCC poté, co iden-
tifikoval pacienty s fenotypem MTS v rodiné postizené
HNPCC/Lynchovym syndromem (2). Nasledné bylo proka-
zano, ze oba syndromy jsou geneticka onemocnéni zplso-
bena zarode¢nou mutaci v jedné alele nékterého z genl
zodpovédnych za opravy replikacnich chyb v DNA, tzv. mis-
match repair (MMR) genl, ktera po inaktivaci druhé alely
téhoz genu vede ke ztraté exprese pfislusného proteinu,
coz ma za nasledek mimo jiné tzv. mikrosatelitni nestabilitu
(microsatellite instability; MSI).
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Obr. 1. Sebacedézni adenom tvoreny nékolika lobuly pyriformniho
tvaru spojené s epidermis (A); jednotlivé lobuly jsou slozeny
z periferni vrstvy tvofené nékolika fadami malych bazaloidnich
germinativnich bunék a z centralné uloZenych zralych sebocytl
s objemnou, narGiZovélou, pénitou az jemné vakuolizovanou cyto-
plazmou (B)

KOZNi NALEZY

Kozni |éze u MTS zahrnuji nadory se sebacedzni diferenci-
aci, a to sebacedzni adenom, sebaceom a extraokularni seba-
cedzni karcinom. Hyperplazie mazovych Zlazek mlze byt také
pfitomna (3). Vyskyt periokularnich sebacedznich tumord
u MTS je vzacny. Kozni tumory jsou vétSinou mnohocetné, ale
byly popsany i pfipady solitarnich Iézi (4). Klinicky obraz se
nelisi od jejich sporadickych protéjsku, které jsou statisticky
castéjsi. Obecné Ize shrnout, Ze mnohocetné kozni nadory se
sebacedzni diferenciaci vyskytujici se u jedinci pred 50.
rokem Zzivota nebo postihujici téIni partie mimo oblicej jsou sil-
nym indikatorem MTS (5). Stejné tak mnohocetné keratoakan-
tomy vznikajici na mistech chranénych pred sluncem u mla-
dych osob slouzi jako voditko pro spravnou diagnézu.

Mikroskopicky jsou sebace6zni adenomy charakterizova-
ny lobularnim uspofadanim a spojenim s prilehlou epider-
mis (obr. 1A). Jednotlivé lobuly jsou slozeny z periferni vrst-
vy tvofené nékolika Fadami malych bazaloidnich
germinativnich bunék a z centralné ulozenych zralych sebo-

Obr. 2. Sebaceom tvoreny nékolika noduly v dermis (A), sloZzeny-
mi pfevazné z malych, monomorfnich, bazaloidnich bunék; zralé
sebocyty tvofi méné nez 50 % samotného tumoru (B)

cytll s objemnou, nartizovélou, pénitou az jemné vakuolizo-
vanou cytoplazmou a s jadrem hvézdicového tvaru (obr.
1B). Naproti tomu sebaceom je ulozen predevsim v dermis,
tvoren obvykle nékolika noduly s velmi vzacnym epidermal-
nim spojenim (obr. 2A). Jednotlivé noduly byvaji kulatého
tvaru, av8ak rizné velikosti, slozené z prevazné malych,
monomorfnich, bazaloidnich bunék. Zralé sebocyty tvofi
méné nez 50 % samotného tumoru (obr. 2B). U sebacedz-
nich karcinomt jsou rozhodujicim nalezem cytologické
detaily zahrnujici bunéény a nuklearni pleomorfismus
a/nebo atypické mitézy (obr. 3). Mlze byt pfitomna i nekré-
za. Sebace6zni hyperplazie predstavuje zmnozeny pocet
a veétsi velikost jinak normalnich mazovych zlazek, casto
vazanych na vlasovy folikl (obr. 4).

Histopatologicky jsou vyse zminéné sebacedzni kozni
nadory prakticky identické s jejich sporadickymi analogy,
avSak existuje nékolik morfologickych ryst, které mohou
u patologa vzbudit podezieni na moznou asociaci s MTS. Jed-
na se o:

1. Cystické zmény

Nékteré nadory u MTS vykazuji ndpadnou cystickou pre-
ménu. Tzv. cysticky sebacedzni tumor (cystic sebaceous neo-
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Obr. 3. Sebacedézni karcinom, ktery je z velké casti nekroticky
zménén (A); maligni cytologické detaily zahrnuji nuklearni pleo-
morfismus a ¢etné atypické mitézy (B)

Obr. 4. Hyperplazie mazovych Zlazel

Obr. 5. Tzv. cysticky sebacedzni tumor s vyraznou cystickou pre-
stavbou

s SN < < g o =

Obr. 6. Sebacedzni adenom napodobuijici keratoakantom; podob-
né léze byly v minulosti nazyvany jako seboakantomy

plasm) zahrnuty v poslednim vydani WHO klasifikace je ¢asto
citovan jako nejcastéjsi indikator MTS (obr. 5) (6). Na druhé
strané v nékterych Iézich mize byt cysticka prestavba vysled-
kem vystupnované holokrinni sekrece, fokalni desintegrace
bunék a slouceni mikrocyst (7).

2. Architektura napodobujici keratoakantom

Tento morfologicky rys byva ¢asto pfitomen u sebacedznich
adenomu. Projevuje se jako centralni, krateru podobna invagi-
nace (obycejné meélka), ktera mize byt pfitomna samostatné
anebo v kombinaci s perifernim koloretem a dlazdicobunécnou
diferenciaci (obr. 6). Podobné léze byly v minulosti nazyvany
seboakantomy.

3. Intra- a peritumoralni lymfocytarni infiltrace

Podobné jako u kolorektalnich a endometrialnich karcinomu
(8) v ramci HNPCC/Lynchova syndromu pfitomnost intra-
a peritumoralnich lymfocytl u sebacedéznich koznich neoplazii
pravdépodobné koreluje s MMR deficienci (obr. 7). Existuje
vSak jen nékolik malo studii zabyvajicich se touto problemati-
kou (9).
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nomu (A); intra- a peritumoralni lymfocytarni infiltrace seba-
ceomu (B)

4. Mucindza

Fokalni mucinéza je vzacné zminovana jako jeden z rysl
MTS, zejména u sebacedznich adenomu a karcinomd (7).

5. Intra- a intertumoralni heterogenita

Biopsie odebrané z riznych lokalit od jedince s MTS mohou
pomérné Casto vykazovat rozdilny vzhled, a to i tehdy, jedna-
li se o stejné histologické |éze (napf. adenom, karcinom).
Dokonce i v ramci samotného nadoru mohou byt pozorovany
rozdily, napf. ve stupni sebace6zni diferenciace a nuklearniho
pleomorfismu (10).

Existuji i dalsi histopatologické rysy zminované u seba-
ce6znich nadord v kontextu s MTS. Burgdorf a kol. popsa-
li pfitomnost kribriformnich zlazek v sebacedzni kompo-
nenté (7). Stejné tak byl u pacientd s MTS popsan mirny
nuklearni pleomorfismus u jinak béznych sebacedznich
adenom (11).

Zda se, ze sebaceomy s organoidnim usporadanim (karci-
noid napodobuijici, labyrintni a sinusoidalni rist) nejsou prav-
dépodobné predzvésti MTS (12). Stejné tak retikularni akan-
tom se sebace6zni diferenciaci a nevus sebaceus Jadassohn
nejsou spojeny s timto syndromem (13, 14).

Periokularni sebacedzni léze se vyskytuji jen ve vzac-
nych pfipadech. Dosud bylo popsano cca 40 periokularnich
sebaceéznich nadort u pacientt s MTS zahrnujicich karci-

Obr. 8. Adenokarcinom tlustého stfeva u pacienta s HNPCC/Lyn-
chovym syndromem s typickymi morfologickymi nalezy, tj. muci-
nozni charakter, peri- a intratumoralni infiltrace lymfocyty (A), pfi-
tomnost prstencitych bunék (B) a medularni rust (C)

nomy (nejCastéjsi asociace), sebaceomy a sebacedzni ade-
nomy (15, 16). Postizené osoby byly ¢asto mlad$iho véku
ve srovnani se sporadickymi pfipady, s primérnym vékem
diagnozy 53 let. Horni a dolni vicko bylo postizeno se stej-
nou castosti. Léze vznikajici v oblasti medialniho kantu byly
vzacné (15). Podobné jako u jejich extraokularnich analogt
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moralni lymfocytarni infiltraci (A, B)

byly u periokularnich Iézi popsany neobvyklé morfologické
rysy.

Je tfeba zminit i jeden z extrémnich pohledud na kozni seba-
cedzni |éze vznikajici u pacientd s MTS vysloveny Ackerma-
nem, ktery povazoval vSechny sebacedzni tumory kuze
u téchto jedinch za karcinomy (17). Tento nazor vSak nebyl
obecné akceptovan.

MIMOKOZNIi NALEZY

Gastrointestinalini trakt

Cca v 50 % se u pacientll s MTS vyskytuje kolorektalni
karcinom, ktery vétSinou vznika na rozdil od normalni popu-
lace v proximalni ¢asti tlustého stfeva. Vzacné se také
mohou vyskytovat karcinomy rekta. V kontrastu se spora-
dickymi pfipady, kde karcinom stfeva vznika ¢asto po 60.
roce zivota, kolorektalni karcinomy asociované s MTS ¢&i
HNPCC/Lynchovym syndromem vznikaji u pacientd mladsi-
ho véku (primér 40-45 let). Ploché adenomy predstavuji
Casto prekurzorové léze, které byvaji klinicky tézko deteko-
vatelné a doba jejich maligni transformace byva kratka.
Vétsina pacient vSak nema zvysSeny pocet polypu, ackoliv

Tab. 1. Mismatch repair (MMR) geny a jejich charakteristika

Wy il | DOMLOM | P
MLH1 3p23-21 2.3 19
MSH2 2p22-21 2.8 16
MSH6 2p16-15 4.2 10
PMS2 7p22 2.6 15
PMS1 2q31-33 2.8 13
MSH3 5q11-12 3.4 24
MLH3 14924.3 4.4 13

pfitomnost dvou i vice kolorektalnich karcinomu neni vyjim-
kou.

Histopatologicky vykazuji nadory tlustého stfeva spojené
s MTS stejné morfologické rysy jako u HNPCC/Lynchova syn-
dromu, a to mucindézni charakter, prstencité buriky, peri-
a intratumoralni infiltraci lymfocyty a medularni rist (obr. 8)
(18). Nékteri autofi zahrnuji mezi tyto znaky i nepfitomnost tzv.
$pinavé nekrézy v luminech zlazek, ktera je naopak typickym
nalezem u sporadickych pfipadd (19). Mucindzni karcinomy
jsou obycejné dobre diferencované a epitel vykazuje podob-
nost s epitelem viléznich adenoma (19).

Zensky pohlavni systém

Zatimco HNPCC/Lynchiv syndrom zahrnuje 2,3 % endo-
metridlnich karcinomu, u pacientd s MTS se zdaji byt gyneko-
logické malignity vzacnéjsi, coz mize byt vysvétleno asociaci
endometrialnich karcinomu s mutaci v MSH6 genu. Endomet-
ridIni karcinomy se ve srovnani s béznou populaci vyskytuiji
v mlad$im véku, avSak vzacné mohou vznikat i u star$ich zen
nad 60 let (20). NejcastéjSim histologickym typem je endo-
metrialni endometrioidni karcinom.

Mikroskopicky typickym rysem podobné jako u kolorektal-
nich karcinomt je intra- a peritumoralni pfitomnost lymfocy-
tu (obr. 9). Rovnéz charakteristickym nalezem je heteroge-
nita tumoru definovana pfitomnosti dvou morfologicky
odliSnych nadorovych populaci tvofici minimalné 10 %
tumordzni tkané (21). Ostatni morfologické nalezy u endo-
metridlnich karcinomu publikované v kontextu s MSI zahr-
nuji kribriformni usporadani, mucinézni oblasti a nekrézu
(20).

Urogenitalini trakt

Nejcastéjsim typem nadoru vyluovaciho traktu u pacient
s HNPCC/Lynchovym syndromem je urotelialni karcinom,
jehoz incidence je cca 14-22krat vys$si nez u bézné populace.
Typicky vznika v hornim mocovém traktu (ureter a ledvinna
panvicka). Mocovy méchyr byva naopak postizen méné ¢asto
(22). U pacientt s MTS vznikaji tyto tumory jak v mocovodech
a v ledvinné panvicce, tak i v mocovém méchyfi (23). Urolo-
gické malignity se v rdmci obou syndromt objevuji o 10-15 let
drive nez jejich sporadické protéjsky vznikajici u bézné popu-
lace (22).

Jiné organy

U pacientd s MTS a HNPCC/Lynchovym syndromem
mohou nadory zfidka postihovat i jiné organy véetné prsu, plic,
mediastina, CNS, slinivky brisni, hlavy a krku, biliarniho trak-
tu, varlat, ledvin a prostaty (23—25). Tumory ve vy$e zminé-
nych lokalizacich byvaji vzacnym ndalezem stejné tak jako
hematologické malignity a melanomy.
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MOLEKULARNI BIOLOGIE
MTS SYNDROMU

Pric¢inou vzniku MTS je ve vétsiné pripadl stejné jako
u HNPCC/Lynchova syndromu autozomalné dominantné
dédicna zarodecna mutace v nékterém z genli zodpovédnych
za opravy replikacnich chyb v DNA, tzv. mismatch repair
(MMR) genti (viz tabulka 1) (26). Jelikoz MMR geny jsou typic-
ké tumor supresorové geny, k nastupu onemocnéni dochazi
az somatickou inaktivaci druhé alely téhoz genu (27).

Nejsou-li MMR geny poskozeny, exprimované MMR protei-
ny se spojuji do funkénich komplexu, a to v heterodimery
MSH2/MSH6 (pfip. MSH2/MSH3) a MLH1/PMS2 (pfip.
MLH1/MLH3). Prvni z téchto dimeri rozpoznava chyby v DNA
(nesparované nebo $patné sparované nukleotidy) a signalizu-
je poskozeni, druhy chyby opravuje. Zaroven se podili na
zastaveni bunécéného cyklu a indukci apoptézy v reakci na
poskozeni DNA. Pokud néktery z proteind neni funkéni
nasledkem inaktivace obou alel jeho genu, dochazi ke vzniku
nadoru charakteristickych vysokym stupném nestability v krat-
kych tandemovych repeticich molekuly DNA (v tzv. mikrosate-
litech) (28, 29). Tumory jevici mikrosatelitni nestabilitu (MSI)
v 30 a vice procentech sledovanych mikrosatelitnich sekvenci
jsou oznacovany jako léze s vysokym stupném mikrosatelitni
nestability (microsatellite instability-high; MSI-H) (30). Pravé
vysokou mikrosatelitni nestabilitu vykazuje priblizné 70 %
nadort u pacientt s MTS (31, 32).

Ackoliv do skupiny MMR gen( podilejicich se na vzniku
HNPCC/Lynchova syndromu fadime v sou¢asné dobé 7 gentl
(MLH1, MSH2, MSH6, PMS2, PMS1, MSH3 a MLH3), na vzni-
ku MTS se podili pfedevsim zarode¢né mutace v genu MSH2
(cca 90 % pripadul) (34). Mutace v MLH1 genu zahrnuiji zhru-
ba 10 % pfipadu. V posledni dobé byly detekovany také muta-
ce v MSH6 genu (35, 36). U MTS byla zachycena cela skala
mutaci, a to kratké delece a inzerce, bodové missense a non-
sense mutace a rozsahlé delece ¢i duplikace celych exonu
(37).

Fenotypové projevy MTS mohou byt vyvolany i jinymi
mechanismy nez pfimym poskozenim MMR genu. Pfi¢inou
muize byt i zarodec¢na delece nékolika poslednich exonu genu
TACSTD1 koédujiciho Ep-CAM. Tento gen se nachazi na dru-
hém chromozomu v tésné blizkosti pred genem MSH2. Dele-
ci exonl tak dochazi k zasazeni jeho transkripce do oblasti
MSH2 genu. Promotor MSH2 genu lezici na stejném chromo-
zomu jako terminalné mutovany TACSTDT1 je proto epigene-
ticky metylovan a nedochazi k transkripci této alely MSH2
genu (38). Popsany byly také pfipady vzniku sebacedznich
1ézi u pacient( s bi-alelickymi mutacemi v MYH (MutYH) genu,
jehoz proteinovy produkt se podili na excizni reparaci DNA
v reakci na oxidativni poskozeni DNA (39). V takovych pfipa-
dech léze mohou byt stabilni v mikrosatelitnich sekvencich
(40).

DIAGNOSTIKA MMR DEFICIENCE,
MSI A MIMIR ZARODECNE MUTACE

V pripadé klinicko-patologického podezieni na MTS jsou
nezbytna dalsi laboratorni vySetfeni k potvrzeni nebo vylouce-
ni MMR deficience a MSI. Senzitivita vySetfeni nestability mik-
rosatelitl zalozena na PCR metodé versus imunohistoche-
mické vySetfeni je shodna. Prvnim krokem skriningového
testu je imunohistochemicka studie exprese MMR protein(,
ktera predstavuje rychlou, efektivni a spolehlivou metodu
s vysokou prediktivni hodnotou diagnézy MMR deficience
(33). Charakter exprese MMR proteint v koznich tumorech

Tab. 2. Mikrosatelitni panel doporuceny k detekci mikrosatelitni
nestability (MSI)

MsI Mono- nebo Umisténi Lokalizace na
dinukleotidy na DNA chromozomu
D2S123 Di MSH6 gen 2p16
D5S346 Di APC gen 5q21-22
D17S250 Di Prilehly lokus k TP53 17q11.2-12
BAT25 Mono Intron c-Kit onkogenu 4q12
BAT26 Mono Intron MSH2 genu 2p22-21

koreluje s molekularné-genetickymi vysledky. Ztrata exprese
téchto proteint je indikatorem pravdépodobného zarode¢ného
defektu MMR genu a s tim spojené MSI (obr. 10) (33). V nasi
rutinni praxi pouzivame standardné panel Ctyf protilatek
(MLH1, PMS2, MSH2, MSHS), ackoliv nedavné studie pouka-
zaly na moznost pouziti pouze dvou-protilatkového panelu
(MSH6 a PMS2), jehoz prediktivni hodnota je udajné shodna
jako u vysSetfeni s pouzitim 4 protilatek (41).

MLH1 a MSH2 jsou tzv. zakladni proteiny, zatimco PMS2
a MSH6 predstavuji tzv. sekundarni proteiny. Abnormality
v zakladnich proteinech (MLH1, MSH2) vedou k proteolytické
degradaci heterodimert a nasledné ke ztraté jak zakladnich,
tak sekundarnich proteinG. Jestlize se mutace vyskytne
v genech sekundarnich proteint (j. geny PMS2, MSH6), hete-
rodimery zlstavaji stabilni a nedochazi k soucasné ztraté
jejich partnert, tj. zakladnich proteind. Proto v pfipadé pouziti
dvou-protilatkového panelu je tfreba mit vzdy na mysli, ze vét-
Sina pfipadl se ztratou MSH6 proteinu mize mit defekt
v MSH2 genu, zatimco u pfipadu se ztratou PMS2 proteinu
muze byt naopak geneticky defekt v MLH1 genu. Jestlize je
vyuzito Ctyrprotilatkového panelu, ¢asto je ztrata MLH1 nebo
MSH2 spojena ztratou PMS2 a MSH6 proteinu.

Neékolik postreht k imunohistochemickému vySetfeni expre-
se MMR proteint:

1. Sporadické sebacedzni Iéze mohou prilezitostné vyka-
zovat ztratu MMR proteint (42, 43).

2. Nékteri pacienti mohou mit zarodec¢nou mutaci, ktera se
neprojevuje ztratou MMR protein v tumoru. Takova situace
muze nastat u nékterych zarodeénych missense mutaci
vedoucich k expresi nefunkénich, ale antigenné intaktnich pro-
teinl (33, 44).

3. U riznych sebacedznich tumorti jednoho pacienta je oce-
kavan identicky barvici obraz. Z tohoto dlivodu postaci k tes-
tovani osob s mnohocetnymi projevy na kizi jen jedna léze (9,
32). Je vSak tfeba zduraznit, Ze sebacedzni hyperplazie oby-
Cejné nevykazuje ztratu MMR proteinl, ackoliv ostatni typy
sebacedznich tumorl u téhoz jedince (napf. sebacedzni ade-
nom, sebacedzni karcinom) simultanné vykazuji MMR defici-
enci (9). Predpokladanym nalezem je taktéz imunohistoche-
micka shoda mezi vSemi tumory od jednoho pacienta véetné
koznich a visceralnich tumor(, avSak vzacné muze byt u koz-
nich a visceralnich tumort detekovan rozdilny charakter imu-
nohistochemického vysetfeni MMR proteint (45).

4. Pomoci imunohistochemického vySetieni nelze rozlisit
mezi ztratou MLH1 exprese zplsobené zarode¢nou mutaci
versus somatickou hypermetylaci promotoru (44).

5. Znamym a Casto diskutovanym faktem je existence néko-
lika kvalit barveni véetné tzv. slabého barveni neoplastickych
elementu a nedostatku presvéd¢ivé pozitivni interni kontroly.
Néktefi autofi zastavaji nazor, ze jenom kompletni ztrata expre-
se MMR proteinu v tumordzni tkani s validni pozitivni kontrolou
muze byt povazovana za interpretativni. Podle nasich zkuSe-
nosti je mozné zaznamenat ¢asteCnou ztratu exprese MMR
proteinu, nékdy s napadnym gradientnim profilem (tj. ztrata
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Obr. 10. Imunohistochemické vysetrenl exprese MMR protelnu ztrata exprese MSH2 v nédorovych bunkach s pozmvnl interni kontro-
lou, tj. lymfocyty (A); exprese MLH1 proteinu nadorovymi burikami (B)
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Obr. 11. Mikrosatelitni nestabilita detekovana pomoci PCR: pét
mononukleotidovych repetic (NR21, BAT26, BAT25, NR24,
MONO27) v nenadorové tkani a dvé kontrolni pentanukleotidové
repetice (A); kolorektalni nadorova tkan téhoz pacienta vykazuji-
ci MSI-H vSech 5 mononukleotidovych repetic (B)

barveni v centru |éze s naopak pozitivnim, i kdyz jen slabé, bar-
venim na periferii tumoru) (33). V problematickych pfipadech je
doporuc¢ovano vyhodnoceni vzorku nejméné dvéma patology,
ktefi maji zkuSenosti s interpretaci imunohistochemickych nale-
z0 MMR proteint. | presto se vzacné vyskytnou pfipady
s nevyhodnotitelnym vysledkem imunohistochemického vyset-
feni (tzv. neinterpretovatelné barveni) (46).

MSI muze byt detekovana pomoci PCR technik a fragmen-
tacni analyzy zjistujici délku urcitého segmentu DNA v lezio-

30
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Obr. 12. Zarodeéna bodova mutace ¢.2633T>C ve ¢tvrtém exonu
MSH6 genu v perifernich lymfocytech zjisténa metodou pfimého
sekvenovani. Jde o tzv. missence mutace, kdy ve vznikajicim pro-
teinu dochazi k zaméné aminokyseliny, a to valinu za alanin
v kodonu 878.

nalni tkani a srovnavajici ji se stejnymi segmenty v normalni
tkani prilehlé k tumoru. Pro tyto Ucely je nutna ve formolu fixo-
vana tkan a dale pro dermatopatologickou praxi toto vySetreni
predpoklada vyuziti mikrodisektoru k obdrzeni optimalniho
vysledku. Snadnéjsi a z praktického hlediska vyhodnéjsi alter-
nativou ziskani kontrolniho vzorku je odbér periferni krve paci-
enta, ktera muze byt také pouzita pro detekci zarode¢né muta-
ce. Soucasné nejvice pouzivany panel mikrosatelitnich
markert zahrnuje D2S123, D5S346, D17S250, BAT25, BAT26
(viz tabulka 2). V nasi praxi navic pouzivame i NR21, NR24
a MONO27. Vysledkem analyzy mohou byt dva fenotypy MSI,
a to mikrosatelitni nestabilita vysokého (high degree of MSI;
MSI-H) (obr. 11) a nizkého stupné (low degree of MSI; MSI-L)
(46). Zatimco MSI-H u sporadickych sebacedznich koznich
|ézi a u sebacedzni hyperplazie je detekovana pouze vzacné,
u ostatnich koznich lézi pacientt s MTS je ¢astym nalezem
(26, 31, 45, 47).

Zarode¢na mutace v MMR genech muze byt detekovana
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Obr. 13. Zarode¢na mutace velkého rozsahu v genu MSH2. Jedna se o duplikaci exont 12, 13, 14, zachycenou metodou MLPA (SALSA
MLPA KIT P003-B1, MRC-Holland). Vyska hrott >1,35 predstavuje duplikaci daného tiseku
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u pacienta a jeho pokrevnich pfibuznych mnoha metodami,
napf. testem na pritomnost zkracenych proteint (protein
truncation test), analyzou konformaéniho polymorfismu jed-
noretézcovych segmentd (single strand conformation poly-
morphism analysis, SSCP), analyzou heteroduplexa.
U pacientd s MTS je zarode¢na mutace v MMR genech
detekovana v 60-70 % (26, 34). Na nasem pracovisti je
k detekci malych mutaci pouzivana PCR metoda amplifiku-
jici v&echny exony a exon-intronové spoje danych genul
s naslednou pfimou sekvenaci korespondujicich PCR frag-
mentud (obr. 12). K detekci rozsahlych deleci a duplikaci je
vyuzivana MLPA (multiplex ligation-dependent probe ampli-
fication) (obr. 13). Soucasti genetického vysetreni je i test
na onkogenni V600E (dfive znamy jako V599E) hotspot
mutaci v genu BRAF. Tato metoda spolu s vySetfenim MSI
byla nedavno pfidana k prospektivnimu skriningu pacientl
s kolorektalnim karcinomem, u kterych bylo vysloveno pode-
zfeni na HNPCC/Lynchlv syndrom. BRAF mutace je identi-
fikovana ve vyznamné ¢asti kolorektalnich karcinomt s MSI-
H vyvolanych hypermetylaci MLH1 promotoru (tzv.
sporadické karcinomy), ale neni pfitomna u tumort s MSI
vznikajicich v ramci HNPCC/Lynchova syndromu a MTS.
Zjednodusené lze shrnout, Ze identifikace V600E BRAF
mutace prakticky vyluéuje moznost HNPCC/Lynchova syn-
dromu a MTS, a Ize ji proto pouzit pfed samotnym testova-
nim zarodec¢né mutace v MLH1 genu u kolorektalnich karci-
nom( s MSI-H (48).

GENOTYP - FENOTYP KORELACE
U MTS

Mezi pfipady deficience MMR je naprosto unikatni vyznam-
na korelace mezi genotypem a fenotypem, a to konkrétné
mezi mutaci MSH2 genu a klinickym nalezem typickym pro
MTS. Rodiny s HNPCC/Lynchovym syndromem, které jsou
nositeli mutace ¢.942+3A>T v MSH2 genu maji vyssi frekven-
ci vzniku MTS nezli rodiny, které jsou nositeli jiné mutace
v témze genu (48).

MTS pacienti s postizenym MSH2 genem maji ve srovnani
s nosi¢i MLH1 mutace signifikantné vyssi celozivotni riziko
vzniku karcinomu na jinych mistech nez ve strevé. Jak jiz bylo
zminéno, jen mensina pacientdt s MTS ma mutovan MSH6
gen (35). Je tfeba ale mit na paméti, ze takovéto pfipady jsou
obycejné velmi tézko identifikovatelné, nebot u HNPCC/Lyn-
chova syndromu mutace v MSH6 genu vykazuji méné zavaz-
ny klinicky fenotyp, a to i s ohledem na kolorektalni a endo-
metrialni karcinom (napf. pozdni vznik nadoru, histologické
rysy jsou vice podobné tumorim u bézné populace) (50).

Napadna je i korelace mezi anatomickou lokalizaci tumoru,
jeho typem, architekturou a deficienci MMR. Bylo zjisténo, ze
deficience MMR je signifikantné spojena s anatomickou loka-
lizaci nadoru (MMR deficientni tumory se prevazné vyskytuji
na trupu a koncetinach a jen velice vzacné na hlavé a krku),
s typem tumoru (pokud Iéze vnika na hlavé a krku, mnohem
Castéji se jedna o sebacedzni adenom nez karcinom) a s archi-
tekturou (architektura sebaceodznich lézi pfipomina keratoa-
kantom) (9, 51). Tato korelace vykazuje analogii s kolorektal-
nimi tumory, kde rovnéz vpravo lokalizované karcinomy
tlustého streva jsou Castéji spojeny s deficienci MMR ve srov-
nani s levostrannymi.

ZAVER

MTS, fenotypicka varianta HNPCC/Lynchova syndromu,
byva nejCastéji diagnostikovany dermatology, dermatopatolo-

gy/patology, gastroenterology a gynekology. Identifikace téch-
to pacientl a jejich pokrevnich pfibuznych vyzaduje dalsi
vySetreni, které Ize provadét jen na specializovanych patolo-
gickych pracovistich disponujicich imunohistochemickymi
a molekularné biologickymi metodami. Tento pristup pak
dovoluje véasné odhaleni postizenych a jejich pokrevnich pfi-
buznych, ktefi jsou nositeli zarode¢né mutace v MMR genech.
V zemich, kde existuje registr téchto osob véetné striktniho
systému vySetfovani, je doba preziti pacientl srovnatelna
s normalni populaci (52).

Prace byla z¢asti podporena Specifickym vysokoskol-
skym vyzkumnym zamérem Univerzity Karlovy v Praze (€.
projektu 260 809).
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SOUHRN

Lynchiv syndrom (dfive hereditarni nepolypo6zni kolorektalni karcinom) je nejéastéjsi pricinou familiarniho vyskytu kolorektélniho karcinomu se znamym
molekularné genetickym podkladem. Pfi¢inou je germinalni mutace nékterého z gent kéduijicich takzvané MMR proteiny, které opravuji chyby ve strukture
DNA vznikajici pfi jeji replikaci. Tyto mutace zpUsobuji dysfunkci opravného komplexu, kterd vede k rozvoji nestability mikrosatelitti (MSI) a ke vzniku a pro-
gresi nadord, zejména kolorektalniho karcinomu. Tradi¢né se jeho frekvence odhaduje na 2 % viech kolorektélnich karcinomd, v sou¢asné dobé vsak odhady
dosahuji az 5 %. Vzhledem k této pomérné vysoké cetnosti, absenci premorbidniho fenotypu, familidarnimu vyskytu a prezentaci malignich nador( v produk-
tivnim véku se z jeho diagnostiky stava problém nejen medicinsky, ale i socioekonomicky. Bohuzel, Bethesda guidelines, natoz Amsterdamska kritéria, ktera
byla sestavena predevsim ke klinickému zéchytu pacientl se suspekci na Lynchiv syndrom, nejsou dostatecné senzitivni. Ukazalo se, ze vy3si senzitivitu
vykazuje histologickd detekce karcinomti s morfologickymi znaky asociovanymi s MSI. Jedna pétina karcinom@ s MSI by méla byt podminéna Lynchovym
syndromem, zbytek tvofi sporadické MSI-H karcinomy zptsobené epigenetickou inaktivaci opravného proteinu. K vylouceni téchto sporadickych piipadd
z dalsiho testovani slouzi vySetreni genu BRAF a analyza methylace promotoru genu MLH1. Podezieni na LynchGv syndrom vyplyvaijici z vysledkd vyse uve-
deného komplexu vysetreni by mélo byt nakonec potvrzeno detekci germinalni mutace nékterého z MMR genti v periferni krvi s naslednym vysetienim
rodinnych pfislusnikd pro zajisténi Gcinné prevence.

Kli¢ova slova: kolorektalni karcinom — Lynchiv syndrom — HNPCC — MSI - nestabilita mikrosatelitt

Lynch syndrome in the hands of pathologists

SUMMARY

Lynch syndrome (formerly hereditary non-polyposis colorectal cancer) is the most common familial colorectal cancer syndrome with a known molecular genetic
background. The syndrome is caused by a germline mutation of one of the genes encoding mismatch repair (MMR) proteins that are responsible for DNA
replication errors repair. Impaired function of these proteins leads to microsatellite instability (MSI) and forms a suitable background for the development and
progression of tumors, mainly colorectal cancer. Traditionally, Lynch syndrome was regarded to be responsible for 2 % of all cases of colorectal cancer, however
recent estimates reach even 5 %. Due to this relatively high frequency, familial occurence, the absence of the premorbid phenotype and the development of
malignant tumors during the productive years of life, the correct diagnosis becomes not only a medical, but also a socioeconomical problem. Unfortunately,
clinical means of diagnostics of Lynch syndrome (like the Amsterdam criteria and Bethesda guidelines) lack sensitivity. It was shown that predictive models based
on histological signs of MSI are more sensitive than the clinical criteria used to detect patients suspicious of Lynch syndrome. Of all MSI-H colorectal cancers, 1/5
is caused by Lynch syndrome, the rest being only sporadic cancers caused by epigenetic inactivation of a MMR protein. To rule out the sporadic cases, molecular
genetic investigation of the BRAF gene and methylation analysis of MLH1 is used in the diagnostic workup of Lynch syndrome. The suspicion of Lynch syndrome,
based on the results of the assortment of diagnostic methods mentioned above, should be proven by detection of a germline mutation of an MMR gene in
peripheral blood, and followed by screening of family members, which is a necessary condition for efficient prevention.

Keywords: colorectal cancer - Lynch syndrome — HNPCC — MSI — microsatellite instability
Cesk Patol 2014; 50(1): 18-24

dorq, jehoz podkladem je (az na vyjimky) germinalni mutace
nékterého z gent odpovédnych za opravy replikacnich chyb
v DNA, takzvanych mismatch repair (MMR) gent. Nejcastéjsim
karcinomem vznikajicim pfi Lynchové syndromu je kolorektal-
ni karcinom (CRC), je viak zvysené riziko vzniku i extrakolonic-
kych malignit, zejména karcinomii endometria, Zaludku, ten-

LYNCHUV SYNDROM - SOUCASNA DEFINICE

Lynchav syndrom (LS) je autozomélné dominantné dédicné
onemocnéni vytvarejici predispozici ke vzniku malignich na-
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kého stieva, ovaria, ledvinné panvicky a mocovodu, nadort
mozku a kize.

Na podkladé LS vznika pravdépodobné az 5 % CRC. Na rozdil
od familiarni adenomatdzni polypdzy (FAP) tyto nadory nevzni-
kaji v terénu polypdzy (definované jako >100 polypd), coz viak
neznamend, ze nemohou byt pfitomny zadné polypy. Dalsim
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dalezitym znakem LS je absence ,premorbidniho fenotypu’,
tedy pfitomnosti benignich zmén, které by umoznovaly dia-
gnostikovat tento syndrom jesté pred vznikem maligniho tumo-
ru (jako je tomu treba v pfipadé FAP, neurofibromatézy 1. typu
a dalsich familidrnich karcinomovych syndrom). Vyjimkou z to-
hoto pravidla je fenotypicka varinta LS projevuijici se vznikem
koznich sebacedznich nador(, oznacovana jako Muir-Torreho
syndrom (MTS) (1). V ostatnich pfipadech m(ze byt LS diagnos-
tikovan prakticky az pfi nalezu maligniho tumoru, piipadné pfi
genetickém vysetieni rodinnych pfislusnikl jiz diagnostikova-
ného probanda.

HISTORIE A VYVOJ TERMINOLOGIE

Prvni zndmou dokumentovanou rodinou s (tehdy samoziej-
mé jesté nepojmenovanym) LS je ,karcinomova rodina G’ kte-
rou v roce 1913 popsal prof. Warthin (2). Pozorovani podobné
vyznamného rodinného vyskytu kolorektalniho karcinomu pfi
absenci polypdzy (3) pfivedlo Lynche ke studiu a doplnéni ma-
terial( o ,karcinomové rodiné G” a zaznamenani zakladnich zna-
kd tohoto syndromu:

1. zvy$end incidence adenokarcinoml, zejména kolorektalnich

a endometrialnich,

2. zvysené riziko multiplicity nadord,
3. autosomalné dominantni dédi¢nost, a
4. vznik karcinom v mladsim véku (4).

Ve svych prvnich publikacich Lynch pouzival k jeho oznaceni
termin ,syndrom karcinomové rodiny*, v pozdéjsich ,hereditar-
ni nepolypdzni kolorektalni karcinom” (HNPCC) (5). Zaroven se
vsak zacalo synonymicky pouzivat oznaceni,Lynchiv syndrom”
(6). V soucasné dobé se upousti od terminu HNPCC, pficemz
oznaceni ,Lynchlv syndrom” se pouziva pro pfipady spliujici
Amsterdamska kritéria (viz nize) a zaroven nesouci germinalni
mutaci nékterého z MMR genl, zatimco pro pfipady splfiujici
Amsterdamska kritéria, ale bez prokazatelné germinalni mutace
nékterého z MMR gend, se doporucuje termin ,familidrni kolo-
rektalni karcinom typu X" (7).

MOLEKULARNE GENETICKY PODKLAD

Pricinou LS je ve vétsiné pfipadt germinalni mutace v nékte-
rém z gentl zodpovédnych za opravy replikacnich chyb v DNA,
takzvanych mismatch repair (MMR) gena (8,9). Fyziologicky se
MMR proteiny kddované témito geny spojuji do funkénich
komplext, a to zejména v heterodimery MSH2-MSH6 (pfip.
MSH2-MSH3) a MLH1-PMS2. Prvni z téchto dimerud rozpoznava
chyby v DNA (nesparované nebo Spatné sparované nukleotidy)
a signalizuje poskozeni, druhy chyby opravuje. Zaroven se podili
na zastaveni bunécného cyklu a indukci apoptézy v reakci na
poskozeni DNA. Pokud néktery z proteint neni funkéni nasled-
kem inaktivace obou alel jeho genu, dochéazi ke vzniku nador(
charakteristickych vysokym stupném nestability v takzvanych
mikrosatelitech, tedy kratkych tandemovych repeticich (short
tandem repeats, STR) (10,11).

Mikrosatelity jsou Giseky DNA tvoiené nékolikanasobnym opa-
kovanim jednoho, dvou, tfi, tyr a vzacnéji vice nukleotidd, které
se vyskytuji v celém genomu pomérné hojné. Délky jednotlivych
mikrosatelitti (tedy pocty opakovani téchto sekvenci) jsou v ramci
jedince stejné, ale mohou se lisit mezi jednotlivci. Mikrosatelitni
sekvence jsou velmi snadno zranitelné pfi replikaci DNA, protoze
DNA polymeraza na takovychto mistech snadnéji sklouzava a do-
chazi tak ke vzniku delich (inzerce sekvence) ¢i kratsich (delece
sekvence) useku. Kolisa-li délka mikrosatelitd v ramci jednoho
jedince, hovotime o nestabilité mikrosatelitt (microsatellite insta-
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Tabulka 1. Panel mikrosatelitnich markert a jeho pouziti

Bethesda panel mikrosatelitnich markerti doporuceny NCI
a. mononukleotidové: BAT25, BAT26
b. dinukleotidové: D25123, D55346, D175250
Rozdéleni nadori podle stability mikrosatelita
1. MSS: 0 nestabilnich markert
2. MSI-L: 1 nestabilni marker v Bethesda panelu (nebo frekvence
nestabilnich < 30 - 40 %*)
3. MSI-H: > 1 nestabilni marker v Bethesda panelu (nebo frekvence
nestabilnich > 30 - 40 %)

NCI: National Cancer Institute, MSS: microsatellite stable, nador se stabilnimi
mikrosatelity, MSI-L: microsatellite instability — low, nador s nizkym stupném
nestability mikrosatelitti, MSI-H: microsatellite instability — high, nador s vy-
sokym stupném nestability mikrosatelitd

*: moznost v zavorce plati i pfi pouziti panelu slozeného z vétsiho poctu
markert

bility, MSI). Stanoveni stupné MSI spociva ve stanoveni nestability
mezinarodné kodifikovanych markerq, pficemz na zakladé pocti
postizenych marker( se rozlisuji stavy (resp. nadory) se stabilni-
mi mikrosatelity (microsatellite stable, MSS), s nizkym stupném
nestability (microsatellite instability — low, MSI-L) a s vysokym
stupném nestability mikrosatelit’ (microsatellite instability -
high, MSI-H) (12). Piehled pouzivanych marker( a algoritmus sta-
noveni stupné MSI shrnuje tabulka 1.

MSI-H tumory mohou vznikat dvéma raznymi zakladnimi
zpusoby. Bud'jde o sporadické nadory vyvolané genetickymi a/
nebo epigenetickymi zménami v somatické burice, nebo o fa-
milidrné se vyskytujici nddory v ramci LS zpGsobené nejcastéji
germindlni mutaci nékterého z MMR gent. Mutovana alela je
dédéna autozomdélné dominantné. Jelikoz ale MMR geny patfi
mezi typické tumor supresorové geny, k viastnimu vzniku nddo-
ru dochazi az somatickou inaktivaci druhé alely téhoz genu (13).
LS je z vice nez 80 % asociovan se zarode¢nymi mutacemi genl
MLH1 a MSH2 (14), pfiblizné 10 % objevenych mutaci je lokali-
zovano v genu MSH6 a ostatni mutace pfipadaji na dalsi MMR
geny (PMS2, PMS1, MSH3, MLH3). Vétsinou se jedna o mutace
malého rozsahu jako jsou substituce, inzerce nebo delece, roz-
séhlé delece a duplikace celych exon(l byvaji nachazeny hlav-
né v MSH2 (az 1/3 mutaci) a pomérné casto také v MLHT (15).
U posledné jmenovaného genu byly uz popsany i germinaini
hypermetylace promotoru vedouci k jeho epigenetické inakti-
vaci (16,17). V nedavné dobé byly popsany i germinalni delece
3" konce genu EPCAM (TACSTD1), které vedou k epigenetické
inaktivaci MSH2 (18,19). U nékterych mutaci a polymorfizm
MMR genti zatim nebyl prokézan jejich klinicky vyznam, nicmé-
né poznatky o variantach gent jsou neustéle aktualizovany na
strankdch International Society for Gastrointestinal Hereditary
Tumours (http://www.insight-group.org/).

Je-li u osob nesoucich jednu germindlné mutovanou alelu
MMR genu béhem jejich Zivota inaktivovana i alela druha, do-
chazi ke vzniku riznych malignit, jako napiiklad CRC, karcinomu
dalsich casti GIT, urotelu a dalsich. Ddvodem mze byt somatic-
ka mutace v druhé alele genu, ztrata heterozygozity (LOH), nebo
také metylace promotoru, jak tomu casto byva u genu MLH1
(20). Velmi vzacné se vyskytuje germindini bialelicka mutace
gend MMR, a to zejména jako nasledek incestu. Tento stav je
charakteristicky vznikem CRC jiz v mladém véku, hematologic-
kymi malignitami a fenotypickym obrazem pfipominajicim neu-
rofibromatézu 1. typu (21,22).

Klinické projevy mohou byt u mutaci jednotlivych gen( riz-
né. Napfiklad nosici germinalni mutace MLHT maji riziko vzniku
kolorektélniho karcinomu v nizkém véku nizsi, nez je tomu u no-
si¢t mutaci v ostatnich MMR genech, a také u nich casto byva
kolorektalni karcinom jedinou diagnostikovanou malignitou.
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Ostatni nddorova onemocnéni vyskytujici se v souvislosti s Lyn-
chovym syndromem jsou detekovana castéji u pacientd s ger-
minalni mutaci v MSH2 (23). Mutace v MSH6, které maji pomérné
nizkou penetranci, jsou 6x Castéji asociovany s karcinomy en-
dometria nez s nadory kolorekta, navic jsou u téchto pacientt
kolorektélni karcinomy (v porovnéni s Lynchovymi syndromy
zpUsobenymi mutacemi jinych MMR gen) ¢astéji levostranné.
Dalezité také je, zZe mutace v MSH6 nevedou vzdy ke vzniku ne-
stability mikrosatelit(i, pravdépodobné diky tvorbé alternativni-
ho heterodimeru MSH2-MSH3 (24,25). Naopak mutace v PMS2
vedou vétsinou ke vzniku MSI-H tumor( a jsou asociovany jak
s casnym kolorektalnim, tak endometridlnim karcinomem, avsak
ani zde penetrance neni pfilis vysoka (26-28). Na vzniku MTS se
podili pfedevsim germindlni mutace v genech MLHT a MSH2,
pficemz mutace v genu MSH2 je prevazujici (29,30).

Turcotllv syndrom, ktery je charakterizovan spole¢nym vysky-
tem nadort mozku (vétsinou gliomt) a CRC, mlize byt také zpa-
soben zarode¢nou mutaci nékterého z MMR gen(, mutace byly
detekovany zejména v MLHT a PMS2 (31).

Néadory pacientt s LS a MTS jsou v 89 %, resp. 70 % MSI-H, na
rozdil od sporadickych kolorektalnich karcinom, kde se MSI-H
status vyskytuje pouze u 15 % pacientl a v naprosté vétsiné pri-
pad(l byvé asociovan s hypermetylaci promotoru genu MLHT,
nikoli se somatickymi mutacemi MMR geni (10,32,33).

Mutacni analyza je provadéna v idedlnim pfipadé z periferni
krve pacienta, Ize k ni vyuzit ale i nenadorovou tkan pacienta.
K detekci rozsahlych deleci a duplikaci, které zahrnuji celé exony
nebo nékolik exond, je v posledni dobé stale castéji vyuzivana
metoda MLPA (multiple ligation probe amplification). Drobné
mutace mohou byt detekovany pomoci SSCP (single strand
conformation polymorphism) nebo pfimou sekvenaci celych
exonu a exon-intronovych oblasti.

ZAKLADY KLINICKE DIAGNOSTIKY
LYNCHOVA SYNDROMU

V roce 1990 byla formulovana klinické kritéria k diagnostice
HNPCC, ktera se oznacuji jako Amsterdamska kritéria (34). Pro
zvyseni senzitivity, zejména s prihlédnutim k moznosti prezenta-
ce syndromu extrakolonickou malignitou, byla tato kritéria v roce
1998 revidovana na Amsterdamska kritéria Il (Tabulka 2) (35).

Bethesda guidelines

K identifikaci pacientd s CRC, u kterych by méla byt vysetiena
nestabilita mikrosatelitG (MSI), ptipadné provedeno molekular-
né genetické vysetfeni, byla v roce 1996 vypracovédna a v roce
2002 revidovana tzv. Bethesda guidelines (BG, resp. RBG), ktera
berou v potaz nejen klinicka kritéria, ale i morfologické znaky
tumoru (Tabulka 3) (36). Bohuzel ani tato 3irsi kritéria nezachy-
ti vSechny pfipady LS (37), zejména v pfipadé postizeni MSH6

Tabulka 2. Amsterdamska kritéria Il

Amsterdamska kritéria Il

* Alespon tfi ¢lenové rodiny maji karcinom, ktery byva soucasti
Lynchova syndromu (CRC, karcinom endometria, tenkého streva,
mocovych cest)

+ Alespon jeden pacient je pfimy pfibuzny dvou ostatnich

* Postizeni jedinct v rodiné v nejméné dvou po sobé nasledujicich
generacich

* Nadorové onemocnéni u alespori jednoho z jedinct v rodiné bylo
diagnostikovéno ve véku pod 50 let

* Byla vyloucena familiarni adenomatézni polypdza (FAP)

» Diagnoéza karcinomu byla potvrzena histopatologickym vysetfenim
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Tabulka 3. Revidovana Bethesda guidelines

Revidovana Bethesda guidelines (RBG)
« CRC diagnostikovany u pacienta mladsiho nez 50 let

* Pfitomnost synchronniho nebo metachronniho CRC nebo jiného
karcinomu, ktery byva soucasti Lynchova syndromu, bez ohledu na
vék

* CRCs MSI-H histologii u pacienta mladsiho 60 let

+ Alespon u jednoho pfimého piibuzného byl ve véku nizsim nez
50 let diagnostikovan CRC nebo jiny karcinom, ktery byva soucasti
Lynchova syndromu

« Alespon u dvou piibuznych prvniho nebo druhého stupné byl
diagnostikovan CRC nebo jiny karcinom, ktery byva soucasti
Lynchova syndromu (bez ohledu na vék)

aPMS2(27,38-41). Odhaduje se, Ze az ¢tvrtina pacientd s LS pro-
padne sitem kriterii RBG. Vzhledem k tomu, Ze falesna negativita
v pfipadé LS nema za nasledek nerozpoznani tohoto syndromu
pouze u vysetiovaného pacienta, ale i u jeho ptipadnych pfibuz-
nych, nelze tuto senzitivitu pokladat za dostatecnou.

ROLE MORFOLOGA VE ZVYSENI ZACHYTU
LYNCHOVA SYNDROMU

Soucasny narust role morfologickych vysetreni v diagnostice
Lynchova syndromu je zptisoben potifebou zvyseni senzitivity,
byt i za cenu snizeni specificity, které je v tomto ptipadé mozné
familiarni tendence ke vzniku malignich nadord ospravedinitel-
né jak z hlediska etického, tak ekonomického.

Mezi hlavni argumenty pro zvyseni senzitivity systému depista-
Ze patfifakt, ze 1 ze 660 lidi je nositelem geminalni mutace nékte-
rého z MMR gen (42), riziko vzniku CRC u LS je 60 - 80 % (43,44),
dale Ze k progresi zadenomu do karcinomu pravdépodobné do-
chézi béhem 2-3 let, narozdil od 8 - 10 let u sporadickych piipa-
dui (45,46), a zejména ze pramérny vék v dobé diagnézy je 45 let,
tedy asi 0 20 let méné nez u sporadického CRC, navic se zvysenym
rizikem synchronniho a metachronniho CRC (45).

1. Konvenc¢ni histologie

Zapojeni histopatologa do vyhledavani pacientt s LS je za-
loZzeno na detekci histologickych znakl charakteristickych pro
CRC s vysokym stupném nestability mikrosatelit, tedy takzva-
né ,MSI-H histologii“. Tyto morfologické rysy sice nejsou cha-

Tabulka 4. Model PREDICT

Znak Skére  Charakteristika
Pravostrannd

: 16
lokalizace
Mucin “e Dissekujici mucin i v minimalni

i komponenté nadoru

Vék pod 50 let 1.3
TIL 49 Treba > 2/HPF, jinde zas > 10/100

epitelovych jader

Peritumoralni Lichenoidni pruh pfi invazivnim okraji

0,7 ;
lymfoidni lem nadoru
Stromalni 07 > 25 % stromalnich leukocytt
plasmocyty :

TIL: tumor-infiltrujici lymfocyty

PREDICT skére:

Maximalni mozné skére: 7,8

Suspekce na MSI-H: skore > 2,5

Semi PREDICT skére: piitomny 2 a vice znak = MSI-H susp.
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Obr. 1. V dolni ¢asti obrazku je patrny hlen dissekujici stroma
a vytvérejici hlenové jezirko.V hlenu plavou ostriivky nadorovych
bunék. V horni ¢asti obrazku je zietelné vidét,posypani” nadoro-
vych zlazek lymfocyty obklopenymi svétlymi halo (HE, ptvodni
objektiv 10x).

Obr. 3. Vpravo od nadoru je souvisly lem lymfocytt, ktery castec-
né pronika i do pfilehlé hladké svaloviny (HE, pivodni objektiv
10x).

rakteristické pouze pro LS, protoze se vyskytuji i u sporadickych
MSI-H karcinomt zputsobenych epigenetickou inaktivaci MLH1,
ale odhaduje se, ze 1z 5 MSI-H CRC je CRC v ramci LS. Tento jisté
ospravedInitelny pokles specificity je dani za fakt, ze samotna
MSI-H morfologie ma vyssi senzitivitu nez souhrn zbyvajicich 4
kritérii RBG (47). Ackoli byly morfologické znaky vidané v MSI-
-H CRC popsany jiz v RBG (konkrétné byly uvadény karcinomy
se $patnou diferenciaci, karcinomy mucinézni, medularni nebo
»Zbunék pecetniho prstenu’, pfitomnost Crohn-like lymfoidnich
noduld a tumor-infiltrujicich lymfocytd (TIL)), nebyla dostate¢né
znama ani prediktivni hodnota jednotlivych znakd, ani jejich re-
produkovatelna kvantitativni definice, ktera by byla pouzitelna
v rutinni praxi (36,48). Proto v poslednich letech probéhlo né-
kolik studii (49), jejichz cilem bylo nalézt racionalni algoritmus
detekce MSI-H karcinom(, z nichz se v soucasné dobé jako nej-
uzite¢néjsi jevi model Model PREDICT (Pathological RolE in the
Determination of Instability in Colorectal Tumors) (47), zejména
ve své zjednodusené formé jako Semi PREDICT skore (Tabulka
4). Histologickymi znaky, na nichz je tento model zalozen jsou:
pfitomnost mucinu dissekujiciho stroma v jakémkoli mnozstvi
(obr. 1), pfitomnost tumor-infiltrujicich lymfocytd (TIL) (obr. 1,
2), peritumoralni lymfoidni lem (obr. 3) a zastoupeni plazma-
tickych bunék mezi burikami zanétlivého infiltratu ve stromatu
prevysujici 25 % (obr. 4).

CESKO-SLOVENSKA PATOLOGIE 1 2014

Obr. 2. Tumor-infiltrujici lymfocyty ve vétsim detailu (HE, ptvodni
objektiv 20x).

Obr. 4. Zanétliva infiltrace v nadorovém stromatu v tomto zor-
ném poli je ve vyrazné vétsiné tvofena plazmatickymi burikami
(HE, ptvodni objektiv 20x).

2. Imunohistochemie a stanoveni MSI

Méné zprostiedkovanou informaci o funkci MMR komplexu
Ize ziskat pomoci imunohistochemického vysetieni exprese
hlavnich MMR protein( (tedy MLH1, PMS2, MSH2 a MSH6) nebo
prostfednictvim vysSetfeni MSI Bethesda panelem mikrosatelit-
nich markert (viz vyse a Tabulka 1). Zpocatku, kdyz byla imuno-
histochemicky stanovovéna pouze exprese MLH1 a MSH2, zda-
la se senzitivita imunohistochemického vysetieni ve srovnani
s MSI nedostate¢na. Avsak po zavedeni dalsich dvou protilatek,
které detekuji partnery MLH1 a MSH2 pro tvorbu heterodimert
(tedy proteiny PMS2 a MSH6), je senzitivita imunohistochemic-
kého vysetieni a stanoveni MSI srovnatelna (50). Vyznam de-
tekce téchto funkéné minoritnich partnerd pro tvorbu hetero-
dimer( spociva nejen v prikazu jejich vlastnich strukturalnich
abnormalit, ale i v nepfimém priikazu ztréty aktivity jejich domi-
nantnich partnerd. Nékteré mutace totiz vedou ke ztraté funkce
pfi zachovani antigenicity, zejména v pfipadé MLH1, coz se ale
projevi ztratou exprese PMS2 (50). Tento efekt zavislosti exprese
funkéné minoritnich protein (PMS2 a MSH6) na intaktni funkci
jejich dominantnich partnert (MLH1 a MSH2) vedl i k vytvoreni
imunohistochemického detekéniho modelu zalozeného pouze
na dvou protilatkach detekujicich PMS2 a MSH6. Podle néj by
ztrata exprese PMS2 méla detekovat mutace MLH1iPMS2, ztrata
exprese MSH6 detekuje i poskozeni MSH2 (51). Dalsi studie vsak
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Semi PREDICT skore 2 2

BRAF V600E

Hypermethylace MLH1

IHC deficience
MSHé

IHC deficience
MLH1 a/nebo PMS2

_ Analyza Obr. 5. Algoritmus diagnostiky Lynchova
genl MLH1 a PMS2 " —— G A
v periferni krvi syndromu. Na zékladé mikroskopického na-
lezu MSI-H histologie (nebo klinické zadosti)

je proveden komplex vysetieni situovany
—— do tmavé Sedého obdélniku, ktery sestava
Analyza z imunohistochemického vysetfeni exprese
”":p’:fgfn?xm MMR proteint, analyzy MSI, methylace pro-
motoru MLH1 a stavu genu BRAF. Tyto meto-

dy jsou v soucasné dobé na nasem pracovisti
s z asovych duvodli provadény simultanné.
Analyza K dals$imu genetickému vysetieni germinal-

tento model zpochybnila, navic dokonce navrhla semikvantita-
tivni model misto dosavadniho bindrniho (pozitivni/negativni)
(52).

V soucasné dobé jsou obé metody (stanoveni MSI aimunohis-
tochemické vysetfeni) vnimany jako komplementérni, protoze
v kombinaci maji vyssi senzitivitu nez pfi samostatném pouzi-
ti (53,54). Typickym pfikladem piinosu imunohistochemie jsou
ptipady s mutaci MSH6, které mohou uniknout pfi detekci MSI
pomoci PCR, protoze MSH2 muze také tvofit komplex s MSH3
(50,55). Imunohistochemicka detekce MMR protein( navic (na-
rozdil od stanoveni MSI) umoznuje predikovat postizeny gen
pro molekularné genetické vysetieni.

3. Rozliseni mezi karcinomem pfti Lynchové syndromu
a sporadickym MSI-H karcinomem

Bézna svételna mikroskopie muze byt napomocna i v dife-
rencialni diagnostice mezi sporadickym MSI-H karcinomem
a MSI-H karcinomem pfi LS. Zatimco sporadické MSI-H karcino-
my s methylaci promotoru MLHT vznikaji z tzv. ,sesilnich serra-
ted adenom” (do cestiny nékdy nestastné prekladanych jako
Jprisedlé pilovité adenomy”), prekurzorovou lézi karcinomu
v terénu LS je ,konvenéni” (tubularni, tubulovil6zni nebo vil6z-
ni) adenom. Z toho Ize odvodit, Ze najdeme-li v periferii tumoru
zbytky prekurzorového sesilniho serrated adenomu, jde s nej-
vétsi pravdépodobnosti o sporadicky MSI-H karcinom (56). Nic-
méné tento jednoduchy diagnosticky znak vylucujici LS nemusi
byt vzdy dostupny, at jiz z divodu nedostatecného samplingu
nebo destrukce adenomu pokrocilym adenokarcinomem, coz
vyzaduje pouziti dalSich metod k diferencidlni diagnostice.

V soucasné dobé umoziuje rozlideni sporadickych a LS-a-
sociovanych MSI-H karcinom( zapojeni dvou metod moleku-
larni patologie do managementu CRC. Prvni z nich je analyza
genu BRAF, konkrétné priikaz mutace V60OE, ktera je pfitomna
az u poloviny sporadickych MSI-H CRC, ale (téméf) nikdy u LS.
Druhou metodu predstavuje prikaz hypermethylace promoto-
ru MLH1, ktera je markerem sporadickych MSI-H CRC a naopak
az na vyjimky nebyva pfitomna u LS (57). S védomim urcitého
statistického zjednoduseni Ize tedy tyto dvé metody vyuzit
k vyfazeni pacientl z dalsiho (ndkladného) diagnostického ma-
nagementu, pokud tomu nebréni jiné okolnosti (napf. nizky vék,
vyrazné familidrni postizeni, multiplicita nddor().
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genu MSH6 nich mutaci MMR gen jsou primarné vybra-
v periferni krvi 3 < :
ni pacienti s MSI-H tumory bez mutace BRAF
a bez hypermethylace promotoru genu MLH1.
Za zvlastnich okolnosti (zejména pfi ztraté
imunoexprese MSH6) je vsak vhodné testovat
i MSS karcinomy (blize viz text).

Spise teoretickou hodnotu ma fakt, ze MSI je pfitomna jiz asi
v poloviné piipadti adenom u LS, zatimco ve sporadickych
adenomech neni prakticky nikdy, takze prikaz MSI v adenomu
je celkem specificky pro LS.

4. Komplexni diagnosticky management CRC

Ke zvyseni zachytu LS vyuzivame v soucasné dobé diagnos-
ticky algoritmus, na jehoz pocatku stoji mikroskopické vysetreni
histologickych fez(i obarvenych hematoxylinem a eozinem, na
néz v pripadé pfitomnosti znakl ,MSI-H histologie” navazuje
sada metod imunohistochemickych a molekularné patologic-
kych, jejichz cilem je potvrdit pfitomnost MSI-H, vyloucit moz-
nost sporadického MSI-H karcinomu a urcit pravdépodobné
postizeny gen k detekci germindlni mutace.

Nadory, jejichz Semi PREDICT skére vzbuzuje podezieni na
MSI-H, vykazuji ztrdtu exprese nékterého (nebo nékterych)
z MMR proteintl, nemaji hypermethylovany promotor genu
MLHT a nebyla u nich prokdzana substituce V600E genu BRAF,
jsou urceny k detekci germinalni mutace MMR genu ur¢eného
na zékladé imunohistochemického vysetieni. Cely algoritmus
je znazornén na obr. 5. Zatimco imunohistochemické vysetreni
a analyza genu BRAF se bézné provadi v materidlu z parafino-
vych blo¢kd tumoru (ackoli pro molekularné genetickou ana-
lyzu by byla vhodnéjsim materidlem cerstva nadorova tkan,
jejiz ziskani je vsak z logistickych dtvodt kromé specifickych
situaci pomérné obtizné), analyza hypermethylace promotoru
MLH1 a stanoveni MSI vyzaduje srovnani s nenadorovou tkani.
Tato sice byva bézné dostupna v piipadé chirurgickych resekat(
(vétSinou jsou k tomuto tcelu pouzivany vzorky z chirurgickych
okraju resekatu), vétsinou viak neni k dispozici pfi vySetiovani
endoskopickych biopsii. V téchto pfipadech je nutnd domluva
se zainteresovanym gastroenterologem, aby zajistil kontrolni
tkan, at uz v podobé endoskopického vzorku z nenadorové sliz-
nice nebo nesrazlivé periferni krve. Pokud jde o findlni analyzu
MMR gent, zde je optimalnim materidlem nesrazliva periferni
krev, protoze priikaz mutace mimo nadorovou tkan potvrzuje
jeji germindlni povahu, pficemz z divodu technické naroc¢nosti
analyzy téchto gent je vytéznost z krve vyrazné vyssi nez z ne-
nadorové tkéné fixované ve formolu.

Ackoli jsou mozné i odlisné pfistupy (napt. primarni plos-
né vysetfovani MSI u vsech CRC), plnohodnotny postup by
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mél zahrnovat vSechny uvedené diagnostické modality. DG-
vodem je jejich vzdjemna komplementarnost. Kupftikladu sa-
motné vysetieni MS| bez analyzy genu BRAF a stavu methy-
lace promotoru MLH1 nedokaze odlisit sporadické CRC od
syndromovych, dale zna¢na ¢ést karcinoma s mutaci MSH6
nemusi vykazovat MSI-H, a kone¢né bez imunohistochemic-
kého vysetieni nelze zlzit spektrum MMR gend, jejichz stav
ma byt analyzovan.

PREZENTACE LYNCHOVA SYNDROMU
MIMO KOLOREKTALNI KARCINOM

Ackoli germinélni mutace zpUsobujici LS muze byt teoretic-
ky zodpovédna za vznik maligniho tumoru ve kterékoli lokali-
zaci (viz vyse), zvlastni zietel zasluhuje endometriélni karcinom
a syndromologické varianty LS.

Endometridini karcinom je totiz u zen druhou nejcastéjsi ma-
lignitou asociovanou s LS, pficemz riziko vzniku je podle lite-
rarnich udaja 40 - 60 % (44,58,59). Odhaduje se, ze 1,8% vsech
noveé zjisténych karcinomd endometria je soucasti LS, pficemz
Castéji nez u typickych pripadu LS je u nich zastoupena mutace
MSH6 (24). S tim jde ruku v ruce nizsi penetrance LS, kterd mlze
zakryt familidrni vazbu endometridlniho karcinomu, prezentace
ve vyssim véku nez je pro LS typické, absence MSI-H a morfo-
logickych znakl svédcicich pro LS. Z toho ddvodu se jevi jako
nutnost provadéni imunohistochemického vysetieni exprese
MMR proteinti u vSech diagnostikovanych endometridlnich kar-
cinomu (60).

Ze syndromologickych variant byl samostatné popsan Tur-
cotdv syndrom 1. typu, ktery (ackoli pouziti internetového vy-
hledavace odhaluje v této oblasti zna¢ny terminologicky chaos)
je v nasich podminkach definovan jako asociace CRC a nadoru
mozku, zejména astrocytarniho. Ackoli je tento syndrom za-
vazny z hlediska prognézy pacienta a muze hrét i urcitou dia-
gnostickou roli, nelze jej vyznamem srovnavat s MTS, ktery se
vyznacuje pfitomnosti sebacedznich koznich nddord, které jsou
snadno pristupné vysetieni, a pfedstavuje jedinou variantu LS
s premorbidnim fenotypem (1).

ZAVER

Lynchiv syndrom (LS) je familiarni karcinomovy syndrom zp(i-
sobeny germinélni mutaci nékterého z gent, jehoz proteinovy
produkt se Ucastni opravy chyb v DNA vzniklych pfi replikaci.
Vzhledem k tomu, Ze vyskyt LS v populaci se nyni odhaduje az na
5% a vede ke vzniku malignich nadort jiz v produktivnim véku, sili
v soucasné dobé tlak na zvyseni senzitivity jeho detekce. Protoze
klinicky pfistup k jeho zachytu se ukazal jako nedostatecné efek-
tivni, klade se dnes stale vétsi diraz na morfologickou a moleku-
larné patologickou diagnostiku. Ta by méla pfedstavovat komplex
vysetteni histologického, imunohistochemického a molekulérné
biologického, byt vzdjemné usporadani jednotlivych kompo-
nent tohoto komplexu muze byt rlizné v zavislosti na lokalnich
podminkéch. Podle nasich zkusenosti je nezbytné zavést jasny
algoritmus, aby se diagnostika LS stala rutinni zalezitosti a jeji ma-
nagement se co nejvice zautomatizoval. Bohuzel se dosud nepo-
dafilo v nasich podminkach vytvorit spolehlivé funguijici systém
zpétné vazby s klinickymi lékafi, ktefi by méli organizovat dalsi
prabéh vysetieni rodiny nemocného s LS. V nejblizsich letech je
tedy nezbytné zainteresovat do diagnostiky LS i klinické |ékare,
bez jejichz aktivni Gcasti neni moznd ani kompletni diagnostika
pacienta ani dalsi vysetteni jeho rodinnych pfislusnika.

SEZNAM ZKRATEK

BG - Bethesda guidelines

CRC - colorectal carcinoma, kolorektalni karcinom

EPCAM - epithelial cell adhesion molecule

FAP - familiarni adenomatdézni polypéza

HNPCC - hereditary non-polyposis colorectal cancer, hereditarni nepolypéz-
ni kolorektalni karcinom

LS - Lynchdv syndrom

MLH1 - mut L homolog 1

MMR - mismatch repair

MSH2 - mut S homolog 2

MSH6 - mut S homolog 6

MSI - microsatellite instability, nestabilita mikrosatelit(

MSI-H - microsatellite instability - high, vysoky stupen nestability mikrosa-
telitd

MSS - microsatellite stable, stabilni mikrosatelity

MTS - Muir - Torreho syndrom

PMS2 - postmeiotic segregation increased 2

RBG - revidovana Bethesda guidelines
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Moderni diagnostika Lynchova syndromu

Modern diagnostics of Lynch syndrome
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Souhrn: Lynchdv syndrom (dfive zvany hereditarni nepolypozni kolorektalni karcinom — HNPCC) je nejcasté;jsi genetickou pficinou
familidrniho vyskytu kolorektalniho karcinomu. PFicinou je zérodecna mutace nékterého z MMR gend, které jsou zodpovédné za
opravy chyb ve struktufe DNA vznikajici pfi jeji replikaci. Tyto mutace zpUsobuji dysfunkci opravného komplexu, ktera vede k roz-
voji nestability mikrosatelitd (MSI) a ke vzniku a progresi nadord, zejména kolorektalniho karcinomu. V soucasné dobé se odhaduije,
Ze az 5 % kolorektalnich karcinomd vznika v asociaci s Lynchovym syndromem. Vzhledem k této pomérné vysoké Cetnosti, absenci
premorbidniho fenotypu, familidrnimu vyskytu a prezentaci malignich nadord v produktivnim véku je véasna diagnostika Lynchova
syndromu dilezita nejen z etického, ale i ekonomického hlediska. Bohuzel, Bethesda guidelines, natoz Amsterdamska kritéria,
nejsou dostateéné senzitivni. Vyssi senzitivitu vykazuje detekce morfologickych znakd asociovanych s MSI pfi histologickém vy-
Setfeni vzorky kolorektalnich karcinomd. Pfiblizné jedna pétina karcinomd s MSI je geneticky podminéna Lynchovym syndromem,
zbytek tvofi sporadické MSI-H karcinomy zpUsobené epigenetickou inaktivaci MMR genu. K vylouceni téchto sporadickych pfipadd
z dal$iho testovani slouZi vysetfeni genu BRAF a analyza metylace promotoru genu MLHI. Podezieni na Lynchdv syndrom vyply-
vajici z vysledkd vyse uvedeného komplexu vysetieni by mélo byt nakonec potvrzeno detekci zérodecné mutace nékterého z MMR
gend v periferni krvi pacienta s naslednym vysetfenim rodinnych pfislusnikd pro zajisténi u¢inné prevence.

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

Summary: Lynch syndrome (formerly known as hereditary non-polyposis colorectal cancer - HNPCC) is the most common here-
ditary colorectal cancer syndrome. The syndrome is caused by a germline mutation of one of the mismatch repair (MMR) genes
which are responsible for DNA replication error repair. Impaired function of the proteins encoded by these genes leads to micro-
satellite instability (MSI) and forms a suitable background for development and progression of tumours, mainly colorectal cancer.
According to recent estimates up to 5% of all cases of colorectal cancer are associated with Lynch syndrome. Due to this relatively
high frequency, familial occurence, absence of premorbid phenotype and development of malignant tumors in productive age,
correct diagnosis is important not only from the ethical but also the economical point of view. Unfortunately, clinical means of
diagnostics of Lynch syndrome (like the Amsterdam criteria and Bethesda guidelines) lacks sensitivity. It was shown that predictive
models based on histological signs of MSI are more sensitive than the clinical criteria used to detect patients with suspected Lynch
syndrome. Of all MSI-H colorectal cancers, 1/5 is caused by Lynch syndrome, while the rest are sporadic cancers caused by epigene-
tic inactivation of an MMR gene. To rule out the sporadic cases, molecular genetic investigation of the BRAF gene and methylation
analysis of the MLH1 promoter is used in the diagnostic workup of Lynch syndrome. The suspicion of Lynch syndrome, based on the
results of the complex of diagnostic methods mentioned above, should be proved by detection of a germline mutation of an MMR
gene in peripheral blood, and followed by screening of family members, which is a necessary condition for efficient prevention.

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

Lynchidv syndrom —

historie a soucasnost

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

opravy replikacnich chyb v DNA, tzv. mi-
smatch repair (MMR) gend. Nejcastéjsim
karcinomem vznikajicim pfi LS je kolo-
rektalni karcinom (CRC), je viak zvysené
riziko vzniku i dalSich malignit, zejména
karcinomd endometria, zaludku, ten-
kého stfeva, ovaria, ledvinné panvicky
amocovodu, nadorl mozku a kize.

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

kladnich znakd tohoto syndromu, kte-

rymi jsou [3]:

1. zvy$ena incidence adenokarcinomd,
zejména kolorektalnich a endo-
metrialnich,

2. zvysené riziko multiplicity nadord,

. autozomalné dominantni dédicnost,

4. vznik karcinomd v mladsim véku.

w

Onemocnéni bylo zpocatku ozna-
¢ovano jako ,syndrom karcinomové
rodiny", pozdéji ,hereditarni ne-
polypdzni kolorektalni karcinom®"
(HNPCCQ) [4]. Zaroven se viak zacalo
synonymné pouzivat oznaceni ,Lyn-
chOv syndrom" [5]. Z dGvodu moznosti
vyskytu extrakolonickych malignit se
v soudasné dobé upousti od zavadé-
jiciho terminu HNPCC, pficemz ozna-
¢eni ,Lynchdv syndrom" se pouziva pro
pripady zpUsobené germinalni mutaci
nékterého z MMR gend, zatimco pro
pripady splfiujici Amsterdamska kri-
téria, ale bez prokazatelné zarodecné
mutace nékterého z MMR gend, se do-
poru¢uje termin ,familidrni kolorek-
talni karcinom typu X" [6].

Na podkladé LS vznika podle sou-
¢asnych odhadd az 5 % CRC. Ddvo-
dem, pro¢ presto stale zOstava ve stinu
méné casté familidrni adenomatdzni
polypdzy (FAP, cca 1 %) je, ze tyto na-
dory nevznikaji v terénu polypdzy (de-
finované jako > 100 polypd), coz viak
neznamena, ze nemohou byt pfitomny
zadné polypy. Absence ,premorbid-
niho fenotypu", tedy pfitomnosti be-
nignich zmén, které by umoznovaly
diagnostikovat tento syndrom jesté
pred vznikem maligniho tumoru (jako
je tomu tfeba v pfipadé FAP, neuro-
fibromatodzy 1. typu a dalSich fami-
lidrnich karcinomovych syndromd) vy-
razné ztézuje jeho vcasnou klinickou
diagnostiku. Vyjimkou z tohoto pravi-
dla je fenotypicka varianta LS projevu-
jici se vznikem koznich sebacedznich
nadorl, oznacovana jako Muir-Torreho
syndrom (MTS) [7]. V ostatnich pfi-
padech moze byt LS diagnostikovan
prakticky az pfi nalezu maligniho tu-

moru, pfipadné pfi genetickém vyset-
feni rodinnych prislusnikd jiz diagnos-
tikovaného probanda.

Lynchiv syndrom z pohledu
molekularni genetiky

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

Mikrosatelity a MSI

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

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

MMR geny a MSI-H tumory
Tumory s MSI-H vznikaji dvéma riz-
nymi mechanizmy, a to bud' jako spo-
radické nadory vyvolané genetickymi
a/nebo epigenetickymi zménami v so-
matické burice, nebo jako familidrné
se vyskytujici nddory v ramci LS zp0-
sobené zarode¢nou mutaci nékterého
z MMR gen0. Ackoli je mutovana alela
dédéna autozomalné dominantné,
k vlastnimu vzniku nadoru dochazi
az somatickou inaktivaci druhé alely
téhoz genu, coz je dano tim, ze MMR
geny patfi mezi typické tumor supre-
sorové geny s recesivnim charakterem
Uc¢inku [13]. Teprve tehdy, je-li u osob
nesoucich jednu zarode¢né mutovanou
alelu MMR genu béhem jejich Zivota
inaktivovana i alela druhd, dochazi ke
vzniku malignich tumord. Pfi¢inou této
inaktivace mize byt somaticka mutace
v druhé alele genu, ztrata heterozygo-
sity (LOH) nebo metylace promotoruy,
jak tomu byva u genu MLHI [14].
Nejcastéji postizenymi geny pfi LS
jsou MLH1 a MSH2 (dohromady vice nez
80 %) [15], dale nasleduje MSH6 (10 %)
a zbylé pfipady predstavuji vzacna za-
rodeéna postizeni dalsich MMR gend
(PMS2, PMS1, MSH3, MLH3).

Vzacné pfic¢iny Lynchova syndromu
Ackoli je LS obecné vniman jako di-
sledek zarode¢né mutace MMR geng,
vzacné moze vést ke stejné dysfunkci
MMR proteing, a tim i ke stejnému kli-
nickému postizeni, odlisny mechaniz-

- Moderni diagnostika Lynchova syndromu
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mus, jehoz neznalost mize mit za na-
sledek diagnostické rozpaky. V pripadé
genu MLH1 byly naptiklad popsany za-
rodecné hypermetylace promotoru
vedouci k jeho epigenetické inakti-
vaci [16,17]. V nedavné dobé byly po-
psany i zarodecné delece 3’ konce
genu EPCAM (TACSTD1), které zase
vedou k epigenetické inaktivaci
MSH?2 [18,19]. Navic dosud u fady mu-
taci a polymorfizmi MMR gend nebyl
objasnén jejich klinicky vyznam.

Klinické a genetické varianty
Lynchova syndromu

Klinické projevy LS se mohou lisit podle
postizeného genu, pfipadné i podle
konkrétniho typu mutace. Napfiklad
u nosi¢y zarodeéné mutace MLH1 casto
byva kolorektalni karcinom jedinou
diagnostikovanou malignitou na roz-
dil od pacienty se zarode¢nou mutaci
v MSH2, u nichz se Castéji vyskytuji
i extrakolonické nadory [20]. Mutace
v MSH6 maji jednak nizkou penetranci,
dale jsou Sestkrat castéji asociovany
s karcinomy endometria nez s nadory
kolorekta, a navic jsou u téchto pa-
cientd kolorektalni karcinomy (v po-
rovnani s LS zpUsobenym mutacemi ji-
nych MMR gend) Castéji levostranné.
Dilezité také je, ze mutace v MSH6 ne-
vedou vzdy k MSI-H, pravdépodobné
diky tvorbé alternativniho heterodi-
meru MSH2-MSH3, coz mGze ovlivnit
jejich diagnostiku [21,22]. Naopak mu-
tace v PMS2 vedou vétsinou ke vzniku
MSI-H tumord a jsou asociovany jak
s ¢asnym kolorektalnim, tak endome-
trialnim karcinomem, avsak ani zde pe-
netrance neni prilis vysoka [23-25]. Na-
dory pacientd s LS a MTS jsou v 89 %,
resp. 70 % MSI-H, na rozdil od spora-
dickych kolorektalnich karcinomd, kde
se MSI-H status vyskytuje pouze u 15 %
pacientd a v naprosté vétsiné pfipadd
byva asociovan s hypermetylaci pro-
motoru genu MLHI, nikoli se somatic-
kymi mutacemi MMR gen( [10,26,27].
V nékterych pripadech je kombinace
klinickych znakd natolik vyrazna, ze
dala vznik novym klinickym syndro-

m0m, které ve skutecnosti predstavuji
pouze varianty LS.

Muir-Torreho syndrom

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

Mezi kozni léze asociované s MTS
patfi sebacedzni adenom, sebaceom
a extraokularni sebacedzni karcinom
(naopak vyskyt periokularnich seba-
ceoznich tumord je u MTS vzacny).
Kozni tumory jsou vétsinou mnoho-
Cetné, ale byly popsany i pfipady soli-
tarnich 1ézi [29]. Klinicky obraz se nelisi
od jejich sporadickych protéjskd, které
jsou statisticky castéjsi. Ve vétsiné pri-
padd se jedna o nenapadné papuly
a noduly hladkého povrchu, nazloutlé
¢i rizové barvy anebo zbarveni kize,
velikosti od nékolika mm do 5 cm. U se-
bacedznich karcinomd mohou léze do-
sahovat vétsich rozmérd, vyznaluji se
nepresnym ohranic¢enim, rychlym ros-
tem a moznou ulceraci jejich povrchu.
Pfitomna mUze byt také hyperplazie
mazovych zlazek [30]. Ta se jevi jako
Zlutobélavé papulky velikosti nékolika
milimetrd, s typickou centralni vkles-
linou. Obecné Ize shrnout, Ze mnoho-
cetné kozni nadory se sebacedzni di-
ferenciaci vyskytujici se u jedincd pred
50. rokem Zivota nebo postihujici télni
partie mimo oblicej jsou silnym indi-
katorem MTS [31]. Podobné i mno-
hocetné keratoakantomy vznikajici
na mistech chranénych pred sluncem
u mladych osob slouzi jako voditko pro
spravnou diagnozu. Tyto se nejprve
manifestuji jako narbzovélé noduly
s rychlym rdstem, pozdéji na vrcholu
s rohovaténim, pfipadné i ulceraci.

Na vzniku MTS se podili prede-
vsim zarodecné mutace v genech
MLH1 a MSH2, pti¢emz mutace v genu
MSH2 je prevazujici [32,33].

Turcotdv syndrom 1. typu

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

Syndrom konstitu¢niho

mismatch repair deficitu

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

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

Bethesda guidelines

K identifikaci pacientd s CRC, u kte-
rych by méla byt vysetfena nestabilita
mikrosatelitd (MSI), pfipadné prove-
deno molekularné genetickeé vysetieni,
byla v roce 1996 vypracovana a v roce
2002 revidovana tzv. Bethesda gui-
delines (BG, resp. RBG), kterd berou
v potaz nejen klinicka kritéria, ale i mor-
fologické znaky tumoru [40]. Bohuzel
ani tato Sirsi kritéria nezachyti vSechny
pfipady LS [41], zejména v pripadé
postizeni MSH6 a PMS2 [24,42-45].
Podle sou¢asnych odhadl neni az 25 %
pacientd s LS zachyceno systémem
kritérii RBG. Vzhledem k tomu, ze fa-
le3na negativita v pfipadé LS nema za
nasledek nerozpoznani tohoto syn-
dromu pouze u vys$etfovaného pa-
cienta, ale i u jeho pfipadnych pribuz-
nych, nelze senzitivitu RBG pokladat
za dostatecnou.

Moderni diagnostika

Lynchova syndromu

Vyse uvedena nedostatecnd senziti-
vita RBG, pripadné dalsi klinicka kri-
téria slouzici k zachytu pacient{ s LS,
je pri¢inou soucasné snahy o zavedeni
senzitivnéjsiho systému depistaze, byt
i za cenu snizeni specificity. V tomto
pfipadé je mozné familidrni tendence
ke vzniku malignich nadord ospra-
vedInit jak z hlediska etického, tak
ekonomického.

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

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

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

Nicméné ¢tyfi z péti MSI-H CRC jsou
sporadické tumory zpdsobené soma-
tickou epigenetickou inaktivaci MMR
genu (zdaleka nejcastéji metylaci pro-
motoru MLH1). Tyto sporadické nadory
je tfeba odlisit pfed nakladnou analy-
zou jednotlivych MMR gend. V sou-
casné dobé umoznuje rozliseni spo-
radickych a LS-asociovanych MSI-H
karcinom0 zapojeni dvou metod mo-
lekularni patologie do managementu
CRC. Prvniznich je analyza genu BRAF,
konkrétné prikaz mutace V60OE, ktera
je pfitomna az u poloviny sporadickych
MSI-H CRC, ale (téméf) nikdy u LS. Dru-
hou metodu predstavuje prikaz hy-
permetylace promotoru MLHI, ktera
je markerem sporadickych MSI-H CRC
a naopak az na vyjimky nebyva pri-
tomna u LS [51]. S védomim urcitého
statistického zjednoduseni Ize tedy
tyto dvé metody vyuzit k vyfazeni pa-
cientd z dalsiho (nakladného) diagnos-
tického managementu, pokud tomu
nebrani jiné okolnosti (napt. nizky vék,
vyrazné familidrni postizeni, multipli-
cita nadord).

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

lity mezinarodné kodifikovanych mar-
kerd se samozfejmé v diagnostice Lyn-
chova syndromu vyuzivalo jiz dfive, ale
cilené, nikoli plosné. Plosné vyuziti sta-
noveni MSI k depistazi Lynchova syn-
dromu je zaloZeno na vysetieni vech
CRC touto metodou. Mezi nevyhody
systému patfi vyrazny narlst zatéze
laboratofi molekularni genetiky, ab-
sence informace o postizeném genu
a konecné i fakt, ze (navzdory obec-
nému presvédceni) ne vechny LS-aso-
ciované nadory musi vykazovat MSI-H.
Praktické vyuziti plosného vysetiovani
MSI narazi téz na nezbytnost porov-
nani stavu markerd ve tkani nadoru
s tkani nenadorovou. To vyzaduje bud
pfitomnost nenadorové tkané v mate-
ridlu (napf. chirurgicky okraj stfevniho
resekatu), nebo odbér periferni krve
pacienta (zejména v ptipadé endo-
skopicky ziskanych vzorkd).

Imunohistochemicka

detekce MMR proteind
Zprostfedkovanou informaci o funkci
MMR komplexu lze ziskat pomoci
imunohistochemického vysetreni ex-
prese hlavnich MMR protein{ (tedy
MLH1, PMS2, MSH2 a MSH6). A¢-
koli zpocatku, kdy byla imunohisto-
chemicky stanovovana pouze exprese
MLH1 a MSH2, bylo preferovano sta-
noveni MSI, po zavedeni protila-
tek proti jejich dvéma partnerdm pro
tvorbu heterodimerd (PMS2 a MSH6)
je senzitivita imunohistochemického
vySetfeni a stanoveni MSI srovna-
telna [52]. V soucasné dobé jsou obé
metody (stanoveni MSI a imunohis-
tochemické vysSetfeni) vnimany jako
komplementarni, protoze v kombinaci
maji vyssi senzitivitu nez pfi samostat-
ném pouziti [53,54]. Typickym pfikla-
dem pfinosu imunohistochemie jsou
pfipady s mutaci MSH6, které mohou
uniknout pfi detekci MSI pomoci PCR,
protoze MSH2 muze také tvofit kom-
plex s MSH3, a tim nemusi nutné vést
ke stavu MSI-H [52,55]. Imunohisto-
chemicka detekce MMR proteind navic
(na rozdil od stanoveni MSI) umoznuje
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predikovat postizeny gen pro moleku-
larné genetické vysetteni, coz vyrazné
snizi naklady pfi nasledné detekci pfi-
padné zarodeéné mutace. Nicméng,
nazory na prioritu stanoveni MSI nebo
imunohistochemického vysetreni ne-
jsou jednotné a rzni autofi prosazuji
plosny screening pomoci MSI nebo po-
moci imunohistochemie.

Detekce morfologickych znakd
MSI konvenéni histologii
Histologické vysetreni pfedstavuje fi-
nan¢né nejméné narocnou metodu
plosné depistaze. Je zaloZzeno na de-
tekci histologickych znakd charakte-
ristickych pro CRC s vysokym stup-
ném nestability mikrosatelitd, tedy
tzv. MSI-H histologii, kterd samotna
ma vy3$i senzitivitu nez souhrn zby-
vajicich ¢ty kritérii RBG [56]. Ac-
koli byly morfologické znaky pozo-
rovatelné v MSI-H CRC popsany jiz
v RBG (konkrétné byly uvadény kar-
cinomy se 3patnou diferenciaci, kar-
cinomy mucinézni, medularni nebo
.z bunék pecetniho prstenu®, pritom-
nost Crohn-like lymfoidnich noduld
a tumor-infiltrujicich lymfocytd (TIL)),
nebyla dostate¢né znama ani predik-
tivni hodnota jednotlivych znakd ani
jejich reprodukovatelna kvantitativni
definice, ktera by byla pouzitelna v ru-
tinni praxi [40,571. Z rbznych studii, je-
jichz cilem bylo nalézt racionalni algo-
ritmus detekce MSI-H karcinom0 [58],
se v souasné dobé jako nejuzitecnéjsi
jevi model Model PREDICT (Patholo-
gical RolE in the Determination of In-
stability in Colorectal Tumors) [56], ze-
jména ve své zjednodusené formé jako
Semi PREDICT skore (tab. 1). Histolo-
gickymi znaky, na nichz je tento model
zalozen, jsou: pfitomnost mucinu dis-
sekujiciho stroma v jakémkoli mnoz-
stvi, pfitomnost tumor-infiltrujicich
lymfocytd (TIL), peritumoralni lym-
foidni lem a zastoupeni plazmatickych
bunék mezi leukocyty ve stromatu pre-
vysujici 25 % (obr. 1).

Mezi vyhody histologického vyset-
feni pat¥i i moznost levného, rychlého

Tab. 1. Model PREDICT.
Tab. 1. Model PREDICT.

Znak Skére
pravostranna lokalizace 1,6
jakékoli mnozstvi dissekujiciho mucinu 1,6
vék pod 50 let 13
tumor infiltrujici lymfocyty 13
peritumoralni lymfoidni lem 0,7
plazmocyty tvori > 25 % stromalnich leukocytd 0,7

PREDICT skore:

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

Obr. 1. Pfiklad ,MSI-H histologie". Jeden z typickych obrazi MSI-H CRC,

Kk

zde pfedstavovany zejména intraepitelidlni lymfocytézou vytvarejici v dolni
¢asti obrazku , posypani* nadorovych zlazek lymfocyty obklopenymi svét-
lymi halo a souvislym lymfoidnim lemem v horni ¢asti snimku (HE, povodni

objektiv 10x).

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

image (HE, original lens 10x).

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

pfekladanych jako ,pfisedlé pilovité
adenomy"), prekurzorovou lézi kar-
cinomd v terénu LS je ,konvencni®
(tubularni, tubulovilézni nebo vi-
|6zni) adenom. Jsou-li tedy v peri-
ferii tumoru zbytky prekurzorového
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sesilniho serrated adenomu, jde s nej-
vétsi pravdépodobnosti o sporadicky
MSI-H karcinom [59]. Nicméné tento
jednoduchy diagnosticky znak vylucu-
jici LS nemusi byt vzdy dostupny, at jiz
z ddvodu nedostate¢ného samplingu
nebo destrukce adenomu pokrocilym
adenokarcinomem.

Protoze informace, kterou posky-
tuje histologické vysetfeni o MSI, je
znacné zprostfedkovana, nemuize sa-
moziejmé plnit roli samostatné me-
tody depistaze. Pro svou financni ne-
narocnost je viak velmi vhodna jako
prvni linie plosného vysetfovani CRC
v ramci komplexniho diagnostického
managementu.

Komplexni diagnosticky
management CRC
Efektivni algoritmus diagnostiky LS by
mél byt vysoce senzitivni, dostatecné
specificky, (relativné) levny a logis-
ticky jednoduchy. Z hlediska senzitivity
a specificity se ukazalo zcela nedosta-
tecnym spoléhat se na klinicka kritéria
(zejména rodinnou anamnézu). Proto
se soucasné postupy zaméfuji na de-
tekci MSI-H tumord, a to bud pfimo,
zprostiedkované pomoci imunohisto-
chemie, nebo na zakladé histologic-
kého prokazu morfologickych znakd
specifickych pro MSI-H karcinomy.
Vzhledem k soucasnym moznos-
tem systému zdravotnictvi a zvazeni

ﬁ"—ﬁ Semi PREDICT skére > 2

poméru ceny a uzitku jsme na nasem
pracovisti misto plosného vysetfovani
MSI ¢i exprese MMR proteind k vyhle-
davani pacientd s LS zavedli ,kom-
plexni diagnosticky management",
na jehoz pocatku stoji mikroskopické
vysetfeni histologickych rezd obar-
venych hematoxylinem a eozinem,
na néz v pfipadé pritomnosti znakd
+MSI-H histologie" navazuje sada
metod imunohistochemickych a mo-
lekularné patologickych, jejichz cilem
je potvrdit pfitomnost MSI-H, vy-
lou¢it moznost sporadického MSI-H
karcinomu a urcit pravdépodobné
postizeny gen k detekci zarodecné
mutace.

_— | klinické podezreni + | *
nalS ¥
4 b | =
¢ , BRAFV600E oy = ol
IHC deficience +
M | ViniaPMs2
e = v periferni krvi
< I hypermetylace MLH1 I—b
lyza genu
IHC deficience + il il
MSH2 afnebo MSH6 | y:gff:rxiﬁrf
= IHC deficience +
—— R «— MSI-H >
~ 7
analyza genu
» MSH6
v periferni krvi
ukondit
i testovani

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

Fig. 2. Comprehensive management of Lynch syndrome diagnosis. Based on the microscopic finding of MSI-H histology
(or clinical request), a complex of examinations is made (situated in the brown rectangle), which consist of immunohisto-
chemical examination of the expression of MMR proteins, MSI analysis, methylation of the MLH1 promoter, and BRAF gene
status. These methods are currently performed simultaneously in our department because of the time conditions. Fur-
ther genetic testing of germ-line mutations of MMR genes is primarily made in patients with MSI-H tumors without BRAF
mutations and without MLH1 gene promoter hypermethylation. Under special circumstances (especially the loss of MSH6
immunoexpression) it is appropriate to test also MSS carcinoma (taken from website http://www.lynch.cz).
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Nadory, jejichz Semi PREDICT skore
vzbuzuje podezieni na MSI-H, vyka-
zuji ztratu exprese nékterého (nebo
nékterych) z MMR protein0, nemaji
hypermetylovany promotor genu
MLH1 a nebyla u nich prokazana sub-
stituce V60OE genu BRAF, jsou urceny
k detekci germinalni mutace MMR
genu uréeného na zakladé imunohis-
tochemického vysetieni (obr. 2). Po-
dobné jako jiz bylo uvedeno u vyset-
fovani MSI, i stanoveni hypermetylace
promotoru MLH1 vyzaduje srovnani
s nenadorovou tkani. Tato sice byva
bézné dostupna v pfipadé chirurgic-
kych resekatd, vétSinou vsak neni
k dispozici pfi vySetfovani endosko-
pickych biopsii. V téchto pfipadech je
nutna domluva se zainteresovanym
gastroenterologem, aby zajistil kon-
trolni tkan, at uz v podobé endosko-
pického vzorku z nenadorové sliznice
nebo nesrazlivé periferni krve. Pokud
jde o finalni analyzu MMR gen{, zde
je optimalnim materidlem nesrazliva
periferni krev, protoze prikaz mu-
tace mimo nadorovou tkan potvrzuje
jeji zérodeénou povahu, pricemz z d0-
vodu technické narocnosti analyzy
téchto gend je vytéznost z krve vy-
razné vy$si nez z nenadorové tkané fi-
xované ve formolu.

At uz je konkrétni usporadani to-
hoto algoritmu jakékoli, plnohod-
notny postup by kazdopadné mél za-
hrnovat vsechny uvedené diagnostické
modality. Ddvodem je jejich vzéjemna
komplementédrnost. Kupfikladu sa-
motné vysetfeni MSI bez analyzy genu
BRAF a stavu metylace promotoru
MLH1 nedokaze odlisit sporadické CRC
od syndromovych, dale zna¢na cast
karcinom® s mutaci MSH6 nemusi vy-
kazovat MSI-H a konecné bez imuno-
histochemického vysetfeni nelze zuzit
spektrum MMR gend, jejichz stav ma
byt analyzovan.

Zavér

Lynchdv syndrom (LS) je familiarni
karcinomovy syndrom zpUsobeny za-
rode¢nou mutaci nékterého z geng,

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

Lynch Syndrome — the Pathologist’s Diagnosis

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

Michal M.’, Daum O.'?

1Siklav Ustav patologie, LF UK a FN Plzen
?Biopticka laboratof, s.r.0,, Plzen

Souhrn

Lynchdv syndrom (dfive nazyvany hereditarni nepolypdzni kolorektalni karcinom) je nejcasté;jsi
genetickou pficinou familidarniho vyskytu kolorektélniho karcinomu. ZpGsobuje jej zérode¢na
mutace nékterého z gend, které jsou zodpovédné za opravy chyb ve struktufe DNA vznikajici
pfi jeji replikaci. V dasledku toho dochazi k dysfunkci opravného komplexu zplsobuijici rozvoj
nestability mikrosatelitt (MSI), kterd je asociovana se zvysenim rizika vzniku nadord, zejména
kolorektalniho karcinomu. V soucasné dobé se odhaduje, ze az 5 % kolorektélnich karcinom
vznika v souvislosti s Lynchovym syndromem. Vzhledem k této pomérné vysoké ¢etnosti, ab-
senci premorbidniho fenotypu, familiarnimu vyskytu a prezentaci malignich nadort v produk-
tivnim véku je v¢asna diagnostika Lynchova syndromu dilezita nejen z etického, ale i ekonomic-
kého hlediska. Klinicka kritéria predstavovana zejména revidovanymi Bethesda guidelines, ktera
byla navrzena pro detekci pacientl vhodnych ke genetickému vysetfeni moznosti Lynchova
syndromu, nejsou vsak dostatecné senzitivni. Vy3si senzitivity Ize dosahnout aplikaci metod mo-
derni patologie. Tato diagnostika je zalozena na pfimém nebo nepfimém prikazu MSI. Mezi
metody nepfimého prikazu MSI patfi jednak detekce morfologickych znak( asociovanych s MSI
pfi histologickém vysetieni vzorki kolorektalnich karcinom, jednak imunohistochemické vy-
Setieni exprese MMR proteint, které navic umozni i identifikaci dysfunkéniho proteinu. K vylou-
ceni sporadickych MSI-H karcinomi zplGsobenych somatickou epigenetickou inaktivaci MMR
genu z dalsiho testovani slouzi hlavné vysetreni genu BRAF a analyza metylace promotoru genu
MLH1. Podezieni na Lynchiiv syndrom vyplyvajici z vysledkl téchto vysetieni by mélo byt na-
konec potvrzeno detekci zdrode¢né mutace nékterého z MMR gen v periferni krvi pacienta.

Klicova slova
kolorektélni karcinom - LynchGv syndrom — HNPCC — MSI - nestabilita mikrosatelit(

Summary

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

Key words
colorectal cancer — Lynch syndrome — HNPCC — MSI - microsatellite instability
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Lynchiiv syndrom - definice
Lynchlv syndrom (LS) je autozomélné
dominantné dédi¢né onemocnéni vy-
tvarejici predispozici ke vzniku malignich
nadord, patii tedy mezi familiarni kar-
cinomové syndromy. Nejcastéjsim kar-
cinomem vznikajicim pfi LS je kolorek-
talni karcinom (colorectal cancer — CRC),
je viak zvysené riziko vzniku i dalsich
malignit, zejména karcinom( endome-
tria, tenkého streva, ovaria, ledvinné
panvicky a mocovodu, nadorli mozku
a klGze. Na podkladé LS vznikd podle
soucasnych odhad( az 5 % CRC. Fakt, ze
je dosud do znacné miry prehlizen, ze-
jména v porovnani s méné castou fami-
liarni adenomatdzni polypdézou (FAP),
ktera je zodpovédna pouze za 1 % CRC,
je zplsoben tim, Ze karcinomy pfi LS ne-
vznikaji v terénu polypdzy (definované
jako > 100 polyp(i), coz viak neznamena,
Ze nemohou byt pfitomny Zadné polypy.
Absence polyp6zy nebo jiného premor-
bidniho fenotypu, tedy benignich zmén,
které by umoznovaly diagnostikovat
tento syndrom jesté pred vznikem ma-
ligniho tumoru (jako je tomu tfeba
v ptipadé FAP nebo neurofibromatézy
1. typu) vyrazné ztézuje jeho véasnou
klinickou diagnostiku. Na rozdil od fami-
lidrnich karcinomovych syndromu s pre-
morbidnim fenotypem tak muze byt LS
diagnostikovan prakticky az pfi nalezu
maligniho tumoru, pfipadné pfi genetic-
kém vysetreni rodinnych prislusnika jiz
diagnostikovaného probanda. Vyjimkou
z tohoto pravidla je fenotypicka varianta
LS projevujici se vznikem koznich seba-
cedznich nadort, oznacovana jako Muir-
-Torreho syndrom (MTS) [1].

Zéakladni klinické charakteristiky syn-
dromu karcinomové rodiny byly defino-
véany dr. Lynchem takto [2]:
1.zvy$ena incidence adenokarci-

nom, zejména kolorektalnich

a endometridlnich,

2. zvysené riziko multiplicity nador(,
3. autozomalné dominantni dédi¢nost,
4. vznik karcinomt v mladsim véku.

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

eponymon Lynchiv syndrom, a to jed-
nak z divodu moznosti vyskytu extra-
kolonickych malignit, jednak kvali pfi-
li§ zakotenéné asociaci diagnézy HNPCC
s Amsterdamskymi kritérii, kterd je ve
svétle dnesnich poznatk( jiz neudrzi-
telnd, a konec¢né i jako vyjadieni ucty
otci Lynchova syndromu.

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

Molekularni biologie LS

Detailné je molekularné biologicky pod-
klad LS popsan v textu urceném pri-
marné patologtim [5], pro pochopeni
déle uvadénych diagnostickych algo-
ritm0 je zde vak tieba alespon stru¢né
vysvétlit zakladni pojmy.

MMR (mismatch repair)

MMR (neboli mismatch repair) pro-
teiny jsou odpovédné za opravy v DNA
vznikajicich pfi replikaci (replication
error repair — RER). NejdUlezitéjsi z nich
se spojuji do funkénich heterodimer(
MLH1-PMS2 a MSH2-MSH6. Naprosta
vétsina pripadl LS je zplGsobena zaro-
de¢nou mutaci genl kéduijicich tyto pro-
teiny, tedy tzv. mismatch repair (MMR)
gent [6,7]. Inaktivace obou alel nékte-
rého z MMR geni vede k dysfunkci celého
komplexu a ke vzniku tzv. MSI-H tumord,
tedy nadorl charakteristickych vysokym
stupném tzv. nestability mikrosatelitd
(microsatelite instability — MSI) [8,9].

Mikrosatelity

Mikrosatelity jsou v genomu hojné se
vyskytujici iUseky DNA tvorené nékolika-
nasobnym opakovanim jednoho az ctyr,
vzacnéji i vice nukleotidu. Tyto kratké
repetitivni sekvence jsou snadno zrani-
telné pfi replikaci DNA, protoze DNA po-
lymeréza v oblasti repetic ,sklouzava”
a v dusledku toho dochézi ke vzniku
delsich ¢i kratSich usekd. Ve ,zdravé”
bunce s funkénim MMR systémem jsou
vsak tyto alterace ihned detekovany
a opraveny.

MsI

Délky jednotlivych mikrosatelitd (tedy
pocty opakovani téchto sekvenci) jsou
u zdravych jedincl ve vsech burikéach
stejné (mezi jedinci se vsak lisi). Pokud
ovsem nedochazi ke korekci chyb vzni-
kajicich pfi replikaci, potom muze délka
mikrosatelitd v rdmci jednoho jedince
kolisat, coz je stav oznacovany jako ne-
stabilita mikrosatelitd (MSI). MSI neni
vsak jednoznacné danym stavem, ktery
by pfimo zpUsoboval vznik nadord. Jde
spise o semikvantitativni vyjadieni ge-
netického poskozeni DNA uvedenym
mechanizmem. Stanoveni stupné MSI
je tedy arbitrarni a spociva ve stanoveni
nestability mezindrodné kodifikovanych
markerd, pricemz na zadkladé poctu po-
stizenych markerl se rozlisuji stavy
(hlavné nadory) se stabilnimi mikrosa-
telity (microsatellite stable — MSS), s niz-
kym stupném nestability (microsatellite
instability, low - MSI-L) a s vysokym stup-
ném nestability mikrosatelitl (microsa-
tellite instability, high — MSI-H) [10].

MSI-H tumory

Tumory s MSI-H vznikaji dvéma rhz-
nymi mechanizmy, a to bud' jako spo-
radické nadory vyvolané genetickymi
a/nebo epigenetickymi zménami v so-
matické burice, nebo jako familiarné se
vyskytujici nadory v ramci LS zplsobené
zarodecnou mutaci nékterého z MMR
genu. Teprve tehdy, je-li u osob nesou-
cich jednu zarode¢né mutovanou alelu
MMR genu béhem jejich Zivota inaktivo-
vanai alela druhd, dochazi ke vzniku ma-
lignich tumord. Pfic¢inou této inaktivace
muze byt somatickd mutace v druhé
alele genu, ztrata heterozygozity (LOH)
nebo metylace promotoru, jak tomu
byva u genu MLHT [11].

Nejcastéji postizenymi geny pii LS
jsou MLH1 a MSH2 (dohromady vice nez
80 %) [12], dale nasleduje MSH6 (10 %),
a zbylé pripady predstavuji vzacna za-
rodec¢na postizeni dalSich MMR genu
(PMS2, PMS1, MSH3, MLH3).

Vzécné mohou dysfunkci MMR pro-
teinG a tim padem i LS zplsobovat kom-
plikovanéjsi mechanizmy, jako zaro-
dec¢nd hypermetylace promotoru genu
MLH1 vedouci k jeho epigenetické inak-
tivaci [13,14] nebo zarodecné delece
3" konce genu EPCAM (TACSTD1), které
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zase vedou k epigenetické inaktivaci
MSH2[15,16].

Variabilita klinickych

projevu LS

Klasicky typ LS se prezentuje prede-
v$im CRC vznikajicim v tlustém stfevé
bez polypdzy (tedy hereditdrnim ne-
polypdéznim CRC). Mohou vsak byt pfi-
tomny i extrakolonické malignity, a to
relativné castéji u pacientl se zdro-
de¢nou mutaci v MSH2 nez MLH1 [17].
Mutace v MSH6 jsou zodpovédné za po-
nékud atypické prezentace LS, nebot
maji jednak nizkou penetranci, dale jsou
6krat castéji asociovany s karcinomy en-
dometria nez s nadory kolorekta, a navic
jsou u téchto pacienttd CRC (v porov-
nani s LS zplsobenym mutacemi jinych
MMR genu) ¢astéji levostranné. Dulezité
takeé je, Ze mutace v MSH6 nevedou vzdy
k MSI-H, pravdépodobné diky tvorbé al-
ternativniho heterodimeru MSH2-MSH3,
coz mulze negativné ovlivnit jejich dia-
gnostiku [18,19]. V nékterych pfipadech
je kombinace klinickych znakd natolik
vyrazna, ze dala vznik novym klinickym
syndrom@m, které ve skutec¢nosti pred-
stavuji pouze varianty LS.

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

Turcotiv syndrom 1. typu

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

jako TS 1. typu je blize specifikovan vaz-
bou mozkového nadoru (hlavné gliomu)
s CRC bez polypdzy, pficemz muize byt
také zplisoben zarode¢nou mutaci né-
kterého z MMR gend, mutace byly de-
tekovany zejména v MLH1 a PMS2 [23].
Za téchto podminek se TS 1. typu jevi
ve vétsiné pripadu jako fenotypickd va-
rianta LS, zejména u détskych a mladist-
vych pacient( pak jesté spise byva sou-
casti syndromu bialelického mismatch
repair deficitu.

Syndrom bialelického mismatch
repair deficitu

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

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

Moznosti diagnostiky LS

Tradicni klinicka diagnostika LS

Ke klinické diagnostice HNPCC pri-
marné slouzila Amsterdamska krité-
ria [28], ktera byla pro zvyseni senziti-
vity, zejména s prihlédnutim k moznosti
prezentace syndromu extrakolonickou
malignitou, v roce 1998 revidovana na
Amsterdamska kritéria Il [29]. Ale pro-
toze se zlatym standardem diagndézy
LS stalo molekuldrné genetické vyset-
feni, v popfedi zajmu se ocitl zachyt
co nejvétsiho mnozstvi pacientd pro
toto vysetieni, nikoli samotna klinicka
diagnoéza LS.

K identifikaci pacientd s CRC, u kte-
rych by méla byt vySetiena nestabi-
lita mikrosatelitt (MSI), pfipadné prove-
deno molekularné genetické vysetreni,
byla v roce 1996 vypracovana a v roce
2002 revidovana tzv. Bethesda guideli-
nes (BG, resp. RBG), ktera berou v potaz
nejen klinickd kritéria, ale (v pfipadé
RBG) i morfologické znaky tumoru [30].
Bohuzel ani tato Sirsi kritéria nezachyti
vsechny pfipady LS [31], zejména v pfi-
padé postizeni MSH6 a PMS2 [32-36].
Podle soucasnych odhadl az 25 %
pacientt s LS neni zachyceno systémem
kritérii RBG. Jednou z velkych slabin jak
Amsterdamskych kritérii, tak (R)BG je
dliraz na Udaje ziskané rodinou anamné-
zou, které mohou trpét zna¢nymi nedo-
statky, at uz kvli nedostatecné informo-
vanosti pacienta, nezajmu vysetfujiciho
lékare, casté nejistoté ohledné bio-
logického otcovstvi nebo i nizké pene-
tranci zarode¢né mutace (zejména v pfi-
padé genu MSH6).

Moderni patologicka diagnostika LS
Mezi hlavni argumenty pro soucasné
snahy o zavedeni senzitivnéjsiho systému
depistaze, byt i za cenu snizeni specificity,
které je vtomto piipadé mozné familiarni
tendence ke vzniku malignich nador(
ospravedInitelné jak z hlediska etického,
tak ekonomického, patii tato fakta:

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

2. pfiblizné 1 ze 660 lidi je nositelem
germindlni mutace nékterého z MMR
genl [37];

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

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

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

V soucasné dobé jsou k dispozici tfi za-
kladni modely vyhledavani pacientt s po-
dezfenim na LS, pficemz vSechny maji
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IHC deficience

IHC definice

MSH2 a/nebo MSH6

MLH1 a/nebo PMS2

!

IHC: _
BRAF V600E
Annexin A10
analyza genti MSH2, MSH6 vt BRAF V600E =
a EPCAM ukoncit testovani Y
v periferni krvi analyza gentl
hypermetylace MLHT ——>——> MLH1 a PMS2
v periferni krvi
- +
MSI-H —>

Schéma 1. Management diagnostiky LS.

Na pracovistich vyssiho typu zapojenych do depistaze LS diagnostika zacina vysetienim vsech CRC monoklonalnimi protilatkami proti
jednotlivym MMR proteintim (hvézda). V pripadé prikazu deficience MSH2 a/nebo MSH6 je kontaktovan klinik s pozadavkem na za-
slani nesrazlivé periferni krve spolu s Informovanym souhlasem pacienta k molekuldrné genetickému vysetieni zarode¢nych mutaci pfi-
slusnych gen. Je-li prokdzéna deficience proteinti MLH1 a/nebo PMS2, nasleduje komplex vysetfeni obsazeny v Sedém obdélniku, je-
hoz cilem je vyloucit z dalSiho vysetfovani pripady sporadickych MSI-H karcinomd, pfipadné MSS karcinomy s faleSnou negativitou IHC
prikazu MMR protein(. Volitelné Ize misto téchto molekuldrné genetickych metod (nebo spolu s nimi) k vylouceni sporadického MSI-H
karcinomu vyuzit IHC vysetfeni exprese annexinu A10 a/nebo mutované formy proteinu BRAF (bily obdélnik a pferusované sipky). Pouze
MSI-H tumory bez mutace genu BRAF, hypermetylace promotoru MLH1 a piipadné bez exprese annexinu A10 jsou indikovany k mole-
kularné genetickému vysetreni zédrodecnych mutaci prislusnych gent (opét je nutné ziskat vzorek periferni krve a Informovany souhlas).

Neni-li mistni pracovisté patologie vybaveno laboratofi disponujici moznosti imunohistochemickych a molekularné genetickych vyset-
feni uvedenych vyse, mél by patolog provést histologické vysetieni znak( ,MSI-H histologie” podle modelu PREDICT. V pfipadé suspekt-
niho Semi PREDICT skére pak odeslat vzorek karcinomu (a optimélné i nenddorové tkané pro moznost komparace) na specializované
pracovisté provadéjici vyse uvedena imunohistochemickd a molekuldrné geneticka vysetreni. Alternativné muaze byt indikaci k tomuto
odeslani na specializované pracovisté zadost gastroenterologa ¢i onkologa v pfipadé klinické suspekce na LS (napt. na podkladé RBG).
Klinické podezfeni na hereditarni podklad onemocnéni muize byt stimulem i pro dalsi pokracovéani vysetfovani pacientd, u nichz byl LS
béznym algoritmem vyloucen (napi. mize byt dale vysetfovana moznost MAP).

spole¢né, ze detekuji MSI-H tumory, a to
bud' pfimo (tedy molekuldrné genetic-
kym stanovenim MSI), nebo zprostredko-
vané. Do této druhé skupiny patfi jednak
imunohistochemicka detekce MMR pro-
teind, jednak histologicky prikaz morfo-
logickych znak( asociovanych s MSI.

V kazdém z modell diagnostikujicich
MSI-H tumory je ale nutné pred samot-
nou finan¢né nakladnou detekci germi-
nélnich mutaci MMR gent vyloudit moz-
nost sporadickych forem, protoze ctyfi
z péti MSI-H CRC jsou sporadické nadory
zplisobené zdaleka nejcastéji metylaci
promotoru MLH1. V soucasné dobé
umoznuje rozliSeni sporadickych a LS
asociovanych MSI-H karcinom hlavné
zapojeni dvou metod molekuldrni pa-

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

1. Stanoveni MSI
Rozliseni tumord na MSS, MSI-L a MSI-H
na zékladé stanoveni nestability mezi-

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

Mezi nevyhody tohoto systému patfi
vyrazny narust zatéze laboratofi mo-
lekularni genetiky, absence informace
o tom, ktery z MMR genu je postizen,
a konecné i fakt, ze (navzdory obecnému
presvédceni) ne vsechny LS asociované
nadory musi vykazovat MSI-H (zejména
jde o pacienty s germinalni mutaci genu
MSH6). Praktické vyuziti plosného vyset-
fovani MSI narazi téz na nezbytnost po-
rovnani stavu marker( ve tkani nadoru
s nenadorovou tkani. To vyzaduje bud’
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pfitomnost nenadorové tkané v mate-
ridlu (napf. chirurgicky okraj stfevniho
resekdtu), nebo odbér periferni krve
pacienta (zejména v pripadé endosko-
picky ziskanych vzorka).

2. Imunohistochemickd detekce

MMR proteint

Na nasem pracovisti pouzivame jako
vstupni vysetieni pro zafazeni pacienta
do diagnostického managementu LS
imunohistochemické vysSetieni exprese
hlavnich MMR proteinl (tedy MLHT,
PMS2, MSH2 a MSH6) u viech CRC a kar-
cinomu endometria.

Senzitivita imunohistochemického vy-
Setfeni MMR protein( a stanoveni MSI je
srovnatelna [45]. V soucasné dobé jsou
obé metody (stanoveni MSI a imunohis-
tochemické vysetteni) vnimany jako kom-
plementérni, protoze v kombinaci maji
vy33i senzitivitu nez pfi samostatném pou-
Ziti [46,47]. Také Jeruzalémskd kritéria,
podle nichz by mély byt imunohistoche-
micky vysetfeny véechny CRC u pacientd
mladsich 70 let, povazuji imunohistoche-
mii za vhodnou vstupni diagnostickou me-
todu [48]. Argumenty pro upfednostnéni
imunohistochemického vysetieni jako ini-
cialni diagnostické metody jsou tyto:
1.vyssi zachyt piipadl s mutaci MSH6,

které mohou uniknout pfi detekci MSI

pomoci PCR, protoze MSH2 muze také
tvofit komplex s MSH3 a tim padem ne-

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

proteind, na rozdil od stanoveni MSI,

umoznuje urcit postizeny gen pro mo-
lekularné genetické vysetieni, coz vy-
razné snizi naklady pfi nasledné de-
tekci pfipadné zarode¢né mutace;
3. pfi inicidInim vysetfeni neni zapotiebi
kontrolni nenadorova tkan;
4.imunohistochemické vysetieni odhali

i ptipady BMMR-D, které se ¢asto ne-

projevi nestabilitou mikrosatelit(.

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

3. Histologickd detekce morfologickych
znaki asociovanych s MSI-H

Pro vétsinu pracovist patologie, ktera
vysetiuji bioptické vzorky karcinom(

Tab. 1. Model PREDICT.

Znak Skore
lokalizace v pravém tracniku 1,6
disekujici mucin (jakékoli mnozstvi) 1,6
vék < 50 let 1,3
tumor infiltrujici lymfocyty (TIL) 13
peritumoralni lymfoidni lem 0,7
plazmocyty tvoii > 25 % stromalnich leukocyt( 0,7

PREDICT skore: maximalni mozné skore: 7,8; suspekce na MSI-H: skére > 2,5
Semi PREDICT skoére: pritomny 2 a vice znakt — MSI-H suspektni

tlustého stifeva, endometria a dalsich
nadort, vsak nejsou vyse uvedené dia-
gnostické metody piimo dostupné.
| tato pracovisté se viak mohou podilet
na depistézi LS, a to detekci histologic-
kych znakd charakteristickych pro CRC
s vysokym stupném nestability mikro-
satelitd, tedy takzvané,MSI-H histologii*,
kterd samotna ma vyssi senzitivitu nez
souhrn zbyvajicich ctyf kritérii RBG [50].

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

Mezi vyhody histologického vyset-
feni patii i moznost levného, rychlého
a jednoduchého vylouceni sporadic-
kych MSI-H karcinom@ podminénych
vétsinou somatickou metylaci promo-
toru genu MLH1. Zatimco tyto vznikaji
ze ,sesilnich serrated adenom(” (do ces-
tiny nékdy prekladanych do jesté horsi
formy ,prisedl|é pilovité adenomy”), pre-
kurzorovou lézi karcinom( v terénu LS
je ,konvencni” (tubularni, tubulovilézni
nebo vilézni) adenom. Jsou-li tedy v pe-

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

Histologické vysSetieni samo o sobé
samoziejmé nemuze vést k diagndze
LS, mize pouze vést k suspekci, kterd
by méla vést k odeslani vzorku nadoru
(a pfipadné i nenadorové tkané) na pra-
covisté patologie vyssiho typu zabyva-
jici se diagnostikou LS. Zde pak nasleduji
kroky popsané na schématu 1.

Problémy s algoritmy - suspektni
LS a Lynch-like syndrom

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

Termin ,suspektni Lynchv syndrom”
(SLS) se drive pouzival pro pfipady, kdy
se nepodafilo prokdzat molekuldrni
podklad LS u pacienta spliujiciho Am-
sterdamska kritéria a/nebo (R)BG. Zjed-
nodusené feceno, vétsinou se jedna
o familidrné se vyskytujici ¢asto vice-
cetné karcinomy, zejména CRC, které ne-
vznikaji v terénu polypdzy. Vysvétleni je
samoziejmé fada, od environmentalnich
vlivli az po jiné familidrni karcinomové
syndromy, zejména tzv. MUTYH asocio-
vanou polypézu (MAP), kterd se jednak
nemusi prezentovat polypézou, jednak
CRC vznikajici pfi bialelické mutaci genu
MUTYH muze byt také MSI-H [53].
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Pojem ,Lynch-like syndrom” (LLS) je
uzsi a lépe definovany. Do této skupiny
patii pfipady CRC, které vykazuji znamky
dysfunkce MMR systému, tedy imuno-
histochemicky detekovany deficit né-
kterého z MMR proteind a/nebo pru-
kaz MSI-H, spolu s vylou¢enim moznosti
sporadického MSI-H tumoru prikazem
absence mutace genu BRAF a hyperme-
tylace promotoru genu MLH1, ale u nichz
byly molekularné genetickym vysetie-
nim periferni krve vylou¢eny zdrode¢né
mutace MMR genl a 3’ konce genu
EPCAM. Kromé moznosti fale$né pozitiv-
nich vysledkd imunohistochemického
vysetieni na jedné strané a existenci mu-
taci nedetekovanych soucasnymi meto-
dami mUze byt tento fenomén vysvétlen
dvéma stavy prokazanymi v poslednich
dvou letech: somatickym mozaiciz-
mem [54] a somatickymi bialelickymi
mutacemi MMR gend, jejichz moznost
se dfive popirala [54-57].

Zaveér

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

Efektivni algoritmus diagnostiky LS by
mél byt vysoce senzitivni, dostatecné
specificky, (relativné) levny a logisticky
jednoduchy. Z hlediska senzitivity a spe-
cificity se ukazalo zcela nedostate¢nym
spoléhat se na klinicka kritéria (zejména
rodinnou anamnézu). Proto se soucasné
postupy zaméruji na detekci MSI-H tu-
mor(, a to bud pfimo, zprostiedkované
pomoci imunohistochemie, nebo na za-
kladé histologického priikazu morfolo-
gickych znaka specifickych pro MSI-H
karcinomy.

Prestoze se jiz podafilo i v nasich pod-
minkach zavést ucinny algoritmus pro
diagnostiku LS, nefunguje dosud dosta-
tecné systém zpétné vazby s klinickymi
Iékari, ktefi by méli organizovat dalsi
prabéh vysetfeni rodiny nemocného
s LS. Na viné je do zna¢né miry preda-
vani pacienta po kolektomii mezi chirur-

gem, praktickym lékafem a onkologem,
béhem kterého ,zapadne” zadost labo-
ratofe molekuldrni genetiky o periferni
krev, kterd je nezbytna k definitivnimu
prikazu LS. K optimalizaci diagnostiky
LS je tedy nezbytné zainteresovat do
diagnostiky LS i klinické 1ékare, bez je-
jichz aktivni icasti neni mozna ani kom-
pletni diagnostika pacienta ani dalsi vy-
Setfeni jeho rodinnych pfislusnikd.
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KOZNi TUMOR SE VZACNYM BIOLOGICKYM CHOVANIM

AGRESIVNI EXTRAOCULARNI SEBACEOZNI KARCINOM KSTICE S PROGRESIi DO MOZKOVE
TKANE U PACIENTA S MUIROVYM-TORREOVYM SYNDROMEM

uvob

Extraokularni sebacedzni karcinomy klze maiji obvykle indolentni pribéh. (2) BEhem revize pfipadl
sebacedznich tumord v SVV projektu jsme ale objevili agresivné se chovajici extraokularni sebacedzni
karcinom kstice s propagaci do mozkové tkané u pacienta s MTS.

KLINICKY

Jednalo se 0 muze ve véku 56 let s koZnim tumorem kstice parieto-okcipitdlné na plose velikosti 4 x
4,5 cm a anamnézou adenokarcinomu rekta ve véku 39 let. Na CT snimcich byl tumor dobfre
ohraniéeny s usuraci kosti a infiltraci horniho sagitalniho sinu mezi falx cerebri bez invaze do mozkové
tkané.

Tumor byl kompletné odstranén. Po jednom roce se objevila recidiva. Magneticka rezonance ukazala
CasteCné nekroticky a cysticky tumor zasahujici oboustranné do parietookcipitalnich lalokd
mozkovych hemisfér. Nasledovaly 4 resekce tumoru. Pacient umrel ve véku 60 let na invazi tumoru
do mozkového kmene. Pitva nebyla provedena.

HISTOLOGICKY

Histologicky se jednalo o extraokuldrni sebacedzni karcinom uloZeny v dermis bez spojeni
s epidermis, s multinodularni rlstem, cystickou prestavbou a tzv. komedo-nekrézami. Noduly byly
tvoreny rizné diferencovanymi sebacedznimi burikami a basaloidnimi burikami s vysokym stupném
atypie vcetné vysokého nukleocytoplasmatického poméru, jadernym pleomorfismem, prominujicimi
jadérky, atypickymi mitézami a nekrdzou.

IMUNOHISTOCHEMICKY
Imunohistochemicky prikaz MMR proteinG odhalil v nadorovych burikach snizenou expresi MSH2 a
MSHS6 s pozitivni vnitini kontrolou a plnou jadernou expresi MLH1 a PMS2.

GENEALOGICKY

Pacient mél 39letého syna a 35letou dceru bez klinickych zndmek MTS v dobé vysetteni a dva bratry.
StarSiho s anamnézou adenokarcinomu sigmoidea ve véku 34 let, ktery zemfel ve 49 letech. A
mladsiho s anamnézou adenokarcinomu céka v 32 letech a sigmoidea v 54 letech s recidivou po dvou
letech. Mladsi bratr mél t¥i zdravé déti.

GENETICKY

Diagnéza MTS byla molekularné geneticky potvrzena se stejnou mutaci u syna pacienta, jeho bratra a
syna jeho bratra. Molekularné genetické vysetreni odhalilo rozsdhlou deleci exonli 9 — 16 genu
MSH2.

ZAVER

Jednalo se o neobvykly pfipad extraokuldrniho sebacedzniho karcinomu kstice u pacienta
postizeného MTS s agresivni propagaci nadoru do mozkové tkané vedouci ke smrti. Doposud bylo
publikovano pouze 37 pfipadl agresivnich extraokuldrnich sebacedznich karcinom (tj. zpUsobujici
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vzdalené metastazy ci lokalni nddorovou propagaci do okolnich tkani), z nichz 7 bylo lokalizovano ve
kstici. U Zadného z téchto 7 pfipadl nebylo provedeno molekularné-genetické vysetreni potvrzujici
souvislost s MTS.
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EXTRAORDINARY CASE REPORT

Aggressive Extraocular Sebaceous Carcinoma of the Scalp
Involving the Brain in a Patient With Muir-Torre Syndrome

Ladislav Hadravsky, MD,* Dmitry V. Kazakov, MD, PhD,*{ Jan Stehlik, PhD,j Michal Michal, MD,*f
Romuald Curik, MD,1 Petr Krupa, MD, PhD,} Alena Skalova Jr, MD,§
and Denisa Kacerovska, MD, PhD*7

Abstract: This article reports an unusual case of aggressive extra-
ocular sebaceous carcinoma located on the scalp with subsequent
usurpation of the bone and penetrating through the bone and meninges
to the brain in a 56-year-old man affected by Muir-Torre syndrome.
Microscopically, the sebaceous neoplasm was located in the middle to
deep dermis without any connection to the epidermis and showed a mul-
tinodular growth with neoplastic nodules with a central comedo-type
necrosis separated from each other by fibrovascular stroma. The nodules
were composed of varying proportions of mature sebaceous cells and
atypical basaloid cells with high degree of atypia, including high nuclear/
cytoplasmic ratio, nuclear pleomorphism, macronucleoli, atypical mito-
ses, and necrosis. The neoplasm was totally removed. Histopathological
examinations of the recurrent lesion showed identical morphological
features and, in addition, signs of the tumors growing through the peri-
osteum were noted. In the final excision specimen, both the dura mater
and the brain tissue were infiltrated by the sebaceous carcinoma. The
diagnosis of Muir-Torre syndrome was confirmed by molecular genetic
investigation that revealed an identical germline mutation in MSH2 gene
in several family members, some of whom had colorectal tumors.

Key Words: extraocular sebaceous carcinoma, agressive, metastas-
ing, Muir—Torre syndrome, brain

(Am J Dermatopathol 2016;38:618-622)

MuirATorrc syndrome (MTS) represents an autosomal domi-
nantly inherited condition that combines at least one cutane-
ous neoplasm with sebaceous differentiation and at least one visceral
malignancy.' Cutaneous sebaceous lesions in MTS often present in
a multiple fashion, occur before the age of 50 years, and include
mostly sebaceous adenoma and extraocular sebaceous carcinoma.
Sebaceoma and sebaceous hyperplasia are less common.
Extraocular sebaceous carcinomas occurring both spo-
radically and in the setting of MTS are mostly indolent tumors
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that rarely can metastasize and cause the death of a patient. To
date, 30 articles reporting a total of 37 patients* ™ with meta-
static extraocular sebaceous carcinoma (metastases to the
regional lymph nodes, viscera, bones) or sebaceous neoplasms
with other aggressive behavior (local invasion of the neoplasms
into deeper tissues, including soft tissue, bone, meninges,
brain, etc.) have been published. Only 3 reported cases have
been shown to exhibit brain metastasis, and only 1 patient had
MTS. 232731 We report another case of aggressive extraocular
sebaceous carcinoma that has involved the brain during the
disease progression in a patient with MTS.

CASE REPORT

A 56-year-old white man with a history of adenocarcinoma of
the rectum removed 17 years ago and a colon polyp resected 4 years
ago presented with a cutaneous tumor that measured 4.0 x 4.5 cm
and which was located on the right parieto-occipital area of the scalp.
The computed tomography showed a sharply demarcated neoplasm
in the middle line, originating in the skin and affecting the bone
structure of the cranium in a dorsal parietal region penetrating around
the superior sagittal sinus between the falx cerebri. No penetration
into the brain was detected (Fig. 1A). The lesion was surgically
removed but recurred 1 year later. Magnetic resonance imagining
revealed a partly necrotic and cystic tumor extending into both
parieto-occipital regions of the brain hemispheres (with a right side
prevalence) and a right lateral ventricle occipital horn’s deformation
(Fig. 1B). Four surgeries were performed to remove the recurrent
intracranial neoplasm followed by radiation therapy but the patient
died of the invasion of the tumor into the brainstem at the age of 60
years. No autopsy was performed.

Family History

The patient had a 39-year-old son and a 35-year-old daughter
with no clinical manifestation of MTS at the time of investigation and
had 2 brothers with a history of colorectal adenocarcinoma. The elder
brother had a history of adenocarcinoma of the sigmoid at his 34
years and died at the age of 49 years. The patient’s younger brother
had a history of adenocarcinoma of the cecum at the age of 32 years,
and of the sigmoid in his 54 years, with the recurrence in 56 years,
and is still alive. He had 3 children who were apparently healthy. The
diagnosis of MTS was confirmed by molecular genetic investigation
revealing an identical germline mutation in MSH2 gene in several
family members (vide infra). There was no available information on
the family of the patient’s elder brother (Fig. 2).

MATERIALS AND METHODS

The removed tissue was fixed in 4% formaldehyde and
embedded in paraffin. The paraffin blocks were cut into

Am | Dermatopathol * Volume 38, Number 8, August 2016
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FIGURE 1. A, Computed tomogra-
phy of the original tumor showing
a sharply demarcated neoplasm in
the middle line, extending from the
skin into the bone structure of the 2
cranium in a dorsal parietal region
and penetrating around the supe-
rior sagittal sinus between the falx
cerebri. No penetration into the brain
was detected. B, Magnetic resonance
imagining of the recurrent lesion
revealing neoplasm extending into
both parieto-occipital regions of the
brain hemispheres with a right side
prevalence.

5-pm-thick sections and stained with hematoxylin and eosin.
Immunohistochemical staining for MLHI1 (clone G168-728;
CELL MARQUE, Rocklin, CA), PMS2 (clone EPR 3947,
CELL MARQUE), MSH2 (clone G219-1129; CELL MAR-
QUE), and MSH6 (clone 44; Ventana, Tucson, AZ) was per-
formed according to standard protocol. Appropriate positive
and negative control was used.

DNA Extraction

After obtaining written consent of the patient’s younger
brother, DNA from peripheral blood was extracted using DNA
NucleoSpin Tissue kit (QIAgen, Hilden, Germany) according
to the manufacturer’s instructions. Quality and amplifiability of
isolated DNA was examined by amplification of control genes
in a multiplex polymerase chain reaction (PCR).

MMR Genes Mutation Analysis

For the analyses of mutations of the MLHI, MSH2, and
MSHG6 genes, coding sequence and exon—intron junctions
were amplified by PCR. All primers were designed to NCBI
reference sequences of actual genes (MLHI: NG_007109.1,
MSH2: NG_007110.1, and MSH6: NG_007111.1) using the

|

FIGURE 2. Pedigree of the family affected by Muir-Torre
syndrome.

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

FIGURE 3. A, Neoplasm located in the middle to deep dermis
without a connection to the epidermis showing a multinodular
growth with individual nodules separated by fibrovascular
stroma. Note cystic changes. B, Neoplastic nodules are com-
posed of varying proportions of mature sebaceous cells and
atypical basaloid cells with high degree of atypia, including
high nuclear/cytoplasmic ratio, nuclear pleomorphism, mac-
ronucleoli, atypical mitoses, and necrosis.
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necrosis surrounded by fibrotic hyalinized dura. B, Brain
tissue (arrow) infiltrated by sebaceous carcinoma can be
recognized.

Primer 3 software, which allows avoiding known single-
nucleotide polymorphisms (http://frodo.wi.mit.edu/cgi-bin/
primer3/primer3_www.cgi).” Annealing temperature of all
primers was 60°C.

Each 22 pL of PCR mixture consisted of 11 pL of Fast
Start PCR Master Mix (QIAgen), 1.8 pL of 5 M forward
and reverse primer mix, 8 pL of PCR grade water, and 1.3 pL
of template DNA (50-100 ng/p.L). Following amplification
program was used: initial denaturation at 95°C for 10 minutes,
then 40 amplification cycles (95°C for 60 seconds, 60°C for
60 seconds, 72°C for 60 seconds), and final extension at 72°C
for 7 minutes. Successfully amplified PCR products were
purified using an Agencourt AMPure kit (Agencourt, Bev-
erly, MA). Then, sequencing reactions were prepared using
a Big Dye Terminator Sequencing kit (Applied Biosystems,
Carlsbad, CA) and purified using Agencourt CleanSEQ kit
(Agencourt) according to the manufacturer’s instructions.
Electrophoretograms were obtained on an automated genetic
analyzer ABI Prism 3130xI (Applied Biosystems) at a con-
stant voltage of 13.2 kV for 20 minutes. Analyzed sequences
were compared with the appropriate reference sequences.

For detection of large gene rearrangements, we used the
multiple ligation probe amplification (MLPA) technique.
Namely, kits SALSA MLPA P003 MLHI/MSH2 and SALSA
MLPA P072 MSH6 were used according to the manufacturer’s
protocols (MRC-Holland, Amsterdam, the Netherlands). Coaf-
falyser.Net software was used for data analysis (MRC-Holland).

620 | www.amjdermatopathology.com

FIGURE 5. Staining for MMR proteins. Tumor cells show
reduced nuclear expression of MSH2 protein (with positive
internal control) (A), whereas there is no loss of PMS2 (B).

RESULTS
Histopathological Findings

In total, 3 excisions of the sebaceous neoplasm were
available for histopathological examination. In the first
specimen, the lesion was located in the middle to deep
dermis without any connection to the epidermis, showing
a multinodular growth of individual nodules separated by
fibrovascular stroma. Cystic changes resulting from a central
comedo-type necrosis were noted (Fig. 3A). The neoplastic
nodules were composed of varying proportions of mature
sebaceous cells and atypical basaloid cells with high degree
of atypia, including high nuclear/cytoplasmic ratio, nuclear
pleomorphism, macronucleoli, atypical mitoses, and necro-
sis (Fig. 3B). The neoplasm was totally removed.

The second excision of the recurrent lesion
showed identical morphological features and, addition-
ally, at the base of the biopsy, there were signs of the
tumors growing through the periosteum with the bone
usurpation.

The specimen of the third wide surgical extirpation
contained several tumor’s fragments. Focally fibrotic and
hyalinized dura mater and brain tissue were infiltrated by
widely necrotic, lobular growing sebaceous carcinoma
(Figs. 4A, B).

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 6. Large deletions in MLH1 and MSH2 genes were examined by MLPA test (P003). Red dots under the cutoff (red, ratio
value 1.3) indicate large deletion of exon 9 to exon 16 in MHS2 gene. Blue rectangles represent negative control samples.

Immunohistochemical Findings
Immunohistochemically, the tumor cells showed reduced

expression of MSH2 and MSH6 protein (with positive internal

control), whereas there was no loss of MLHI and PMS2 (Fig. 5).

Molecular Biologic Findings

Deletion including exon 9-16 of MSH2 gene was iden-
tified in the blood specimens from the patient’s son, patient’s
younger brother, and one of the younger brother’s children
(a 26-year-old son) (Fig. 6).

DISCUSSION

In contrast to sebaceous carcinomas of the periocular
area, extraocular sebaceous carcinomas usually have an
indolent course after complete excision in the majority of
cases.” A total of 37 cases of extraocular sebaceous carci-
noma with an aggressive biological behavior were found in
the literature, of which 29 manifested a spread to the regional
lymph nodes, 14 tumors have metastasized to the viscera, 4 to
the bones, and 3 to the brain. The neoplasms involving the
brain were located on the scalp (2 cases) and on the cheek (1
case).''**?” No association with MTS was mentioned in 2 of
these cases,''”” whereas in the remaining 1 patient there was
no family history of hereditary colon cancer, so a diagnosis of
MTS was ruled out. Neither immunohistochemical examina-
tion of MMR protein expression nor molecular genetic testing
was performed in those 3 cases with brain involvement.

From the above-mentioned 30 articles reporting on
aggressive extraocular sebaceous carcinoma, only in |
case was an association with MTS described, confirmed
by molecular genetic testing.’' Other works did not

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

mention a possible association with this hereditary
syndrome or just ruled the latter out by negative colono-
scopy (2 cases) or immunohistochemistry using MMR
proteins (1 case).

In conclusion, we have documented an unusual case of
aggressive extraocular sebaceous carcinoma on the scalp
penetrating through the periosteum and meninges into the
brain in an MTS patient, causing his death. Despite general
statement that extraocular sebaceous carcinomas pursue an
indolent clinical course after complete excision in the
majority of cases, it is necessary to be aware of rare examples
of these neoplasms, which might show an unexpectedly
aggressive clinical behavior. Factors that might be useful in
a prediction of aggressive behavior have not been studied, but
it seems that lesions in unusual locations (penis, toe, axilla,
vulva, and external auditory meatus) are overrepresented in
this cohort of metastatic tumors compared with the usual
anatomic sites.
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KOZNi TUMORY S MINORITNI KAUZALN{ SPOJITOSTI S PRISLUSNYM
ONEMOCNENIM

KOZNIi SEBACEOZNI LEZE U PACIENTA S MUTYH-ASOCIOVANOU POLYPOZOU S FENOTYPEM
MUIROVA-TORREOVA SYNDROMU

uvob
DalSim zajimavym pfipadem, ktery jsme nasli béhem studie, byl pfipad koZnich sebacedznich lézi u
pacienta s MUTYH asociovanou polypdzou s fenotypem MTS.

KLINICKY

Jednalo se o 79letého muZe s anamnézou adenokarcinomu rektosigmatu a mnohocetnych stfevnich
polypl odstranénych ve 38 a 39 letech abdominoperitonedlni amputaci a totalni kolektomii, nyni
s mnohocetnymi bélavymi a Zlutavymi papulami na obliceji, které se zacaly objevovat ve véku 69 let.
Béhem 3 let bylo odstranéno celkem 13 lézi, které byly histologicky vysSetieny.

Dle sdéleni pacienta v jeho rodiné se neobjevily pfipady malignity nebo polypdzy stfev. Pacient mél 2
zdravé syny a jednu zdravou dceru ve véku 50, 44 a 47 let.

HISTOLOGICKY

Histologicky se jednalo o 11 sebacedznich adenomi, 1 low-grade sebacedzni karcinom a 1
dlazdicobunécny karcinom. Nékteré sebacedzni |éze vykazovaly zndmky dlazdicobunééné metaplazie,
intratumoralni heterogenity, mucindznch zmén a pfitomnost peritumoralnich lymfocytd. Tyto zmény
jsou Casto pozorovany u lézi s MTS. Spole¢né s anamnézou adenokarcinomu rektosigmatu pacient
splioval definici MTS.

IMUNOHISTOCHEMICKY

Vsechny sebacedzni Iéze byly imunohistochemicky vysetfeny pro expresi MMR proteinl. VSechny
exprimovaly MSH2, MLH1 a PMS2. Vysetfeni proteinu MSH6 odhalilo zvlastni expresi, kdy v centru
|ézi dochazelo k ¢astecné az uplné ztraté, na periferii byla plna exprese proteinu.

GENETICKY

Molekularné genetické vySetreni z periferni krve pacienta neodhalilo zdrode¢nou mutaci nebo velkou
deleci ¢i duplikaci ani vjednom z MMR gen(l. Zaroven se nepotvrdila zZadnd aberantni metylace
promotoru genu MLHI nebo somatickda mutace genu MSH2 nebo MSH6, kterou jsme vysetfovali
z tkané jednoho ze sebacedznich adenomi na tvafi.

Nasledné provedené molekuldarné genetické vysSetfeni genu MUTYH odhalilo bialelickou
heterozygotni mutaci v exonu 9 a exonu 13. Shodna mutace byla potvrzena i u dcery pacienta.

MUTYH — ASOCIOVANA POLYPOZA

MUTYH-asociovana polypdza (MAP) je autozomalné recesivné dédicné onemocnéni charakterizované
mnohocetnymi stfevnimi polypy se zvySenym rizikem kolorektdlnich karcinom( s incidenci 1:40000-
20000 a penetranci 43-100% u pacientl ve véku 50 let. Jedinci s bialelickou zarode¢nou mutaci MAP
maji zvysené riziko vzniku polypl a karcinomi duodena a Zaludku. Do extragastrointestinalnich
projevl jsou fazeny nadory ovdria, prsu, endometria, klize a Stitné Zlazy. U heterozygotl se
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zarode¢nou MUTYH mutaci je jen marginalné zvysené riziko vzniku karcinomU oproti bézné populaci.
(42)
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EXTRAORDINARY CASE REPORT

Cutaneous Sebaceous Lesions in a Patient
With MUTYH-Associated Polyposis Mimicking
Muir-Torre Syndrome

Denisa Kacerovska, MD, PhD,*} Lubomir Drlik, MD,} Lenka Slezakova, MD,} Michal Michal, MD,*t
Jan Stehlik, 7 Monika Sedivcova, Ladislav Hadravsky, MD,* and Dmitry V. Kazakov, MD, PhD*f

Abstract: A 76-year-old white male with a history of adenocarci-
noma of the rectosigmoideum and multiple colonic polyps removed at
the age of 38 and 39 years by an abdominoperitoneal amputation and
total colectomy, respectively, presented with multiple whitish and
yellowish papules on the face and a verrucous lesion on the trunk. The
lesions were surgically removed during the next 3 years and a total
of 13 lesions were investigated histologically. The diagnoses included
11 sebaceous adenomas, | low-grade sebaceous carcinoma, and 1
squamous cell carcinoma. In some sebaceous lesions, squamous
metaplasia, intratumoral heterogeneity, mucinous changes, and peritu-
moral lymphocytes as sometimes seen in sebaceous lesions in Muir—
Torre syndrome were noted. Mutation analysis of the peripheral blood
revealed a germline mutation ¢.692G>A,p.(Arg231His) in exon 9 and
c.1145G>A, p.(Gly382Asp) in exon 13 of the MUTYH gene. A KRAS
mutation G12C (¢.34G>T, p.Gly12Cys) was detected in 1 sebaceous
adenoma and a NRAS mutation Q61K (c.181C>A, p.GIn61Lys) was
found in 2 other sebaceous adenomas. No germline mutations in
MLHI, MSH2, MSH6 and PMS2 genes, no microsatellite instability,
no aberrant methylation of MLHI promoter, and no somatic mutations
in MSH?2 and MSH6 were found. An identical MUTYH germline muta-
tion was found in the patient’s daughter. Despite striking clinicopath-
ological similarities with Muir—Torre syndrome, the molecular biologic
testing confirmed the final diagnosis of MUTYH-associated polyposis.

Key Words: MUTYH-associated polyposis, Muir-Torre syndrome-
like, Lynch syndrome-like, cutaneous sebaceous neoplasms

(Am J Dermatopathol 2016;00:1-9)

UTYH-associated polyposis (MAP) is an autosomal recessive
disorder associated with colorectal polyps (adenomas) and ad-
enocarcinomas, which was first described in 2002.* MAP is believed
to be responsible for 0.3%—1% of all colorectal cancers.™ Although
alterations in the gastrointestinal tract (GIT) in the condition have been
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extensively studied, there is relatively little information on the spec-
trum of extracolonic manifestations in MAP. We report an unusual
case of MAP presenting with multiple cutaneous sebaceous neoplasms
closely imitating Muir-Torre syndrome (MTS), a phenotypic variant
of the more common hereditary nonpolyposis colorectal cancer syn-
drome (HNPCC), or Lynch syndrome (LS).

CASE REPORT

The patient was a 76-year-old white male with a history of
adenocarcinoma of the rectosigmoideum at the age of 38 removed by
an abdominoperitoneal amputation. One year later, a total colectomy
with a permanent ileostomy was performed because of multiple
colonic polyps. At the age of 69, several pink or yellowish papules
on the face appeared (Figs. 1A, B), and at the age of 75, a verrucous
lesion on the trunk occurred.

According to the patient, there was no other family history of
cancer or intestinal/colorectal polyposis. Nonetheless, after the
diagnosis of MAP was confirmed by molecular genetic investiga-
tions (vide infra), the children of the patient were also investigated.
The patient had 2 sons and 1 daughter, aged 50, 44, and 47 years
retrospectively, who had neither cutaneous lesions nor any large
bowel changes on a colonoscopic examination. However, the
daughter harbored the same germline MUTYH mutation in exon 9.

MATERIAL AND METHODS

The removed tissue was fixed in 4% formaldehyde and
embedded in paraffin. The paraffin blocks were cut into
5-pwm-thick sections and stained with hematoxylin & eosin.
Immunohistochemical staining for MLH1 (clone G168-728;
Ventana), PMS2 (clone EPR 3947; CELL MARQUE),
MSH2 (clone G219-1129; Ventana), and MSH6 (clone 44;
Ventana) was performed according to a standard protocol. An
appropriate positive and negative control was used.

DNA Extraction

After obtaining patients’ consent, DNA from peripheral
blood was extracted using DNA NucleoSpin Tissue kit (QIA-
gen, Hilden, Germany) according to manufacturer’s instructions.
Quality and amplifiability of isolated DNA was examined by
amplification of control genes in a multiplex PCR 2

MMR Genes Mutation Analysis

From lesional and normal skin tissues, DNA was
isolated according to the manufacturer’s supplementary pro-
tocol for formalin fixed paraffin embedded (FFPE) samples
(Purification of genomic DNA from FFPE tissue using the
QIAamp DNA FFPE Tissue Kit and Deparaffinization

www.amjdermatopathology.com | 1
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FIGURE 1. A and B, Multiple pink
and yellowish papules on the face.

Solution). Genomic DNA was isolated from the peripheral
blood using the QIAsymphony DNA DSP Mini Kit. Concen-
tration and purity of isolated DNA was measured using Nano-
Drop ND-1000 (NanoDrop Technologies Inc, Wilmington,
DE). DNA integrity was examined by amplification of control
genes in a multiplex PCR.

Mutation Analysis

Mutation analysis of the MLHI, PMS2, MSH2, and
MSHG6 genes was performed using Sanger sequencing. Whole
coding sequence and exon—intron junctions were amplified by
PCR. Each 22 pL PCR consisted of 11 L of Fast Start PCR
Master Mix (QIAgen), 1.8 pL of 5 pM forward and reverse
primer mix, 8§ pL of PCR-grade water, and 1.3 pL of tem-
plate DNA (50-100 ng/pL). The following amplification pro-
gram was used: initial denaturation at 95°C/10 minutes, then
40 amplification cycles (95°C/60 s, 60°C/60 s, 72°C/60 s),
and final extension at 72°C/7 minutes. The size of all PCR
products was confirmed on 2% agarose gel electrophoresis.

Mutation analysis of the MUTYH gene was performed
using Sanger sequencing (Table 1). Whole coding sequence
and exon—intron junctions were amplified by PCR. Each 25
L PCR consisted of 12.5 pL of FastStart PCR Master Mix
(QIAgen), 1 pL of 10 uM forward and reverse primer mix,
10.2 pL of PCR-grade water, and 1.3 pL of template DNA
(50-100 ng/pL). The following amplification program was
used: initial denaturation at 95°C/9 minutes, then 35 amplifi-
cation cycles (95°C/60 s, 62°C/60 s, 72°C/60 s), and final
extension at 72°C/7 minutes. The size of all PCR products
was confirmed on 2% agarose gel electrophoresis. All filtered
variants were annotated using HGVS nomenclature according
to transcripts NM_001048171.1.

Specific PCR products were first purified with the
AMPure magnetic particles (Agencourt Bioscience Corpora-
tion, A Beckman Coulter Company, Beverly, MA), then added
into the sequencing reactions using the Big Dye Terminator
Sequencing Kit (Applied Biosystems, Foster City, CA), and
subsequently purified with the CleanSEQ magnetic particles
(Agencourt) according to the original manufacturer’s protocols.
Electrophoretograms were obtained on an automated genetic

2 | www.amjdermatopathology.com

analyzer ABI Prism 3130x1 (Applied Biosystems) at a constant
voltage of 13.2 kV for 20 minutes. Analyzed sequences were
compared to the appropriate reference sequences.

MLPA Test

The SALSA MS-MLPA kits P003, P072, P0OS, and
MEO11 (MRC-Holland, Amsterdam, the Netherlands) were
used to examine large deletions, duplications, and aberrant
methylation in the MLHI, MSH2, MSH6, and PMS2 genes
according to the manufacturer’s instructions. The PCR products
were separated by capillary electrophoresis using ABI 3130XL

TABLE 1. Table of Used Primers

MUTYH Gene
Primer sequence 5'- 3’ Forward/reverse Exon(s)
TACCTCTGGGAAGCCGCTC F 1
AGACAGCAGAACACGGAGGC R
GGCCTCAAAATTTGGCCTC F 2
CTTTCATGGCCAATGAGCCT R
GCTACACACAATTACA F 34
TAACTCTGGTCTG
CCTGCATCCATCCGGTATAGTAGT R
GCAGGTCAGCAGTGTCCTCAT F 5-7
CTACCACCTGATTGGAGTGCAA R
CACAGGAGGTGAATCAACTCTGG F 8-9
AGCAGAGCTCCTTTGCAGACA R
CAGCTCTGGTAGGATGTTGGG F 10-11
ACCTAGAGAGTGGGCTTTGGC R
GCCCCTAAAGCCCTCTTGG F 12-13
TGTGGATATAGCCTCAAAAGCCA R
GGCCTATTTGAACCCCTTGAC F 14
TGCAGTCAACCGAGATAGCG R
GCCTGGCCAAAAAAGCATATT F 15
GAACTATTCCTCCCTCCAGTGAAG R
GATTTGCATTTTTAGGACAATTCGA F 16
TCACTTGAGGCCAGAATCACCT R

Table of used primers.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Lynch-Like Syndrome

Genetic Analyzer (Applied Biosystems), and the output data
were analyzed with “Coffalyser.net” software (MRC-Holland).

Microsatellite Instability (MSI) Analysis
For microsatellite instability (MSI) status determination,
we analyzed 5 mononucleotide markers (BAT-25, BAT-26,

NR-21, NR-24, and MONO-27) using the “MSI Analysis Sys-
tem” kit (Promega, Madison, WI) according to the manufac-
turer’s instructions. The PCR products were separated by
capillary electrophoresis using ABI 3130XL Genetic Analyzer
(Applied Biosystems), and the output data were analyzed with
GeneMapper software (Applied Biosystems).

TABLE 2. Morphological, Immunohistochemical, and Molecular Biological Characterization of all Studied Lesions

Histological Peculiar MSS/ Genetic Testing From
Dg Location Features THC of MMR Proteins MSI Tumorous Tissue
Sebaceous adenoma Face, NOS Prominent holocrine secretion, MSH6 peripheral expression MSS  NRAS: c.181C>A, p.(Gln61Lys)
granulomatous reaction and central loss in BRAF: negative
sebaceous lobules MLH1 promotor methylation:
negative
MSH2, MSH6: negative
Sebaceous adenoma Forehead Intratumoral heterogeneity, MSH6 peripheral expression MSS  NRAS: c.181C>A, p.(GIn61Lys)
peritumoral lymphocytes, and central loss in BRAF: negative
small mucinous areas, sebaceous lobules -
prominent holocrine
secretion, small cyst spaces,
surface ulceration
Sebaceous adenoma Scalp Prominent holocrine secretion, MSH6 peripheral expression MSS  KRAS: ¢.34G>T, p.(Gly12Cys)
and central loss in
sebaceous lobules
Sebaceous adenoma Eyebrow Prominent holocrine secretion, MSHG6 peripheral expression MSS  KRAS: negative
and central loss in
sebaceous lobules
Sebaceous adenoma Sternum Typical MSHG6 peripheral expression MSS  KRAS: negative
and central loss in
sebaceous lobules
Sebaceous adenoma Forehead Keratoacanthoma-like MSH6 peripheral expression MSS  KRAS: negative
and central loss in BRAF: negative
sebaceous lobules B
Sebaceous adenoma Above left ear Typical MSHS6 peripheral expression MSS  KRAS: negative
and central loss in BRAF: negative
sebaceous lobules
Sebaceous adenoma Face, NOS Peritumoral lymphocytes, MSH6 peripheral expression MSS  KRAS: NA
prominent holocrine and central loss in
secretion, small to large sebaceous lobules
cystic spaces, reticulated
type of seborrheic keratosis
Sebaceous adenoma Face, NOS Peritumoral lymphocytes MSH6 peripheral expression MSS  KRAS: NA
and central loss in
sebaceous lobules
Low-grade sebaceous Forehead Intratumoral heterogeneity, In well differentiated parts: MSS  KRAS: negative
carcinoma peritumoral lymphocytes, MSH®6 peripheral
squamous metaplasia, expression and central loss
surface ulceration in sebaceous lobules,
otherwise normal
expression
Sebaceous adenoma Left ear Peritumoral lymphocytes MSH6 peripheral expression MSS  KRAS: negative
and central loss in
sebaceous lobules
Sebaceous adenoma Trunk Peritumoral lymphocytes, MSH6 peripheral expression NA KRAS: negative
prominent holocrine and central loss in
secretion, multiple small sebaceous lobules
cystic spaces
Well-differentiated Ear Typical ND ND ND

squamous cell
carcinoma

Biallelic heterozygous mutations of the MUTYH gene were found in blood DNA (¢.692G>A,p.(Arg231His) in exon 9 and c.1145G>A, p.(Gly382Asp) in exon 13).
IHC, immunohistochemistry; MSS, microsatellite stable; MSI, microsatellite instable; NA, not analyzed: ND, not done; NOS, not otherwise specified.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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MLH1 Promoter Aberrant Methylation
Analysis

Tumor DNA samples were subjected to bisulfite
conversion (“EZ DNA Methylation-Gold Kit;” Zymo
Research, Burlington, ON, Canada) and methylation-specific
PCR targeting the MLHI promoter according to Chan et al.8

Next Gene Sequencing

Mutation analysis of hotspot regions of 50 oncogenes
and tumor suppressor genes was analyzed using the lon
AmpliSeq Cancer Hotspot Panel v2 (Life Technologies, part
of Thermo Fisher Scientific, Waltham, MA) on the Ton Torrent
Personal Genome Machine. Extracted DNA (10 ng) was

4

2y 3 05

FIGURE 2. A and B, Sebaceous adenomas. Both lesions exhibit
a typical multilobular architecture with several neoplastic lo-
bules. C, A detail of a sebaceous adenoma with a prominent
holocrine secretion and a conspicuous hole within neoplastic
sebaceous lobules. In the vicinity of the sebaceous adenoma,
a reticulated (adenoid) seborrheic keratosis could be detected.

4 | www.amjdermatopathology.com

amplified and adapters were ligated using the Ampliseq library
preparation kit. Sequencing beads were templated and enriched
using the Template OT2 200 Kit and sequenced by means of
the Sequencing kit 200 v2 (Life Technologies, Carlsbad, CA)
according to manufacturer’s protocols. Signal processing, map-
ping, and quality control were performed with Torrent Suite
v.4.4.3 (Life Technologies). Sequence variants were called
using Ton Reporter v4.6 using AmpliSeq CHPv2 single sample
workflow and default settings. The variants were subsequently

FIGURE 3. A, A relatively large sebaceous adenoma with focal
surface ulceration. B, In a detail examination, a striking intra-
tumoral heterogeneity and a dense peritumoral infiltrate of
lymphocytes could be seen. C, Also, a small mucinous area in
sebaceous lobules was focally identified.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Lynch-Like Syndrome

filtered to include only exonic, nonsynonymous variants with
allele frequency higher than 5%. All filtered variants were
annotated using the HGVS nomenclature according to tran-
scripts NM_005359.5 and NM_002524.4 of the KRAS and
the NRAS genes, respectively.

Reverse Hybridization Analysis

Analysis of 29 mutations in the KRAS gene and 22
mutations in the NRAS gene was performed using the com-
mercial diagnostic CE TVD kit KRAS XL StripAssay and
NRAS XL StripAssay (ViennaLab Diagnostics GmbH, Vien-
na, Austria) according to the manufacturer’s instructions.

RESULTS

Histopathological Findings

A total of 13 lesions removed from the head” and trunk®
were microscopically investigated. One lesion located on the ear
was well-differentiated squamous cell carcinoma, whereas the
remaining tumors represented adnexal neoplasms with sebaceous
differentiation. Of these, 11 neoplasms were sebaceous adeno-
mas, whereas the remaining one represented low-grade seba-
ceous carcinoma and was located on the forehead. Locations
of the 11 sebaceous adenomas included the face, not otherwise
speciﬁed,I forehead ! ear? scalp,l eyebrow,l and trunk® (Table 2).

Microscopically, all sebaceous adenomas manifested
a multilobular architecture with several contiguous pyriform or
elongated lobules with a direct connection to the overlying
epidermis (Figs. 2A, B). The individual neoplastic lobules con-
sisted of 1 to 2 peripheral layers of small basaloid germinative
cells, whereas the more central mature sebocytes had multiva-
cuolated cytoplasm and scalloped nuclei. In 6 lesions,

FIGURE 4. A, A whole-mount of low-
grade sebaceous carcinoma. B-D, A
close-up view showed cytologic de-
tails including cellular and nuclear
pleomorphism and increased mitotic
rate. A cellular pleomorphism was
evident in undifferentiated basaloid
cells and in those with multi-
vacuolated cytoplasm. Focal areas of
squamous metaplasia could be
recognized.

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

degeneration of centrally located cells and conspicuous holocrine
secretion resulted in variably sized cystic spaces (Fig. 2C). One
sebaceous adenoma manifested certain intratumoral heterogene-
ity in the sense that the more differentiated areas with numerous
mature sebocytes were intermingled with areas composed of only
immature sebaceous cells (Figs. 3A, B). In 5 cases, a dense
peritumoral lymphocytic infiltrate was noted. Foci of squamous
metaplasia were noted in one sebaceous adenoma, and in another
case, multiple small deposits of mucus (Fig. 3C) were present
amidst the sebaceous neoplastic lobules. In one case, a granulo-
matous reaction was observed around sebaceous lobules of the
sebaceous adenoma. In the vicinity of one sebaceous adenoma,
a reticulated (adenoid) seborrheic keratosis was found (Fig. 2C).

The low-grade extraocular sebaceous carcinoma ap-
peared as an exophytic asymmetric ulcerated lesion composed
of a multinodular proliferation of basaloid epithelial cells with
atypia and mitotic figures showing a various degree of
sebaceous differentiation, resulting a striking intratumoral
heterogeneity (Figs. 4A—D). Multiple foci of squamous meta-
plasia were present, and focally peritumoral stromal lympho-
cytes were seen.

Immunohistochemical Findings
Immunohistochemically, all sebaceous neoplasms
(1 sebaceous carcinoma, 11 sebaceous adenomas) were
examined for expression of MMR proteins. All lesions
expressed MSH2, MLHI1, and PMS2 protein. With respect
to MSH6 protein staining, all sebaceous adenomas showed
a peculiar gradient profile in the sense that staining was partly
or completely absent in the center of the neoplastic sebaceous
lobules, whereas nuclear MSH6 expression was clearly
detectable at the periphery of the neoplastic lobules
(Figs. 5A, B). In the low-grade sebaceous carcinoma,
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FIGURE 5. Immunohistochemical staining for MMR proteins.
A, The tumor cells show reduced nuclear expression of MSH6
protein (with positive internal control) in the sense that
staining is partly or completely absent in the center of the
neoplastic sebaceous lobules, whereas nuclear MSH6 expres-
sion is clearly detectable at the periphery of the neoplastic
lobules. B, There is no deficiency for MSH2.

MSH6 was lost in the central parts of the neoplastic nodules
composed of mature sebocytes; whereas in poorly differenti-
ated basaloid areas, MSH6 expression was present both in the
peripheral and central parts of the neoplastic nodules. In all
cases, a valid positive control was present (ie, peritumoral
lymphocytes, intact adnexa, and epidermis).

Molecular Biologic Findings

MMR Genes Molecular Analysis of Peripheral Blood
and Tumor (FFPE) DNA, Microsatellite Instability
(MSI) Analysis, and MLH1 Promoter Aberrant
Methylation Analysis

Neither germline mutations nor large deletions/dupli-
cations in MLHI1, MSH2, MSH6, and PMS2 were found in the
DNA purified from the peripheral blood using Sanger
sequencing and MLPA tests.
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Similarly, no microsatellite instability (MSI), no aber-
rant methylation of MLHI promoter, and no somatic
mutations of MSH2 and MSH6 (the latter was tested in one
sebaceous adenoma coming from the face) were found in the
DNA purified from the FFPE tumor samples.

MUTYH Gene Molecular Analysis of Peripheral
Blood DNA

Biallelic  heterozygous mutations were found:
c.692G>A,p.(Arg231His) in exon 9 and c.1145G>A, p.
(Gly382Asp) in exon 13 of the MUTYH gene (Fig. 6).

RAS Genes Molecular Analysis of Tumor
(FFPE) DNA

A KRAS mutation G12C (c.34G>T, p.Glyl2Cys) was
detected in one sebaceous adenoma located on the scalp, and
a NRAS mutation Q61K (c.181C>A, p.GIn61Lys) was found in
2 different sebaceous adenomas located on the face and forehead
using reverse hybridization analysis and next gene sequencing.

DISCUSSION

MAP is a recessively inherited disorder characterized
by a high risk of colorectal cancer. The penetrance of
colorectal cancer in MAP patients at the age of 60 years
was estimated to be 43%—100%.8 Most biallelic MUTYH
carriers develop dozens to a few hundreds of colorectal pol-
yps.' However, occasional MAP patients who have a colorec-
tal carcinoma due to biallelic MUTYH mutations present with
no more than one synchronous polyp. There have also been
rare reports of patients with a colorectal carcinoma without
association with polyps.™ Colorectal adenomas or colorectal
cancer usually in this condition become symptomatic between
the fourth and seventh decade of life.®™ Regarding the colonic
findings, the main differential diagnosis is the attenuated or
atypical form of familial adenomatous polyposis (FAP).
However, the spectrum of extracolonic lesions in MAP seems
to be more similar to that seen in LS but is less striking.™

Extracolonic lesions in MAP include small bowel
lesions including duodenal polyposis (adenomas) and duode-
nal carcinoma, gastric, endometrial, breast, ovarian, bladder
cancer, and cutaneous sebaceous gland tumors. Additionally,
lesions typically seen in FAP have been also reported in
a very small number of patients diagnosed as MAP (ie,
lipomas, congenital hypertrophy of the retinal pigment
epithelium, osteomas, jaw-bone ca/st, epidermoid cyst, des-
moid tumor, and pilomatricomas).

Sebaceous tumors of the skin (ie, sebaceous adenoma,
sebaceoma, extraocular sebaceous carcinoma) are relatively
rare in a %eneral population but are a well-known feature of
the MTS.” Clinical features suggestive of MTS include the
occurrence of multiple sebaceous tumors, relatively young
age (<50 years), and extrafacial location. From a histopatho-
logical prospective, sebaceous tumors associated with MTS
can manifest cystic alterations, keratoacanthoma-like config-
uration, mucinous changes, intratumoral and intertumoral het-
erogeneity, and intratumoral and peritumoral lymphocytes,
the features that should rise a suspicion for a syndromic asso-
ciation.™®  Immunohistochemically, reduction or loss of

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 6. Sequence analysis of
MUTYH gene. The mutations of the
MUTYH gene are indicated by arrow. B

MMR proteins is a feature. As some of the above clinicopath-
ological features were encountered in our patient, the
main differential diagnostic consideration was MTS. How-
ever, no pathogenic germline mutation in MMR genes was
found. Because of ambiguous immunohistochemical studies
(absence of MSH6 protein expression in central parts of the
neoplastic lobules) and microsatellite stability, one sebaceous
adenoma was tested for the presence of MSH2 and MSHG6
somatic mutations with a negative result. Thus, MTS was
excluded. Subsequently, taking into account the patient’s his-
tory of colorectal lesions, MUTYH genetic testing was per-
formed, yielding a biallelic germline mutation, and the
diagnosis of MAP was rendered.

We reviewed the literature on sebaceous lesions in MAP
and were able to find only few papers describing association
between MAP and sebaceous tumors of the skin /58 [,
2005, Ponti et al™ described a patient with multiple sebaceous
tumors on the face and neck histologically presented sebaceous
adenomas and sebaceous hyperplasia as an extracolonic man-
ifestation of MYH-related attenuated polyposis. Skin tumors
were microsatellite stable and showed normal expression of
MMR proteins. In 2007, Barnetson et al identified among
225 endometrial cancer patients one proband with bialllelic
MUTYH mutation having also a sebaceous carcinoma on the
face. Neither immunohistochemistry of MMR proteins nor mi-
crosatellite stability/instability testing was performed.™ In
2009, Kumar et al described a case of multiple facial lesions
histologically diagnosed as sebaceous adenomas in a patient
with homozygous mutation in the MUTYH gene. Immunohis-
tochemical expression of MMR Eroteins and microsatellite sta-
bility/instability were not tested."™ In the same year, Vogt et al

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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published results of a European multicenter study of a large
cohort of MAP patients (a total of 276 patients from 181 unre-
lated families originating from Germany, United Kingdom, and
Netherlands). Of the 276 patients, 5 were found to have a seba-
ceous neoplasm (sebaceous adenoma and “sebaceous epitheli-
oma”).- In 2010, Guillén-Ponce et al described a patient with
biallelic MUTYH germline mutation who had a sebaceous ade-
noma on the face. No additional testingof the cutaneous lesion
was done.™ In 2014, Castillejo et al™ identified among 225
Lynch-like syndrome patients a person having a MUTYH muta-
tion and a sebaceous adenoma on the face. In none of the
above-mentioned papers was a histological picture of the seba-
ceous lesions provided.

The MUTYH gene located on chromosome 1 locus
1p34, along with other genes, belongs to the DNA repairing
system so-called “Base Excision Repair.” This gene encodes
a critical protein member of the DNA base-excision-repair
system. Oxidation of DNA leads to the formation of §-oxo-
6,7,8-dihydroxy-2 deoxyguanosine. This nucleotide mispairs
with adenine resulting in somatic G:C > T:A transver-
sions. The MUTYH protein prevents these transversions
by scanning the newly synthesized DNA strand for any mis-
paired adenines, with guanines or 8-0x0-6,7,8-dihydroxy-2
deoxyguanosine, and excising them® MUTYH has been
shown to cooperate with another protein involved in DNA
repair, namely MSH6. On a molecular level, it has been dem-
onstrated that MUTYH is physically associated with the
MSH2/MSH6 complex via the MSH6 subunit. The MSH6
binding site is mapped to a conserved region in the MUTYH
gene and the binding and glycosylase activities of MUTYH
are enhanced by the MSH6.” Whether the above association
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of MUTYH and MSHG6 proteins can result in a peculiar stain-
ing pattern seen in sebaceous tumors in our patient remains
speculative and should be studied in larger series.

The occurrence of tumors usually associated with LS in
MAP (ie, sebaceous gland tumors, colorectal, endometrial, and
ovarian cancers) may reflect shared aspects of pathophysiology.
Both the mismatch-repair and the base-excision-repair pathway
are involved in the removal of oxidative DNA damage, partly
in different ways, partly in a synergistic manner.

Up to 64% of MAP colorectal adenomas and carcino-
mas show a specific somatic KRAS transversion ¢.34G>T
(p.G12C), an alteration typically associated with oxidative
DNA damage ™ |t has been suggested that KRAS
¢.34G>T somatic prescreening followed by MUTYH muta-
tion analysis might be useful to identify patients with atypical
MAP (ie, patients presenting with less than 10 adenomas or
familial mismatch repair proficient colorectal carcinomas with
less than 10 or no concomitants adenomas).® Among cuta-
neous sebaceous tumors in our patient, we identified this
specific KRAS transversion p.G12C only in one sebaceous
adenoma. The significance of this finding is not clear.

Recently, so-called Lynch-like syndrome (LLS) has
been described, including patients who manifest MSI cancer
showing abnormal MMR proteins expression on immunohis-
tochemistry but are not linked to germline mutations or
somatic methylation of MMR genes.™ The potential explan-
ations for tumors showing MSI but no DNA MMR germline
mutation include: (1) unknown germline mutations in genes
other than the DNA MMR genes that can drive MSI; (2) an
existing germline mutation/large deletion in the DNA MMR
genes not identified by commonly used detection methods;
and (3) another genetic process within the neoplasm other
than germline mutation coupled with the second allele inac-
tivation or biallelic hypermethylation of MLH1. According to
Mesenkamp et al, the last possibility is the cause at least half
of LLS cancers. The most common 2-hit combination was
a mutation coupled with loss of heterozygosity (LOH), fol-
lowed by 2 somatic mutations. Another study leading by
Sourrouille et al® identified the somatic and germinal mosa-
icism by de novo mutation in MSH2, and double somatic hits
leading to MSI colorectal tumors in LLS patients. Another
group of authors, having used next-generation sequencing,
screened MMR gene in 18 MSI-H sebaceous tumors and
found mutations in 17 samples. In 12 samples, an acquired
somatic mutation was detected, 7 of them were associated
with additional somatic alterations such as LOH or multiple
mutations, suggesting somatic second hits.®? The data raise
the question whether MAP belongs to heterogenous LLS
group. It is known that MMR deficiency is not a feature of
MAP®ESE0 and only very few colorectal carcinomas from
biallelic MUTYH carriers show MSI.Z5958 1, 2014, Castille-
jo et al™ showed a prevalence of 3.1% of MAP in the series of
225 patients with LLS.

In summary, we have described a MAP patient with
multiple cutaneous sebaceous tumors, a clinicopathological
constellation closely resembling MTS. It is important to be
aware of an overlap of MAP with Lynch’s syndrome and its
phenotypic variant, that is, MTS. In a case of failure to iden-
tify a pathogenic germline mutation in MMR genes in

8 | www.amjdermatopathology.com

a patient with a clinical phenotype suggestive MTS, the MU-
TYH testing should be included in the diagnostic work-up.
Further studies are needed to characterize the clinicopatho-
logical spectrum of cutaneous lesions in MAP and the rela-
tionship of the latter to so-called Lynch-like syndrome.
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KOZNi TUMOR S NEOBVYKLOU MORFOLOGII

LICHEN SCLEROSUS PENISU ASOCIOVANY S NAPADNOU AKUMULACI ELASTICKYCH VLAKEN
S DIFERENCOVANOU PENILNI INTRAEPITELILALNi NEOPLAZIi S PROGRESI DO INVAZIVNIHO
DLAZDICOBUNECNEHO KARCINOMU

uvob

Napadna akumulace elastickych vldken v anogenitalni oblasti je v této lokalizaci postihujici stfedni az
dolni ¢ast retikularni dermis vzacny a velmi neobvykly nalez, ktery byl plvodné oznacen jako ,névus
elasticus” v roce 1990 Sanchezem Yusem, (43) ktery jej nedaval do spojitosti s lichen sclerosus.

V roce 2014 Shiba (44) popsal 18 pfipadl lichen sclerosus vulvy a 4 pripady v extragenitalni oblasti
s ndpadnou tvorbou elastickych vldken ve stfedni az dolni ¢asti retikularni dermis. Podle této prace se
nejednd o samostatnou jednotku ,névus elasticus”, ale o reparativni proces spojeny s Ubytkem
elastickych vlaken v papilarni dermis.

KLINICKY
Jde o pfipad muze ve véku 70 let na glans penis s plochymi, ¢ervenymi skvrnami s nepravidelnymi a
neostrymi okraji. Léze byla asymptomaticka a pfitomna 5 let.

HISTOLOGICKY

V excizich byly nalezeny histologické znaky lichen sclerosus, tj. pruhovité infiltraty lymfocytd a
plasmocytl s malymi loZisky krvaceni, v horni dermis s depozity kolagenu a ztencenou epidermis.
Povrchovy epitel, ktery byl fokalné ztenéeny a misty naopak hyperplasticky, vykazoval atypické
keratinocyty v bazalni vrstvé kompatibilni s diagndzou penilni intraepitelidlni neoplazie
diferencovaného typu (dPelN). V nékterych fezech byly zastizeny struktury karcinomu in situ s loZisky
jiz invazivniho dlazdicobunééného karcinomu.

Dysplasticky epitel vykazoval imunohistochemicky nukledrni p53 pozitivitu bazalnich keratinocytd
v neprerusované fadé a reagoval negativné s protilatkou proti p16.

Ve stfedni a dolni Casti retikularni dermis se nachazely masivni eosinofilni pruhy vinitych elastickych
vldken, které byly zvyraznény histochemickym barvenim van Gieson a barvenim na elastiku. Napadna
byla akumulace elastickych vldken kolem cévnich lumen v hluboké ¢asti retikularni dermis.

ZAVER
Nase prace dokumentuje neobvykly pfipad lichen sclerosus penisu asociovany s dPelN s progresi do
invazivniho dlazdicobunécéného karcinomu a ndpadnou akumulaci elastickych vlaken v retikularni

dermis. Histologicky obraz alterace elastickych vldken v anogenitdlni oblasti je velmi distinktni, avSak
mechanismus tohoto jevu zUstava nejasny.
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CASE REPORT

Lichen sclerosus on the penis associated with striking
elastic fibers accumulation (nevus elasticus) and
differentiated penile intraepithelial neoplasia
progressing to invasive squamous cell carcinoma

Denisa Kacerovska, MD, PhD,""” Michal Michal, MD,"” Milan Hora, MD, PhD,*
Ladislav Hadravsky, MD," and Dmitry V. Kazakov, MD, PhD""
Pilsen, Czech Republic

Key words: differentiated type; elastic fibers; increase; invasive squamous cell carcinoma; lichen sclerosus;

penile intraepithelial neoplasia.

ichen sclerosus (LS) is a chronic disorder with

a predilection for the anogenital area. In this

anatomic area, a subset of human papilloma-
virus—negative neoplasms arise on the background
of chronic inflammation, of which LS is the most
common condition. Of these neoplastic associations,
squamous intraepithelial neoplasias, including the
differentiated (simplex) type of vulvar intraepithelial
neoplasia and penile intraepithelial neoplasia
(PeIN), are salient lesions." A rare and unusual
feature in LS is a conspicuous accumulation of elastic
fibers in the level of the mid to lower part of the
reticular dermis, sometimes strikingly apparent on
hematoxylin-eosin—stained slides. This condition
was originally termed nevus elasticus,” but in a recent
study the authors considered the process
hyperplastic.” To our knowledge, there are only 3
published clinicopathologic reports describing this
phenomenon.” ' With respect to the anatomic site, all
previously published examples occurred on the
vulva (with exception of 5 extragenital cases). We
report, a case of penile LS accompanied with con-
spicuous elastic fibers. Additionally, there were areas
of differentiated PeIN progressing into invasive
squamous cell carcinoma.

as

Abbreviations used:

LS:
PelN:

lichen sclerosus
penile intraepithelial neoplasia

CASE REPORT

A 70-year-old man presented with a flat, red-colored
patch with irregular and poorly defined margins on the
glans penis. The surrounding skin showed a whitish
hue (Fig 1). The lesion was asymptomatic and had been
present for 5 years. A biopsy found features of PeIN and
invasive squamous cell carcinoma, and a simple
glansectomy was performed. The case is too recent
for a meaningful clinical follow-up.

The removed tissue was fixed in 4% formaldehyde
and embedded in paraffin. The paraffin tissue blocks
were cut into 5-um-thick sections and stained with
hematoxylin-eosin. Histochemical staining for elastic
fibers (Verhoeff-van Gieson, Elastic Stain [Sigma-
Aldrich]) was performed. Immunohistochemical
staining for pl6 (clone E6H4, dilution RTU,
Ventana, Mannheim, Germany) and p53 (clone
DO-7, dilution 1:400, Dako, Glostrup, Denmark)
was performed according to standard protocol.
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Fig 1. A flat, red-colored patch with irregular and poorly defined margins on the glans penis.
The surrounding skin showed a whitish hue.

LA (s R

Fig 2. A, The epidermis showed focally mild hyperplastic areas with atypical keratinocytes in

the basal cell layer compatible with differentiated PeIN. B, In several specimens, full-thickness
atypia corresponding to carcinoma in situ and foci of invasive squamous cell carcinoma were

found. (Hematoxylin-eosin stain.)

Microscopically, both the initial biopsy specimens
and the specimens from glansectomy found
histologic features of lichen sclerosus (ie, both a
bandlike infiltrate composed of predominantly
lymphocytes and plasma cells with small foci of
hemorrhage and sclerotic collagen bundles with their
homogenization in the superficial dermis). The
epidermis showed focally thinning; in other areas it
was hyperplastic with atypical keratinocytes in the
basal cell layer compatible with differentiated PeIN
(Fig 2, A). In several specimens, full-thickness atypia
corresponding to carcinoma in situ was present and
foci of invasive squamous cell carcinoma were also
revealed (Fig 2, B). The dysplastic areas stained
positively for p53 and were immunonegative for p16.

In the mid and reticular dermis there were striking
areas of pink condensed finely fibrillary and wavy
material, which histochemically stained deeply for
Verhoeff-van Gieson and elastic stain confirming
elastic etiology (Fig 3, A and B). This massive increase
in elastic fibers in the mid and lower part of reticular
dermis contrasted strikingly to their near absence in
the superficial subepithelial tissues. Elastic stains also

found increased presence of elastic fibers around
blood vessels in the deeper portion of the dermis.

DISCUSSION

Apart from collagen, an elastic fiber network is an
important extracellular matrix component extending
throughout the dermis. In the normal skin, elastic
fibers in the reticular dermis are composed of a
central core of amorphous, hydrophobic, cross-
linked elastin surrounded by connective tissue
microfibrils, the principal structural component of
which is the glycoprotein fibrillin. In the papillary
dermis, finer fibers containing less elastin are found,
which are termed elaunin fibers.” Although the
precise nature of the alteration of an extracellular
matrix in LS is still poorly understood, Rahbari” in
1989 found a decrease in elastic fibers in LS.

The article reporting a strikingly increased number
of elastic fibers in a case of vulvar LS was published in
1990 by Sinchez Yus et al.” The authors interpreted
this case as nevus elasticus and considered this
unusual feature to be unrelated to LS. Recently, a
series of 18 cases of LS of the vulva and 4 cases of
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Fig 3. A, In the mid and reticular dermis, there were
striking areas of pink condensed finely fibrillary and wavy
elastic material. (Hematoxylin-eosin stain.) B, Histochemi-
cal staining for elastic stain showed a massive increase in
elastic fibers in the mid and reticular dermis contrasted

strikingly to their near absence in the superficial subepi-
thelial tissues. Elastic stains also showed increased pres-
ence of elastic fibers around blood vessels in the reticular
portion of the dermis.

extragenital LS associated with increased amount of
elastic fibers in the mid to lower part of the reticular
dermis has been published.” In contrast to Sdnchez
Yus et al,” Shiba et al’ suggested that this phenom-
enon is different from an authentic nevus elasticus
and may represent a repair process related to the loss
of elastic fibers in the upper part of the lesion. There
is also on record a case of extragenital LS in a surgical
scar with an elastic fibers increase. "

The most common elastic fiber alteration in the
skin is solar elastosis caused by chronic or long-
standing sun exposure. Occasionally, areas of solar
elastosis may be sharply circumscribed with an
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apparent increase of collagen bundles resembling
the phenomenon discussed here. The very anatomic
site, namely, the vulva and penis, however, almost
excludes the possibility of sun exposure to play a
role in the pathogenesis of the disease. Along this
line, we are aware of cases of increased elastic fibers
in the vagina (A. Selim, personal communication,
October 2013). A case of unusual stromal elastosis
associated with mammary-type tubulolobular carci-
noma of the vulva has been reported.” Elastic
changes in that case were analogous to those seen
in the mammary parenchyma adjacent to a
carcinoma.

In neither the original cases of Sdnchez Yus et al”
or in the series of Shiba et al’ was there any case of
epithelial dysplasia. Apart from the current case of
differentiated PeIN, we have in our files 4 cases of
vulvar lesions displaying a combination of LS,
differentiated vulvar intraepithelial neoplasia, and
increased elastic numbers. In other words, all our
cases of LS associated with strikingly increased
elastic fibers manifested dysplastic changes.

We describe a case of penile LS associated with
conspicuous increase of elastic fibers and epithelial
dysplasia. The histologic picture is distinctive, with a
sandwich-like structure composed of the epithelium
(normal or dysplastic), subepithelial homogenized
and sclerotic area, and sharply demarcated deeper
elastosis. The mechanism of alterations of elastic
fibers is not currently known.
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UvoD

Mékké tkané jsou definovany jako soubor neepitelidlnich extraskeletalnich struktur téla slouZici
vyhradné jako podplrna tkan mnoha organd, hemopoetické a lymfatické tkané. Zahrnuje vazivovou,
tukovou, svalovou tkan, krevni a lymfatické cévy a periferni nervy.

Mékkotkanové tumory predstavuji velkou heterogenni skupinu nadord. Tradicné se déli
histogeneticky podle plivodu tkané, ze které vychazeji, napt. fibrosarkom vychazi z fibroblastu. Presto
posledni morfologické, imunohistochemické nalezy a vysledky z experimentd na zvifatech ukazuji, Ze
vétsSina, ne-li vSechny sarkomy vychdzeji z primitivni multipotentni burky, kterd nadorovou
transformaci podstupuje diferenciaci v jednu nebo vice linii. To vSak neméni nic na terminologii. Po
praktické strance klasifikace zaloZzend na histogenezi nebo diferenciaci koreluje s mnoha klinickymi
udaji jako je lokalizace, typ rlistu, mnohocetnost, recidivita, incidence a distribuce metastaz, odpovéd’
na lécbu s progndzou a vék pacienta. (45)

Nadory podle WHO z roku 2013 délime na adipocytarni, fibro/myofibroblastické, fibrohistiocytarni,
hladkosvalové, pericytdrni (perivaskularni), nddory kosterni svaloviny, vaskularni, chondro-ossealni a
dale na gastrointestinalni stromalni tumory, nadory nervovych oball a nadory nejasné diferenciace.

Mezi fibro/myofibroblastické se radi napf. myxoinflamatorni fibroblasticky sarkom. Mezi nadory
nejasné diferenciace napf. pleomorfni hyalinizujici angieketaticky tumor.
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MEKKOTKANOVE TUMORY S ROZDILNYMI FENOTYPY

PLEOMORNI HYALINIZUJICi ANGIEKTATICKE TUMORY A MYXOINFLAMATORNI
FIBROBLASTICKE SARKOMY

UVOD — PLEOMORFNI HYALINIZUJICI ANGIEKTATICKY TUMOR (PHAT)

Pleomorfni hyalinizujici angiektaticky tumor (PHAT) poprvé popsan Smithem v roce 1996 (46) je
povazovan za lokalné agresivni low-grade nador nejasné diferenciace s vysokou predilekci vzniku na
dolnich kondcetinach, predevS§im na kotniku nebo noze, bez doposud zdokumentovaného
metastatického procesu, ale az s 50% rizikem recidivy. V nékolika pfipadech byl zaznamendn pfechod
do high-grade myxofibrosarkomu. (47) (48) (49)

Histologicky je charakterizovany tenkosténnymi dilatovanymi krevnimi cévami ve vietenobunééném
stromatu. Cévy jsou vystlany fibrinem, ktery vnikd do stromatu, a vytvari tim oblasti hyalinizace.
Stromadlni buriky mohou byt vietenobunééné aZz pleomorfni a obsahuji intranuklearni inkluze a
granula vyplnénad hemosiderinem. Mitoticka aktivita je nizkd nebo chybi. Tumor mlze obsahovat
zanétlivy infiltrat, obvykle mastocyty a ¢asto exprimuje CD34 a je S100 negativni.

UVOD — MYXOINFLAMATRONI FIBROBLASTICKY SARKOM (MIFS)

Myxoinflamatorni fibroblasticky sarkom (MIFS) byl poprvé popsan soucasné 3 odlisnymi kolektivy
autorll v roce 1998 (50) (51) (52) jako low-grade mékkotkanovy tumor distalnich koncetin s vysokou
tendenci k recidivam a nizkym metastatickym potencialem. Dalsi studie odhalily, ze MIFS nemusi
vznikat jen na dolnich koncetinach. Dale bylo zdokumentovano 6 pfipadll s metastazami. (51) (53)
(54) (55) (56)

Histologicky jde o tumor tvoreny epiteloidnimi fibroblasty s makrojadérky, infiltrovany vyraznou
smiSenou zanétlivou celulizaci na rlizné myxoidnim pozadim.

Recentné objevena rearanze genll TGFBR3 a MGEAS5, kterd se objevuje u ¢asti PHAT i MIFS, (57) a
dale i velmi podobny klinicky projev potvrzuje dlouho zvazované spojeni mezi témito jednotkami.
Avsak doposud chybéla prace, ktera by byla zamérena na porovnani shodnych morfologickych znak.

METODIKA
Devét pripadd PHAT bylo porovnano s 23 pfipady s high-grade MIFS. Pfipady pochazely z plzeriského
nadorového registru z let 1993 — 2015.

KLINIKA

Ackoli PHAT vznika predevsim v akralnich ¢astech dolnich koncetin, jen dva ptipady z naseho souboru
se nachazely na kotniku a nartu. TFi pfipady se nachazely na proximalnich ¢astech dolnich koncetin a
po jednom dale v jizvé na bfise, predlokti a v axile. Kromé ptipadu v axile u Zadného se neobijevila po
exstirpaci recidiva nebo maligni zvrat. NejdelSi follow-up byl 13 let. U pfipadu lokalizovaného v axile
se objevily 2 recidivy, u posledni navic s transformaci do MIFS.

U souboru MIFS se 14 pfipadli nachazelo na dolnich koncetinach, 5 na hornich. Avsak jen ve dvou
pripadech slo o akralni ¢asti. Vétsina se nachazela v proximalnich ¢astech koncetin. Zbylé 4 nadory
byly dvakrat v axile a po jednom v sakrdlni oblasti a v jizvé 14 let po prsnim karcinomu. Z 18
dostupnych follow-upl u 9 pacientl doslo k metastatickému rozsevu a 7 pacientll zemfrelo.
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HISTOLOGIE

U pripadd MIFS vedle blastickych bunék nadoru srlznym stupném pleomorfismu a cetnymi
atypickymi a bizarnimi mitézami a nekrézami jsme v nasem souboru pouzili 4 morfologicka kritéria,
ktera jsou podle naseho nazoru pro MIFS vysoce specificka. Jde o:

1. Moazaikovity vzhled zpUsobeny stfidanim oblasti nddorovych bunék se zvyraznénou bunécnou
membranou a eozinofilni cytoplasmou s Useky nadorovych bunék prostoupenymi tenkymi
kolagennimi vlakny s postupnym prechodem v lokality prosaknuté extraceluldrnim hlenem az
se vznikem hlenovych jezirek s roztrousenymi nekohezivnimi bunkami.

2. Lipoblastim podobné buriky bohaté vyplnéné mucinem s intracytoplasmatickymi septy
pfipominajici fotbalovy mic.

3. Velké polygondlni bizarné vypadajici bunky podobné Reed-Stenbergovym bunkdam pfi
Hodgkinové chorobé (RS-like bunky) s bohatou eozinofilni cytoplasmou a ovdlnymi az
pleomorfnimi solitarnimi, ¢i mnohocetnymi jadry s vezikularné usporadanym chromatinem a
velkym jakoby inkludovanym jadérkem.

4. Emperipolesa vyjadienad vrazné mire: od nendpadnych nadorovych bunék obsahujicich
jednu nebo nékolik pohlcenych inflamatornich bunék az po velké nadorové bunky s mnoho
zanétlivymi bunikami predevsim polymorfonuklard v cytoplasmé.

Tyto morfologické vlastnosti i zanétlivé pozadi byly u kazdého ptipadu vyjadreny riznou mérou. U
dvou pfipad( high-grade MIFS jsme objevili dalsi morfologické rysy: obraz vietenobunécného
nediferencovaného sarkomu a diferenciace do maligni kartilaginézni tkané. V bloku z plicni
metastdzy, ktery byl k dispozici u jednoho pfipadu, se opét nachdzel obraz vietenobunécného
nediferencovaného sarkomu.

U vSech pripadd PHAT jsme nalezli ve stromatu shodné morfologické rysy jako u MIFS, navic vsak byly
pritomné hyalinizované dilatované cévy. U tfech pripad{ PHAT byl mozaikovity vzhled mirné porusen
vzhledem k pfitomnosti hypoceluldrniho a edematdézniho stromatu svyraznymi depozity
hemosiderinu. Pfi¢inou pfitomnosti hyalinizovanych a dilatovanych cév u PHAT mizZe byt dle naseho
nazoru samotny rdst tumoru spolu s vysokym hydrostatickym tlakem na dolnich koncetinach casto
navic ve spojeni s vendzni nedostatecnosti.

IMUNOHISTOCHEMIE

Velmi ndpomocnym imunohistochemickym vysetfenim se ukdzala byt reakce s protilatkou Cyclin D1.
PFi jejim pouziti se jadra a o néco méné i cytoplazma vétsiny nddorovych bunék MIFS i PHAT barvila
pozitivné. Vzhledem k nespecificnosti této protilatky vSak nebyla ani tak uZitecna jeji pozitivita
samotnd, jako jeji schopnost zvyraznit emperipolézu. Inflamatorni bunky pohlcené
v (imunohistochemicky pozitivni) cytoplazmé jednotlivych nadorovych bunék se totiz touto
protilatkou nebarvi, a jsou tak mnohem lépe zietelné nez v bézném barveni hematoxylin-eosinem.

ZAVER
Nase prace dokazuji, Ze MIFS (doposud povazovdan za low-grade sarkom objevujici se predevsim na

akrech koncetin) je jednotkou, kterda zahrnuje celé spektrum lézi od low-grade a relativné
indolentnich nadortd aZz po high-grade tumory, v nékterych pripadech s moznou dediferenciaci az do
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nediferencovanych vietenobunécnych ¢i pleomorfnich sarkomi s velmi agresivnim biologickym
chovdnim. Tyto tumory byly v minulosti diagnostikovany jako high-grade myxofibrosarkomy nebo
myxoidni pleomorfni maligni fibrézni histiocytomy.

Identické genetické abnormality a velmi podobné klinické prezentace spolu s nasimi nalezy
zaloZzenymi na shodnych imunohistochemickych a pfedevsim histologickych vlastnostech podporuji
myslenku, Ze vétSina, ne-li vSechny tumory diagnostikované jako PHAT jsou ve skutecnosti pripady
low-grade MIFS vykazujici navic morfologicky rys v podobé angiektatickych hyalinizovanych cév.
Zdokumentované pfipady recidiv PHAT s transformaci do high-grade myxofibrosarkomu (které u
pfipadud s dostupnou fotodokumentaci dle naseho nazoru odpovidaji morfologii MIFS), tak podporuji
hypotézu, zZe tyto dvé jednotky jsou pouze morfologické varianty stejného tumoru.
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We describe 9 cases of pleomorphic hyalinizing angiectatic tumor (PHAT). Recently described TGFBR3 and
MGEAS gene rearrangements in these tumors have confirmed the long-hypothesized link between PHAT and an-
other soft tissue entity, the myxoinflammatory fibroblastic sarcoma (MIFS). Myxoinflammatory fibroblastic sar-
coma and PHAT share the same translocation and in addition have a very similar clinical presentation. However,

to our best knowledge, no study has ever addressed the striking morphologic similarities between MIFS and
PHAT. Our findings based on histological criteria suggest that most, if not all, tumors diagnosed as PHAT might,
in fact, represent examples of MIFS that, in addition to a conventional MIFS morphology, manifest aberrant

angiectatic hyalinized vessels.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Pleomorphic hyalinizing angiectatic tumor (PHAT), first described in
1996 by Smith et al [1], is currently considered a low-grade, locally
aggressive neoplasm of uncertain lineage with a high predilection for
the lower extremity. Although as much as 50% of lesions recur locally,
no metastases have so far been documented. Nonetheless, the progres-
sion to a myxofibrosarcomalike sarcoma has been described in several
cases [2-4]. While working on another project on a high-grade variant
of myxoinflammatory fibroblastic sarcoma (MIFS) [5], we came across
arecurrent PHAT initially diagnosed as myxofibrosarcoma. Thanks to
our current better knowledge of the wide spectrum of MIFS’s morphol-
ogy, when we re-reviewed both biopsies again, it became obvious that
both the original and the recurrent lesions show typical cytological
features of MIFS, albeit the recurrent tumor harbored prominent
cytological atypia. This surprising finding compelled us to review
all 13 cases filed as PHATSs from our files, which resulted in further
noteworthy observations. With the exception of 4 cases, all the
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provided by the Ministry of Education Youth and Sports of the Czech Republic.
&+ The authors have no funding or conflicts of interest to disclose.
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1092-9134/© 2015 Elsevier Inc. All rights reserved.

remaining 9 lesions contained cells morphologically indistinguishable
from MIFS on the background of predominant features of PHAT charac-
terized by thin-walled angular ectatic vessels surrounded by perivascular
hyaline material.

In this study, we report a series of 9 lesions originally diagnosed as
PHAT, which, based on our histological criteria for MIFS, all most likely
represent examples of the latter tumor, merely having an additional
component of aberrant angiectatic hyalinized vessels.

2. Materials and methods

The 9 cases of PHAT constituting the subject of this study were
retrieved from the authors’ files; they came from the period between
the years 1993 and 2015. The clinical information was extracted from
the registry records, and follow-up data were obtained from attending cli-
nicians. To retrieve the cases, we searched our consultation registry files
using keywords, including pleomorphic hyalinizing angiectatic tumor,
PHAT, myxoid malignant fibrous histiocytoma, and myxofibrosarcoma. This
search yielded altogether 13 specimens which were reviewed to confirm
the diagnosis. Upon revision, 2 cases were excluded for their incompatible
morphology, of which one was reminiscent of low-grade fibromyxoid
sarcoma with prominent vessels rather than a PHAT and the second
one was reclassified as myxofibrosarcoma, not otherwise specified. In
another case, we were not able to render any final diagnosis, and the
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remaining excluded tumor lacked any clinical information. In all but 2
cases, paraffin blocks or unstained reserve slides were available for
the study.

For conventional microscopy, tissues were fixed in formalin, rou-
tinely processed, embedded in paraffin, cut into 4-um-thick sections,
and stained with hematoxylin-eosin (H&E).

For immunohistochemical studies, 4-um-thick sections were
cut from paraffin blocks, mounted on slides coated with 3-
aminopropyltriethoxy-silane (Sigma, St Louis, MO), deparaffinized in
xylene, and rehydrated in descending grades (100% to 70%) of ethanol.
Sections were then subjected to heat-induced epitope retrieval by
immersion in a CC1 solution at pH 8.0 at 95°C. Endogenous peroxidase
was blocked by a 5-minute treatment with 3% hydrogen peroxide in
absolute methanol. The slides were then stained by immunostainer
BenchMark ULTRA (Roche, Switzerland). The immunohistochemical
analysis was performed using a Ventana BenchMark ULTRA (Ventana
Medical System, Inc, Tucson, AZ).

The following primary antibodies were used: Cyclin D-1 (polyclonal,
Thermo Fisher Scientific, Fremont, CA; monoclonal) and Cyclin D-1
(monoclonal, SP4, Dako, Glostrup, Denmark). The primary antibodies
were visualized using the enzymes alkaline phosphatase or peroxidase
as detecting systems (both purchased from Ventana Medical System,
Inc, Tucson, AZ).

3. Results

The clinical features are summarized in Table 1. The patients were 5
women and 3 men, and in the remaining case, the sex was unknown.
The age of the patients at the time of diagnosis ranged from 53 to 76
years (mean, 62.9 years). Follow-up was available for 4 patients, of
whom 1 suffered multiple recurrences. No metastases occurred. The
average duration of follow-up was 5.9 years (range, 0.4-14 years). Loca-
tions were available for 8 tumors and included soft tissues of the lower
extremity [4] and 1 each of the axilla, forearm, inguinal area, and the
abdomen. The patient with the inguinal lesion had a history of inguinal
hernia, and the tumor was initially suspected to represent recurrent
hernia. The patient with abdominal lesion had been operated on for a
colorectal carcinoma 13 years ago; the PHAT developed 4 cm away
from the colostoma scar. The tumor size ranged from 2 to 7. 5 cm in
the largest dimension, with a mean size of 5.0 cm.

All PHATs in this series matched our cytological and histological
criteria for MIFS used in our previous publication concerning this
tumor [5], merely adding the hyalinized, ectatic vessel to the morpho-
logic picture (Fig. 1). The inclusion morphologic criteria were as follows:
(1) Presence of mats of neoplastic cells with eosinophilic cytoplasm
having accentuated cell membranes, with thin collagen fibers

Table 1
Main clinicopathologic features and follow-up.

Fig. 1. Cell composition of tumor in between the ectatic vessels is identical to the
myxoinflammatory fibroblastic sarcoma (A and B) (H&E, 100x).

permeating between the neoplastic cells often creating mosaiclike ap-
pearances (Fig. 1A). These areas had gradual transitions to less cohesive
foci, in which the extracellular mucous substance began to percolate
between cells, with appearances reminiscent of “dilapidated brick
wall” in areas where larger amounts of extracellular mucin have
produced pools containing scattered individual neoplastic cells
(Fig. 1B). However, the above-described stroma so typical for MIFS
differed slightly in 3 of our cases of PHAT where it was more
hypocellular and edematous (Fig. 2.), usually with prominent hemo-
siderin deposition. In addition, in some cases, there were groups of
foam cells present in the stroma. (2) Presence of lipoblastlike cells
with an ample, distended, mucin-filled cytoplasm, compartmental-
ized by a variable number of intracytoplasmic bridges or septa,
thus remotely resembling soccer balls (Fig. 3). (3) Occurrence of
large, polygonal, bizarre ganglionlike cells similar to those seen in
Hodgkin disease, also called RS-like cells. These cells possessed an
oval nucleus with vesicular chromatin and a large, inclusionlike

Age/  Size (cm) Location Therapy Recurrence and therapy Metastasis Follow-up
sex
1 57/F 5cm Scar on the abdomen E N N NED in 8-y follow-up after the extirpation
2 66/F 6x55x Thigh E N N NED in 13-y follow-up after the extirpation
3.5cm
3 76/F ©35cm Axilla E 2x in 31 mo (as myxoinflammatory N NED in 7-y follow-up after the last re-extirpation
fibroblastic sarcoma), E
4 62/F 45x4x Ankle E N N NED in 3-y follow-up after the extirpation
2cm
5 63/ M 4x35x25 Forearm E NA NA NA
6 64/F 3x3x Instep NA NA NA NA
22cm
7 53/ M 7.7 x55x Thigh E N N DONR (colorectal adenocarcinoma) 4 y after
4.5 cm the extirpation
8 62/M ©59cm Inguinal area, history of E N N NED in 3 mo after the extirpation
inguinal hernia
9 NA NA Soft tissue, not specified NA NA NA NA

Abbreviations: DONR: died of nonrelated causes, NA: not available, NED: no evidence of disease, E: extirpation.
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Fig. 2. The typical MIFS-like stroma differed slightly in 3 of our cases of PHAT where it was
more hypocellular and edematous. Binucleated, multinucleated, and pleomorphic cells
often with prominent nuclei resembling Reed-Sternberg cells in Hodgkin disease can be
seen (arrow) (H&E, 200x ).

nucleolus and an ample deeply eosinophilic cytoplasm; binucleated,
multinucleated, or more pleomorphic forms of these cells were also
present [6] (Fig. 2). (4) Presence of cells with emperipolesis of vary-
ing degree (Figs. 3 and 4.).

4. Immunohistochemical finding

The most interesting feature was the positivity with antibodies
(both polyclonal and monoclonal) to Cyclin D1 in all but 1 case. In
most tumors, the Cyclin D1 antibodies stained strongly the nuclei and
less so the cytoplasm of most or all of the neoplastic cells. In a few
cases, only the nuclei of the tumor cells were Cyclin D1 positive with
week or no cytoplasmic staining. Cyclin D1 immunostaining was very
helpful in disclosing cells with inconspicuous emperipolesis, revealing
Cyclin D1-negative nonneoplastic cells being engulfed within Cyclin
D1-positive cytoplasm of tumor cells [5].

5. Discussion

The fact that MIFS may contain areas similar to PHAT and both of
them have a very similar clinical presentation has been addressed in
the recent literature [7,8]. Moreover, Carter et al [8] recently proved
that, in a significant proportion of cases, they also share the same

Fig. 3. Lipoblastlike cells with an ample, distended, mucin-filled cytoplasm, compartmen-
talized by a variable number of intracytoplasmic septa occasioning a resemblance to soc-
cer balls (arrow). Cell with emperipolesis (arrowhead) (H&E, 200x).

Fig. 4. One of the most specific hallmarks of MIFS/PHAT is, in our opinion, the presence of
emperipolesis (A and B) (H&E, 400x).

TGFBR3 and MGEA5 gene rearrangements, further establishing a link
between these 2 entities. Our findings based on histological criteria
suggest that most if not all tumors diagnosed as PHAT might, in fact,
represent examples of MIFS that, in addition to a conventional MIFS
morphology, manifest aberrant angiectatic hyalinized vessels. This
vascular change can be theoretically initiated by the tumor growth
itself, possibly being more likely to occur at the lower extremities,
where high hydrostatic pressure and often concomitant venous insuffi-
ciency are present, but this will remain a subject of further research. The
possibility that vascular changes in PHAT represent solely a histologic
pattern and not a true neoplasm or that MIFS and most of the cases of
PHAT represent a different morphologic manifestation of a single entity
has already been raised by other authors [7-9]. That would also explain
why some authors described cases showing features of PHATS recurring
as myxofibrosarcomas because the recurrence in most cases might, in
fact, be high-grade MIFS, and most of these reported lesions might
have represented primarily a low-grade MIFS associated with morpho-
logically prominent ectatic hyalinized vessels. We also assume that
tumors depicted in several publications described as PHAT might, in
fact, be examples of MIFS [2,4].

As mentioned above, all specimens in our study exhibited all charac-
teristics of conventional MIFS. Aside from the myxoinflammatory back-
ground, so-called RS-like cells, and lipoblastlike cells, another feature
that we consider specific is the gradual loss of the cellular cohesion as
depicted and described above. Interestingly, the presence of lipoblastlike
cells typical of MIFS in the early PHAT was noticed already by Suarez-
Vilela and Izquierdo-Garcia [10]. These features were observed in most
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of the 50 cases of low-grade (our unpublished observations) and 23
cases of high-grade MIFS currently filed in our registry. However, the
above-described stroma so typical for MIFS differed slightly in 3 of our
cases of PHAT where it was more hypocellular and edematous, usually
with prominent hemosiderin deposition. In addition, in some cases,
there were groups of foam cells present in the stroma. All of these are
in our view attributable to the common presence of stromal hemorrhage
resulting from the traumatization of ectatic large vessels.

One of the most specific hallmarks of MIFS/PHAT is, in our opinion,
the presence of emperipolesis. We think that the occurrence of this mor-
phologic epiphenomenon is generally highly underestimated in MIFS.
For example, Laskin et al [7] found cells with emperipolesis in only
about 10% of their cases of MIFS. Emperipolesis in tumors so far designat-
ed as PHAT has in fact not been described, but a meticulous search will
almost invariably reveal at least few numbers of inconspicuous cells
showing discrete emperipolesis of only one or a few individual cells. No-
tably, in our institution, we never make a diagnosis of MIFS, either low
grade or high grade, if the cells with emperipolesis are not present in
the tumor. In our experience, emperipolesis occurs rarely in soft tissue
tumors, and inclusion of this diagnostic criterion into the histopathologic
definition of MIFS makes the diagnosis much more specific. Interestingly,
when we reviewed 7 cases in our files coded with the index word
emperipolesis and for which no definitive diagnosis in the past was
made, 5 cases were reclassified as MIFS, 1 lesion was reclassified as
Rosai-Dorfman disease, and only for the last remaining case was a defin-
itive diagnosis still not rendered. Emperipolesis is much easier found
with the help of immunohistochemistry. The antibody to Cyclin D1 is
very useful in this regard. These immunostains easily reveal Cyclin D1
intensely stained cells having in their cytoplasm engulfed Cyclin D1-
negative nonneoplastic inflammatory cells. Despite the fact that the
constant presence of Cyclin D1 is by far not unique for MIFS, as it was
reported in other tumors such as epithelioid sarcoma [11], chondroid li-
poma [12], intranodal palisaded myofibroblastoma [13], microcystic
stromal tumor of the ovary [14,15], endometrial stromal sarcomas with
YWHAE-FAM22 rearrangement [16], clear cell sarcoma of the kidney
[17], mantle cell lymphoma [18], and others, we strongly advocate the
use of this antibody to better visualize emperipolesis. One of a very few
relevant differential diagnoses in this area of pathology is extranodal,
primary soft tissue Rosai-Dorfman disease, in which emperipolesis is
also invariably found. However, this histiocytic disorder presents with
a different morphology, and the tumor cells are, in contrast to MIFS,
practically always S100 protein positive.

In summary, we report 9 cases of PHAT which, in our view, based
on histomorphologic criteria, merely represent a morphologic vari-
ant of MIFS. Apart from the hyalinized vessels, the only difference
between these 2 entities might be seen in the stromal component,
which in about half of the cases of PHAT is more hypocellular and
edematous. The identical gene rearrangement of TGFBR3 and

MGEAS in a significant proportion of cases of PHAT and MIFS lends
further support to the proposition that these 2 entities are likely
morphologic variants of the same tumor.
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Keywords: We describe 23 cases of high-grade myxoinflammatory fibroblastic sarcoma (MIFS). The patients were 15

High-grade myxoinflammatory fibroblastic women and 8 men, with the age ranging at the time of diagnosis from 39 to 93 years (mean, 64.3 years; median,
sarcoma 66 years). Follow-up was available for 18 patients, of whom 9 developed metastatic disease; 7 of these died. Most

Undifferentiated sarcoma

Pleomorphic hyalinizing angiectatic tumor
Chondrosarcoma

Soft tissues

tumors showed a predilection for the soft tissues of the extremities, with 14 cases involving the lower limb and 5
the upper extremity. However, in both sites, the acral parts were affected in only 1 case each. Of the 4 remaining
tumors, 2 were found in axilla, 1 was found in sacral area, and 1 developed in the scar on the breast, 14 years after
previous excision of a mammary carcinoma and subsequent local irradiation. The tumor size ranged from 1.3 cm
to as much as 30 cm in the largest dimension with a mean size of 8.3 cm. Histologically, the tumors were char-
acterized by occurrence of 3 types of characteristic cells, including (1) lipoblast-like cells with an ample,
distended, mucin-filled cytoplasm compartmentalized by a variable number of intracytoplasmic septa, thus re-
motely resembling soccer balls; (2) large, polygonal, bizarre ganglion-like cells similar to those seen in the Hodg-
kin disease, also called Reed-Sternberg-like cells. Within an ample, deeply eosinophilic cytoplasm, there was an
oval nucleus with vesicular chromatin and a large, inclusion-like nucleolus. Binucleated, multinucleated, or more
pleomorphic forms of these cells were also present; (3) cells with emperipolesis of variable sizes, ranging from
very inconspicuous neoplastic cells containing only one to a few engulfed cells to conspicuous large ones having
many inflammatory cells, usually polymorphonuclear leukocytes admixed with various numbers of some lym-
phoid cells, within the cytoplasm. Quite often, we found elements that combined the histologic features of all
the above 3 characteristic tumor cell types. In 2 tumors, we found an additional undifferentiated spindle cell sar-
coma component, whereas in another tumor, a chondrosarcomatous moiety was evident. For comparison, we
studied 10 cases of pleomorphic hyalinizing angiectatic tumor (PHAT) of soft tissues. Based on the identification
of morphological changes typical for MIFS within most of the cases of PHAT, we suggest that most cases of PHAT
represent examples of MIFS merely having hyaline ectatic vessels.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction In this study, we present the largest series of 23 cases of MIFS with a
high-grade morphology, along with an extensive clinical and follow-up
Myxoinflammatory fibroblastic sarcoma (MIFS) is an entity simulta- data in most cases and novel important immunohistochemical findings.
neously described in 1998 by 3 different groups of authors under vari-

ous names [1-3] as a low-grade soft tissue tumor of distal extremities

with a high propensity for local recurrence. As further studies have
shown, this tumor may not be restricted to acral sites, and apart from
local recurrence, 6 cases with metastatic disease have been documented
in the literature so far [3-7]. Nonetheless, in spite of these publications,
MIEFS is still generally considered a low-grade neoplasm [6] with a very
low metastatic potential.

* The authors have no funding or conflicts of interest to disclose.

* Corresponding author at: Department of Pathology, Charles University, Medical Facul-
ty and Charles University Hospital Plzen, Alej Svobody 80, 304 60 Plzen, Czech Republic.
Tel.: +420 603792671.

E-mail address: michael. michal@medima.cz (M. Michal).

http://dx.doi.org/10.1016/j.anndiagpath.2015.03.012
1092-9134/© 2015 Elsevier Inc. All rights reserved.

2. Materials and methods

The 23 cases constituting the subject of the study were retrieved
from the Pilsen Tumor Registry; they came from the period between
years 1993 and 2014. The clinical information was extracted from the
registry records, and follow-up data were obtained from attending clini-
cians. To retrieve the cases, we searched our consultation registry files
using key words, including “myxoinflammatory fibroblastic sarcoma,”
“myxoid malignant fibrous histiocytoma,” “undifferentiated sarcoma,”
“myxofibrosarcoma,” “emperipolesis,” and “inflammatory myxohyaline
tumor.” The retrieved cases were reviewed to confirm the diagnosis.
Seventeen cases were selected from the consultations files, further 3
cases were added from the routine practice, and another 3 neoplasms
were accidentally discovered while reviewing biopsies for other
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Table
Main clinicopathologic features and follow-up
Age/sex  Size (cm) Location Therapy Recurrence and therapy ~ Metastasis Follow-up
1 47/M 055 Thigh E.CH A N Y—Subinguinal lymph node NED in 1-y follow-up
(discovered synchronously
as the primary)
2 59/F 45x42x3 Lower leg E 1xin 10 mo, E, A N NED in 1-y follow-up
3 81/M 30 x 15x 10 Thigh E 1xin15mo,E, A Y—2y after the first extirpation DOMD in 2 y after the first
in the right acetabulum with extirpation
the generalization into the lungs
4 66/F 76 x6x 1.5  Elbow E 3xin1y,E A CH AMP  Y—1y after the first extirpation DOMD in 2 y after the first
in the left axillary lymph node, extirpation
generalization into
the lungs
5! 76/F 45x2x 18  Lowerleg E 1x in 10 mo, AMP Y—generalization into the lungs DOMD in 2y after the first
1y after the extirpation extirpation
6 75/M 25x2x13  Forearm E N N NED in 3 y follow-up after
the first extirpation
7 69/M 210 Axilla NA NA NA NA
8 53/F 04 Forearm E N Y—generalization into the lungs DOMD in 2 y after the first
1y after the extirpation extirpation
82/F ND Thigh NA NA NA NA
10 54/M 09 Thigh E 1x in 6 mo, E, CH, AMP Y—14 mo after the first extirpation ~ DOMD in 2 y after the first
generalization into the both sides extirpation
of axillary lymph nodes and lungs
11 54/M 7 45¢2, Knee E 4% in 6y, E, CH, AMP N NED in 4 y follow-up after
the leg amputation
12 89/F NA Shank NA NA NA DONR 2 y after the
diagnosis—generalization of
colorectal cancer
13 47/F 08 Dorsal foot CH, AMP N N NED in 7 y follow-up after
the leg amputation
14  69/F 45%x3 %3 Sacral area E NA Y—into the lungs DOMD in 1 mo after the first
extirpation
15 93/F ND Lower leg NA NA Y—into the lung DONR in 11 y after the
diagnosis
16 52/M ND Elbow E 5xin11 mo, E N NED in 16-y follow-up after
the last re-extirpation
17 39/F 8 x 56 x 32  Dorsal hand E 1xin2y,E A N NED in 13-y follow-up after
the last re-extirpation
18  76/F 03 Axilla E 2xin31mo, E N NED in 7-y follow-up after
the last re-extirpation
19  68/F 8x6x25 Breast—postirradiation ~ NA NA NA Recent case
20 53/F 10x 6 x6 Gluteal region E 4xindy Y—into the lung DOMD 4y after the first
extirpation
21 53/F 26 x 15 x 10 Thigh E,CH, A, AMP N N NEORM in 9-y follow-up
22 59/M 04 Thigh E N N NEORM in 2-y follow-up
23 66/F 02 Lower leg NA NA NA Recent case

Abbreviations: DOMD, died of metastatic disease; DONR, died of nonrelated causes; NA, not available; NED, no evidence of disease; E, extirpation; CH, chemotherapy: A, actinotherapy;

AMP, amputation; Y, yes; NEORM, no evidence of recurrence or metastasis.

purposes. In all but 1 case, paraffin blocks or unstained paraffin-
embedded recuts were available.

For conventional microscopy, the excised tissues were fixed in for-
malin, routinely processed, embedded in paraffin, cut into 4-um-thick
sections, and stained with hematoxylin and eosin.

3. Immunohistochemistry

For immunohistochemical studies, 4-pm-thick sections were cut from
paraffin blocks, mounted on slides coated with 3-aminopropyltriethoxy-
silane (Sigma, St Louis, MO), deparaffinized in xylene, and rehydrated
in descending grades (100%-70%) of ethanol. Sections were then sub-
jected to heat-induced epitope retrieval by immersion in a CC1 solution
at pH 8.0 at 95°C. Endogenous peroxidase was blocked by a 5-minute
treatment with 3% hydrogen peroxide in absolute methanol. The immu-
nohistochemical analysis was performed using a Ventana BenchMark
ULTRA (Ventana Medical System, Inc, Tucson, AZ).

The following primary antibodies were used: CD34 (monoclonal,
QBEnd/10; Dako, Glostrup, Denmark), smooth muscle actin (monoclo-
nal, 1A4; Dako), ALK (monoclonal, ALK-01; Ventana Medical Systems),
cyclin D1 (polyclonal; Thermo Fisher Scientific, Fremont, CA; monoclo-
nal), cyclin D1 (monoclonal, SP4; Dako), PRAME (polyclonal; Novus

Biologicals, Littleton, CO). The primary antibodies were visualized
using the enzymes alkaline phosphatase or peroxidase as detecting
systems.

4. Results

The clinical features are summarized in Table. The patients were 15
women and 8 men, with the age at the time of diagnosis ranging from
39 to 93 years (mean, 64.3 years; median, 66 years). Follow-up was
available for 18 patients, of whom 9 developed metastatic disease and
7 of these patients died. The average duration of follow-up was 6.6
years (range, 1-18 years). Most tumors showed a predilection for the
soft tissues of the extremities, with 14 cases occurring on the lower
limbs and 5 involving the upper extremity. However, in both sites, the
acral parts were affected in only 1 case each, whereas a majority of tu-
mors involved more proximal sites. Of the 4 remaining tumors, 2 were
found in axilla, 1 was found in sacral area, and 1 developed in the scar
on the breast, 14 years after previous excision of a mammary carcinoma
and subsequent local irradiation. The tumor size ranged from 1.3 to
30 cm in the largest dimension, with a mean size of 8.3 cm.

Aside from the obvious prerequisite of blastic tumor cells with a high
degree of pleomorphism notable at first sight with numerous atypical to
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Fig. 1. Mats of neoplastic cells with eosinophilic cytoplasm and prominent cytoplasmic
membranes. Note collagen fibers permeating between the neoplastic cells creating a
resemblance of a mosaic (hematoxylin and eosin, original magnification x200).

bizarre mitoses and frequent foci of necrosis, the inclusion criteria in our
series were exclusively based on the fulfilling of 4, in our view, highly
specific histopathologic features of MIFS. The first one was characterized
by mats of neoplastic cells with eosinophilic cytoplasm having accentu-
ated cell membranes, whereas thin collagen fibers permeating between
the neoplastic cells often created a resemblance to a mosaic (Fig. 1).
These areas had gradual transitions to less cohesive foci, in which the
extracellular mucous substance began to percolate between cells
(Fig. 2). In foci where larger amounts of extracellular mucin were pres-
ent, the cells further separated producing mucin pools with scattered
individual cells bearing a resemblance to a “dilapidated brick wall"
(Fig. 3). The other 3 characteristic features of MIFS are the occurrence
of 3 different types of cells, which in our view might represent different
stages of the development of a single cell population, namely,
(1) lipoblast-like cells with an ample, distended, mucin-filled cyto-
plasm, compartmentalized by a variable number of intracytoplasmic
septa, thus remotely resembling soccer balls (Fig. 3); (2) large, polygo-
nal, bizarre ganglion-like cells similar to those seen in Hodgkin disease,
also called Reed-Sternberg (RS)-like cells. Within an ample deeply eo-
sinophilic cytoplasm, there was an oval nucleus with vesicular chroma-
tin and a large, inclusion-like nucleolus. Binucleated, multinucleated, or
more pleomorphic forms of these cells were also present [8] (Fig. 4);
(3) cells with emperipolesis of variable sizes, ranging from very incon-
spicuous neoplastic cells containing only one or a few engulfed cells to
conspicuous large ones having many inflammatory cells, usually

Fig. 3. Areas with copious mucin in which dyscohesive cell growth resulted in a scatter of
individual cells in mucin pools remotely resembling a “dilapidated brick wall." Lipoblast-
like cells with an ample, distended, mucin-filled cytoplasm, compartmentalized by a
variable number of intracytoplasmic septa occasioning a resemblance to soccer balls
(arrows). Nuclei of some cells are out of the plane of the section and, therefore, not visible.
Note also numerous atypical mitotic figures (hematoxylin and eosin, x200).

polymorphonuclear leukocytes admixed with various numbers of
some lymphoid cells, within the cytoplasm (Fig. 5A). Sometimes these
cells with emperipolesis contained virtually hundreds of engulfed poly-
morphonuclear leukocytes in their cytoplasm (Fig. 5B). Quite often, we
found large neoplastic cells that combined the histologic features of all
these 3 characteristic tumor cell types (Fig. 6).

Variations in the aforementioned specific histopathologic features as
well as in the appearances of an inflammatory background were not
striking, creating thus a relatively homogenous group. However, certain
cases presented with additional microscopic features. In case 4, in addi-
tion to the typical histologic appearance of high-grade MIFS, not differ-
ent from other cases in our series, there was an area of spindle cell type
of undifferentiated sarcoma (Fig. 7). Case 19 contained the same high-
grade MIFS and spindle cell undifferentiated sarcoma as in case 4, in
addition to an area of a low-grade MIFS (Fig. 8A and B). A noteworthy
clinical feature of case 19 was the location of the tumor in the scar 14
years after previous excision of a mammary carcinoma and subsequent
local irradiation. In case 21, along with usual parts of high-grade MIFS
(Fig. 9A), foci with malignant cartilaginous differentiation were encoun-
tered (Fig. 9B).

From the 9 metastatic cases in our study, the microscopic slide from
a metastatic mass in the lungs was also available (case 14), showing an

Fig. 2. Focal dyscohesive areas with the mucous substance between cells are present
(hematoxylin and eosin, x100).

Fig. 4. Binucleated, multinucleated, and pleomorphic cells often with prominent nuclei
resembling RS cells in Hodgkin disease can be seen (hematoxylin and eosin, x100).
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Fig. 5. Cells with emperipolesis of variable sizes, ranging from inconspicuous neoplastic cells containing one to only a few engulfed cells (A) to large conspicuous ones having many in-
flammatory cells within the cytoplasm (A and B). Some cells with emperipolesis contained virtually hundreds of engulfed polymorphonuclear leukocytes in their cytoplasm (B center)

(hematoxylin and eosin, x100 [A] and %200 [B]).

undifferentiated high-grade spindle cell sarcoma containing occasional
pleomorphic giant cells (Fig. 10). Other metastases were not available
for histopathologic review. Interestingly, undifferentiated spindle cell
component in cases 4 and 19 and metastatic undifferentiated high-
grade spindle cell tumor to the lungs in case 14 were morphologically
uncharacteristic, devoid of any of the above-described 3 cell types typi-
cal of MIFS.

5. Immunohistochemical finding

The most interesting feature was the overall positivity with antibod-
ies (both polyclonal and monoclonal) to cyclin D1 in all cases. In most
tumors, the cyclin D1 antibodies stained strongly the nuclei and less
so the cytoplasm of most or all of the neoplastic cells. In a few cases,
only the nuclei of the tumor cells were cyclin D1 positive with weak
or no cytoplasmic staining. Cyclin D1 immunostaining was very helpful
in disclosing cells with inconspicuous emperipolesis, revealing cyclin
D1-negative nonneoplastic cells being engulfed by cyclin D1-positive
tumor cells (Fig. 11). Positivity with PRAME was present in most
cases, often revealing the cells with emperipolesis similar to cyclin D1.
In contrast to cyclin D1, the reaction with PRAME was much weaker,
and heavily stained background often hampered a reliable identification
of neoplastic cells and their distinction from the background. Smooth
muscle actin stained only a proportion of cells in 1 case, and CD34
stained the spindle cell sarcoma component in another tumor.
ALK staining was always negative.

6. Discussion

To the best of our knowledge, the 23 cases of high-grade MIFS de-
scribed in this article represent the first large series, although individual
allusions to MIFS and its relation to a high-grade sarcoma can be rarely
found in the literature. These 23 cases of high-grade MIFS were found
beside approximately 50 low-grade MIFSs in our consultation of Pilsen
Tumor Registry files. The large number of otherwise rare high-grade
MIFSs can be explained by the selective bias caused by the consultation
character of a majority of the included tumors.

There are on record more putative high-grade MIFS that were pub-
lished all as case reports. In 2009, Hallor et al [7] included in their
study myxoid spindle cell/pleomorphic sarcoma with MIFS features.
Later, a case of myxofibrosarcoma recurring as MIFS was published
[9]. Eventually, in 2013, Solomon et al [10] reported MIFS progressing
to a highly anaplastic sarcoma, which metastasized. Metastatic cases
of MIFS available in the literature were either described as having the
same appearance as the primary tumor [4] or showed higher cytological
atypia and cellularity [3]. Unfortunately, no representative micro-
photograph from a metastatic lesion was provided, precluding fur-
ther comments.

As mentioned above, all specimens in our study exhibited all charac-
teristics of conventional MIFS, along with a high-grade cytology. Aside
from myxoid and inflammatory background, so-called RS-like cells
and lipoblast-like cells, another feature that we consider specific is the
gradual change in the cellular cohesion as depicted and described
above. This change and variations thereof are seen in most of the

Fig. 6. The cell in the center of the picture combines all characteristics by manifesting
emperipolesis, RS-like nuclei, and compartmentalization of the cytoplasm filled with
mucin (hematoxylin and eosin, x200).

Fig. 7. Case 4. An area within a tumor featuring undifferentiated spindle cell sarcoma lack-
ing any signs of MIFS present elsewhere in the specimens (hematoxylin and eosin, x100).
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Fig. 8. An area showing high-grade MIFS (A and B, left side) in case 19 abruptly transforming into undifferentiated spindle cell sarcoma (A and B, right side) (hematoxylin and eosin, x100

[A] and %200 [B]).

high-grade lesions of our series and were present in all 50 cases of low-
grade MIFS available in our registry as well (unpublished observation).
However, one of the most specific hallmarks of this type of sarcomaiis, in
our opinion, the presence of emperipolesis. We think that the occur-
rence of this morphologic epiphenomenon is generally highly
underestimated in MIFS among pathologists as well as in the publica-
tions. For example, Laskin et al [6] found cells with emperipolesis in
only about 10% of their cases. Although large cells with high amount
of engulfed inflammatory cells easily recognizable at the first sight are
usually present only focally or may be absent, a meticulous search will
almost invariably reveal at least few numbers of inconspicuous cells
showing discrete emperipolesis of only one or a few individual cells. No-
tably, in our institution, we never make a diagnosis of MIFS, either low
grade or high grade, if the cells with emperipolesis are not present in
the tumor. In our experience, emperipolesis occurs rarely in soft tissue
tumors, and inclusion of this diagnostic criterion into the histopathologic
definition of MIFS makes the diagnosis highly specific. Interestingly,
when we reviewed 7 cases in our files coded with the index word
“emperipolesis” and for which no definitive diagnosis in the past was
made, 5 cases were reclassified as MIFS; 1 lesion as Rosai-Dorfman dis-
ease; and only for the last remaining case, no definitive diagnosis was
still rendered. Emperipolesis is much easier found with the help of im-
munohistochemistry. The recently introduced antibody PRAME and es-
pecially cyclin D1 are very useful in this regard. These immunostains
easily reveal cyclin D1 intensely stained cells (and less often PRAME-
positive cells) having in their cytoplasm engulfed cyclin D1-negative
nonneoplastic inflammatory cells. Despite the fact that the constant
presence of cyclin D1 is not unique for MIFS, as it was reported in other
tumors such as chondroid lipoma [11], microcystic stromal tumor of
the ovary [12], intranodal palisaded myofibroblastoma [13], endometrial
stromal sarcomas with YWHAE-FAM22 rearrangement [14], mantle cell

lymphoma [15], and others, we greatly advocate the use of these anti-
bodies (especially cyclin D1) to visualize emperipolesis, which is a very
important and according to us defining diagnostic feature, allowing one
to differentiate MIFS from nearly all known soft tissue neoplasms.
One of a very few relevant differential diagnoses in this area of pa-
thology is extranodal, primary soft tissue Rosai-Dorfman disease, in
which such emperipolesis is also invariably found. However, this
histiocytic disorder presents with a different morphology, and the
tumor cells are, in contrast to MIFS, practically always S-100 protein
positive. The immunohistochemical positivity of MIFS with antibody
to PRAME is important to have in mind because this antibody was in-
troduced to soft tissue pathology as being relatively specific for
myxoid liposarcomas [16].

The remarkable features of cases in our series, most of our tumors
were not located on the acral parts of the extremities, as is usual for
low-grade MIFS, and they were considerably larger than a majority of
these neoplasms in acral locations, can be easily explained by the fact
that a growing neoplastic mass involving hands and feet is usually no-
ticed earlier by the patients, who due to growing discomfort seek the
medical attention much sooner compared to cases when such a mass
is localized more proximally. We observed a similar phenomenon
with minute synovial sarcomas. Most small synovial sarcomas under
the size of 1 cm in our registry involved hands and feet, especially the
fingers [17]. Thus, theoretically, a more proximal location provides
more time for a tumor to grow and to be noted and increase the chance
of acquiring larger size. This may allow a low-grade MIFS time to evolve
into a high-grade MIFS and occasionally produce even a completely un-
differentiated sarcoma component.

The same patterns of both spindle cell dedifferentiation as seen in
our cases 4 and 19 and even chondroid differentiation as seen in our
case 21 can occur in liposarcomas [18], and indeed, case 21 was

ok

Fig. 9. In case 21, typical picture of high-grade MIFS (A) changes into areas with malignant cartilaginous differentiation (B) (hematoxylin and eosin, x200 [A] and %100 [B]).
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Fig. 10. In case 14, metastatic tumor in the lung showing undifferentiated high-grade
spindle cell sarcoma containing occasional pleomorphic giant cells (hematoxylin and
eosin, x400).

identified by us while reviewing cases of myxoid liposarcomas associat-
ed with chondromatous differentiation retrieved from our consultation
tumor registry recently.

Another very interesting case was added to our series after
reexamining a case from our registry that was published in the past
by 2 of the authors of this article (DVK and MM) in 2007 [19]. It was
described as pleomorphic hyalinizing angiectatic tumor (PHAT) and
later recurred under the diagnosis of myxofibrosarcoma grade 2. Inter-
estingly, the same progression of PHAT to myxofibrosarcoma or its syn-
chronous occurrence with other mesenchymal neoplasms has also been
described by other authors [20-23]. However, thanks to our current
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better knowledge of MIFS's morphology, when we re-reviewed both
biopsies again, it became obvious that both lesions show typical
features of low-grade MIFS in the original excision, with the recurring
high-grade lesion harboring additionally cytologic atypia. This surpris-
ing finding compelled us to review all 10 PHATSs from our registry
files, which resulted in further noteworthy observations. With the
exception of 2 cases, all the remaining 8 lesions contained cells morpho-
logically indistinguishable from MIFS on the background of predomi-
nant features of PHAT characterized by thin-walled angular ectatic
vessels surrounded by perivascular hyaline material [24]. We per-
formed the same immunohistochemical analysis as with our study of
MIFS specimens, and it yielded a similar staining pattern, with cyclin
D1 and PRAME being positive in all cases of PHAT. The fact that MIFS
may contain areas similar to PHAT [6,25], both of them have a very
similar clinical presentation and share certain genetic alterations [25],
is already well known in the literature. Our findings suggest that most
tumors diagnosed as PHAT might, in fact, represent the examples of
MIFS that, in addition to a conventional MIFS morphology, produce
aberrant angiectatic hyalinized vessels. This vascular change could be
theoretically initiated by the tumor growth itself, possibly being more
likely to occur at the lower extremities, where high hydrostatic pressure
and often concomitant venous insufficiency are present, but this will re-
main a subject of further research. The possibility that vascular changes
in PHAT represent solely a histologic pattern and not a true neoplasm or
that MIFS and PHAT represent a different morphologic manifestation of
a single entity has already been raised by other authors [6,20,25]. That
would also explain why some authors described cases showing features
of PHATSs recurring as myxofibrosarcomas because the recurrence
in most cases might, in fact, be high-grade MIFS and most of these re-
ported lesions might have represented primarily a low-grade MIFS
associated with morphologically prominent ectatic hyalinized vessels.
We also assume that tumors depicted in several publications described
as PHAT might, in fact, be examples of MIFS [21,23].

Fig. 11. Cyclin D1 immunostaining revealing cyclin D1-negative engulfed nonneoplastic cells within the cytoplasm of cyclin D1-positive neoplastic cells (arrows). Staining for cyclin D1 is
very helpful in disclosing cells with emperipolesis in cases this feature is subtle and not readily appreciable (cyclin D1 counterstained with hematoxylin, x200).
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In summary, myxoinflammatory fibroblastic sarcoma, being so far
considered as a low-grade sarcoma occurring mostly on acral sites, is
an entity that encompasses the whole spectrum of lesions ranging
from low-grade and relatively indolent neoplasms to high-grade tumors
or entirely undifferentiated spindle cell/pleomorphic sarcoma with an
aggressive biological behavior, examples of which used to be diagnosed
in the past as high-grade myxofibrosarcomas or myxoid/pleomorphic
malignant fibrous histiocytomas. Most cases of PHAT might represent
a low-grade MIFS associated with morphologically prominent ectatic
hyalinized vessels; ergo before the diagnosis of PHAT is made, wide
sampling is mandatory, and a careful search for diagnostic features of
MIFS should be performed. Immunostaining for cyclin D1 is recom-
mended to identify emperipolesis typical for MIFS.
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ZAVER

Doktorskd dizertacni prace uzavird mé postgradudlni studium z oboru patologie. BEhem studia jsem
splnil jeho cile. Se spoluautory jsme identifikovali a zdokumentovali pfipady neobvyklych tumori
kGize a mékkych tkani v ramci dédi¢nych syndrom, s neobvyklym biologickym chovanim, s minoritni
kauzalni spojitosti s prislusSnym onemocnénim a rozdilnymi fenotypy.

Pripady byly publikovany ve ¢tyrech Casopisech s impakt faktorem (u jednoho s hlavnim autorstvim),
jednom zahrani¢nim recenzovaném casopise a Ctyfech ¢eskych recenzovanych ¢asopisech.
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SEZNAM POUZITYCH ZKRATEK

DNA - deoxyribonukleova kyselina, z angl. deoxyribonucleotide acid
dPelN - diferencovana penilni intraepitelidlni neoplazie
CRC - kolorektalni karcinomy

HNPCC - hereditarni nepolypdzni kolorektalni karcinomy, z angl. hereditary nonpolyposis
colorectal carcinoma

LOH - ztrata heterozygozity, z ang. loss of heterozygosity
LS - Lynchdv syndrom

MAP - MUTYH asociovana polypdza

MIFS - myxoinflamatorni fibroblasticky sarkom

MMR - mismatch repair

MPLA - multiplex ligation-dependent probe amplification
MSI - mikrostalitné instabilni

MSS - mikrosatelitné stabilni

MTS - Muirdv-Torredv syndrom

PGD - preimplantacni geneticka diagnostika

PHAT - pleomorfni hyalinizujici angiektaticky tumor

SVV - specificky vysokoSkolsky vyzkum

WHO - Svétova zdravotnicka organizace, z angl. World Health Organization
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