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Seznam pouzitych zkratek

Al inhibitor aromataz

AKT akt murine thymoma viral oncogen

ALK anaplastic lymphoma kinase

ALT alternative lenghtening of telomeres

APAF1 apoptotic peptidase activating factor 1

APC adenomatous polyposis coli

AR androgenni receptor

ATRX alpha thalassemia/mental retardation syndrom X-linked
BAP1 BRCAZ1 associated protein 1

BC breast carcinoma (karcinom prsu)

BRAF v-raf murine sarcoma viral oncogene homolog B1
BRCAL breast cancer 1

CCND1 cyklin D1

CDKA4 cyclin dependent kinase 4

CDKG® cyclin dependent kinase 6

CDKNBL cyclin dependent kinase inhibitor 1B
CDKNZ2A (p14”7F) cyclin — dependent kinase inhibitor 2A
CDKNZ2B cyclin — dependent kinase inhibitor 2B

CIN chromosomova instabilita

CIMP CpG island methylator phenotype

CNS centralni nervova soustava

CP1 cystein proteinase 1



CRC kolorektalni karcinom

c-MYC myc avian myelocytomatosis viral oncogen
CSD cumulative sun induced damage

CSMD1 CUB and Sushi multiple domains 1

DNA deoxyribonukleova kyselina

DFS disease free survival

DMBT1 deleted in malignant brain tumors 1

EDNRB endothelin receptor type B

EGFR epidermal growth factor receptor

EIF3S3 (EIF3H) eucaryotic translation initiation factor 3 subunit H
EML4 echinoderm mikrotubule associated protein like-4
ER estrogenovy receptor

ERK extracelular regulated MAP kinase

ESR1estrogen receptor 1

ESR2 estrogen receptor2

ETV ets variant 6

EZH2 enhancer of zeste 2 polycomb repressive complex 2 subunit
FFPE formalin fixed paraffin embedded

FGFRL1 fibroiblast grow factor receptor 1

FISH fluorescen¢ni in situ hybridizace

5FU florouracil

G-CIMP glioma- CpG- Island methylator phenotype

GDP quanosin difosfataza
GIST gastrointestinalni stromalni tumor
GMB glioblastoma multiforme

GNAQ guanine nucleotide binding protein (G protein), g polypeptide
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GNAL1 guanine nucleotide binding protein (G protein), alpha 11(Gq
class)

GSTP1 glutation S-transferaza

GTP guanosin - 5" triphosphate

HER2 human epidermal receptor growth factor 2

HRAS Harvey rat sarcoma viral oncogene homolog

IDH1 isocitrat dehydrogenase 1

IDH2 isocitrat dehydrogenase 2

JAK2 Janus kinase 2

KIAA0196 protein kodujici gen

Ki-67 protein kddovany genem MKI67

Kipl (CDKN1B) cyclin- dependent kinase inhibitor 1B (p27, Kip1)

KRAS kirsten rat sarcoma viral oncogene homolog
LEF lymphoid enhancer binding factor

LOH loss of heterozygosity

LPL lipoprotein lipase

MAPK mitogen activated protein kinase

MAP3K8 mitogen activated protein kinase kinase 8
MC1R melanocortin-1 receptor

MDM2 (HDM2) MDM2 protooncogene, E3 ubiquitin protein ligase
MEK mitogen activated protein kinase

MET MET proto-oncogene, receptor tyrosine kinase
MGMT methylguanine methyltransferaza

MITF microphtalmia associated transcription faktor
MIS mikrosatelitova instabilita

MHL1 mutL homolog



MSH2 mutS homolog 2

MSH6 - mutS homolog 6

MMR mismatch repair

MSS mikrosatelitova stabilita

MUC4 mucin 4, cell surface associated

MYB v- myb avian myeloblastosis viral oncogene
MY C v- myc avian myelocytomatosis viral oncogene
mTOR mechanistic target of rapamycin (serine/threonine kinase)
NADPH (DCR1) 2,4 — dienyol CoA reductasel, mitochondria
NF1 neurofibromin 1

NF2 neurofibromin 2 (merlin)

NFIB nuclear factor 1/B

NOS not other specified

NRAS neuroblastoma RAS viral oncogene homolog
NRK Nik related kinase

NSCLC non small cell lung carcinoma

NST no special type

NTRK3 neurotrophic tyrosine kinase, receptor, type3
OS overal survival

p27 p27 protein

p21 cyclin dependent kinase inhibitor 1A

PC prostate carcinoma (karcinom prostaty)

PCAS prostate cancer associated 3

PCR polymerase chain reaction

PDGFR - platelet derived growth factor receptor

PFS progression free survival
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PI3K phosphatidylinositide-3-kinase

PIK3CA phosphatidylinositide-3-kinase, catalytic, alpha polypeptide
PIN prostaticka intraepitelialni neoplazie

PITX2 paired like homeodomain2

PMS2 postmeiotic segregation increased 2

PR progesteronovy receptor

PRC2 polycomb represivni komplex

PSA prostaticky specificky antigen

PTEN phosphatase and tensin homolog deleted on chromosome ten
PTCH2 patched 2

PTGS2 prostaglandin —endoperoxidase synthase2
RAF (ZHX2) zinc fingers and homeoboxes 2
RASSF1 Ras association domain family memberl
RBL1 retinoblastoma 1retinoblastoma 1provided
RNA ribonukleova kyselina

MRNA messenger RNA

RAD1 ssDNA endodeoxyribonuclease RAD1

ROS1 ROS protooncogen 1, receptor tyrosine kinase
SERM selektivni ER modulator

SMAD4 SMAD family member 4

SPINKT1 serine peptidase inhibitor, Kazal type 1
SPOP speckle type BTB/POZ protein

TCF (HNF4A) hepatocyte nuclear factor 4 alpha
TERT telomerase reverse transcriptase

TKI tyrosin kinase inhibitor
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TMPRSS2 transmembrane protease, serine 2
TMZ temozolomid

TNBC triple negativ breast carcinoma

TNM tumor, node, metastasis

TOP2A topoisomerase Il alpha

TP53 tumor protein p53

WAF1(CDNKZ1A) cyclin dependent kinase inhibitor 1A
WHO World Health Organization

Wnt Wingless/Int-1

Wt wild type

+ pozitivni

- negativni
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1. Teoreticka cast

1.1 Uvod

Explozivni nartst genetickych znalosti a technologii umoZziiuje zaméfit se
na multifaktoridlni, populacné vyznamna onemocnéni, jako jsou naptiklad
kardiovaskularni, psychicka a nadorovda onemocnéni. Molekularni
genetika hraje v mediciné v souCasné dobé vyznamnou roli a nabizi
spolupraci vSem Iékaiskym oborim. Poznani a pochopeni molekularni
patogeneze je zakladem pro porozuméni procesu nemoci a rovnéz
nastrojem k nalezeni diagnostickych a terapeutickych cilti sméfujicich k
individualizaci 1écby.

Ceska republika patii mezi zemé& s vysokou incidenci nadorovych
onemocnéni. Rakovina je nemoc akumulujici mnoho genetickych aberaci,
kdy vyjma strukturnich zmén v genomu (napf. translokace, delece,
amplifikace), jsou nalézdny casto mutace a epigenetické alterace v
dalezitych genech regulujicich zejména bunécny cyklus ¢i apoptdzu.
Navic evoluéni mechanizmy v karcinogenezi vytvareji individualitu
nadoru, coz ztéZzuje nebo znemoznuje pouziti univerzalnich lIécebnych
postupii. Novou vyzvou soucasnosti je hledani vyznamu a dalSich
souvislosti genetickych a epigenetickych zmén v nadoru a jejich vyuziti
jako novych cilii pro terapii. Tato problematika zahrnuje oblast genové
instability, biomarkeri a genetiky nadori a v neposledni fadé¢
epigenomiky’.

V soucasnosti neni u nadorovych onemocnéni postacujici pouze piesna
histologicka diagnéza, ale je nutné, i s vyuzitim nejmodernéjSich
sofistikovanych metod molekularni biologie, provadét také vysetfovani
molekularnich profild nadorti, exprese genli a stanoveni prediktivnich,
poptipadé prognostickych biomarkerd. Fenoménem v tumorigenezi a
problémem piesné diagnostiky se jevi existence klonalni intranadorové
heterogenity a také genetické zmény v nadoru v prubéhu 1écby.

Vyhledavani prognostickych znakl predpovidajicich vyvoj onemocnéni a
markerti predikujicich 1écebnou odpovéd’, popiipadé resistenci nadorti na
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terapii, je vyznamné pro klinicky management onemocnéni a tzv.
personalizovanou terapii. Prediktivni nddorové markery jsou vyuzivany v
klinické praxi pro zvoleni nejefektivnéjsiho terapeutického rezimu, ¢asto
s vyuzitim cilené, tzv. biologické terapie. V soucasné klinické praxi se
vSak setkdvame s ptipady, jejichz odpovéd’ na cilenou biologickou terapii,
piesto Ze spliuji znama molekuldrné geneticka indikacni kritéria, je
minimalni nebo Zzadna, coZz naznaCuje komplexnéjs$i a slozit&jsi
provéazanost fady bunéénych regula¢nich mechanismi a existenci dalSich
faktort ovliviiujici genové signalni drahy a expresi proteint.

1.2 Soucasny stav reSené problematiky

Tato prace se vénuje identifikaci a vyuZiti diagnostickych, prognosticko-
prediktivnich faktor u nejcastéjSich onkologickych onemocnéni, jako je
kolorektalni karcinom, karcinom plic, karcinom prsu, nadory CNS,
prostaty ¢i melanom.

1.2.1 Kolorektalni karcinom

Kolorektalni karcinom je nejéastéji se vyskytujici zhoubny nador
traviciho Ustroji. Pfedstavuje druhy nejcastéjsi nddor u muzi hned po
nadoru plic a u Zen po nadoru prsu®. Celosvétové zaujima tieti piicku
mezi malignitami. V roce 2012 bylo celosvétové diagnostikovano témeér
1,4 milionu novych piipadi®. V Ceské republice jeho incidence neustale
stoupd. Vysoka mortalita u tohoto onemocnéni je zplsobena predevsim
nedostateCnym screeningem a detekci tohoto onemocnéni az v
pokrocilych stadiich, kdy jsou jiz 1é€ebné postupy omezené.
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Graf 1: Incidence a mortalita karcinomu tlustého stfeva a koneéniku
v Ceské republice v letech 1977-2013 (Ref?).

Histologicky je kolorektalni karcinom v 90% pfipadli adenokarcinom.
Mezi jednotlivé histologické subtypy patii: mucindézni adenokarcinom,
adenokarcinom s bunkami tvaru pecetniho prstenu, medularni
adenokarcinom, mikropapilarni adenokarcinom, seratni adenokarcinom,
kribriformni komedonovy adenokarcinom, adenoskvamozni
adenokarcinom, vietenobunény adenokarcinom, nediferencovany
adenokarcinom a dale pak neuroendokrinni tumor, dlazdicobunéény
karcinom, adenoskvamézni karcinom, vietenobunécny karcinom a také
nediferencovany karcinom.

Kolorektalni karcinom je heterogenni onemocnéni, které miizeme rozd¢lit
do tfi subtypt podle molekularnich mechanizmt ftidicich jejich
transformaci, mezi které patii chromosomova instabilita (CIN),
epigenetické zmény jako je hypermetylace promotorovych sekvenci CpG
ostravkil vedouci k fenotypu CIMP (CpG Island Methylator Phenotype) a
mikrosatelitova instabilita (MSI). Jedna se z molekularné biologického
hlediska o jeden z nejstudovanéjSich typu nadora a to vzhledem k jeho
vysoké prevalenci a také diky existenci prekurzorovych lézi zndmych
jako adenomy.

Vice nez 70% sporadickych kolorektalnich karcinomil vzniké4 na zakladé
chromosomové instability (CIN). Tyto nadory jsou charakterizované
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akumulaci numerickych nebo strukturdlnich abnormalit chromosomd,
jejichz vysledkem je abnormalni karyotyp, Casta ztrata heterozygozity
(LOH) useki, na kterych jsou lokalizovany tumorsupresorové geny, a
chromosomové pfestavby4. Nejcastéjsi jsou alelické imbalance 5q, 8p,
17p, 18q (Ref') a nejcastdjsi studovanou ztratou je ztrata heterozygozity
oblasti chromosomu 18q, kterd zahrnuje mnoho dulezitych kandidatnich
geni (DCC, SMAD2, SMAD4 a SMAD7 gen). Ztrata oblasti 18q je
asociovana s horsi prognézou®. Navic tumory s CIN se vyznaduji
akumulaci mutaci ve specifickych onkogenech a tumor supresorovych
genech (napt. APC, KRAS, PIK3CA, BRAF, SMAD4 a TP53), ¢imz
dochézi k aktivaci signalnich drah vyznamnych pro karcinogenezi®.

U pfiblizné 15% kolorektalnich karcinomi se vyskytuje mikrosatelitova
instabilita (MSI), zplsobena dysfunkci genti pro opravy DNA (MMR;
mismatch repair genes). Nedostatecnd funkce MMR geni je u
sporadickych CRC zpusobena piedevsim jejich ,,vypnutim“ (ztratou
funkce), nejcastéji u genu MLHL1 (vice nez v 80%), ke které dochazi
hypermetylaci promotoru®. Chovani nadordi s mikrosatelitovou
instabilitou je odlisné od nadort s chromosomovou instabilitou (CIN)l.
Maji lepsi prognozu, odlisné odpovidaji na standardni chemoterapii, jsou
vétSinou pravostranné a maji charakteristické genetické znaky, mezi které
patii pfedev§im vySe zminovana ztrata schopnosti opravy parovani DNA
(mismatch DNA repair system), metylace promotoru MHL1 genu (u
sporadickych karcinomi) nebo mutace geni MLH1, MSH2, MSH6 a
PMS2 (Lynchtiv syndrom). Také jsou u nich relativné Casté mutace v
BRAF genu™.

MHL1 gen - mutL homolog 1, lokalizovdn na chromosomu 3, lokus
3p22.3, koéduje protein, ktery se ucastni DNA-mismatch repair (MMR)
procesu.

MSH2 gen- mutS homolog 2, lokalizovan na chromosomu 2, lokus 2p21,
koduje protein, ktery se ¢astni DNA-mismatch repair (MMR) procesu.

MSH®6 gen - mutS homolog 6, lokalizovan na chromosomu 2, lokus 2p16,
koduje protein, ktery je ¢lenem rodiny DNA MMR MutS a jehoZ funkce
je rozpoznani nespravné sparovanych nukleotidi a jejich piiprava na
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opravu. Hraje vyznamnou roli v rozvoji hereditarnich nadort, specialné u
CRC a nadorti endometria.

PMS2 gen- postmeiotic segregation increased 2, je lokalizovan na
chromosomu 7, lokus 7p22.1 a kdduje protein, ktery je zapojen do DNA
MMR.

Tteti mechanizmus maligni transformace je charakterizovan rozsédhlymi
metylacemi CpG ostrivkii a je oznafovan jako ,island methylator
phenotype® (CIMP). Ptiblizné 30-40% proximalnich sporadickych CRC
je CIMP pozitivnich, naopak pouze 3-12% distalnich CRC je CIMP
pozitivnich. CIMP  pozitivni CRC  vykazuji ¢asto  vysokou
mikrosatelitovou instabilitu (MSI-H) zptsobenou metylaci MHL1
promotoru. CIMP se nevyskytuje u Lynchova syndromu, ktery vykazuje
MSI. Navic CIMP je také asociovan s mutaci genu BRAF, jak u CRC s
mikrosatelitovou instabilitou tak u kolorektalnich karcinomi s
mikrosatelitovou stabilitou (MSS) (Ref*).

Kolorektalni karcinomy jsou rovnéz charakterizovany mutacemi ve Wnt
signalni draze genu APC (70%) nebo CTNNB genu (75%), mutacemi v
KRAS genu, obvykle v kodonu 12, 13, 59, 61,117 a 146 (45%), mutacemi
v NRAS genu v kodonu 12, 13, 59, 61,117 a 146 (5%) (viz Obr. 2),
mutacemi v BRAF genu (5%) a mutacemi v genu TP53 (70%), které
ovlivituji invazivitu nadoru®.

U kolorektalnich karcinomt dochazi také k telomerazové aktivaci (70%)
nebo deleci v SMAD4 genu a tim k ovlivnéni metastatické aktivity.
Kritéria pro stratifikaci pacientii z hlediska 1écby a progndzy jsou
zalozena primarn¢ na klasifikaci TNM, kdy T — reprezentuje velikost
nadoru a jeho invaze sténou stfeva, N - postizeni regionalnich
lymfatickych uzlin a M- pfitomnost vzdalenych metastaz. V soucasné
dobé je vSak nutné pouzit také molekularni parametry, mezi které patii
krom¢ RAS mutacniho statusu, ktery slouzi jako prediktor lécebné
odpovédi na anti EGFR 1é¢bu (Obr. 1), mutaéni status BRAF genu, ktery
je indikatorem prognozy preziti a také mikrosatelitova instabilita, ktera se
jevi byt nezavislym prognostickym faktorem. Pacienti s MSI typem
kolorektalniho karcinomu neprofituji z 5FU chemoterapie, avSak maji
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niz§i mortalitu pii stratifikaci podle stupné& nadoru®. Kontroverzni se viak
jevi situace, Ze ne vSichni wild type RAS pacienti reaguji na anti EGFR
1é¢bu (40-60%). Pfi¢inou mohou byt mutace v dalSich genech, jako jsou
PIK3CA gen, BRAF gen, PTEN gen a pravdépodobné dalsi, popiipadé
epigenetické zmeény, které mohou byt vyznamnymi potencidlnimi
biomarkery predikce 1é¢ebné odpovédi.

KRAS gen, ¢len rodiny RAS gent, kdduje malé proteiny s enzymatickou
aktivitou quanosin trifosfatdzy (GTPazy). RAS proteiny jsou malé
GTPazy, které se vyskytuji ve formé vazby na quanosin difosfatazu
(GDP) a vazby na aktivni quanosin trifosfatdzu (GTP). RAS proteiny jsou
hlavnim mediatorem pfi pfenosu externiho rastového signalu od receptoru
na intracelularni signalni molekuly a takto fidi bunécnou proliferaci,
preziti a diferenciaci. Mohou aktivovat mnohé dalSi pienosy signali
véetné PI3K-AKT-mTOR signalni drahy, kterd ovliviluje bunécéné preziti
a RAS-RAF-MEK-ERK signalni dréhy, ktera se podili na proliferaci
bunsk®.

Mutace v KRAS genu je ¢asnou udalosti v karcinogenezi kolorektalniho
karcinomu, ptiblizné 45-50% pacientli s metastatickym CRC maji mutaci
v KRAS genu. Dalsi ¢len rodiny RAS gent je NRAS gen, ktery je
homologem KRAS genu a mutace téchto dvou gend jsou vzajemné
exkluzivni. Mutace v genech kodujicich proteiny RAS/RAF/MAPK
signalni drahy ovliviiuji ucinnost cilené terapie anti EGFR protilatkami,
mezi které patii napiiklad cetuximab a panitumumab. Pacienti s mutacemi
vV RAS genech maji signifikantné mensi benefit z 1é€by anti EGFR
protilatkami nez pacienti s RAS wild typem karcinoml. Negativni
prediktivni hodnota RAS mutaci pro antiEGFR 1é¢bu je vysoka (95%)
(Ref’). Mutace v tdchto genech jsou tedy vyznamnym negativnim
prediktivnim biomarkerem pro cilenou anti EGFR terapii. Dulezitou
komponentou RAS/RAF/MAPK signalni drahy je i BRAF protein.

Aktivacni mutace v BRAF genu v exonu 15 vedou k aktivaci MAPK
signalni drahy (Obr. 3). Je prokazano, Zze BRAF mutace je asociovana s
horSi prognézou CRC, studie prokazaly, Ze pacienti s BRAF mutaci v
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kodonu 600 maji horSi prognézu nez pacienti s BRAF wild typem
nadoru®.

EGFR antibodies
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PI3K inhibitor

¢ ane
f_____\}_,:"ﬂ?_ _
(" sos Y Grez
jr +-/‘;Pkb—< P .
; N~ P pe ~
, % () -
H P 'i" mTOR inhibitor
i e l
{ | BRAFinhibitor Z_\PDPKl}
! I mTORC2
; . Ay o ‘Q// e
{ | MAP2Kinhibitor | (A MAPK ) (_AKT p——(_BaD )
| — mTOR inhibitor - -"\'—"
| l ¢ O\ )
! — X SN
: P Y e \/ TORC T
| DUSP { mapk mTORCL
: S S~ __,) J—
i 4 : i ( Nk )
i : : v \..- Kl -(/.
___________________________________ - .
RPSEK )
b /

Obr. 1: Signalni draha EGFR a mozné terapeutické cile’.
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Obr. 2: Distribuce somatickych mutaci v kodonech 12 a 13 KRAS genu?®.
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Obr. 3: Distribuce somatickych mutaci v BRAF genu (¢ast exonu
15) (Ref®).
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Dalsim dulezitym markerem u CRC je gen APC (adenomatous polyposis
coli), lokalizovdn na chromosomu 5, lokus 5g21-g22. Koduje tumor
supresorovy protein ucastnici se kontroly bunécného cyklu, mezibunééné
komunikace, podili se na formovani mezibunéénych spojt. Je zapojen v
[-Catenin/Whnt signalni draze. Mutace genu APC jsou nejcastéjsi ptic¢inou
autozomaln¢ dominantniho onemocnéni zvaného familial adenomatous
polyposis (FAP). Absence proteinu ¢i jeho nepiitomnost vede ke tvorbé
polypt V tlustém stievé, ze kterych mohou po dalsi kumulaci genetickych
zmén vznikat nadory.

R-catenin je kodovan genem CTNNBL a je soucasti komplexu proteint,
které jsou diilezité pti regulaci bunécného ristu a adhezi mezi ptilehlymi
buiikami®. R-catenin je soucasti Wnt signalni drahy, kdy miize dochéazek
k jeho fosforylaci, translokaci na bunééné jadro a vzniku B-catenin
TCF/LEF komplexu, coz mé za nésledek aktivaci onkogenti, mezi které
patii naptiklad c-MYC a Cyclin D1 (Ref ™).

Vyznamnym je i gen TP53, lokalizovany na chromosomu 17, lokus
17p13, a kddujici tumorsupresorovy protein p53, ktery funguje pfedevsim
jako kontrolni bod v G1/S fazi bunétného cyklu, detekujici DNA
poskozeni. Reguluje expresi gent podilejicich se na zastavé bunécného
cyklu, apoptéze, senescenci ¢i opravé DNA. Jeho nepfitomnost ¢i
nefunkénost umoziuje bunice vstupovat do bunécného cyklu 1
s poskozenou DNA, coz vede ke kumulaci dalSich genetickych zmén a
rovnez i snizeni tcinosti DNA poskozujicich terapiiG.

PTEN gen- phosphatase and tensin homolog, ptisobi jako tumorsupresor,
koduje protein, ktery hraje vyznamnou ulohu v mnoha bunéénych
procesech vcetné bunécného rlstu, proliferace, preziti a udrzovani
genomické integrity. Je negativni regulator PISBK/AKT signalni drahy.
Ztrdta funkce PTEN proteinu (vlivem ridznych mechanismt — delece
genu, epigenetické zmény, post-translaéni modifikace) ma za nasledek
zvySeni aktivity PI3K-AKT signalni drahy''. Ztrata exprese PTEN
proteinu je prokazéna u 30-45% CRC a je pravdépodobné asociovana
S rezistenci nebo Spatnou odpovédi na anti EGFR terapii a s horsi
prognézou®.
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Gen PIK3CA (phosphatidylinositide-3-kinase,  catalytic, alpha
polypeptide) je lokalizovdn na chromosomu 3q26.3. Koduje pl10a
katalytickou podjednotku phosphatidyl 3-kindzy (PI3K). Tato PI3K je
heterodimerni enzym slozeny z pl10a katalytické podjednotky a p85
regulac¢ni podjednotky kédované genem PIK3R1. PI3K patii do rodiny
lipidovych kinaz, které reguluji rizné bunétné funkce jako naptiklad
proliferaci, bunécné pieziti a migraci. Mutace v PIK3CA genu se u CRC
vyskytuji v 15-30%. Majoritni mutaci je substituce aminokyseliny exonu
9 (Obr. 4) a 20 (Obr. 5), ktera zpusobuje stalou aktivaci signalni
PIBK/AKT signalni drahy. Mutace vtomto genu nejsou vzajemné
exkluzivni s geny RAS a BRAF.

PIK3CA
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Obr. 4: Somatické mutacie v PIK3CA genu (&ast exonu 9) (Ref®).
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Obr. 5: Somatické mutacie v PIK3CA genu (&ast exonu 20) (Ref®).

1.2.2 Nemalobunéény karcinom plic (NSCLC)
Karcinomy plic patifi mezi nadory s nejvétsi mortalitou (85%), na druhém
misté po karcinomu pankreatu.
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Graf 2: Incidence a mortalita karcinomu plic v Ceské republice v letech
1977-2013 (Ref?).
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Preziti je zavislé na stadiu onemocnéni. U stadia I a II onemocnéni je
Sleté preziti 30-50%, u pokrocilych stadii onemocnéni (III-1V) je uvadéné
Sleté preziti méné nez 10%. Piiblizné¢ 90% téchto nadorl je asociovano s
kutactvim. Karcinomy plic tvoifi obecné velmi heterogenni skupinu
vykazujici slozitou morfologii a vznikaji jak u populace kutakd, tak
nekufdkt a z histologického hlediska se dé€li do Ctyf hlavnich skupin:
adenokarcinomy, dlazdicobunécné karcinomy, velkobunécné karcinomy a
malobun&éné karcinomy®. Adenokarcinomy jsou v souasnosti velmi
diskutovanym tématem vzhledem ke vzrlstajici prevalenci v mnoha
rozvinutych zemich, ke které dochazi bez ohledu na pokles kufactvi v
populaci a také z divodu jejich subklasifikace na zakladé molekuldrné
genetickych zmén a souvisejici dostupné molekuldrné cilené terapie.
PtredevSim se jednd o zmény v genech kodujich receptorové tyrosin
kinazy (RTKs), o zmény v pfenosu signalu, ke kterym dochézi u nadort s
mutaci v genu pro epidermalni rastovy receptor (EGFR), mutaci v KRAS
genu, s prestavbou genu ALK (anaplastic lymphoma receptor tyrosin
kinase), MET amplifikaci (tyrosin kindzovy receptor) a dalSimi jinymi
zménami’, Nédory plic véetné adenokarcinomu tvoii velice heterogenni
skupinu, pokud se jedné o genomické zmény, expresi gentl, regulaci gentl,
signalni drahy a alterace proteini. Je prokdzano, ze existuje vzajemna
asociace mezi histologickymi rysy a etiologii, prognézou a molekuldrné
genetickymi zménami nédoru. Bylo prokazano, ze RTK signalni draha je
selektivng aktivovand v zavislosti na stadiu a invazivitd nadoru’.
Preinvazivni a minimalné invazivni adenokarcinomy obvykle aktivuji
RAS-ERK drahu, zatim co invazivni nadory proliferuji s vyuZitim PI3K-
AKT drahy”.

RTK signalni draha je jednou z hlavnich cest ovliviiujici bunécny rist a
diferenciaci a jevi se tedy jako vyznamny terapeuticky cil.

Primarni nadory plic se déli na malobunécné a nemalobunécné, piicemz
skupina nemalobunécnych karcinomt zahrnuje zv1aste:

1. Adenokarcinomy (45%), které vykazuji rGzné histologické a
morfologicke znaky a jsou dale kategorizovany podle své
dominantni populace.
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2. Velkobunécné karcinomy (10%).

Dlazdicobunécné karcinomy (20%).

4. NSCLC NOS (not other specified) (10-30%), tato kategorie
zahrnuje tumory, které nemohou byt jasné definované na zaklade
morfologie a imunohistochemie.

w

Skupina malobunéénych karcinomit plic zahrnuje neuroendokrinni
tumory, zvlasté malobunécny karcinom.

S vyuzitim poznatkh molekuldrni genetiky je v soucasnosti v 1é€bé
NSCLC indikovana tzv. cilend biologicka terapie s vyuZzitim inhibitorQ
tyrozinkindz (TKI). Pacienti jsou stratifikovani podle muta¢niho statusu
genu EGFR, kdy mutace v genu EGFR je povazovana za pozitivni
prediktor 1écebné odpovédi a doby pieziti bez progrese (PFS).

Mutace v EGFR genu

EGFR gen (epidermal growth factor receptor) - je lokalizovdn na
chromosomu 7pl2, je slozen z 28 exonl o celkové velikosti 186 kb,
koéduje transmembranovy receptor (¢len ERBB rodiny receptora
tyrozinkindz, také zndm jako HER1 nebo ERBB1). EGFR gen hraje
vyznamnou tlohu v karcinogenezi. Je popisovan u riznych typa solidnich
nadorti, vcetné¢ nemalobunééného plicniho karcinomu (NSCLC).
Nadmérna exprese koreluje s pokrocilym stupném onemocnéni a
nepiiznivou progndzou. Jeho aktivace vazbou ligandu vede ke spusténi
intracelularni signalni kaskady, jejimz dusledkem je ovlivnéni exprese
fady genil. Ke zvySené aktivaci EGFR proteinu dochazi overexpresi genu
a mutacemi nachdzejicimi se v tyrozinkindzové doméné receptoru (exon
18 — 21), které maji za nasledek spusténi signalni transdukce bez vazby
ligandu k vazebné doméné receptoru.

Nejcastéji se nachédzeji bodové mutace v exonu 21 (40 - 45 %), dale casté
jsou delece v exonu 19 (45%), rovnéZ se mutace vyskytuji v exonu 18
(vz&cné — 5%) a vzacné v exonu 20 (nizsi nez 1%). Mutovana alela genu
EGFR je velice ¢asto amplifikovana (Obr. 6)5.

EGFR mutované plicni karcinomy jsou castéj$i u zen, u nekuifdkl a
pacientli asijské populace, avSak tyto klinické charakteristiky jsou
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nedostate¢né pro selekci pacient pro testovani nebo pro terapii.
Objektivni 1écebnd odpoved u pacientii s mutaci v EGFR genu, 1é¢enych
EGFR TKI je 70-90%, oproti pouhym 20-30% pti chemoterapii. Median
preziti bez progrese u pacientl s EGFR mutovanym nadorem léCenych
EGFR TKI je dvojnasobny ve srovnani s chemoterapii u téchto pacientt.
Naproti tomu mutace v exonu 20 genu EGFR je asociovana s rezistenci
na EGFR tyrozinkinazy, duplikace nebo inzerce v exonu 20 je asociovana
s primarni rezistenci na 1écbu. Substituéni mutace T790M se naléza
pfiblizné u 50% pacientll se ziskanou (sekundarni) rezistenci na 1écbu
EGFR tyrozinkindzami'. V klinické praxi byvaji pacienti s aktivacni
mutaci genu EGFR 1é¢eni nejéastéji TKI jako jsou erlotinib, gefitinib ¢i
afatinib.
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Obr. 6: Distribuce a klasifikace EGFR mutaci*?
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Prestavba ALK genu

ALK gen -anaplastic lymphoma kinase - lokalizovan na kratkych
ramenech chromosomu 2, lokus 2p23, byl poprvé popsan u
anaplastického velkobunééného lymfomu. Koéduje protein pattici do
rodiny tyrozin kindzovych receptord. Pfiblizné 5%  plicnich
adenokarcinomii mé&  aktivovanou ALK  kinazu  zplsobenou
chromosomovou piestavbou ALK genu (Obr. 7), nejcastéji inverzi typu
inv(2) (p21p23) souvisejici se vznikem fuzniho genu EML4- ALK,
popiipadé jinymi piestavbami (TFG-ALK, KIF5B-ALK). V soucasné dobé
existuje nejméné 13 variant fuze EML4-ALK, které zahrnuji exony EML4
genu 2,6,13,14,15,17,18 nebo 20 s exonem 20 nebo intronem 19 ALK
genu. Pfemisténi extracelularni a transmembranové domény genu ALK
s oblasti genu EML4 zpusobi konstitutivni dimerizaci kindzové domény,
coZ ma za néasledek zvyseni jeji katalytické aktivity.

Pacienti s karcinomem plic a pfestavbou ALK genu reaguji Iépe na 1écbu
inhibitory ALK tyrozin kinazy (crizotinib) neZz na konvenéni terapii.
Lécebna odpovéd u ALK piestavénych karcinomt plic je piiblizné 60%.
Prestavba genu ALK se vyskytuje ¢astéji u mladsich pacientli, u muzii a u
nekuraka, poptipade lehkych kuraki. Etnicka asociace nebyla prokazana.
Avsak tato klinicka data nejsou dostatecna pro vybér pacientd k testovani
pro indikaci k 1é¢b¢ a je nutné provadéni molekularné genetické testovani
pro stratifikaci pacientii k 1é¢b¢.
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Obr. 7: Fluorescen¢ni in situ hybridizace (FISH), DNA sonda (ON ALK
(2p23) Break — KREATECH Diagnostic, normalni nalez genu ALK
(piekryvajici se zeleny a oranzovy signal) u pacienta s nemalobunéénym
karcinomem plic, vysSetfeného v CGB laboratofi a.s.

Prestavba ROS1 genu

V piiblizné 1% piipadd NSCLC se vyskytuje alterace ROS1 genu. Gen
ROS1 je lokalizovan ne chromosomu 6 v oblasti g22.1 a koduje
proteinkindzovy receptor. Jeho piestavba je popisovana u mladsich
pacientli a nekufaka®.

Tato mutace je povazovana stejné jako mutace v EGFR genu a ptestavba
u ALK genu za pozitivni prognosticky faktor a pacienti, ktefi jsou nositelé
této mutace, také reaguji na 1écbu crizotinibem®. Rezistence na 1é¢bu
inhibitory ALK kinaz je piisuzovana sekundarnim mutacim, analogicky
jako u rezistentnich mutaci v EGFR genu.
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DalSi mutace u adenokarcinomu plic.

Mezi dalSi geny, které mohou hrat roli v molekularni biologii plicnich
adenokarcinomtl, patii také KRAS gen. Pfiblizné 30% adenokarcinomu
plic obsahuje mutaci v tomto genu a to nejéastéji v kodonu 12 a 13 (vice
nez 90%) a v kodonu 61. KRAS mutace, EGFR mutace a ALK piestavba
jsou navzdjem vétSinou exkluzivni, dvojita pozitivita je raritni. U 1-4%
nemalobunéénych plicnich karcinomi se nachazi somaticka mutace
BRAF genu. V porovnani smelanomy, kde je nejcastéjsi mutace
pozorovana ve valinu 600(V600) v exonu 15 kindzové domeny, BRAF
mutace u plicnich karcinomti se vyskytuje na jiné pozici kindzové
domény (napt. V60OE, G469A, D594G) (Ref®). U 2% NSCLC se
vyskytuje HER2 mutace vexonu 20, avSak Vv kohort¢ pacientd
s EGFR/KRAS/ALK-negativnim NSCLC se vyskyt mutace v genu HER2
zvySuje aZ na 6% (Ref ).

S rozvojem sekundarni rezistence u pacienti 1éCenych inhibitory
tyrozinkinaz souvisi také amplifikace MET genu, ktery je lokalizovan na
chromosomu 7 v oblasti g31.2, nebo polysomie chromosomu 7. Gen MET
koduje tyrosinkinasu, jejimz ligandem je hepatocytovy rustovy faktor
(HGF). MET gen hraje hlavni roli v organizaci buné¢ného ristu, migraci a
morfologickych zménach bunék. U karcinomu plic je popisovana
rezistence k anti EGFR 16¢bé& u pacienti s amplifikaci genu MET (Ref **).

Mutace v TP53 genu

Mutace v TP53 tumorsupresorovém genu je vyznamnou udalosti v rozvoji
mnoha typt néadorti vcetné¢ karcinomu plic, pficemz frekvence a typ
mutace TP53 genu miize reflektovat endogenni a exogenni faktory
podilejici se na kancerogenezi a informovat o etiologii daného nadoru.
Nékteré studie prokazuji, Ze nejcastéjsi mutace se nachazeji v exonech 4-
8 a exonu 10 (48%) a nebyly prokdzany u nenadorové plicni tkdné, vyjma
polymorfismi. Nejcastéjsi mutace jsou tranzice — zdména pyrimidinu za
pyrimidin (43%), nebo transverze — zaména purinu za pyrimidin nebo
naopak (41%) a pouze v 16% se vyskytuji delece nebo inzerce. Nebyl
prokdzéan signifikantni rozdil mezi vyskytem téchto frekvenci mezi
adenokarcinomy a  dlazdicobunéénymi  karcinomy.  Papilarni
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mutaci v genu TP53, avSak statisticky signifikantni rozdily mezi
jednotlivymi subtypy adenokarcinom nebyly prokdzany. Existuje
hypotéza, Ze mutace jsou indukovany exogennimi karcinogeny a jsou
mnohem castéji nalézany v nddorové tkani u kuidkt (46%) nez u
nekuiakd (34%). V porovnani podle typu mutace, tranzice jsou
signifikantné méné¢ cCasté u kuifdkd nez u nekutrdkli, naproti tomu
transverze jsou Castéjsi u kuiaka (48%) nez u nekurakt (25%), (P= 0.068)
(Ref).

1.2.3 Karcinom prsu

Karcinom prsu je nejcastéj$i nadorové onemocnéni postihujici pievazné
zeny, které tvoii skupinu heterogennich tumorti s Sirokym spektrem
morfologickych subtypid. Mezi nejcastéj$i histologické typy patii
invazivni karcinom NST a lobularni karcinomy, dale pak karcinomy
tubulérni, kribriformni, mucin6zni, medulérni, karcinomy s apokrinni
diferenciaci, metaplastické karcinomy, invazivni  mikropapilarni
karcinomy a dalsi méné frekventni typy.
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Graf 3: Incidence a mortalita karcinomu prsu v Ceské republice v letech
1977-2013 (Ref?).
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V soucasné dobé se v klinické rutinni praxi pfi urovani strategie 1€cby
pouzivaji klinickopatologické faktory, mezi které patii v€k pacienta,
menopauzalni status, velikost tumoru, jeho histologicky typ v¢etné gradu,
lymfovaskularni invaze, status lymfatickych uzlin, ptitomnost vzdalenych
metastdz, spole¢né s estrogenovymi receptory (ER), progesteronovymi
recetory (PR), buné¢nym proliferatnim indexem Ki-67 a statusem genu
HER2 (receptor epidermalniho rastového faktoru 2), které jsou
povaZzovany za tzv. molekularni biomarkery a jejichz vySetfovani je
soucasti diagnostiky a prediktivniho testovani u nadoru prsu°.

Estrogenovy receptor

ER je zasadnim markerem pro management pacientti nejen s karcinomem
prsu. Prvni zminky a studie se datuji do roku 1896, kdy G. Batson' popsal
regresi pokrocilého karcinomu prsu po ovarektomii. ER kontroluje
vyvojové a fyziologické procesy a existuje ve dvou riznych formach ER
alfa a ER beta, které jsou kddovany odliSnymi geny ESR1, respektive
ESR2. V interakci sreceptory, reguluje bunécny rust a diferenciaci a
pomaha udrzovat homeostazu. Studie ukazaly, Ze dysregulace estrogenu a
progesteronu je vyznamnym faktorem karcinogeneze. ER status je vysoce
prediktivni pro klinicky benefit z endokrinni terapie, ER pozitivni tumory
Iépe odpovidaji na hormonalni terapii a maji lepSi prognézu ve srovnani
s ER negativnimi nadory. Piiblizn€ 70-80% karcinomti prsu jsou ER
pozitivni a 20-30% je ER negativnich, ztoho 70% ER pozitivnich
karcinomii vykazuje klinickou odpovéd’ na hormonalni terapii. Klinicka
progrese ER pozitivnich karcinomt prsu typicky koreluje s hormonalni
rezistenci. Epigenetické alterace promotoru ER zahrnujici metylaci ESR1
genu jsou povazovany za vyznamné udalosti rozvoje ER negativnich
karcinomi prsu’. ER A86V mutace je asociovana s nizkou aktivitou
receptori. Naopak ER K303R mutace zplisobuje hypersenzitivitu
receptorti a aktivaci estrogend, coz muze byt ptiCinou progrese nadoru.
Raritni ER 437 stop kodon mutace byla nalezena u metastatickych
karcinomii prsu a miize byt promotorem metastatického Sifeni’.
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Progesteronovy receptor

Piiblizné¢ 60% karcinomii prsu exprimuje progesteron, také znamy jako
NR3C3. Tato exprese je povazovana za marker neporusené funkce ER a
pomaha predikovat lé€ebnou odpovéd’ pacienta na hormondlni terapii.
Efekt progesteronu je zprostfedkovan intracelularnimi proteiny PR-A a
PR-B, které jsou kodovany stejnym genem avsak s vyuZitim rozdilnych
asociovan se zvysenym rizikem karcinomu prsu. Exprese PR je také
spojovana s lepsi terapeutickou odpovédi pii endokrinni terapii®®.

ER a PR jsou v rutinni praxi vySetfovany imunohistochemicky. Piesné
stanoveni hormonalnich receptorit ma zasadni vyznam, jedna se o jeden
Z nejsilngjSich prediktivnich faktord pii endokrinnim managementu
onemocnénti.

HER2 gen

Human epidermal receptor growth factor 2 (HER2, ERBB2) gen je
protoonkogen lokalizovany na chromosomu 17, kodujici tyrozin kinazové
receptory na povrchu epitelialnich bun€k karcinomu prsu a regulujici
bunécnou proliferaci a apoptozu. Je amplifikovan u 15-20% karcinomi
prsu. HER2 amplifikace je primarnim mechanismem, ktery fidi
overexpresi. Amplifikace a overexprese spolu dobie koreluji a jsou
negativnim prognostickym faktorem (néddory s agresivnim chovanim a
Spatnou progndzou, castéjsi rekurenci a mortalitou). Pfedpokladana
frekvence vyskytu aktivaénich mutaci v HER2 genu u karcinomu prsu je
1,6- 2,0% (Ref*'®). Piesto, Ze byl jednoznatné prokazan klinicky vyznam
anti HER2 cilené terapie, ne vSichni pacienti s amplifikaci genu HER2 z
této 1éc¢by profituji a primarni nebo ziskané rezistence jsou vyznamnym
Klinickym problémem.
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Obr. 8: Imunohistochemicky prikaz HER2; pozitivni nalez (3+; vysoka
membranova pozitivita) u pacientky s karcinomem prsu, vySetieno
v CGB laboratoii a.s.
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Obr. 9: Amplifikace genu HER2 (SpectrumOrange), detekovana
fluorescenéni in situ hybridizaci (FISH), PathVysion HER-2 DNA probe
kit (Abbott Molecular) u pacientky s karcinomem prsu, vysetfené v CGB.

Sonda pro centromerickou oblast chromozomu 17 je znacena zelené
(SpectrumGreen).

V soucasnosti neni klinicky validovany faktor, ktery by predikoval
rezistenci na anti HER2 terapii u pacienti s HER2 pozitivnim typem
nadoru. Preklinickd data napovidaji, Ze miZe existovat mnoho
potencialnich mechanismu rezistence, pocinaje redukci afinity k protilatce
overexpresi MUC4 nebo aktivaci dalSich signalnich drah zahrnujicich
p27, Kipl, PTEN, PI3K, mTOR nebo Akt nebo spoluptisobenim jinych
signalnich drah, které vytvoti bypass HER2 blokady.
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Ki-67

Ki-67 je jaderny antigen, ktery je exprimovan v bunkach v G1, S a G2
fazi bunétného cyklu a v mitdze, avsak je negativni v GO fazi. Vysoka
hladina exprese Ki-67 je asociovana u karcinomi prsu s Vysokym gradem
a postizenim lymfatickych uzlin. Ki-67 ma prognosticky i prediktivni
vyznam. Bylo prokazéno, Ze Ki-67 je asociovan s velikosti tumoru, s
postizenim lymfatickych uzlin, ER/PR expresi, DFS a OS. Studie take
prokazaly, Ze hladina exprese Ki-67 je prediktivni pro benefit
z chemoterapie a hormonalni terapie®.

Mutace geni u karcinomu prsu
TP53 gen

TP53 gen je mutovany u vice nez 30% sporadickych karcinomil prsu,
stejné¢ tak jako u mnoha dalSich typt malignich nadort. Gen je
lokalizovan na chromosomu 17, lokus 17p13 a koéduje transkripéni faktor
ovliviujici proliferaci a apoptézu pii poskozeni DNA nebo pti reakci na
bunécny stres. V soucasnosti je popsano piiblizné 2500 inaktivacnich
mutaci genu TP53 u karcinomu prsu, z ¢ehoz v 75% se jedna o zaménu
jednoho nukleotidu (single nucleotid substitution) a zbylych 25% jsou
inzerce, delece, a nonsens mutace. Mutace jedné alely jsou asociovany se
ztratou heterozygozity (LOH), ktera je nalézdna u mnoha karcinomu prsu.
Mutace v genu TP53 dobie koreluji se zvySenou nuklearni expresi
proteinu p53 v imunohistochemii (IHC). Somatické mutace genu TP53
jsou pozorovany také u duktalnich karcinomu in situ (DCIS) a
invazivnich karcinomech prsu (IBCs) a jsou asociovany s velikosti
tumoru a vy$§im gradem stejné tak jako metastazami v axile. Vysoky
pocet TP53 mutaci byva nalezen u nositeli BRCA1/BRCA2 mutace.
Piitomnost TP53 mutaci je spojovana se Spatnou prognozou, kratSim DFS
a OS jak u karcinomii s metastazami v uzlinach tak bez nich®.
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ESR1 gen

Mutace v ESR1 genu jsou raritné nachazeny u primarnich karcinomu prsu
v dobé diagnozy, ale jsou v55% identifikovany u ER pozitivnich
metastatickych karcinomt prsu, které byly 1éCeny antiestrogenni terapii.
Tyto mutace zpusobuji konstitutivni ligand-independentni aktivaci ER
transkripce a Ero exprese a mohou zpisobit antiestrogenni rezistenci™> 2.

Alelickéa imbalance (gene copy number alteration)

Alelicka imbalance je u karcinomu prsu pomeérn¢ cCastd, vyskytuje se
ptiblizné v 50% pripadt. Je popisovana jak amplifikace genu, tak i jejich
delece. Amplifikace je velice ¢asto spojovdna se zvySenim hladiny
MRNA transkriptu a exprese proteinu postizenych genti, naopak delece je
asociovana se ztratou exprese a funkce. Mezi nejcastéjSi amplifikované
onkogeny patii gen HER2, casto koamplifikovan s genem TOP2A
(zmnoZeni lokusu 17q12), MYC gen (zmnoZeni lokusu 8p24), CCND1
gen (zmnoZeni lokusu 11g13), amplifikace genu ESR1 (zmnoZeni lokusu
6p11) a amplifikace genu FGFR1 (zmnoZeni lokusu 8p11.3). Gen TOP2A
je koamplifikovan pfiblizné u 50% HERZ2 amplifikovanych ptipadi a jeho
zmnoZeni (popi. delece) byvaji spojovany s citlivosti na 1é¢bu inhibitory
topoizomerazy Il alfa, (antracykliny apod.). Nicméné jeho prediktivni
vyznam dosud nebyl spolehlové prokazan. Amplifikace genu ESR1 je
nalezana u 5-10% piipadd karcinomu prsu a je spojovana se zvySenim
exprese estrogenu a tedy s lepsi 1é¢ebnou odpovédi na endokrinni terapii.

MYC gen je velice ¢asto amplifikovan u mnoha riznych typt nadort
véetné karcinomu prsu, reguluje bunécny rist a proliferaci a amplifikace
je asociovana s vysSim histologickym gradem nadoru, vysokou proliferaci
a Casnou rekurenci nddoru a Casnym umrtim. Koamplifikace MYC a
HER2 gentli jejiz vyskyt je u karcinomu prsu pomérné frekventni, je
spojovana s lepsi odpovédi na 1é¢bu trastuzumabem ve srovnani s nadory
se samostatnou amplifikaci genu HER2.
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Amplifikace genu CCND1 se vyskytuje u 20% karcinomil prsu a je
signifikantné¢ vyssi u ER+/PR+ lobuldrnich karcinomti. Koamplifikace
genit CCND1 a MYC je asociovéana s agresivnim fenotypem néadoru’.

Gen FGFRL1 je amplifikovan pfiblizné u 10% karcinomt prsu. Typicky je
asociovan s ER+, PR+ a HER2- fenotypem a shorSi prognézou
(amplifikace FGFR1 genu je spojovana s rezistenci na endokrinni terapii
nadoru).

Amplifikace genu MDM2, ktera byla také u karcinomu prsu prokézéana, je
asociovana s horsimi vysledky 16&by u pacienti bez postizeni uzlin®.

Molekularni klasifikace karcinomu prsu

Karcinom prsu je prvnim onemocnénim, u kterého byl rutinni klinicky
management onemocnéni ovlivnén laboratornim vyzkumem a to od
diagnozy aZz k terapeutickym rozhodnutim. Molekularni mechanizmus
odpovédny za rozvoj karcinomu prsu neni jesté zcela objasnén. Je znamo,
Ze karcinomy prsu zahrnuji velké mnoZstvi mutaci a diky moZnostem
celogenomového sekvenovani bylo v nékterych recentnich studiich
prokazano vice nez 50 somatickych bodovych mutaci (zahrnujicich geny
JAK2, PTCH2, CSMD1, NRK, TP53, MAP3KS8), 28 velkych deleci, 6
inverzi a 7 translokaci*. Byly nalezeny rozdily v molekulérnich profilech
u obvyklych histologickych subtyp karcinomu. Naptiklad medularni
karcinomy vykazuji vyznamnou T bunéfnou imunitni odpovéd,
adenoidni cysticky karcinom prsu vykazuje translokaci t(6;9), kterd
zahrnuje  MYB-NFIB fuzni transkript, sekretorni karcinomy jsou
asociovany s translokaci t(12;15) se vznikem ETV6-NTRK3 flzniho
transkriptu, mikropapilarni karcinomy se vyznacuji vyznamnym poctem
uzlinovych metastaz a velmi Casto maji vysokou amplifikaci genu
FGFR1. Metaplastické karcinomy prsu jsou typicky asociované
s PI3K/AKT mutacemi a ve vice nez 90% jsou HER2 a ER negativni. U
vice nez 60% téchto metaplastickych karcinomti dochazi k metylaci
promotoru BRCAL genu zamezujici expresi genu, coZz ma za nasledek
nefunkéni BRCAL signalni drahu’.
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Aplikace expresnich analyz gend s vyuzitim novych array technologii je
nejvétsim pokrokem v pochopeni biologické heterogenity u karcinomu
prsu. cDNA microarray studie genovych expresi pomohly ke vzniku
molekularnich subtypti tohoto nadoru. V soucasnosti se karcinomy prsu
deli na zéklade THC metod do téchto podskupin:

Luminal A - ER(+), HER2(-), Ki-67 low

Luminal B — ER(+), HER2(-), Ki-67 high

Luminal HER2 — ER(+), HER2(+)

HER?2 Classic — ER(-), HER2(+)

Basal Phenotype — ER(-), HER2(-), CK5/6 a/nebo EGFR(+)

Non basal, Normal -Breast Phenotype — ER(-), HER2(-), CK5/6 a
EGFR(-) (Ref ®)

Luminalni A typy karcinomt jsou typicky niZsiho gradu s dobrou
prognézou a s vysokou expresi ER aktivujicich genti. Luminalni B typ
karcinomy maji vétSinou vysSi histologicky grade, vykazuji vyssi
prolifera¢ni aktivitu, maji niZsi hladinu exprese steroidnich receptort a
maji hor$i progndézu nez nadory typu luminal A. Ob¢ dvé skupiny téchto
nadortt odpovidaji na hormonalni terapii. Souc¢asna data navic potvrzuji
prognostickou signifikanci Ki-67 a hormonalnich receptord. Byl prokazan
signifikantni rozdil v pfeziti u dvou skupin pacienti, které byly
stratifikovany na zakladé exprese Ki-67 na skupinu s nizkou (< 14%) a
s vysokou (> 14%) proliferaci. Nejvyssi prognostickou hodnotu u téchto
typl karcinomit ma vSak kombinace vSech tfi markeri (ER, PR, Ki-67).
Karcinomy typu HER2 Classic byvaji vyssiho gradu, s postizenim uzlin a
ER a PR negativni, avSak Casto exprimuji androgenni receptor. Pfestoze
maji Spatnou prognozu z divodu vysokého poctu relapsi, reaguji na 1é¢bu
trastuzumabem a 1éCbu antracykliny. Karcinomy basal like (basal
fenotyp) tvoii 10-20% karcinom prsu. Vysoké procento téchto
karcinomd je triple negativnich (TNB), s vysokym histologickym gradem
a vysokym mitotickym indexem. Casto také maji sklon k hematogennimu
Sifeni a metastazovani do mozku a plic bez postizeni axilarnich uzlin.
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Tento typ karcinomu patii do skupiny nadorG vznikajicich na zékladé¢
dédiéné predispozice — mnoho karcinomi s BRCA1 mutaci jsou basal like
typy. Navic u 50% téchto karcinomti se vyskytuje mutace genu TPS53.
Specialni  skupinu  karcinomd prsu (10-20%) tvoii karcinomy
s negativitou ER, PR, a HER2, tzv. triple negativni karcinomy, které jsou
charakteristické agresivnim chovanim s kratkou dobou bez nemoci (DFS)
a kratS$im celkovym pfezitim (OS). Tuto skupinu nadort tvoti heterogenni
molekularni subtypy a v sou€asnosti neni pro tento typ karcinomu
dostupna cilena terapie®.

Hereditarni karcinomy prsu

ZvI&stni skupinu karcinomu prsu tvoii hereditarni karcinomy prsu (5-6%).
Obecné je tato skupina charakterizovana ¢asnym nastupem onemocnéni,
bilateralnim postizenim, vysSi frekvenci multiplicitnich primarnich
nadortt (napf. karcinom prsu a karcinom ovaria) a autozomalné
dominantni dédi¢nosti. Typicky jsou u téchto karcinomti nalézany mutace
v genech BRCA1, BRCA2(RefY).

BRCAL gen se nachazi na chromosomu 17 (lokus 17g21.31). Bylo
popsano 1643 mutaci tohoto genu, z ¢ehoz 890 se vyskytlo pouze
jedenkrat. V BRCA2 genu, ktery se nachazi na chromosomu 13 (lokus
13q13.1) bylo nalezeno pfiblizné 1856 mutaci.

Buiiky se ztratou funk¢ni aktivity genu BRCAL1 a BRCA2 jsou nachylné
k chybam v replikaci a ke genomové instabilité, které vedou k akumulaci
abnormalit v DNA a mutaci. Navic funkce genu BRCAL je nutnd pro
transaktivaci promotoru ER genu, coz muize objasiovat fakt, ze 90%
BRCAL1 asociovanych karcinomii je ER negativnich. V Zenské populaci je
ptiblizn¢ 45% hereditarnich karcinomii prsu s mutaci v BRCA1 genu, pfi
souc¢asném vyskytu karcinomu prsu a ovaria je mutace v BRCA1 genu
nalezena az v 80% piipadi. Celozivotni riziko vzniku karcinomu prsu u
nositeli mutace v BRCA1 a BRCA2 genu je 85% a 15% pro karcinom
ovaria. Celkové se progndéza vyvoje onemocnéni u BRCA1/BRCA2
mutované populace zd4 byt podobnd jako u non BRCA pacientii, avSak
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existuji jisté kontroverzni poznatky. Nekteré nové studie ukazuji, ze
pacienti s mutaci v BRCAL genu maji lepsi pieziti ve srovnani s non
BRCA pacienty, a ze u karcinomt prsu s mutacemi v BRCA2 genu je
prognoza horsi.

BRCAL mutované karcinomy jsou nejcastéji invazivni duktalni karcinomy
s medularnimi rysy, high grade, s pozitivitou estrogenu pouze v 10%
piipadu, ¢asto HER2 negativni a p53 pozitivni. V mnohych studiich byl u
BRCAL pozitivniho hereditarniho karcinom prsu prokazan triple negativni
fenotyp. Histologické rysy nadoru, jako jsou vysoka mitoticka aktivita,
prominujici lymfocytarni infiltrat, expanzivni okraje naddoru a minimalni
tvorba tubuldrnich struktur, jsou vyznamné prediktivni pro BRCA1
mutaci.

Tumory asociované s mutaci v genu BRCA2 byvaji cCastéji lobularni
karcinomy, s minimalni tvorbou tubularnich struktur, s nizkym gradem,
v 70% ER pozitivni, ¢asto HER2 a p53 negativnil. Karcinomy prsu
s BRCA2 mutaci maji mnohem variabilnéj§i fenotyp nez BRCA1l
mutované karcinomy a exprese ER/PR vypada stejné nebo podobné jako
u non BRCA karcinomu.

V poslednim  desetileti také stdle probiha hledani robusnich
prognostickych markertt pro zlepSeni stratifikace pacientll léCenych
chemoterapii podle rizika rekurence a pro individualizaci 1é¢by podle
genovych expresnich profild a pro snizeni morbidity a mortality. Bylo
vyvinuto n€kolik komercné dostupnych testd, mezi které patii naptiklad
H/I Ratio (Breast Cancer Index) u pacientek léCenych v monoterapii
tamoxifenem, zalozeny na poméru relativnich hladin exprese mRNA
HOXB13 genu a IL17BRF genu. Vysoky H/I pomér koreluje s agresivnim
chovanim nadoru a selhanim terapie a je také prediktorem pozdni
rekurence nadoru (10let). Muze identifikovat pacientky, které budou
profitovat s prolongované terapie tamoxifenem. Naopak muze také
identifikovat pacientky, které nevyzaduji dal$i terapii po 5 leté 1écbé
tamoxifenem. Mezi nejzndméjsi komercni testy patii také Oncotype DX,
ktery identifikuje 21 genid (16 nadorovych a 5 referen¢nich). Tento test
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stratifikuje pacientky sER pozitivnim, HER2 negativnim typem
karcinomu prsu, velikosti od 1,1 — 5,0 cm V nejvétsim rozméru bez
postizeni axilarnich uzlin do skupin snizkym, vysokym a stfednim
rizikem rozvoje vzdalené rekurence nadoru v pribéhu 10 let po ukonceni
1é¢by tamoxifenem. U tohoto testu byla provedena prospektivni klinicka
evaluace TAILORXx a byl validovan jako prognosticky test a prediktivni
test 1éCebné odpovedi. Dalsimi testy jsou MAmmaPrint, ktery vyuziva
techniku microarray a analyzuje 70 gent a jehoz prospektivni klinicka
evaluace jest¢ stale probihd, Prosigna Breast BioClassifier, Rotterdam
Gene Signature, Invasive gene signature, Mammostrat, SET index,
Endopredict (11 genit), MapQant Dx (97 genil) (Ref*).

1.2.4 Nadory centralniho nervového system (CNS)

Nadory mozku tvofi skupina riznorodych typt nadord, které se déli na
dvé velké skupiny glidlni a nonglidlni tumory, s dal$im Sirokym ¢lenénim
do podskupin podle platné WHO Kklasifikace z roku 2007. Mezi tumory
neuroepitelidlni tkané patii predevS§im astrocytarni, oligodendroglialni,
oligoastrocytarni, ependymalni tumory, nadory choroidniho plexu,
skupina vymezenych ,,dalSich® neuroepitelidlnich tumorti, neuronalni a
smiSené neuronalni- glialni tumory, nadory epifyzalni oblasti a
embryondlni tumory. DalSi skupiny tvofi nadory hlavovych a
paraspindlnich nervli, meningealni tumory, hematopoetické neoplazie,
germinalni tumory, nadory tureckého sedla a metastatické tumory.
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Graf 4: Incidence a mortalita nadorit CNS v Ceské republice v letech
1977-2013 (Ref?).

Prestoze morfologie a imunohistochemické vysetfeni tvoii zlaty standard
v diagnostice nadorG mozku, molekuldrné genetické techniky a
cytogenetické analyzy hraji stale vétsi roli pfi dopliiovani a zpiesnovani
klasifikace u diagnosticky obtiznych pfipadi a jsou vyuzivany pro
prognézu onemocnéni. Soucasné nalezy ukazuji, Ze genetické alterace
mohou mit vliv na pfeziti nebo terapeutickou odpovéd u nékterych
mozkovych nadorii. Terapie onemocnéni je ztizena zejména z divodu
lokalizace nadort, pfitomnosti hemato-encefalické bariéry (branici
pruniku 1é¢iv uréité molekularni velikosti) a diky ptipadnému difuznimu
charakteru riistu t€chto nadort. Jsou intenzivné hledany nové biologické
cile, které by umoznily aplikaci novych lé¢iv.

Nonglialni tumory

V této skupiné€ nadort (jedna se prevazné o meduloblastom a meningeom)
byly identifikovany cetné genetické aberace, zahrnujici delece
chromosomil nebo jejich ¢asti vcetné inaktivace tumorsupresorovych
gend, které se v téchto regionech nachdzeji, nebo aktivace onkogeni.
Nejcastéjsi genetickou aberaci je delece 17p (u 30-60% meduloblastomit),
jejimz disledkem pak mize byt duplikace dlouhych ramen chromosomu a
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vznik isochromosomu 17qg. Abnormality 17p jsou Vv nékterych studiich
uvadény v souvislosti S agresivngjSim chovanim nadoru.
Imunohistochemicka overexprese p53 pak koreluje s hor§im piezivanim
pacientl. Se Spatnou progndzou byva také spojena amplifikace genu MYC
a také zmnoZeni oblasti 1q. Delece chromosomu 10 zahrnujici oblast
PTEN genu a DMBT1 genu je detekovana u 80% meduloblastom.

U této skupiny nadort byvaji nalézany aberace také dalSich chromosom1,
napt. zvySeny pocet chromosomu 7, isochromosom 12p, ztrata
chromosomu 11, alelické ztraty 1p, 6q, 9q, 10q, 14q, 17p, 18q a dalSi
(Obr. 10).

Ztrata chromosomu 22, obvykle ve formé monozomie 22 nebo delece
regionu 22q je nejéastéjsi genetickou aberaci u meningeomu (40-70%).
Tato delece zahrnuje také ztradtu vyznamneho tumorsupresorového genu
NF2, ktery je na chromosomu 22 lokalizovan v oblasti 22q12. Inaktivaéni
mutace tohoto genu byva pfitomna u pfiblizn€ 70% ptipadi sporadickych
meningeomid a 60% schwannomi. Ztrata 1p a 14q je spojena
s meningeomy gr. II a III, soucasna ztrata 1p/14q je spojena s vySSim
rizikem rekurence nadoru a s vysSim rizikem progrese. Tento marker je
Casto prediktorem rizika rekurence u meningeomi gr. I dle
histopatologického nalezu **?°. Velmi Gastou ztratou u anaplastickych
meningeomd (gr. IIT) je delece CDNK2A(p16) genu v regionu 9p21. Tato
delece je signifikantné€ prognosticka a indikuje horsi vysledky 1écby.

43



.

e S e —

e
——
| —
e

T~
8§ B
o

e
B
O -
e
— e

CEC NS0 | OO O | RO OO )

B m mm (e s = 1] im Sifis Sn S8 & & siimi
e

| L |

e
o
GiEE
—
D
e
CIDDe
= —
e
[
e

Obr. 10: Komparativni genova hybridizace (CGH analyza) -
meduloblastom, delece chromosomi 6, 15, Y u pacienta vySetfeného
v CGB laboratoii a.s.

Gliélni tumory

Jsou to nejcastéji se vyskytujici nddory CNS, tvofi heterogenni skupinu a
ptiblizn¢ zahrnuji az 40% primérnich neoplazii CNS. Difuzni
astrocytomy, ptredevSim glioblastomy, jsou nejvice studované gliomy
Vv poslednich dvou desetiletich. Molekularni alterace u gliomt tvofi
komplex zahrnujici inaktivaci mnoha tumorsupresorovych gent a aktivaci
mnoha protoonkogent. V nedavné dobé byly publikovany ¢lanky, které

hovoii o reklasifikaci gliomii na zdkladé molekularnich markert 26

Genetické alterace u gliomt
Byla popséana fada genetickych aberaci, majici vliv na vyvoj ¢i agresivitu

gliomt. Pravdou zlstava, ze jedinou dostupnou 1écbou pro tyto pacienty
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je mimo chirurgického zakroku pouze temozolomid a ozafovani. Z tohoto
duvodu jsou intenzivné zkoumany nové i stdvajici onko-markery, se
snahou nalézt vhodny terapeuticky cil.

Za prvotni udalost v tumorigenezi gliomt je v sou¢asné dob&é povazovana
mutace v isocitrat dehydrogenéze?’*®. Mutace zasahuje gen IDH1, méné&
frekventné¢ gen IDH2. IDH1 gen (isocitrate dehydrogenase-1) je
lokalizovdn na chromosomu 2, lokus 2p33. Kobduje IDH1
cytoplazmaticky  protein, ktery ovliviuje tvorbu  dilezitého
intracelularnino antioxidantu NADPH. IDH1 mutace jsou nalézany
piedev§im u difaznich gliomt grade II a grade III (v 60-80%) a u
sekundarnich glioblastomt (vice nez v 80%). U primarnich glioblastomt
je jejich vyskyt raritni (ménd nez 5%) (Ref ). IDH1 je vysoce
exprimovan v oligodendrogliomech a oligoastrocytomech (vice nez 80%).
Nejcastejsi mutaci IDH1 genu je mutace v kodonu 132. Mutace IDH1
genu piimo koreluji s mladSim vékem v dob¢ diagnozy, ptitomnosti TP53
mutace, kombinovanou deleci 1p/19qg a metylaci promotoru MGMT genu.
Role IDH1 muta¢niho statutu jako prediktivniho markeru neni dosud
ziejma a neexistuje dosud cilena 1é¢ba. Nicméné mutace v IDH1/2 genech
jsou spojeny s dobrou prognézou®. Bylo prokézéno, Ze 50-70% low
grade a anaplastickych oligodendrogliomi vykazuje kombinovanou
deleci 1p/19q, ktera je asociovana s chemosenzitivitou??®3!. Tato delece
je vysledkem translokace t (1;19) je spojena sgliomy soligo
komponentou (oligodendrolgliomy a oligoastrocytomy) (Ref %%%). Na
chromosomu 1 je lokalizovan gen FUBP1, coz je transkripéni modulator
genu MYC, na chromosomu 19 je lokalizovan gen CIC, ktery funguje jako
represor EGFR, RAS/RAF a MAPK signalnich drah®*.

Diky vyuziti téchto robusnich molekularnich markera (status IDH1 genu
a kodelece 1p/19q) mohou byt difuzni gliomy déleny do skupin. Tumory
s kodeleci 1p/19q a s mutaci v genu IDH1 maji piiznivéjsi 1é¢ebnou
odpovéd’ a dobrou prognézu. Nadory, které maji mutaci v genu IDH1 a
nemaji deleci 1p/19q tvofii prognosticky stied, zatimco ,,double negativni*
nadory (bez mutace a bez delece) maji nejhorsi 1écebnou odpovéd a
Spatnou prognozu. Tato stratifikace je platna jak pro difazni gliomy gradu

Il, tak i gradu Il (Tab. 1). Ziskana data potvrzuji, Ze tato molekularni
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subklasifikace je objektivni, reprodukovatelna a je silnym prediktorem
odpovédi na terapii %,

WHO grade I1-111 diffuse glioma

1p/19q co-deleted
TERT promoter ATRX
FUBP1/CIC TP53
Molecular Molecular
Oligodendroglioma | Astrocytoma
Best prognosis Intermediate
prognosis
Tab. 1: Navrhovana molekularni klasifikace WHO grade 1I-111 u

difizniho gliomu®.

Inaktivace tumorsupresorového genu TP53 byla povazovana za Casnou
udalost v tumorigenezi glioblastomd a vyskytuje se u nizkostupiovych
gliomu, které pozdéji progreduji smérem k sekundarnimu glioblastomu.
Mutace TP53 genu je genetickym znakem sekundarnich glioblastomi
(vice nez 60%) a je pozorovana u vice nez 60% astrocytomti grade II.
TP53 mutace je vsak také pozorovana u pfiblizné 25% primarnich (de
novo) glioblastomti, avSak zdkladni mechanizmus téchto mutaci je u
primarnich a sekundarnich glioblastomi odlisny. TP53 mutace koreluje
snizkym vékem pacienti a velkobunéénym typem glioblastomu.
Imunohistochemicka exprese p53 nemusi vzdy indikovat pfitomnost
mutace TP53 genu, konkordance je 74%.

MDM2 gen — mouse double minute gen je lokalizovan na chromosomu
12, lokusu 12914.3-14.5, koduje transkripéni faktor, ktery inhibuje
aktivitu wild type p53 proteinu a podporuje jeho degradaci, vytvari
alternativni mechanismus pro unik zbunééné regulace. MDM2
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amplifikace a imunohistochemicka exprese je pozorovana u 10%,
respektive u 50% primarnich glioblastomti. Overexprese MDM2 je
nékterymi autory povazovana za negativni prognosticky indikator.

MDM4 gen vykazuje podobné charakteristiky jako MDM2 gen, ale je
lokalizovan na chromosomu 1, lokus 1932.

p14*"F gen — podobné jako geny CDKN2A a CDKN2B je lokalizovan na
chromosomu 9, lokus 9p21, kéduje protein, ktery se pfimo vaze na
MDM2 a inhibuje MDM2 zprostiedkovanou degradaci p53. Homozygotni
delece nebo hypermetylace genu p14*"™ ktera se vyskytuje u difdznich
astrocytomu (v 1/3 ptipadi) a u glioblastomd (v 50% u primarnich a
V 75% u sekundarnich), dereguluje funkci p53 pti absenci mutace TP53
genu. Naopak p14”"F exprese je negativné regulovéana p53. (Ref.})

CDKN2A (p16™K*® ) gen kontroluje piechod z G1 do S faze bun&¢ného
cyklu. Proto kazda alterace exprese tohoto genu ma za nasledek ztratu
kontroly bun&¢ného cyklu. CDKN2A (p16™*® ) a CDKN2B (p15 ) geny
koduji proteiny pl6 a pl5, které plsobi jako negativni regulatory
bunééného cyklu inhibici cyklin dependentnich kindz. CDKN2A
homozygotni delece a hypermetylace se vyskytuje u anaplastickych
astrocytomi a glioblastomi. Stejné tak RB1 gen, ktery je lokalizovan na
chromosomu 13, lokus 13q14, je také regulatorem buné¢ného cyklu. RB1
hypermetylace je Castéji pozorovana u sekundarnich glioblastomi (43%)
nez u primarnich glioblastomt (14%). Nebyla vSak nalezena u
anaplastického astrocytomu’.

CDK4 gen, ktery je lokalizovan na chromosomu 12, lokus 12q13-14 je
amplifikovan u ptiblizné 15% high grade gliomt, obvykle pokud neni
piitomna delece CDKN2A genu. Podobné také gen CDK®6, ktery se
nachazi na chromosomu 7, lokusu 7g21-22. CDK4/CDK6 amplifikace,
cyklin D1 overexprese a/nebo RB1 overexprese maji podobny vliv jako
CDKN2A/ CDKN2B mutace a jsou vzajemn¢ exkluzivni.

PTEN gen (chromosom 10, lokus 10g23.3) je ¢asto mutovany u mnoha
typll pokroc€ilych karcinomli a je Casto deletovan také u glioblastom.
Mutace PTEN genu jsou pfi¢inou formovani gliomt a jejich progrese.
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Jsou nalézany u 15-40% glioblastoml, zejména u primarnich
glioblastomil. Homozygdtni delece tohoto genu je velice raritni. Spole¢né
s genem PTEN byva také deletovan u glioblastomti gen DMBT1, ktery je
lokalizovan také na dlouhych ramenech chromosomu 10, lokus 10g25.3-
26.1. VSeobecn¢ ztrata heterozygozity (LOH) na chromosomu 10
(regionu nebo celého chromosomu) je genetickym markerem
glioblastomii obou typu (60-90%). Tato LOH chromosomu 10 je
spojovana s progresi anaplastického astrocytomu do sekundarniho GBM
(Ref.h).

Protookogen EGFR je wvelice casto amplifikovan u primarnich
glioblastomit  (40-60%), raritné u sekundarnich glioblastomti (u
sekundarnich glioblastomti je zndm vyskyt polyzomie chromozomu 7).
Tato amplifikace EGFR byva typicky provdzena overexpresi na
proteinové Urovni a koreluje s amplifikaci v 70-90%. U 50-60% pacientt
s amplifikaci EGFR genu je také exprimovana zkracena varianta EGFR
receptoru, EGFRVIII, kterd je konstitutivné aktivovana nezavisle na vazbé
ligandu®*. EGFR amplifikace je spojena svys§im vékem pacientii a
malobunéénym typem glioblastomi. Spole¢né s EGFR amplifikaci se
take obvykle vyskytuje delece CDKN2A genu. Mutace EGFR genu
zvysuje nadorovou proliferaci, invazivitu, rezistenci k cytotoxické terapii
a zhorsuje prognézu pacienti®® a mé antiapoptoticky efekt. Nasledkem je
rezistence na chemoterapii, avSsak EGFR muze byt terapeutickym cilem
s vyuzitim inhibitort EGFR tyrozinkinaz.

PDGFR - platelet derived growth factor receptor je tyrozin kindzovy
receptor kddovany genem PDGF, ktery je lokalizovan na chromosomu 4,
lokus 4q12. PDGF gen ma tfi znamé ligandy a dva receptory kindz (
PDGFRA a PDGFRB) je exprimovan buiikkami astrocytomi. PDGFRA
gen je amplifikovan pouze v malé podskupiné glioblastomd. Amplifikace
PDGFRA u sekundarnich GBM s mutaci v IDH 1/2 genu je spojovana
s horSi progndzou a taktéZ je negativnim prognostickym markerem u
glioma gr. 11T (Ref *).

Cyklin D1 (CCND1 ) lokalizovany na chromosomu 11, lokus 1113 a
cyklin D3 (CCND3), ktery se nachazi na chromosomu 6, lokus 6p21, jsou
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podobné jako geny CDK4 a CDKG6 regulatory bunééného cyklu pfi
prechodu z G1 faze do S faze. Amplifikace nebo overexprese téchto genti
se vyskytuje u priméarnich glioblastoma’.

ATRX a TERT promotorové mutace u gliomt a jejich vliv na telomery

U nadoru jsou telomery udrzovany telomerazou nebo nezavislym
mechanismem, ktery se nazyvad ALT (Alternative lenghtening of
telomeres) (Ref?®). Dva vzajemné se vylugujici mechanismy byly popsany
u IDH mutatnich WHO grade II-III gliomu. Prvnim mechanismem je
ztrata normalni funkce ATRX proteinu, ktery udrZuje integritu
chromatinu pro replikaci. ATRX gen (alpha thalassemia/mental retardation
syndrom X-linked) kdéduje podjednotku chromatin remodeling komplexu,
ktery je klicovy v inkorporaci histonu H3.3 do heterochromatinu
centromer a telomer®. Tento mechanismus je popsan u IDH mutantnich,
1p/19q nekodeletovanych gliomt (astrocytomtl). Druhym mechanismem
je bodovd mutace v TERT promotoru. TERT koduje Kkatalytickou
podjednotku telomerdzy. Telomeraza je RNA dependentni polymerdza
sestdvajici z TERT (katalytické) podjednotky a TERC (templat pro
extensi telomer). U gliomt byly popsany dvé mutace vzajemné se
vylucujici - C228T a C250T. Vétsina studii popisuje zlepSené piezivani u
pacienti s IDH mutaci, TERT promotorovou mutaci. TERT mutace jsou
negativnim prognostickym markerem u IDH wild typ grade II-IIT gliomu
a priméarnich GBM®,

Na zékladé molekuldrniho profilovani a vysledki TCGA Reearch
NEtwotrk studie byly GBM rozdéleny na 4 subtypy: proneuralni,
mesenchymalni, neuralni a klasicky*”.

Epigenetické zmény

Soucasna data nasvédCuji, ze aberantni metylace genl je castéj$i nez
genetické alterace, zejména u low grade astrocytomti. U astrocytomil a
piedev§im u glioblastoma byly identifikovany geny, u kterych dochazi
k hypermetylaci promotort. Jedna se o regulatory bunééného cyklu, mezi
které patii CDNK2A, CDNK2B, RB1, p14*"F a TP53 gen. Dale také geny
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souvisejici s apoptozou jako napi. APAF1 a MGMT gen, ktery koduje
DNA repair enzym O°- methylguanine-DNA methyltransferazu. Metylace
promotoru MGMT je frekventné pfitomna u glioblastomii a high grade
gliomt (40% prim GBM, 70% sek GBM, 50% anaplastické astrocytomy)
a je siln¢ asociovana s kodeleci 1p/19q, IDH1/2 mutaci a G-CIMP
fenotypem. Metylace MGMT promotoru je prediktivnim markerem
priznivé 16¢ebné odpovédi na temozoloid a nitrosoureu®® a je asociovana
s delsim prezitim pacientid s glioblastomem IéCenych temozolomidem
(TMZ). Nicméné metylace MGMT promotoru ma také prognosticky
vyznam u star§ich pacientt s glioblastomy bez ohledu na TZM terapii.

G-CIMP (glioma- CpG- Island methylator phenotype)

G-CIMP fenotyp vede k umlceni specifickych genti diky metylaci jejich
promotord. Tyto geny jsou zahrnuty do bunétné adheze, regulace
transkripce, metabolickych procesti a syntézy NK. Tento fenotyp je
asociovan s mladsim ve&kem, s proneurdlnim typem GBM, sIDH1/2
mutacemi a TP53 mutacemi. U tohoto fenotypu je nizka frekvence PTEN,
NF1 a EGFR mutaci. Pfedpoklada se, Ze G-CIMP je spojen s mutacemi
v IDH1/2 genech®.

Piehled prediktivnich a prognostickych markerdt u gliomd déti a
dospélych je uveden v Tab. 2.
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Biomarker Diagnostic  Prognostic  Predictive Comment

[ADULT GLiOMAS |

IDH1 mutstions + + - DMA sequence or protein level biomarker; commanly mutated in low grade and
secondary GBM (20); negative in non-neoplastic glioma mirnickers; has prognostic
welue inWHO Grade Il and IV GBM (22, 23)

MGMT promoter + + + Ain epigenetic biomarker in GBM with a putative diagnostic role in detecting

methylation pseudoprogression {190); indicates an improved prognosis in malignant glioma {191)
and predicts an improved PFS with TMZ chemotherapy and RT v, RT alone (52, 53)

1p/19g Co-deletion + + + Chromasome level biomarker commonly found in oligedendroglial tumars (192);
associated with an overall better prognosis (193) and predicts improved survival
benefit in response to chemotherapy and RT va. RT alane (58, G3)

EGFR amplification/ + (+} I+ A gene level biomarker frequently sltered in GBM {194); with putative prognastic

EGFRylll mutation velidity {103-105}; a potential predictive biomarker for molecular therapies (113)

PTEN - + [H A gene level biomarker, LOH of which is associated with poor survival outcomes for
both enaplastic astrocytomas and GBM (32). The lost or inactive state of PTEN has
been linked to the resistence of targeted EGFR inhibitors in GBM (33)

POGFRA - + - A gene level biomarker; PDGFRA amplification has recently been shown to be
associated with a poor prognosis in IDH1 mutant GBM {117) and have a negative
prognostic value in Grade Il gliomas (118}

[PEDIATRIC GLIOMAS |

KIAATB45BRAF + + - A gene level biomarker commaonly detected in PA {153) and PMA (167); has
prognostic validity in PA and WHO Grade Il astrocytomas (156)

BRAFYEOIE + -+ [+ A gene level biomarker commaonly seen in supratentorial PA, FXA, or GG (154); has
putative roles &s & prognostic (165) and predictive biomarker (166]. Vemurafenib may
improve outcomes in adults with recument BRAFYSE mutated PXA (170)

K2IMH33 - + - Ain epigenetic biomarker confeming a warse OS5 in DIPG (145)

*Current avitonoe besed glioma biomarkar.

™ Putative ghoma biomarker under curant investigation.

TMZ, tamozolomidar AT radiotherapy; PFS, prograssion frae surviiel 05, overall survival GEM, glihlestoma mutifrmar AO, anaplastic olidogendrogloma; PA,
pibcytic astocytoma; PME, plomyanid astrocytoma; PX4, plaomonphic xenthoastrocytoma; GG, gangliogfoma: DIPG, diffuse intrinsic ponting ghoma.

Tab. 2: Prediktivni a prognostické markery u gliomu déti a dospélych33.
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1.2.5 Karcinom prostaty
Karcinom prostaty je nejéastéjsi mimokozni malignitou u muz.
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Graf 5: Incidence a mortalita karcinomii prostaty v Ceské republice
v letech 1977-2013 (Ref?).

Mezi faktory, které ovliviiuji vznik a progresi karcinomu prostaty, patii
genetické a hereditarni faktory, stravovaci navyky, hormonalni alterace a
zanéty, poptipad¢ infekce. Histologicky je rozeznavano nékolik typi:
adenokarcinom acindrni, vyskytuje se az v 95% karcinoml prostaty a
nejCastéji vznika v periferni oblasti zlazy (v 75% v dorzalnim laloku),
malobunéény karcinom, ktery neprodukuje PSA, karcinom z urotelu,
dlazdicobunécny karcinom a vzacné se vyskytujici sarkom. Pro stanoveni
gradu nadoru se v praxi uziva tzv. Gleasonova klasifikace, ktera spoc¢iva v
hodnoceni architektoniky nadorovych Zlazek pomoci stupnice 1-5.
Gleasonovo skore je soucet dvou nejCastéji se vyskytujicich typl
nadorovych Zlazek 1-5, s tim, Ze 2-4 je grade 1 — dobie diferencovany
karcinom, Gleasonovo skdre 5-6 je grade 2 - stfedné diferencovany
karcinom a Gleasonovo skore 7-10 je grade 3-4 - nizce
diferencovany/nediferencovany karcinom.

Pro detekci a monitoring karcinomu prostaty se standardné pouziva
hodnota prostatického specifického antigenu (PSA) v séru. K diagnostice
je vyuzivana transrektalni biopsie pro ziskani histologického materialu.
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Nizkd specifita PSA antigenu vede Kk naduZivani biopsie, ale také
k pfipadiim, u kterych doslo ke Spatné diagnoéze z divoda limitace tohoto
druhu vySetfeni (napf. Spatné lokalizace odbéru). Progndza a strategie
1é€by je zalozena na histologickém gradu a Gleasonové skore.
Prekurzorem pro vznik invazivniho karcinomu prostaty je high grade
prostaticka intraepitelialni neoplazie (PIN).

Karcinogeneze prostaty zahrnuje mnohocetné genetické zmény vcetné
ztrat specifickych genomickych sekvenci, které mohou byt asociovany
s inaktivaci tumor supresorovych genli a zmnozenim ¢asti chromosomi,
které mohou souviset s aktivaci onkogenti. Mezi nejcastéjsi genetické
aberace v PIN i karcinomech prostaty patii TMPRSS2-EGR translokace,
zmnozeni chromosomu 7, piedev§im oblasti 7q31, ztrata 8p a zmnoZeni
89, ztrata 10¢,169 a 18q. AvSak vzhledem kenormni komplexité
genetickych zmén a heterogenité karcinomu prostaty jak na bunécné
arovni, tak z hlediska multifokality, neni v soucasnosti dostupna jednotna
molekulérni klasifikace karcinomu prostaty®.

DNA ploidie

Je prokazano, Zze DNA ploidie dobie koreluje s histologickym gradem a
pacienti s diploidnimi tumory maji lepSi vysledky neZ pacienti
s aneuploidii. AvSak ploidie je v karcinomu prostaty velice heterogenni a
pro jeji stanoveni je nutno analyzovat viceCetné biopsie. Incidence
aneuploidii u high grade PIN lézi se pohybuje mezi 32-68% a u
karcinomi v rozmezi 55-62%, pticemz az 70% aneuploidnich ptipadi
PIN je asociovano s aneuploidnim karcinomem, naproti tomu pouze 29%
aneuploidnich karcinomu je spojeno s aneuploidni PIN 1ézi. DNA ploidie
koreluje s gradem, velikosti a stupném (stagingem) karcinomu prostaty.
Sleté pieziti je 95% u diploidnich, 70% u tetraploidnich a 25% u
aneuploidnich karcinomu prostaty a ploidie je vyznamnym nezavislym
prediktorem rekurence nadoru u pacientu s prostatektomii. Vysetfovani
ploidie DNA je vsoucasné dobé nahrazovano specifictéj§imi a
moderné¢jSimi testy5.
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Genetické alterace u karcinomu prostaty

TMPRSS2-EGR pfiestavba zahrnuje fuzi androgen regulujiciho genu
TMPRSS2 s ¢lenem ETS rodiny transkrip¢nich faktord EGR. Oba geny se
nachazeji na chromosomu 21. Fuze mulze probihat dvéma
predominantnimi mechanismy a to bud’ deleci na chromosomu 21 nebo
translokaci resultujici v inzerci. Tato flze vede k mnoha zménam,
nejcastéji k poruse bunécné diferenciace, snizeni piisobeni androgenii a
k invazivité nadoru. Pfitomnost této fize je povazovana za ¢asnou udalost
v karcinogenezi karcinomu prostaty. Fuze TMPRSS2-ERG ma zésadni
diagnosticky vyznam, je 100% specifickd pro karcinom prostaty.
Piedbézné studie ukazuji zvySenou odpoveéd pii adjuvantni androgenni
deprivaci u pacientd, kteti jsou nositeli fize TMPRSS2-ERG,ale také pfi
pritomnosti TOP2A overexprese”.

Mezi dal§i genetické alterace u karcinomu prostaty patii zkracovani
telomer, které zpusobuje chromosomovou instabilitu a je pozorované u
ptipadii high- grade PIN a adenokarcinomi®.

Nejcast¢jSimi chromosomovymi zménami u karcinomu prostaty jsou
delece lokusu 8p22 (29-50% v PIN, 32-69% u primarniho karcinomu a
v 65-100% u metastatickeho karcinomu), delece lokusu 8pl2-8p21,
amplifikace (gain) 8q a ztrata heterozygozity. Ztrata heterozygozity, kterd
je popisovana az u 69% karcinomt prostaty, je zodpovédna za iniciaci
zmén vedoucich ke vzniku karcinomu prostaty. Zmény na lokusu 8p22,
kde se nachazi gen pro nadorovy supresor LPL (lipoprotein lipase), jsou u
pacienti s pokroCilym karcinomem prostaty asociovany se Spatnou
prognézou. Cast dlouhych ramen chromosomu 8q zahrnuje &tyfi
potenciélni cilové geny - ElonginC (8g21), EIF3S3, KIAA0196 a RAD1
(8923-g24). Navic v lokusu 8g24 je lokalizovan onkogen c-MYC,
regulujici bunéénou proliferaci a apoptézu. Amplifikace tohoto genu je
etn&js§i u nadort s vys$im Gleasonovym skére (Obr. 11) >,
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Obr. 11: ZmnoZeni genu c-MYC, fluorescen¢ni in situ hybridizace
(FISH), ProVysion multicolor FISH (Abbott Molecular) u pacienta s
karcinomem prostaty, vysetfeného v CGB laboratofi a.s.

U Kkarcinomu prostaty jsou prokazany také genetické alterace
chromosomu 7, které jsou asociovany s vysSim gradem nadoru a s kratSim
prezitim. Byla prokézana casta alelickd imbalance 7q31, kterd silné
koreluje sagresivitou a progresi karcinomu prostaty. Mezi ostatni
chromosomové aberace patii ztraty na chromosomu 16q (30%), nejcastéji
v lokusu 16q24.1- q24.2, které souvisi s progresi nadoru, alelické
imbalance 18922.1, 3p25-p26, 5q12-923,6q, 13q, 17931.1 a 21922.2-22.3
(Ref >*).

Ztrata funkce tumorsupresorovych gend u karcinomu prostaty je pomérné
castym ndlezem. U 20-40% karcinomil prostaty je pfitomna delece PTEN
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genu, tumor supresorového genu, ktery se nachéazi na chromosomu 10,
lokus 1023, ktera je také asociovdna s vysSim Gleason skore,
pokrocilym stadiem onemocnéni, rychlej$im metastazovanim a kratSim
piezitim. PTEN se jevi v soucasnosti jako jeden z nejslibnéjsich cili pro
cilenou biologickou terapii, specidln¢ v kombinaci s terapii zaméfenou na
AR signélni drahu. U karcinomu prostaty jsou pozorovany delece také
tumorsupresorovych gent, které byvaji deletovany i u mnoha jinych typt
nadort. Jedna se predevSsim o gen TP53 a gen RB1. Gen TP53 je
nezavisly prediktor rizika metastdzovani a inaktivace tohoto genu je
asociovana s progresi. Mutace téchto gent byvaji nalézany u pokrocilych
stadii onemocnéni®”.

Mezi vyznamné onkogeny u karcinomu prostaty patii gen pro androgen
receptor (AR), ktery je standardné vysoce exprimovan v normalnich
luminélnich bunikach prostaty a je asociovdn s bunécnou diferenciaci.
Aktivacni mutace AR genu byva nalezena u kastrat rezistentnich tumord.
Amplifikace AR genu spole¢né svysokou hladinou AR mMRNA je
pozorovana u mnoha téchto typt karcinomu prostatyl.

4

Prostate Cancer Antigen 3 (PCA3), ktery je lokalizovan na chromosomu
9921-22 a je silné exprimovan u vice nezZ 90% karcinomil prostaty a
soucasn¢ neni pritomen u benignich 1ézi. PCA3mRNA obsahuje vysokou
denzitu stop kodonu, tudiz nema otevieny cteci rdmec, ¢imz vznika
nekodujici RNA, kterd je u karcinomu prostaty vysoce exprimovana.
Nezavislé studie ukazuji, Ze se jednd o velice slibny test pro ¢asnou
diagnostiku karcinomu prostaty z moce pacienta. U 6 -13% karcinomut
prostaty byva popisovana missens mutace SPOP genu a je spojovana
s vysSSi invazivitou tumoru. EZH2 histon lysin transferaza ovliviiuje jako
¢ast PRC2 polycomb represivniho komplexu remodelaci chromatinu. Ve
vSech fazich karcinomu prostaty véetné PIN se mlize nalézat overexprese
tohoto EZH2 genu, ktery podporuje proliferaci, invazivitu a
tumorigenicitu bun¢k karcinomu prostaty.
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Epigenetickeé alterace u karcinomu prostaty

Mezi nejcastéjSi epigenetické alterace u karcinomu prostaty patii
metylace CpG ostriivkil a nejéastéji postizenym je gen pro glutation S-
transferdzu (GSTP1). CpG hypermetylace tohoto genu mé za nasledek
vypnuti jeho funkce a zvyseni citlivosti ke genetickému poskozeni vlivem
oxidativniho stresu. CpG metylace GSTP1 genu je popisovana u vice nez
90% prostatickych adenokarcinomti a piiblizné u 70% PIN. V malém
procentu se muze vyskytovat u atrofickych 1ézi prostaty (4-6%), avSak
neni pfitomna v normalnim epitelu prostaty. Vysokd hladina
hypermetylace promotoru genu GSTP1 souvisi s piechodem z PIN do
adenokarcinomu a jeji detekce mulze byt diagnostickym markerem
karcinogeneze. Mezi dalsi geny, které mohou byt hypermetylovany patii
APC gen, RASSF1 gen, ENDRB gen, PTGS2 gen, MDR1 gen a PITX2
gen*”.

Vyznamnym prognostickym markerem u karcinomu prostaty je také
protein p27, ktery je kodovan genem CDKN1B. Vlivem mutaci a/nebo
deleci tohoto genu dochazi ke sniZeni exprese proteinu p27, jak u PIN, tak
u adenokarcinomu prostaty, které je asociovano s horsi progndézou. Je
prokazano, Ze exprese proteinu p27 je asociovana s Gleasonovym skore,
rekurenci nadoru a dobou pieziti u pacientti s karcinomem prostaty. Také
exprese proteinu p21, inhibitoru cyklin dependentni kinazy, kédovanym
genem WAF1/CP1, regulatoru bunééného cyklu, je spojovana s prezitim
pacientii s karcinomem prostaty >*.

Vyuziti specifickych molekularné genetickych markeri umozni ¢asnou
detekci karcinomu prostaty s vysSi specifitou nez PSA, omezi opakovani
bioptického odbéru pfi negativnim vysledku prvniho vySetfeni a zajisti
v€asnou lécbu onemocnéni. Piinosem biomarkerti je také efektivnéjsi
monitorovani nemoci a presna predikce 1éCebné odpovédi a véasna
indikace rekurence onemocnéni po 1écbé. Mnoho biomarkerii mize mit
také vysokou prognostickou hodnotu, napi. ploidie, exprese Ki67, BCL2,
p53 nebo p27 vysSetfované pomoci IHC, 8q24 amplifikace stanovena
pomoci FISH metody. Mezi nadéjné prediktivni faktory patii delece
PTEN genu, TOP2A gen, SPINK1 genl.
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1.2.6 Melanom

Melanom vznika neoplastickou proliferaci koznich melanocyti, bunck
tvoficich pigment. Ve srovnani s jinymi epitelidlnimi koznimi néadory,
jako je basaliom nebo spinaliom, se melanom vyznacuje vysokym
rizikem casného hematogenniho ¢i  lymfogenniho metastazovani.
Melanom byva nejcastéji detekovan u pacienti nad 50 let a obé pohlavi
jsou postizena piiblizné stejné.
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Graf 6: Incidence a mortalita maligniho melanomu kize v Ceské
republice v letech 1977-2013 (Ref?).

Melanomy zahrnuji  skupinu  odliSnych  biologickych  subtypii
charakterizovanych  specifickymi  genetickymi, epidemiologickymi,
klinickymi a histologickymi znaky. Nejvétsi skupinu tvoii kozni
melanomy s vysoce rostouci incidenci, ktera toto onemocnéni fadi na
pfedni mista mezi nadorovymi onemocnénimi jak muzské, tak Zenské
populace. Podle histologické Klasifikace se melanomy déli na
superficialné se §ifici melanomy (SSM), které jsou nejCastéjsim typem
melanomu a vyskytuji se kdekoliv na téle, sekundarn€¢ nodularni SSM
vznikajici z SSM, s tvorbou uzlikd a s agresivnim chovanim, nodularni
melanomy s typickym vertikalnim rastem do hloubky a nad uroven okolni
kaze (tyto nadory mivaji Spatnou progndzu), lentigo maligna melanom,
akrolentigiozni melanomy, které vznikaji v dlanich, na ploskach a pod
nehty. Zvlastni skupinu tvoii amelanotické melanomy, které nejsou
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pigmentovany a klinickd diagnostika vyzaduje vétsi zkuSenost nez u
nadort s pigmentem.

Byly prokazany genetické predispozice vzniku melanomu. Pfiblizné 10%
melanomt ma familiarni vyskyt, znichZ tfetina je zpisobena mutaci
vgenu CDKN2A (p16™¢“%). Malou skupinu pak tvoii melanomy
zpusobené zarode¢nou mutaci gentt p14/ARF ,CDK4, BAP1, MITF genu
¢i skupiny XP genu (xeroderma pigmentosum). Navic byly identifikovany
geny snizkou penetraci, které ovliviiuji pigmentaci a zbarveni kize.
Nejdalezitéjsim je MCIR gen, ktery vykazuje vysokou polymorfii
Vv bélosské populaci, ktera zptisobuje snizeni zabarveni kiize, pihovatost a
rusovlasost’.  Jednotlivé  subtypy  koZnich  melanomd  jsou
charakterizovany riznymi predispozi¢nimi genotypy, rizikovymi faktory
prostiedi, klinickopatologickymi rysy, molekuldrnimi mechanismy a
schopnosti reagovat na 1é€bu. Diagnostika melanomt a jejich odliSeni od
ostatnich melanocytarnich 1ézi mize byt v urcitych ptfipadech velmi
obtizna a pii diferencialni diagnostice jsou vyuzivany rizné melanomové
markery. Je viak zndmo, Ze ,,no single MELANOMA MARKER exists*,
coz znamend, Ze vysledek musi byt interpretovan v kontextu vSech
dostupnych dat - morfologie, imunohistochemickych markert a piipadné
molekularné genetickych nalezu.

Genetické aberace

Byly identifikovany onkogeny rodiny RAS a RAF (zahrnujici NRAS a
BRAF geny), které vlivem genetickych mutaci ziskavaji konstitutivni
trvalou aktivaci a u kterych se piedpokladd, ze hraji klicovou roli
V rozvoji riznych subtypii koznich melanomt. Aktivacni mutace genu
BRAF se vyskytuje u 40-50% melanomu, nejéastéji v kodonu 600
vexonu 15 (V600OE nebo méné Castd V60OK) a NRAS mutace u 21%
ptipadi. Je prokazano, ze BRAF mutované melanomy se vyskytuji astéji
u jedincli s vysSim poctem benignich melanocytarnich névii, ze kterych
80% nese BRAF aktivacni mutaci. Mutace genu BRAF VG600E je
povazovana V soucasnosti za vyznamny prediktivni marker 1éCebné
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odpovédi na cilenou biologickou terapii BRAF inhibitory u pacientt
s metastatickym melanomem (Obr. 12) *°.
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Obr. 12: SNaPshot assay, kodon 600, 601 BRAF genu, mutace V600E,
detekovana u pacienta vySetfovaného v CGB laboratofi a.s.

Mutace HRAS genu se vyskytuje pouze v 1% melanomd, ale je pfitomna
v 20% benignich Spitz névi, mutace genu KRAS se vyskytuje (pokud
vubec) raritn&’. Nékteré studie uvadéji asociaci mutace genu NRAS
s melanomy vznikajicimi na podkladé¢ poskozeni chronickou expozici
slune¢nim zafenim, s nodularnimi melanomy a melanomy typu lentigo
maligna melanoma, s vy38im Breslow skore, vy$§im mitotickym indexem
a krat§im prezitim. U akrdlnich melanomi se vyskytuje mutace genu c-
KIT v 10-20%. Tato mutace vSak nikdy nebyla nalezena u melanomi
vznikajicich na podkladé chronické slune¢ni expozice. V mnohych
melanocytarnich lézich se nachazeji dal$i mutace gent, mezi které patii
aktivaéni mutace v GNAQ a GNA11l genech, které se vyskytuji u blue
névl, v juvenilnich melanomech a melanocytech CNS. Vlivem mutace
téchto genid, ktera je exkluzivni s mutacemi RAS gend, dochazi

60



k poSkozeni GTPazove aktivity G proteini vedouci ke konstitutivni
aktivaci signalni drahy. Stejné tak jako v mnoha jinych typech nadord,
také u melanomi (avSak minoritné) se vyskytuje mutace
tumorsupresorového genu TP53. Vyznamnym genem Vv onkogenezi
melanomu je gen CCND1 ktery byva neziidka ampliﬁkovénl.

Chromosomove aberace

VétsSina melanomit vykazuje zmnozeni (gain) nebo ztratu jednoho nebo
vice chromosomil, nebo jejich ¢asti. Pomoci metody komparativni genové
hybridizace (Obr. 13) bylo prokazano, ze mezi nejCastéji zmnozené
chromosomy patii 1q, 6p, 7, 8q, 11q, 17q a 20q a naopak nejcastejsi
ztraty jsou oblasti na chromosomech 6q, 8p, 9p, 99 a chromosomu 10.
Tato vysoka heterogenita chromosomovych aberaci by mohla objasnit
rozdilné klinické a morfologické charakteristiky jednotlivych melanomt
nebo podskupin melanomd.

Chromosome CGH of primary
melanocytic neoplasms

Malignant Eenign
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Obr. 13: CGH primarni melanocytarni neoplazie®
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Pokroky v poznéani molekulérni patogeneze melanomi naznacuji existenci
rozdilnych subtypli a moznost subklasifikace melanomu do skupin, které
se odliSuji kumulaci rozdilnych genetickych a chromosomovych aberaci.
Jednotlivé skupiny zahrnuji:

a) melanomy vznikajici bez chronického poskozeni slune¢nim zafenim
(non CSD melanoma), které jsou nejcastéj$im typem v evropské populaci
S nejvetsim vyskytem V paté az Sesté dekade zivota a s poklesem vyskytu
Vv pozd¢jSich letech zivota. Primarni vyskyt je nejcastéjSi na trupu a
proximalni ¢asti koncetin. U pfiblizné 70% téchto melanomil se vyskytuje
aktivacni mutace genu BRAF a mezi Casté chromosomové aberace patii
gain 1q, 6p, 7, 8q, 179, 20q, a ztraty 9p, 6q, 10.

b) melanomy vznikajici chronickym poSkozenim slune¢nim zafenim
(CSD), které jsou druhym nejcastéjSim typem koznich melanomt
v evropské populaci, nejcastéji se vyskytujici u osob starSich 55 let a
sincidenci rostouci s vékem. Primarné se nejastéji vyskytuji v oblasti
hlavy a krku a v distalni ¢asti koncetin. 20% téchto melanomi nese
aktiva¢ni mutaci NRAS genu a 10-20% mutaci nebo zmnoZzeni poctu genu
cKIT. Zatimco mutace BRAF genu ma malou prevalenci, piiblizné 10%.
Nejcast€jsi chromosomové aberace jsou gain 1q, 6p, 11q, 13, 17q, 209 a
ztraty chromosomu nebo jejich ¢asti 6q, 8p, 9p, a 13.

c) akralni melanomy, vznikaji v neochlupenych ¢astech téla, nehtech a v
palmoplantarnich oblastech a vyskytuji se pfevazné v sedme aZz osmé
dekadé Zivota. Ve 20-30% piipadi se vyskytuje mutace nebo amplifikace
genu cKIT, ve 20% mutace v genu BRAF a 15% téchto melanomi nese
mutaci v NRAS genu. Vyskyt téchto mutaci se vzajemné nepiekryva.
Mezi dalsi genetické znaky patii genomova instabilita, kterd zahrnuje
Casté amplifikace genu CCND1, lokus 1913 a genu hTERT, lokus 5p15,
ke kterym dochézi v pribéhu progrese. DalSi chromosomové aberace jsou
zmnoZeni oblasti 6p, 7, 8q, 17q, 20g, amplifikace 5p13 a 12914 a ztraty
oblasti 6q, 9p, 10 a 11q.

d) slizniéni melanomy jsou melanomy vyskytujici se orofarynxu,
paranasalnich sinusech, anogenitalnim regionu apod. Incidence vyskytu je
celosvétové stejna. Priblizné v 20-30% se u tohoto typu melanomu
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vyskytuje mutace genu cKIT, a v 15% mutace v genu NRAS, avsak
nikoliv soucasné¢. Mutace v genu BRAF je raritni. Podobné jako u
akralnich melanomt nachézi se genova instabilita, nejcastéjsi amplifikace
je CDK4/HDM2 na lokusu 12q, 1931 a 4912, navic se vyskytuji zmnoZzeni
oblasti chromosomu 1q, 6p, 7, 8qg, 11913, 17q, 20q a ztraty 3q, 4q, 6q, 8p,
9p, 10, 11p, 11q.

e) desmoplastické melanomy, nepiili§ casta varianta invazivniho
melanomu s hlubokou invazi a proliferaci vietenitych melanocyti do
stromatu s vysokou incidenci lokalnich rekurenci. Typicky se u tohoto
typu melanomu nevyskytuji obvyklé genetické zmény, které jsou
popisovany u ostatnich koznich melanomi (mutace v genech BRAF,
NRAS, cKIT).

f) détské melanomy jsou melanomy, které se obecné vyskytuji
Vv prepubertalnim véku, protoze melanomy starSich déti maji genetické
charakteristiky a prognézu shodné s melanomy dospélého véku (vysokou
frekvenci BRAF mutaci). Tato kategorie zahrnuje heterogenni skupinu
tumort, mezi které patii transplacentarni melanomy, melanomy vznikajici
na podklad¢ kongenitalniho névu, melanomy asociované s onemocnénim,
u kterych je znama predispozice k tvorbé melanomu, napf. xeroderma
pigmentosum a maligni spitzoidni nadory, které mohou mit klonalni
chromosomové aberace napomocné diagnoze.

g) uvedlni melanomy jsou nejCastéjSi intraokularni malignitou u
dospélych se vzristajici frekvenci u jedinc se svétlym typem klze a
svétlou barvou oc¢i. U 90% pacientti dochazi nasledné k rozvoji jaternich
metastaz. U téchto typd melanomi se nachdzi zmnoZeni mutovanych
onkogenit GNAQ a GNAll, tyto mutace jsou vzijemné exkluzivni.
Nevyskytuji se mutace v genech BRAF, NRAS a cKIT. Bialelicka ztrata
BAP1 na chromosomu 3 koreluje s metastatickou progresi a Spatnou
prognézou®.
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2. Experimentalni Cast

V souvislosti se soucasnym stavem pozndni a pochopeni molekuldrni
patogeneze onemocnéni a s moznosti vyuziti nejmodernéjSich
sofistikovanych metod molekularni  biologie pro  vySetfovani
molekularnich profili nadorti, exprese genti a stanoveni prediktivnich,
poptipad¢ prognostickych biomarkerti je pro diagnosticky a léCebny
proces nutnd mezioborova komunikace kliniki, patologii a molekularnich
genetikd. Tato mezioborova spoluprace je nezbytnou soucasti moderniho
diagnostického procesu a poskytuje dilezit¢ informace pro klinicky
management onemocnéni a pro cilenou personalizovanou medicinu.
Prvnim ptikladem praktického vyznamu spoluprace expertli z rtiznych
oblasti mediciny je problematika gastrointestinalnich stromalnich tumord,
které¢ se fadi mezi prvni onemocnéni, u kterého byly vyuzity poznatky
genetiky. S objevem onkogennich mutaci kinaz u GISTG doslo k
rychlému pochopeni molekularné biologické povahy téchto nadord a k
zavedeni inhibitori tyrozinkinaz do klinické praxe i u tohoto typu nadora.
Proto v sou€asné dobé hraje vyznamnou tlohu molekularni genotypizace
téchto 1ézi, predevsim z hlediska prognézy, 1é€ebné odpovédi, respektive
primarni nebo sekundarni rezistence na cilenou 1écbu. Molekularné
genetické vySetfeni nador (nejen typu GIST) mé& vyznam nejen
diferencidlné¢ diagnosticky, ale i prediktivni. Rychlost a spravnost
diagnostiky je u nadorovych onemocnéni zdsadni a ma
neoddiskutovatelny vliv na prognozu a uspeésnost 1é€by pacienta.

Cilem predkladané doktorské prace bylo studium genetickych alteraci u
vybranych solidnich nadorti z hlediska diagnostiky a managementu
onemocnéni. Konkrétni cile byly:

1. Studium vybranych genetickych alteraci u maligniho melanomu,
2. Analyza alteraci v signalnich cestach genovych rodin RAS a HER
ve vybrané skupin¢ solidnich nadort.
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2.1 Studium vybranych genetickych alteraci u maligniho
melanomu

Urceni biologické povahy melanocytarnich 1¢ézi je jednou ze zakladnich
podminek spravné 1écby. I kdyz mnoho piipadi mize byt spolehlivé
klasifikovano podle soucasnych histopatologickych kritérii, existuje urcita
skupina ptipadl, kdy nedochdzi ke shod¢ ani mezi experty. Stanovit
diagnézu pln€¢ vyvinutého melanomu neni pro zkuSené¢ho patologa
obvykle obtizné. Presto je podle fady literarnich zdroji diagnoza
melanomu stanovena spravné pouze v 75-80 % piipada®’. Rozdily mezi
benignimi a malignimi tumory jsou v nékterych piipadech nejednoznacné,
takZze histopatologicka diagn6za je velmi obtiznd i pro zkuSené
dermatopatology. Mezi takové léze patii napiiklad Spitz névus, jehoz
odliSeni od Spitzoidniho melanomu mize byt diagnostickym
problémem?. Studie biologické povahy riiznych typéi melanocytarnich
1ézi a jejich urceni s vyuzitim molekularné genetickych analyz, prevazné
metodami komparativni genomové hybridizace (CGH) a fluorescen¢ni in
situ hybridizace (FISH), prokdzaly u melanomt ftadu klonalnich
chromosomovych aberaci, zatimco u benignich névl nebyly zjiStény
zadné chromosomové zmény s jedinou vyjimkou — zmnozeni oblasti 11p
u Spitz névii, tento nalez véak nebyl pozorovan u melanomu**2.

Molekuldrné cytogenetické metody spojuji pfednosti cytogenetického a
molekularné genetického vySetfeni. Piestoze zlatym standardem pfi
vySetieni melanocytarnich 1ézi ziistdva histopatologickd analyza vcetné
imunohistochemickych vySetfeni, moderni molekularné cytogeneticka
vySetieni hraji stale dilezitéjsi roli v diagnostice koznich pigmentovych
1ézi. Retrospektivné bylo vySetieno metodou fluorescencni in situ
hybridizace 160 pacientti s melanocytarnimi 1ézemi nejisté biologické
povahy, ktefi byli diagnostikovani v letech 2008-2012 v CGB laboratofi
a.s. a v Ustavu patologie Fakultni nemocnice Ostrava a Lékaiské fakulty
Ostravské univerzity. Muzi tvofili 53% a Zeny 47% s medidnem véku 54
let. K molekuldrné genetickému vysetfeni byly vybrany melanocytarni
léze s nejednoznacnym histologickym nalezem nebo s nejistou
biologickou povahou. Rozdéleni na maligni a benigni léze bylo
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provedeno podle kdédu biologického chovani MKN — O-3 klasifikace,
melanoma in situ byl vzhledem k svému malignimu potencialu zafazen
mezi maligni nadory. Pro stanoveni genetickych aberaci asociovanych s
diagn6zou maligniho melanomu byla pouzita sonda Vysis LSI
RREB1/LSI MYB/LSI CCND1/CEP6 Probes (Abbott Molecular Inc.),
ktera je pfimo znacena a pripravena k pouziti (11913 (CCND1) Spectrum
Green, 6p25 (RREB1) Spectrum Red, 6923 (MYB) Spectrum Gold a
centromera chromozomu 6 Spectrum Aqua). Pro lokalizaci nadorovych
bunc¢k byl pfed hodnocenim metodou FISH pouzit preparat barveny
hematoxylin-eosinem. Hodnoceno bylo celkem tficet nepiekryvajicich se
jader ze tii oblasti nadorové tkané.

Jako pozitivni byly hodnoceny 1éze, pokud primérny pocet signali pro
gen CCNDL1 na jadro nebo pramérny pocet signalti pro gen MYB na jadro
byl > 2,5 nebo, delece MYB byla > 31 % nebo, pocet abnormalnich jader
pro gen RREBL1 bylo > 63 %. Tyto zmény mohou byt pozorovany kazda
samostatné, Castéji vSak byla zjiSténa zména dvou ¢i vSech tii gent. Jako
negativni byly oznaceny 1éze nespliiujici ani jednu z vyse uvedenych
podminek. Pozitivni nalez byl prokazan u 116 vzorki (72,5 %), negativni
nalez u 41 (25,6 %) vzorkd.

Na zaklad¢ dosazenych vysledka byla stanovena senzitivita metody 96,6
% a specifita 91 %. Ve tfech pfipadech (1,8 %) nebylo mozné
jednoznacné rozhodnout. V téchto netypickych ptipadech byly nadorové
bunky rozmistény solitern¢ v celé 1ézi. Tyto 1éze byly tedy popsany jako
hrani¢ni a indikujici 1¢kafi byli vyrozuméni o jejich mozném malignim
potencidlu. V jednom piipadé (0,6 %) se jednalo o vySetfeni recidivy
melanomu v jizve, ktery byl svym nélezem atypicky a nebylo mozno jej
zatadit (monozomie chromozomu 6 — byl pozorovan jeden signal pro
geny RREB1, MYB i centromeru chromozomu 6).

U pacienti s melanomy byly ve 40 % nalezeny zmény vSech tii
sledovanych gend, ve 29 % zmény dvou gent a ve 28 % jedna zména. V
poctu téchto zmén je mezi jednotlivymi typy malignich melanomu
statisticky vyznamny rozdil (P = 0,025). Nejvétsi primérny pocet zmén
byl zjistén u akrolentigindznich melanomi (3,0), Spitzové melanomi
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(2,7) a povrchové se Sificich melanomu s vertikalizaci (2,6). Nejcastéjsi
zménou byla amplifikace vSech tifi genl, nasledovala amplifikace
samotného genu CCND1 a dale amplifikace genu CCND1 spolu s deleci
nebo amplifikaci genu MYB.

Z vysledki vyplyvd, Ze nejmensi pocet zmén sledovanych lokust je
mozné pozorovat u melanoma in situ (v priméru numerickd zmeéna
jednoho sledovaného genu), nejvétsi primérny pocet zmén byl zjistén u
akrolentigindznich melanomt (3,0), Spitzové melanoma (2,7) a
povrchové se Sificich melanomt s vertikalizaci (2,6). Kumulace
genetickych zmén by tedy mohla svédCit pro progresi onemocnéni a
odpovida vysokému malignimu potencidlu téchto 1ézi. Pozitivni nalez byl
v naSem souboru pozorovan také u tfi dysplastickych névii a névu
modrého benigniho. Stejné vysledky jsou popisovany az u 10 % raznych
typl benignich névl s atypiemi, které jsou pak fazeny do skupiny néva s
nejistou biologickou povahou®*. V t&chto piipadech je vhodné zvazit
reexcizi se Sirokym lemem a zafazeni pacienti do skupiny s
intenzivnéjSim sledovanim, aby bylo mozné vcas zachytit piipadny
maligni zvrat.

Rychlost a spravnost diagnostiky je u vysoce malignich melanomi
zasadni a ma neoddiskutovatelny vliv na prognoézu a uspéSnost 1écby
pacienta.

2.2 Analyza alteraci v signalnich cestach genovych rodin
RAS a HER ve vybrané skupiné solidnich nadoru

Soucasny vyzkum a nové védecké poznatky upozoriiuji na mimotadny
vyznam jak miRNA let-7, tak KRAS onkogenu v kancerogenezi solidnich
nadort. Z tohoto divodu bylo cilem prace porovnani polymorfismu
KRAS-LCS6 (rs61764370) u skupiny vybranych typti nadorti zahrnujicich
nejCastéji se vyskytujici diagndézy, jako je kolorektalni karcinom,
karcinom prsu, nemalobunéény karcinom plic, nddory mozku, karcinom
prostaty a melanom. Cilem bylo nejen zmapovat vyskyt téchto
polymorfismti napfi¢ uvedenymi diagnoézami, ale rovnéz ovéfit jejich
vyznam ¢1 mozné korelace s ptitomnosti vybranych somatickych mutaci a
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amplifikaci / deleci genli reprezentujici prediktivni, popiipade
prognostické biomarkery u téchto tumorti v ¢eské populaci.

2.2.1 Material a metody

V této praci bylo retrospektivné vysetfeno celkem 1295 vzorkli DNA,
izolovanych z histologicky ovétené nadorové tkané pacientt, kterym byly
v obdobi 2008-2015 vySetiovany prediktivni markery (status genti) RAS,
BRAF, EGFR a HER2 apod., jako indikace k cilené biologické terapii.
Jednalo se o pacienty s karcinomy plic, prsu, prostaty, melanomy a
nadory CNS. U pacientt s karcinomem kolorekta, stadium III-1V, bylo
vySetfeno 277 muzi (64,7%) ve véku 35-91 let, 151 Zen (35,3%) ve véku
31-94 let, median véku ve skupiné kolorektalnich karcinomu byl 65 let.
Skupinu nemalobunécnych nédori plic tvotilo 311 vzorkiit DNA, z ¢ehoz
bylo 202 muzi (65,0%) ve véku 34-99 let, 109 zen (35%) ve v&ku 32-89
let, median véku ve skupiné nemalobunéénych karcinomu plic byl 67 let.
Ve skupiné vzorkli karcinomu prsu bylo 195 vzorkl, zahrnujicich 121
invazivnich duktalnich karcinomti (62%), 15 vzorkd s invazivnim
lobularnim karcinomem prsu (7,7%) a 59 vzorkl ostatnich typl
karcinomu prsu (30,3%). Skupinu pacientll s karcinomem prsu tvofili 2
muzi (1%) ve véku 51 a 70 let a 193 Zen (99%) ve v€ku 25-77 let. Median
veéku ve skupiné téchto pacientti byl 60 let. Ve skupiné 151 vzorki DNA
izolované z nadortt CNS bylo 117 vzorkt gliomu, grade I-1V (77,5%), 23
vzorkd meningeomil (15,2%) a 11 vzorkl ostatnich typd nadort (7,3%).
Skupinu téchto pacientt tvorilo 75 muzu (49,7%) ve véku 10-77 let, 76
zen (50,3%) ve véku 1-81 let. Median veéku pacientll s tumory CNS byl
56,5 let. Skupinu pacientll s karcinomem prostaty tvofilo 135 muz, ve
veku 49-85 let, s medianem véku 65 let a skupinu 75 vzorkt melanomu
tvofilo 40 muza, ve véku 11- 79 let, 35 Zen ve véku 22-84 let. Median
veéku pacientl s melanomem byl 62 let.

DNA nadorové tkan¢€ byla izolovéana z riiznych typt vzorka. Jednalo se o
nativni zmrazeny material, material ve formalinové fixaci zality do
parafinovych blokti (FFPE) a cytologické vzorky. Pro izolaci DNA byly
pouzity komer¢ni kity Cobas® DNA Sample Preparation Kit nebo
MagNa Pure Compact Nucleic Acid Isolation Kit (Roche Diagnostic
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Corporation, GmbH, Mannheim, Germany). Kvalita a kvantita izolované
DNA byla stanovena Nanophotometrem IMPLEN (Implen. GmbH,
Munchen, Germany). Analyza SNP (rs61764370) (KRAS-LCS6) byla
provadéna polymerazovou fetézovou reakci (PCR) s enzymatickou
digesci. Dvacet mikrolitri reak¢niho mixu obsahovalo: PCR vodu
(Thermo Scientific, Vilnius, Litva), PCR Master Mix (2x) (Thermo
Scientific, Vilnius, Litva), specifické primery (0,2 pmol sens a antisens
primery) a DNA. Pro KRAS- LCS6 polymorfismus byly pouzity tyto
primery: sense 5- CCTGAGTAGCTGGGATTACA-3" a antisence 5'-
GGATACCATATACCCAGTGCCTT-3"(amplifikace fragmentu 232 bp).
Podminky PCR reakce byly nasledujici: inicialni denaturace byla pti 95°C
po dobu 5 minut, nasledovalo 35 cyklu pfi teploté 95°C po dobu 20
sekund, pii teploté 60°C po dobu 15 sekund a pti 72°C 10 sekund. Finalni
amplifikace byla pfi teploté 72°C po dobu 5 minut. PCR produkty byly
ovéfeny elektroforézou na 3% agarovém gelu. Po PCR byla provedena
enzymaticka digesce pomoci FastDigest Hinfl enzymu pro KRAS-LCS6
polymorfismy (Thermo Scientific, Vilnius, Litva) pii 37°C podle pokynt
vyrobce. Reakce byla analyzovana na agarovém gelu (3%), ktery byl
nabarven pomoci ethidium bromidu a vizualizovan na transiluminatoru
UVT-20 (Herolab, GmbH, Germany). Podle fragmenti byly
identifikovany genotypy: KRAS-LCS6 polymorfismus; TT genotyp (117
bp + 115 bp), TG (232 bp + 117 bp + 115 bp) a GG (232 bp). Obr. 14.
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TT TG 11 11 “LJM genotyp

Obr. 14: Detekce SNP (rs61764370, T>G) v 3"- UTR KRAS genu (KRAS-
LCS6) polymerazovou fetézovou reakci (PCR) and enzymatickou digesci.

Pozitivni vysledky byly konfirmovany metodou ptimé sekvenace, ktera
byla provedena pomoci kitu BigDye® Terminator v 3.1 Cycle
Sequencing Kit (Life Technologies, Foster City, CA, USA). 5 uL PCR
produktu bylo ¢isténo pomoci Exonuclease | a FastAP Thermosensitive
Alkaline Phosphatase (Thermo Scientific, Vilnius, Litva) inkubaci pii
37°C po dobu 15 minut, potom 15 minut pti 80°C a uchovano pii 4°C.
Reakéni pufr obsahoval 3 pL BigDye® Terminator v 3.1, 0,5 pL pufru
BigDye® Terminator 5x, 2,5 UL primeru v konec¢né koncetraci 1,25
pmol/uL. Reakce probihala podle nasledujiciho protokolu: 96°C po dobu
1 minuty, 25 cykli pti 96°C po dobu 10 sekund, pti 50°C 5 sekund, pfi
60°C po dobu 3 minut. Produkty sekvenacni reakce byly Cistény pomoci
BigDye® Terminator v 3.1 Cycle Sequencing Kit (Life Technologies,
Foster City, CA, USA) podle pokynii vyrobce. Nasledn¢ byly
analyzovany v genetickém analyzatoru Applied Biosystem® 3130 s
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vyuZzitim programu Sequencing Analysis Software, verze 5.2 (Life
Technologies, Foster City, CA, USA). Obr. 15.
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g9

SNP 1561764370 KRAS-LCS6

Obr. 15: Sekvenaéni chromatogram - ¢ast KRAS genu s SNP KRAS-LCS6
(rs61764370,T>G).

Mutaéni status genit KRAS (mutace v kodonech 12, 13 a 61) a BRAF
(mutace V600E) byl stanoven s vyuZitim real-Time PCR ( cobas® 4800
KRAS Mutation test, Roche Diagnostics, GmbH, Mannheim, Germany a
cobas® 4800 BRAF V600 Mutation Test, Roche Molecular Systems,
Inc., Branchbury, NJ, USA). Analyza 40 mutaci v genu EGFR (29 deleci
v exonu 19, L858R, T790M, G719X vcetn¢ G719S, G719A, G719C, S
7681, 5 inserci v exonu 20) ve skupiné nemalobunécnych karcinomi plic
byla provedena metodou real- time PCR kitem Cobas® EGFR Mutation
Test (CE, IVD, Roche). Stanoveni statusu genu HER2 a vySetieni
genetickych aberaci u karcinomu prostaty (8p22- LPL genu, 8924 c-MYC
genu a centromery chromosomu 8) bylo provedeno metodou
fluorescen¢ni in situ hybridizace (FISH) s pouzitim kitu PathVysion
HER-2 DNA probe kit (Abbott Molecular) a kitu ProVysion multicolor
FISH (Abbott Molecular).

Pro statistické analyzy byl pouzit y2-test a Fischeriv exaktni test s
hladinou signifikance 5% (pokud je hladina signifikance < 5 je
vyhodnéjsi pouzit Fischeriv exaktni test nez y2-test). Statistické
zhodnoceni bylo provedeno pomoci Stata software, verze 13.
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2.2.2 Vysledky

Byla vysetiena frekvence KRAS-LCS6 variant ve 1295 vzorcich DNA
nadorové tkané riiznych typl nadori, zahrnujicich kolorektalni karcinom,
nemalobunéény plicni karcinom, karcinomy prsu, nadory CNS, karcinom
prostaty a melanom.

S vyuzitim y2-testu byl nalezen signifikantni rozdil v distribuci G alely
(TG genotyp) v individuélnich podskupinéch, kdy vzorky karcinomu prsu
byly rozdéleny podle statutu genu HER2. (P= 0,026). Vysledky jsou
uvedeny v Tab. 3.

TT
KRAS - LCS6 genotyp TG genotyp | Souhrn

pocet | % pocet |% |pocet |%

HER?2 positivni karcinom prsu (29 96,7 |1 3,3 |30 100

HER?2 negativni karcinom prsu {123 |79,9 |31 20,1154 100

y2-test, P = 0,026

Tab. 3: Distribuce KRAS-LCS6 (rs61764370) genotypu u pacientt s
karcinomem prsu v zavislosti na statutu HER2 genu.

Naproti tomu y2-test nepotvrdil statisticky signifikantni rozdil v distribuci
G alel (TG genotyp) v neselektované skupiné vzorkd karcinomu prsu,
stejné tak jako u dalSich vySetfovanych skupin nadord, (P = 0,484).
Vysledky jsou uvedeny v Tab. 4.

Soucasné také nebyl nalezen homozygot pro G alelu (GG genotyp), coz

neni v souladu s Hardy-Weinberg rovnovahou. Duvodem, je
pravdépodobné malé mnozstvi testovanych vzorkda.

72




TT alela TG alela Celkem

KRAS - LCS6 pocet | % pocet | % pocet | %

nemalobunéény karcinom plic | 270 86,8 |41 13,2 |311 100
karcinom prsu 163 83,6 |32 16,4 |195 100
kolorektalni karcinom 375 87,6 |53 12,4 |428 100
nadory CNS 124 82,1 |27 17,9 |151 100
karcinom prostaty 115 85,2 |20 14,8 135 100
melanom 64 853 |11 14,7 |75 100

y2-test, P = 0,484

Tab. 4. KRAS-LCS6 (rs61764370) genotyp ve vysetfovanych skupinach

nador.

Pro vyskyt TG genotypu byl stanoven 95% interval spolehlivosti (Cl), viz

Obr. 16.

Vyskyt TG genotypu, 95% Interval
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Obr. 16: Distribuce TG genotypu KRAS-LCS6 (rs61764370)
polymorfismu v jednotlivych skupinach nadori (NSCLC —

nemalobunéény karcinom plic; BC — karcinom prsu; CRC — kolorektalni

karcinom).
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Ve skupiné pacientil s kolorektalnim karcinomem byla provedena dalsi
statistickd analyza KRAS-LCS6 (rs61764370) polymorfismu ve vztahu k
mutacnimu statutu gentt KRAS a BRAF. Piesto, Ze skupina kolorektalnich
karcinomu s mutaci v genu BRAF vykazuje vysSi procento variantnich
alel, nebyl pfi pouziti y2-testu nalezen statisticky vyznamny rozdil v
distribuci G alely (TG/GG genotypu) mezi jednotlivymi vzorky
kolorektalniho karcinomu rozdélenymi do tii skupin podle muta¢niho
statutu genit KRAS a BRAF, (P = 0,081). Vysledky jsou uvedeny v Tab. 5.

KRAS - LCS6 TTVgenotyp TGV genotyp Ce!kem
pocet | % pocet | % pocet |%
KRAS/BRAF wild type CRC |135 89,4 |16 10,6 |151 100
KRAS mutantni CRC 152 89,9 |17 10,1 |169 100
BRAF V600E mutantni CRC |88 81,5 |20 18,5 [108 100

y2-test, P = 0,081

Tab. 5: Distribuce KRAS-LCS6 (rs61764370) genotypu u pacienti s CRC
v zavislosti na muta¢nim statutu KRAS and BRAF gent.

U pacientli s nemalobunécnym kacinomem plic (NSCLC) byla provedena
statisticka analyza KRAS-LCS6 (rs61764370) polymorfismu ve vztahu k
muta¢nimu statutu genu EGFR. Pomoci Fischerova exaktniho testu nebyl
nalezen signifikantni rozdil v distribuci G alel (TG genotyp) mezi
jednotlivymi skupinami vzorki NSCLC rozdélenymi podle mutaéniho
statutu genu EGFR, (P =0,752). Vysledky jsou uvedeny v Tab. 6.

TT genotyp | TG genotyp | Souhrn

KRAS -L.CS6 pocet | % pocet | % pocet | %
EGFR mutantni NSCLC |23 920 |2 80 |25 100
EGFR wild type NSCLC | 249 |87.1 |37  |12,9 |286 |100

Fishertiv exaktni test, P = 0,752
Tab. 6: Distribuce KRAS-LCS6 (rs61764370) genotypu ve skupiné
pacientli s NSCLC v zavislosti na muta¢nim statutu genu EGFR.

U pacientl s karcinomem prostaty (PC) byly provedeny analyzy vyskytu
KRAS-LCS6 (rs61764370) polymorfismu ve vztahu ke gradu tumoru
(Tab. 7) a ve vztahu k aberacim gent LPL a c-MYC prok&zanych metodou
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FISH (Tab. 8). V téchto jednotlivych podskupinach pacientd s
karcinomem prostaty také nebyl nalezen signifikantni rozdil v distribuci
G alel (TG genotyp) mezi jednotlivymi skupinami vzorkd.

TT genotyp | TG genotyp | Celkem

KRAS - L
S-LCSe pocet |% pocet | % pocet | %

PC bez aberace LPL ac-MYC |68 81,9 |15 18,1 (83 100

PC s aberacemi LPL ac-MYC |25 83,3 |5 16,7 |30 100

y2-test, P = 1,0

Tab. 7: Distribuce KRAS-LCS6 (rs61764370) genotypu ve skupiné
pacientl s PC v zavislosti na chromosomovych aberacich.

KRAS - LCS6 TTVgenotyp TGV genotyp Ce!kem
pocet % pocet % pocet %
PC grade 1 2 66,7 |1 333 |3 100
PC grade 2 31 816 |7 184 |38 100
PC grade 3/4 82 87,2 |12 128 |94 100
x2-test, P = 0,4678

Tab. 8: Distribuce KRAS-LCS6 (rs61764370) genotypu ve skupiné
pacientu s PC v zavislosti na gradu tumoru.

Ve skupiné vzorkli melanomil byla provedena statisticka analyza vyskytu
KRAS-LCS6 (rs61764370) polymorfismu ve vztahu k mutacnimu statutu
genu BRAF. Pfesto, ze byla nalezena signifikantni asociace mezi mutaci
genu BRAF a veékem pacienti (Graf. 7), nebyl v tomto naSem souboru
prokazan prakticky Zadny rozdil v distribuci G alely (TG/GG genotypu)
mezi skupinou s mutaci v genu BRAF a skupinou wild type melanoma, (P
=1,0). Vysledky jsou uvedeny v Tab. 9.
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Graf 7: Byl nalezen signifikantni rozdil ve stifedni hodnoté véku mezi
pacienty s mutaci BRAF genu V600E a BRAF wt (wild-type).

TT genotyp | TG genotyp | Celkem
KRAS - LCS6 count | % count |% pocet | %
BRAF mutantni melanom |25 86,2 |4 13,8 |29 100
BRAF wild type melanom |39 84,8 |7 15,2 |46 100
y2-test, P=1,0

Tab. 9: Distribuce KRAS-LCS6 (rs61764370) genotypu ve skupiné
pacientli s melanomem v zédvislosti na mutacnim statutu genu BRAF.
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2.2.3 Diskuze

Zarode¢ny polymorfismus SNP (rs61764370), ktery se nachazi na let-7
komplementarni (LCS) v 3’ neptekladané oblasti (3°’UTR) KRAS
onkogenu, je v soucasnosti velmi studovan v souvislosti s mnoha typy
nadort, pfedev§im vzhledem k riziku vzniku tohoto nemocnéni, progndze
a / nebo ve vztahu k 1écebné odpovédi, respektive k rezistenci na terapii45'
*® Bylo prokazéno, ze &lenové rodiny let-7 microRNA hraji vyznamnou
roli v tumorigenezi nadord pomoci regulace exprese mnoha onkogenii
véetn¢ KRAS onkogenu. KRAS (Kirsten rat sarcoma viral oncogene
homolog) je jednim z nejéastdji mutovanych genti u lidskych nadort® —
témeét Ctvrtina rlznych tumort vykazuje alteraci funkce genu KRAS.
Tento gen koduje protein, ktery hraje zasadni roli v pfenosu signalu a
bunééné proliferaci a je klicovym cilem let-7 miRNA (miRNAS), kterymi
je jeho funkce regulovana*®®*°. Let-7 miRNA sniZuje expresi KRAS
proteinu vazbou na 3’'UTR KRASMRNA®. Zménéna exprese let-7
microRNA se vyskytuje u riiznych typt nadort®®2. SNP (rs61764370),
také zndmy jako KRAS-LCS6, obsahujici zaménu T a G bazi, alteruje
vazebnou schopnost let-7 na KRASmMRNA, coZ mé za nésledek jak
zvydeni KRAS exprese, tak redukci hladiny let-7(Ref “>*"). Nékteré
skupiny autorti reportuji, ze nddory asociované s nekodujicimi SNP
(rs61764370) nevykazuji biologicky efekt pomoci transkripéni modulace
KRAS, ale spiSe pomoci zmé&néné exprese microRNA let-7(Ref ).
Vyskyt téchto SNP se v celosvétové populaci lisi geograficky. V databazi
ALFRED (The Allele FREquency Database) (Ref ®*) se uvadi ocekavana
heterozygozita (rs61764370) v Evropské populaci 0,05-0,25. Chin LJ*
reportuje vysledky genotypizovani 3433 vzorkd, reprezentujicich 46
geografickych populaci, Ze v obecné populaci je frekvence G alely KRAS-
LCS6 5,8% a okolo 7,6% v evropské populaci. Zajimavé je, Ze se tato
varianta prakticky nevyskytuje u rodilych Ameri¢ani a vychodnich
Asiattli a je velmi raritni u Afri¢and.

Ptedchozi studie prokazaly, ze SNP (rs61764370) je negativni
prognosticky marker u pozdnich stadii karcinomi tlustého streva®® a
pozitivni prognosticky indikator a prediktor 1écebné odpovédi u casnych
stadii tohoto nadoru®**. Nicméné systematicka revue a metaanalyza
provedend Langevinem a Christensenem® nepotvrdila asociaci mezi
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KRAS-LCS6 genotypem a celkovym preZitim nebo ptezitim bez progrese
u pacientl s kolorektalnim karcinomem a to ani po stratifikaci pacienti do
podskupin podle anti EGFR lécby. LCS6 polymorfismus je také
asociovan se zvySenym rizikem vzniku nemalobunécného karcinomu plic
u mimych kufdkd, triple negativnich  karcinomti prsu u
premenopauzalnich Zen, karcinomu ovaria u BRCA negativnich Zen se
syndromem familidrniho vyskytu karcinoma prsu a ovaria. Posledni
studie potvrzuji také vyznam LCS6 variantni alely u karcinomt ovaria u
postmenopauzalnich Zen a ukazuji, Ze je biomarkerem $patnych vysledki
1écby u tohoto onemocnéni, pravdépodobné diky rezistenci na terapii
platinou®®.

Na rozdil od vétSiny autord, ktefi se zamétuji na jednu diagnézu, v nasi
studii jsme vysetiili 1295 vzorkiit DNA pacientti s riznymi typy nadora a
kromé& stanoveni polymorfismu KRAS-LCS6 (rs61764370) byly u téchto
typt nadorit vySetfeny také dal§i vybrané prediktivni a prognostické
biomarkery, jako jsou mutace genti KRAS, BRAF, EGFR, status genu
HER2, LPL, c-MYC, a byl ovéfovan jejich mozny vzajemny vztah
k distribuci KRAS-LCS6 (rs61764370) genotypu. DNA byla izolovana z
riznych typt biologického materidlu. NejCastéji vyuzivanym zdrojem
nadorové DNA byla formalinem fixovana tkan zalitd v parafinu (FFPE),
dale pak cytologicke preparaty a take nativni zmrazeny materiél, ktery se
jevil jako nejlepSi pro ziskani kvalitni DNA, avSak nevyhodou byla
nutnost histologického ovéteni nadoru pomoci zmrazenych tfezi. Zasadni
pro uspéSnost analyzy je také primarni zpracovani materidlu a
preanalyticka faze, kdy muze dojit k vyznamnému poskozeni a inhibici
DNA. Je prokazano, Ze nespravna manipulace s materidlem v prib&hu
odbéru, pfi jeho transportu a fixaci muze zapfi€init ztratu vyznamnych
molekul®. Je potom v mnoha piipadech nemozné vysettit vzorky jak
metodou fluorescenéni in situ hybridizace, tak jinymi metodami
molekularni genetiky, anebo vysetifeni mohou byt zatizena chybou.

Ve vybrané skupiné¢ 184 vzorkli nadort prsu v zévislosti na statutu genu
HER2 jsme nasli signifikantni rozdily v distribuci G alely (TG genotypu)
u KRAS-LCS6 polymorfismu. U pacientai s HER2 negativnim
karcinomem byl nalezen KRAS-LCS6 TG genotyp ve 20,1%, naproti
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tomu ve skupiné pacientd s HER2 pozitivnimi karcinomy prsu byl nalez
pouze ve 3,3% vzorkl. Tento vysledek miize znamenat, ze KRAS-LCS6
TG genotype SNP (rs61764370) miize vést k alteraci v expresnim profilu
genu HER2.

Tyto vysledky vsak nekoreluji s néalezy Cerne®, kterd nepotvrdila
signifikantni asociaci TG/GG genotypu ve skupiné¢ pacienti s
karcinomem prsu se statutem genu HER2, pficemz v této studii bylo
analyzovéno celkem 506 piipadi karcinoml prsu, z ¢ehoz pouze 63
(12,45%) bylo HER2 pozitivnich. Autofi nasli pozitivni asociaci SNP
(rs61764370) pouze u podskupiny HER2 pozitivnich karcinomi s
vysokym histopatologickym gradem u pacientli se substitu¢ni hormondalni
terapii (HRT). Zastoupeni HER2 pozitivnich karcinomt prsu v naSem
souboru pacientil vSak bylo vyssi (16,3%), takze se domnivame, Ze 1épe
odrazi vzajemnou asociaci mezi HER2 pozitivitou a KRAS-LCS6 TG
genotypem.

V neselektované skupiné naSich vzorkii karcinomt prsu byla nalezena
frekvence TG genotypu u SNP (rs6174370) v 16,4%, coZz odpovida
nalezim Cerne™, ktera tuto frekvenci nalezla ve skupiné sporadickych
karcinomu prsu v 17,2%. Tyto nédlezy nepodporuji hypotézu, Ze KRAS
varianta rs61764370 se podili na etiologii sporadickych nebo familiernich
karcinomi prsu. Také Paranjape a kol.>® ve své préci nenalezli statisticky
vyznamny rozdil v celkové frekvenci distribuce variant genotypti KRAS-
LCS6 ve vzorcich karcinomt prsu a kontrolni skupinou. V této studii byla
nalezena signifikantni asociace KRAS-LCS6 pouze u skupiny karcinomu
prsu u premenopauzélnich Zen s negativitou estrogennich a
progesteronovych receptord. V nasi studii nebyla asociace SNP
(rs6174370) s hormondalnimi receptory sledovana z divodu rozpadu
souboru na malé podskupiny, jejichz analyza by s nejvetsi
pravdépodobnosti nepfinesla statisticky vyznamné vysledky.

Ve skupin¢ kolorektalnich karcinomi, byl nalez frekvence TG genotypu
SNP (rs61764370) 12,4%. Nebyl prokazan signifikantn€ vyznamny rozdil
mezi distribuci TG genotypu v jednotlivych podkupinéch, do kterych byly
vzorky rozdéleny podle mutacniho statutu geni KRAS a BRAF. V
podskupin¢ KRAS/BRAF wild type byla frekvence 10,6%, v podskupiné
KRAS mutovanych karcinomi 10,1% a ve skupiné BRAF mutovanych
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karcinomti CRC byla nalezena frekvence 18,5%. Ptesto, ze ve skupiné
BRAF mutantnich CRC pacientdl pozorujeme tendenci téméft
dvojnasobného vyskytu sledované alely ve srovnani s KRAS/BRAF
wildtype a KRAS mutovanou skupinou, nebyl pii pouziti y2-testu nalezen
statisticky vyznamny rozdil. Nebyla tedy prokéazana signifikantni asociace
mezi KRAS a BRAF muta¢nim statutem a KRAS-LCS6 genotypem u
kolorektalniho karcinomu. Nalezenad frekvence KRAS-LCS6 G alel (TG
genotypu) ve skupiné KRAS/BRAF wild type je v souladu s vysledky
publikovanymi jinymi autory Paez®®. Naopak rozdilné vysledky nalezli
autofi Graciano a kol.*®, ktefi nalezli signifikantng vyssi frekvenci KRAS-
LCS6 G alel u KRAS mutovanych karcinomil. Také norska studie® a
studie autord Sha®” nepotvrdili ve svych vysledcich asociaci mutace
KRAS a BRAF genu s KRAS-LCS6 genotypem u pacientii s kolorektalnim
karcinomem. Zavéry téchto studii jsou v souladu také s nasimi vysledky.
Let-7 micro RNA jsou dulezitymi molekulami také u karcinomu plic.
Nékte autofi® uvadgji silnou asociaci mezi mutaci KRAS genu a
ptezitim pacientli s nemalobunéénym karcinomem plic. V souladu s tim je
také redukce exprese let-7 asociovana se $patnou prognozou pacientd. V
nasi skupiné€ 311 vzorkli nemalobunééného karcinomu plic byla nalezena
varianta TG genotypu v 13,2%. NaSe vysledky koreluji s vysledky
ostatnich autorﬁGS, ktefi potvrdili frekvenci variant alel v 14,7%. Tato data
ukazuji, Ze KRAS-LCS6 polymorfismus ma limitovany (pokud néjaky)
klinicky vyznam u nemalobunééného karcinomu plic. V nasi praci také
nebyl nalezen signifikantni rozdil mezi jednotlivymi podskupinami
NSCLC stratifikovanych podle mutacniho statutu genu EGFR. Z téchto
dat vyplyva, Ze LCS6 neni vhodny marker zvySeného rizika NSCLC, coZ
jako hypotézu uvédi ve své préaci Chin LJ*

V heterogenni skupiné 151 histologicky potvrzenych naddori CNS byl TG
genotyp SNP (rs61764370) nalezen v 17,9% vzorkl. Také v této skupiné
nebyl prokazan signifikantni rozdil ve srovnani s ostatnimi typy nadort.
Ve skupiné 135 pacientd s karcinomem prostaty byl TG genotyp
prokazan v 14,8% analyzovanych vzorkl a nebyl prokazan signifikantni
rozdil mezi jednotlivymi podskupinami vzorkl stratifikovanymi podle
nalezu aberaci geni LPL a c-MYC a také mezi podskupinami pacientii
stratifikovanymi podle gradu nddoru Grade | - Grade III, pfi¢emz grade
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odrazi hodnotu Gleasonova skoére, kdy Grade 1 je hodnota 1- 3
Gleasonova skore, grade 2 je 4-6 a Grade 3/4 zahrnuje Gleasonovo skére
7 a vice. V soucasné literatufe nejsou dostupna data podobnych analyz
nadortt CNS a prostaty umoznujici porovnani naSich vysledki s vysledky
jinych autort.

Ve skupiné melanomt byl prokazan TG genotyp SNP (rs61764370) v
14,7% vzorkil a v jednotlivych podskupinach melanomil stratifikovanych
podle mutac¢niho statutu genu BRAF nebyla prokdzana asociace mutace
genu BRAF s KRAS-LCS6 genotypem. Jednoznacné vSak byl prokazan
signifikantné vyznamny rozdil ve stfedni hodnoté véku mezi pacienty s
mutaci BRAF genu V600E a BRAF wild type. Tento vysledek koreluje se
studii autori Menzies a kol.%, ktefi prokézali, Ze frekvence non V600E
genotypu (v¢etné¢ VO600K) vzrista s vyssi dekadou veku a navic, Ze vék v
dob¢ diagnozy vzdalenych metastaz melanomu je signifikantné nizsi u
BRAF mutovanych melanomi. Také studie japonskych autora’® prokazala
signifikantni asociaci mutace BRAF genu s mlad$im vékem pacienti
(median 50,0 vs. 70,0 let, p<0,001).

Nase analyzy nepotvrdily vyznamny rozdil mezi skupinami jednotlivych
typi karcinomi (P= 0.484), coz odpovida vysledkd studie Chin LI*°, kde
také neni popisovan signifikantni rozdil frekvence vyskytu G alel
(TG/GG genotypu) KRAS-LCS6 polymorfismu ani mezi jednotlivymi
skupinami nadora ani mezi nadory a béznou populaci.

2.2.4 Zavér

Stanoveni rizikovych faktori u nadorovych onemocnéni ma zasadni
vyznam pro zlepSeni diagnostiky a 1€¢by téchto onemocnéni. Vzhledem k
vysokému potencidlu vyuZiti jak miRNA let7, kterd hraje vyznamnou roli
v tumorigenezi nadori pomoci regulace exprese mnoha onkogent %,
tak KRAS genu, ktery je jednim z nejcastéji mutovanych geni humanich
tumord, jakozto prediktivniho nebo prognostického biomarkeru, jsme se
zaméfili na vySetfeni frekvence vyskytu G alel v SNP (rs61764370) u
jednotlivych vybranych skupin solidnich nadorii. Na zaklad¢ naSich
vysledki byl nalezen signifikantni rozdil v KRAS-LCS6 genotypu v
zavislosti na statutu genu HER2 u karcinomu prsu. Tento vysledek
naznacuje, ze KRAS-LCS6 G alela (TG/GG genotype) miize vest k
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alteraci v expresnim profilu HER2 genu, coz by mohlo byt vyuzito jako
potenciélni biomarker rozvoje HER2 negativnich karcinomi prsu. Pro
potvzeni tohoto nalezu bude nutna dalsi analyza vzorkt karcinomu prsu.
Naproti tomu nebyl prokézan vyznamny rozdil ve vyskytu KRAS LCS6 G
alel (TG/GG genotype) mezi jednotlivymi skupinami studovanych
nadort.
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3. Souhrn

Molekularné genetické testovani nadori je velkym ptislibem do budoucna
s potencidlem k ziskani novych informaci, které mohou byt vyuzivany v
klinickém rozhodovani. Nejvétsi vyznam ma objevovani novych
kandidatnich geni umoznujicich piesnou diagnostiku a cilenou
biologickou 1é¢bu, kterd by byla mnohem ucinnéjsi na nadorové tkané a
mnohem mén¢ toxicka pro normalni buiiky. Nezbytnost ziskavani novych
informaci o biologii naddori pfindsi s sebou také pozadavky na kvalitu
vzorkll a zachézeni s biologickym materidlem v pribéhu jeho odbéru a
fixace. Byly prokadzany ztraty vyznamnych cilovych molekul vlivem
metabolického stresu, tkanové ischemie, acidéozy a enzymatické
degradace, ke kterym muze dochazet v pribéhu chirurgického vykonu, pfi
transportu vzorkd a nespravné fixaci materialu. Vzhledem k tomu, Ze
urceni biologické povahy melanocytarnich 1€zi je jednou ze zékladnich
podminek spravné léCby, bylo jednim z cili nasi prace analyzovat
vybrané genetickeé aberace (CCND1, RREB1 a MYB genii) u histologicky
nejednoznacnych melanocytarnich 1ézi s vyuzitim metody fluorescen¢ni
in situ hybridizace a posoudit jejich vztah k jednotlivym subtypiim
melanomt. Bylo vySetfeno celkem 160 vzorkl, z nichz u 116 byl
prokézan pozitivni nélez genetickych aberaci, a 41 wvzorki bylo
negativnich. Ve tfech piipadech nebylo mozné jednoznaéné rozhodnout o
pozitivité nalezu. NejCastéjsi zménou byla amplifikace vSech tfi gena
(CCND1, RREB1 a MYB), nasledovala amplifikace samotného genu
CCND1 a dale amplifikace genu CCND1 spolu s deleci nebo amplifikaci
genu MYB. Z vysledkt vyplyva, ze nejmensi pocet zmén sledovanych
lokust je mozné pozorovat u melanoma in situ, nejvetsi prumérny pocet
zmeén byl zjistén u akrolentigin6znich melanomt, Spitzové melanomi a
povrchové se Sificich melanomi s vertikalizaci. Kumulace genetickych
zmén by tedy mohla svédCit pro progresi onemocnéni a odpovida
vysokému malignimu potencidlu téchto 1ézi.

Druhym cilem prace bylo porovnani polymorfismu KRAS-LCS6
(rs61764370) u skupiny vybranych typt nadort. Vyskyt téchto variant
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pak byl korelovan s vyskytem vybranych prediktivnich a prognostickych
biomarkerti v ¢eské populaci v kontextu identifikace nového markeru,
ktery by mohl stratifikovat pacienty do podskupin s ohledem na jejich
piipadnou rezistenci na 1écbu. Vzhledem k tomu, Ze zarodecny
polymorfismus SNP (rs61764370) je v soucasnosti velmi studovan v
souvislosti s mnoha typy nadort, porovnavali jsme soucasné vysledky s
jiz publikovanymi daty. Celkem bylo retrospektivné vySetfeno 1295
vzorkt. Analyza SNP (rs61764370) KRAS-LCS6 byla provadéna
polymerazovou fetézovou reakci (PCR) s enzymatickou digesci a podle
fragmentti byly identifikovany genotypy. Byl nalezen signifikantni rozdil
v distribuci G alely (TG genotyp) v individualnich podskupinach u
karcinomu prsu v zavislosti na statutu genu HER2. Validita tohoto
vysledku by méla byt potvrzena dal$i nezavislou prospektivni studii.
Naopak nebyl nalezen rozdil mezi jednotlivymi skupinami néadorti ani
uvnitf téchto skupin pfi porovnani s jiz vySetfovanymi biomarkery
(mutace genit KRAS, BRAF, EGFR, status genia HER2, LPL a c-MYC). Pti
provadéni statistickych analyz ziskanych dat byl nalezen signifikantni
rozdil ve stfedni hodnoté¢ v€ku mezi pacienty s melanomem s mutaci v
BRAF genu V600E a BRAF wt. Tato studie je pilotni k dlouhodobé&jsimu
projektu, jehoz cilem bude porovnani lokalizace a klinickohistologickych
charakteristik s genovymi alteracemi u pacienti s melanomem.
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4. Summary

Testing tumors using molecular genetic approaches holds great promise
for gaining new information that can aid in clinical decision making. Of
greatest importance, is discovery of new candidate genes that could
enable accurate diagnostics and targeted biological treatment that will be
much more effective towards malign tissue and less toxic to normal cells.
However, this presupposes high sample quality and proper sample
handling during acquisition and fixation. Loss of key target molecules due
to metabolic stress, tissue ischemia, acidosis and enzymatic degradation,
can occur during surgery, sample transport and incorrect fixation of
material. As the biological behaviour of melanocytic lesions is an
important term of the right treatment, we aimed at analysing the selected
genetic abberations (CCND1, RREB1 and MYB genes) in histological
ambiquous melanocytic lesions by using fluorescence in situ
hybridization method. We evaluated the association of genetics changes
with subtypes of melanomas. In 116 cases out of 160 analysed samples
were found genetics abberations and 41 samples were negative. Atypical
and ambiquous finding was found in 3 cases. The most common
alteration was amplification of all three genes (CCND1, RREB1 and
MYB), followed by single amplification of CCND1 gene. Another group
of genetics changes were coamplification of CCND1 and MYB genes and
amplification of CCND1 gene in common with deletion of MYB gene.
Minimum of genetics abberations was found in melanoma in situ and the
large number aberrations was found in acrolentiginous melanoma, Spitz
melanoma and SSM melanoma. Accumulation of genetics changes
suggests progression of diseases and high malignant potential of lesions.

The second aim of our study was comparing the polymorphism KRAS-
LCS6 (rs61764370) in a group of selected tumors. The occurrence of
variants was then correlated to selected predictive and prognostic
biomarkers in a Czech population, to identify a new marker that would
serve to stratify patients into subgroups reflecting possible resistance to
treatment. As germinal polymorphism SNP (rs61764370) is currently
under investigation in relation to a number of tumor types, we
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concurrently compared the results with published data. Altogether, 1295
samples were analyzed retrospectively. SNP (rs61764370) KRAS-LCS6
was analysed using polymerase chain reaction (PCR) with enzymatic
digestion and, genotypes were identified from fragments. We found a
significant difference in the distribution of the G allele (TG genotype) in
subgroups of breast carcinoma depending on the HER2 gene status. The
validity of the results was tested in another independent prospective
study. However, no difference was found either between individual tumor
groups or within groups compared to previously evaluated biomarkers
(mutations of KRAS, BRAF, and EGFR genes, and the status of HER2,
LPL and c-MYC genes). The statistical analysis showed a significant
difference in mean age of melanoma patients with the V600E mutation in
the BRAF gene and patients with wild type BRAF gene. This was a pilot
study in the context of a long-term project, the aim of which is to compare
localization and histology type of tumor with gene alterations in
melanoma patients..
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SUMMARY

The authors report a case of a 64-year-old man with chronic lymphocytic leukaemia (CLL) diagnosed 5 years ago. Recently, the patient
was admitted with a tumour of the skin in the left lumbar region. Histological and immunohistochemical examinations established the
diognosis of Merkel cell carcinoma (MCC). E|ectron-microscopic examination revealed the formation of spherica| aggregates of infer-
mediate-sized filaments in the perinuclear region. The coincidence of MCC and CLL is rather rare and in published cases, no cytoge-
netic examinations were performed. We examined the RB1 gene using the interphase FISH method. A biallelic delefion in CLL tumour
cells was detected; in MCC tumour cells, biallelic deletion was found in 33 % of the cells and monoallelic deletion in 57 % of the cells.
In addition, chromosome 6 frisomy and 1p36 delefion were detected. Examination of non-neoplastic cells of the patient's skin showed
a biallelic presence of the RB1 gene. According to the relevant literature, examination of the RB1 gene in CLL has informational value
as a prognostic factor. The relationship between deletion of the RB1 gene and prognosis in MCC has not yet been defermined and
needs more research.

Keywords: Merkel cell carcinoma - chronic lymphocytic leukaemia — immunohistochemistry — RB1 gene

Koincidence chronické lymfatické leukémie a karcinomu z Merkelovych bunék: delece RB1 genu v obou
nadorech

SOUHRN

Autofi popsali pripad 64-letého muze, u kterého byla zjisténa chronickd lymfatické leukémie (CLL) pred péti lety. V soucasné dobé byl pa-
cient pijat pro nddor kiize v lumbdlni oblasti vlevo. Histologické a imunohistologické vysetfeni ukazalo, Ze jde o karcinom z Merkelovych
bungk (MCC). Elektronové mikroskopické vysetfeni ukézalo charakteristické paranuklearni globule tvorené intermediélnimi filamenty. Koin-
cidence MCC a CLL je pomérné vzécné a cytogenetické vysetfeni zde nebyla publikovéna. Vysetfovali jsme RB1 gen pomoci interfézové
FISH metody. Cytogenetické vy3etieni RB1 genu ukézalo bialelickou deleci u nddorovych bungk CLL; u MCC byla bialelicka delece u 33 %
a monoalelické delece u 57 % bunék. Sou¢asné byla prokazéna frizomie 6 a delece 1p36. Vysetteni nenddorové kize ukézalo pFitomnost
RB1 genu v obou dleléch. Podle literérnich Gdajt mé vysefteni RB1 genu u CLL vyznam pii stanoveni prognézy onemocnéni. Vziah mezi
deleci RB1 genu a prognézou onemocnéni nebyl dosud u MCC stanoven a vyzaduie vy3etieni dalsich pFipado.

Kli¢ové slova: karcinom z Merkelovych bungk — chronické lymfatické leukémie — imunohistochemie — RB1 gen

Cesk Patol 2011; 47(3): 118-121

The coincidence of Merkel cell carcinoma (MCC) and chronic
lymphocytic leukaemia/small lymphocytic lymphoma (CLL) was de-
scribed in isolated cases (1-3). To distinguish the tumours, immuno-
histochemical or electron-microscopic examination is required in
most cases. In cases where MCC occurs subsequently after the for-
mation of CLL, it is necessary to eliminate the possibility of a trans-
formation to lymphoma of a high grade of malignancy.

Cytogenetic examination of MCC reveals a deletion of the RB1
gene (location 13q14), trisomy 6 occurs in about 50 % of cas-
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es and distal deletion involving chromosome 1p35-36 is com-
mon; in CLL, 13q14 deletion is rather frequent as well (4,5). The
goal of this study was to examine both tumours in histological,
immunohistochemical and cytogenetic terms. The interphase FISH
method was used to prove the presence of the tumour suppres-
sor gene RB1.

MATERIALS AND METHODS

In a 64-year-old patient, CLL was diagnosed 5 years ago by flow
cytometry of peripheral blood - the lymphocytes were CD5 and
CD19 positive. The disease did not progress, and the patient was
followed in clinical conditions, but he was not treated (watch and
wait management). Neither the lymph nodes, spleen nor liver were
enlarged. During the examination, the number of lymphocytes in
the peripheral blood was 47.2 x 109/L, erythrocytes 2.52 x 1012/L,
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Fig. 1. Merkel cell carcinoma of the skin in the lumbar area.

thrombocytes 98.4 x 109/L and the concentration of haemoglobin
86g/L.

A hemispherical tumour sized 4.0 x 6.0 cm occurred on the skin
in the left lumbar region with a 4-month history (Fig. 1). The tumour
was removed surgically and no relapse was found in the next 8
months of clinical follow-up. Standard histological, immunohisto-
chemical, electron-microscopic and cytogenetic examinations using
the FISH method were performed.

The tumour of the skin was fixed by 4% neutral formalin and
processed using a standard paraffin technique. Histological sec-
tions were stained with haematoxylin-eosin.

I >histochemical examination. All immunohistochemical
examinations were performed using the avidin-bi-
ofin complex method according to the manufactur-
er's data sheets with positive and negative controls.
The following antibodies were used (dilution in
parenthesis): AE1-AE3, clone AE1-AE3 (1:50);
CK20, clone Ks 20.8 (prediluted); CK7, clone OV-
TL 12/13 (1:50); NSE, clone 2F117 (1:50); LCA,
clone 2B11+PD7/26 (1:100); CD20 clone L26
(1:100); CD45 RO, clone UCHL 1 (1:100); Bdcl-2,
clone_ 124 (1:25); CD117 (1:25); CD99, clone
12671 (1:25); vimentin, clone 3B4 (1:50); Ki-67,
clone MIB-1, all from DAKO Glostrup, DK; synap-
tophysin, clone 27G12 (1:100); chromogranin,

clone 5H7 (1:100); CD56, clone 1B6 (1:100); TTF-  Fig. 2. Merkel cell carcinoma consists of medium-
1, clone SPT24 (1:50), from Novocastra, Newcas-  $ized tumour cells containing rather large, ovel,
tle_upon_‘rynel UK; CAM 5'2 (‘l :2001 produced by I'\ypercl'\rom(]flc nUClel Gnd a SmQ” amount OF Cy-

toplasm. Haematoxylin-eosin, magnification 400x.

Becton Dickinson, USA.

Electron-microscopic examination. Small pieces
of tumour tissue were prefixed in 3% glutaralde-
hyde in a 0.2 M phosphate buffer pH 7.4 for 24
h at 4 °C and postfixed in a 2% osmium fetroxide
in phosphate buffer for 2 h at 4 °C, followed by de-
hydration and embedding in an Epon-Durcupan
resin. Ultrathin sections were stained with uranyl
acetate and lead citrate. The FEI Morgagni 268(D)
electron microscope was used for the examination.

Interphase fluorescence in situ hybridization
(FISH). Paraffin sections with a thickness of 5um
were heated overnight at 56 °C. After the paraffin

was removed, paraffin-free sections were perme-  Fig. 4. Merkel cell carcinoma - paranudear ag-
abilized using HCl and incubated in sodium thio-  gregates of intermediate-sized filaments. Elec-
cyanate (NaSCN). Then, proteolytic predigestion  tron-microscopy, magnification 7100x
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with protease at 37 °C for 30-35 minutes followed. The sections
were postfixed in a 10% buffered formalin and, after the probe was
applied, co-denatured at 85 °C for 1 minute. Hybridization was
carried out overnight at 37 °C. After the probe was washed out,
the nuclei were additionally stained with DAPI II. The result was read
in a fluorescent microscope. The following probes were used for the
hybridization: LSI 13(RB1) 13q14 Spectrum Orange Probe and
Spectrum Green Probe, LSI 1p36/1q25, LS| 13g34; CEP 6 made
by Vysis, Abbott Laboratories Inc., Des Plaines, IL, USA.

According to a standard method, cultured lymphocytes from the
patient’s peripheral blood were processed as well. The LSI 13(RB1)
13914 Spectrum Orange Probe was used together with the LSI
1334 Spectrum Green Probe (Vysis, Abbott) for verification pur-
poses.

RESULTS

Histological examination of the skin tumour showed a malig-
nant neoplasm consisting of medium-sized cells having large nu-
clei with homogeneous chromatin (Fig. 2). Necrosis was observed
in some nodules. The tumour extended from the upper dermis to the
subcutis; angioinvasion was evident in some areas. The mitotic rate
was high (50 mitoses/10HPF).

The immunohistochemical examination revealed that the tumour
cells reacted positively with the following markers: CK20 (dot-like
paranuclear positivity) (Fig. 3), synaptophysin, Bcl-2, CD99, CD56,
proliferation marker Ki-67 was positive in about 40 % of cells.
Negative results were found with the following markers: TTF1, LCA,
CD20, CD45RO, CD10, CK7, AE1-AE3, CAM 5.2, vimentin,
CD117.

Electronmicroscopic examination showed mostly spherical for-
mations consisting of intermediate filaments in the cytoplasm of

Fig. 3. Merkel cell carcinoma — paranuclear
dot-like positivity with an antibody against
CK20. Immunohistochemistry CK20, magnifi-
cation 400x.

Fig. 5. Biallelic deletion of the RB1 gene in
Merkel cell carcinoma. Interphase FISH method
with a 13q14 probe, magnification 5000x.
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many cells in the paranuclear area (Fig. 4). The presence of neu-
rosecretory granules was minimal. Cell junctions were formed by
desmosomes.

Using the interphase FISH method in MCC, monoallelic deletion
of the RB1 gene was shown in 57 % of tumour cells and biallelic
deletion in 33 % (Fig. 5). Examination of the tumour-free cells of
the patient's skin revealed the presence of the RB1 gene in both al-
leles. In the neoplastic lymphocytes of CLL, deletion of the RB1 gene
was found in both dlleles. In addition, chromosome 6 trisomy and
1p36 deletion were found in MCC.

DISCUSSION

MCC is a rather rare tumour that occurs predominantly at the
age of about 68 years (4,6). It is derived from Merkel cells dis-
persed between basal cells of the epidermis and hair follicles.

On the contrary, CLL is one of the most frequent leukaemias/lym-
phomas of the western world with incidence increasing with age.
The mean age of diagnosis is 65 years (7).

Brenner et al. (1) found, in a group of 67 patients diagnosed
with MCC, that a second neoplasia occurred in up to 25 % of the
patients; in 63 % of cases the second tumour occurred before the
formation of MCC, 2 % contemporaneously and 26 % subsequent-
ly. The average time of formation of the secondary neoplasia was
4 years. In our case, CLL preceded and it was not treated. MCC oc-
curred 5 years later.

Two main causes play a role in the carcinogenesis of these two tu-

mours:

a) an immune system defect with various immunocompromised
conditions (8,9).

b) cytogenetic changes; particularly 13q losses with deletion of the
RB1 locus are very important in most cases (10). Protein of the
RB1 gene (pRB1) reacts with the family of transcriptional fac-
tors involved in cell cycle regulation. If pRB1 is bound to the
transcription factor E2F, the cell does not enter the cell cycle
(11).

Another cause of carcinogenesis in MCC is Merkel cell poly-
omavirus, found in about 80 % of cases (12,13). After viral epi-
some disruption and integration into the cell genome, the process
of carcinogenesis can be initiated.

Although the suppressor gene RB1 was discovered in refinoblas-
toma, its mutations and deletions are associated with other types
of tumours as well, such as small-cell lung cancer, bladder cancer,
cervical cancer and prostate cancer.

In CLL, deletion of the RB1 gene (13q14) can be found frequent-
ly. Using the FISH method, the deletion was found in 40-50 % of
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tion of the RB1 gene in both tumours is an incidental event having
no connection with mutation mosaicism.

Chromosome 6 trisomy occurs in almost 50 % of cases in pa-
tients diagnosed with MCC, and deletions of 1p35-36 are frequent
as well (4). Both cytogenetic abnormallities were present in our case.

Using immunohistochemical methods, MCC must be distin-
guished particularly from lymphomas, metastasis of small-cell lung
cancer, Ewing’s sarcoma/PNET and melanoma. By immunohisto-
chemical examination, dot-like positivity with an antibody against
CK20 is found. The finding is typical of MCC and it was noted in
our case as well. Small-cell lung cancer expresses the CK20 mark-
er in only 0.03 % of cases (16). On the contrary, positivity with an
antibody against CK7 occurs in up to 43 % of small-cell lung can-
cer cases. The TTF-1 marker is typical of small-cell lung cancer, and
is positive in more than 90 % of cases (16). In our case, the CK7
and TTF-1 markers were negative.

MCC can be distinguished from lymphomas by immunohisto-
chemical examination with the LCA, CD20, CD45RO and CD10
antibodies. A positive finding including markers CD99, synapto-
physin and CD56 would favour Ewing’s sarcoma/PNET. This di-
agnosis is also disproved by the findings of dot-like positivity with
an antibody against cytokeratin CK20 and of infermediate filaments
by electron-microscopic examination (16).

A coincidence of CLL and MCC can probably occur accidental-
ly in a patient’s life. Since the number of tumours increases substan-
tially in later life, the probability of their concurrent or subsequent
occurrence increases as well. Deletion of the RB1 gene occurs fre-
quently in the two tumours as well. Results of the RB1 gene exam-
ination in progenitor cells would also be interesting. Deletion of
the RB1 gene adversely affects the prognosis of certain tumours such
as plasmacytoma and CLL (5,17).

Relationship between deletion of the RB1 gene and prognosis
in MCC has not been defined.
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... 1méf 70 % angiosarkomy kosti je cytokeratin pozitivnich
s moznou snadnou zdménou za metastaticky karcinom

Vaskularni nddory kosti (kromé hemangiomd) jsou vzécné a je-
jich klinické pFiznaky a histologické znaky jsou variabilni — od snad-
no rozpoznatelné vazoformativni proliferace po nediferencovany
nador. Angiosarkomy (AS) kosti jsou zndmy svym nepredvidatel-
nym chovéanim a mohou byt extrémné agresivni.

Autori ze dvou kontinentd se pokusili na sestavé 42 angiosar-
kom kosti od 38 pacientd definovat histologické znaky primarni-
ho kostniho angiosarkomu, které zatim nejsou nikde v literature jed-
noznaéné vymezeny. Podle n&kterych je AS kosti definovén high-
grade cytologickymi atypiemi a vysokou mitotickou aktivitou, jini
doporuéuji jako kritérium jadernou hyperchromézii, pleomorfismus
a vysokou mitotickou aktivitu (> 5 mitéz/10 HPF).

Dalsim cilem studie byla eventudlini identifikace intermediarni ka-
tegorie vaskularnich nadord kosti lezici mezi epiteloidnim heman-
giomem a AS kosti. Bylo naznageno, Ze endotelialni malignity kos-
ti by mély byt povazovéany za sou¢ast spekira, jehoz limitem na jed-
né strané jsou zcela benigni afekce, na druhé high-grade endote-
liéIni malignity (AS). Klasifikace nédora s morfologii mezi b&znym
hemangiomem a angiosarkomem je pongkud kontroverzni. Dobie
popsanou jednotkou je epiteloidni hemangiom, ktery moze byt mul-
tifokalni, mze destruovat kortex a §ifit se do mékkych &asti, a re-
cidivuje v 8 % pripadl a ve 2 % metastazuje do lymfatickych uzlin.
Mé znaéné podobnosti s naddorem, ktery byl popsén Evansem et
al. joko hemangioendoteliom kosti s intermediérnim biologickych
chovanim. Nicméné kritéria odlisujici epiteloidni hemangiom a he-
mangioendoteliom nejsou v literatute uvédéna, snad kromé lobu-
l&rni architektury u epiteloidniho hemangiomu. Dalsim malignim
tumorem je epiteloidni hemangioendoteliom kosti s charakteristic-
kou morfologii, identickou jako u m&kkotkariovych pripadd.

CESKO-SLOVENSKA PATOLOGIE 3/2011

aneb nemélo by vam uniknout, ze ...

Pro tyto dva cile bylo vybrano 80 tumor od 74 pacientd dia-
gnostikovanych jako AS kosti, a vybréany byly nadory vykazujici
atypie, hyperchromazii jader, mitézy a/nebo atypické mitézy, aty,
které byly pozitivni v imunoreakci nejméné pro jeden endotelilni
marker.

Histologicky AS kosti nejéastéji vykazovaly solidni rost, v 50 %
pFipadt byly pitomné zralé cévy, vzdy vystlané atypickymi endo-
teliemi. Vétsina angiosarkomd méla epiteloidni morfologii. Castym
histologickym znakem byla pfitomnost intracytoplazmatickych va-
kuol s erytrocyty nebo prézdnych, extravazace erytrocytt s depo-
zici Fe. Viechny nédory vykazovaly cytonuklearni atypie, od leh-
kych az po t8zké. U vétiiny angiosarkomd byla jédra nédorovych
bungk vezikulérni, a ve vice nez poloving piipadi tato jadra ob-
sahovala 1 - 3 jadérka, a asi ve tretiné makronukleoly (pokud
> 75 % nédorovych bungk obsahovalo jadérko, které mélo roz-
mér poloviny lymfocytu, tj. 4 um ¢&i vési). V poloving nédoro byly
nekrézy, ve viech pripadech byl pritomen zangtlivy infiltrat rozné
intenzity, obvykle lymfocytérni, ale eozinofilni infiltraty (> 4 eozi-
nofily/10 HPF) byly témé&r v 50 % piipado.

Imunohistochemicky bylo 95 % pFipads CD31+, 39 % CD34+
a 60 % vWF+. Viechny nadory byly pozitivni nejméné pro jeden
endoteliaini marker, coz viak bylo selekeni kritérium. 2/3 vykazo-
valy pozitivitu izolovanych bungk pro hladkosvalovy aktin, D2-40+
byla 1/3. 69 % bylo cytokeratin (CK) pozitivnich (viechny s epite-
loidni morfologif). Solidni rost, epiteloidni bufiky, pozitivita CK
a multifokalita tak moze vést ke snadné zaméné s metastatickym
karcinomem a na tuto moznost je treba myslet pfi vysetfovéni po-
dezrelé kosti ,metastazy karcinomu”.

Zdroj:
Verbeke SL et al. Distinct histological features characterize primary angio-
sarcoma of bone. Histopathology 2011; 58(2): 254-264.

- K. Vesely -
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Kvalitni mezioborova s

jako duletity faktor pro prediktivni \ vyse
u nemalobunécného karcinomu plic

mmmynamompuc

Klicové postupy v lé¢bé nemalobunéénych karci-
nom se vyznamné zménily od doby, kdy do te-
rapie zasahly inhibitary tyrozinkindzy EGFR. Bylo
prokdzéno, Ze tyto inhibitory snizuji proliferaci bu-
nék u karcinomu plic, &imZ blokuji rist tumaru.
Madéji pro pacienty pfinasi biologicky cilena le¢-
ba timto inhibitorem EGFR tyrozinkinazy, ktera
vede u nékterych nemocnych s nemalobunéény-
mi karcinomy plic ke stabilizaci & (stupu nadoru
a ke zlep3eni kvality | délky Zivota. Proto je v sou-
tasné dobeé vysetiovano nékolik molekularné-
genetickych markerd. Pfibyva tak mnoho dkazd
o tom, e pfitomnost nékterych mutaci EGFR ge-
nu je nejen prognostickym faktorem, ale | predik-
torem Uinnosti cilené biologické 1é¢by.

Receptor pro epidermalni riistovy faktor

Receptor pro epidermélni riistovy faktor (EGFR) je
membranovy glykoprotein s ddleZitou roli v pro-
cesech proliferace, diferenciace a pfeivani nor-
malnich bunék, Nadmémd exprese EGFR genu je
popisovana u riznych typl solidnich nadord. Je
to pfedeviim nemalobunéény plicni karcinom
(NSCLC), déle nadory prsu, hlavy a krku, trdviciho
traktu, mo&ového méchyre, vajednikl, kolorektal-
nich nadord a glioblastomd. Tato nadmérna ex-
prese e v téchto piipadech spojovéna s pokrodi-
lym stupném rozvoje anemocnénia horéi prognd-
zou. Souéasné studie tykajici se problematiky
NSCLC uvadéji, Ze u nékterych pacientd byly de-
tekovany somatické mutace v genu pro EGFR.
Frekvence vyskytu mutaci v genu pro EGFR se
pohybuje mezi 5 a 20 % v zdvislosti na populaci.

Vyyskyt téchto mutaci zaroven koreluje s efektivitou
Uiinku tyrozinkindzowych inhibitord (TKI), jako jsou
gefitinib (Iressa) nebo erlotinib (Tarceva) pfi léché
NSCLC. Vyskyt aktivaénich mutaci v EGFR genu
kareluje s vnimavosti nadoru na 1é¢bu, zatimco
piitomnost jedné z mutaci, T790M, koreluje s re-
zistenci viiei TKI, Mutaéni status DNA pacientova
nédoru mize tudiz poskytnout Uéinny nastroj pro
stanoveni nejefektivnéjii strategie 1éZby NSCLC.

Anaplastic Lymphoma Kinase gen (ALK)

V souladu s novymi poznatky je doporuéeno
pacienty s NSCLC testovat take na pfitomnost
EML-ALK fuzniho genu, Aberace lokusu ALK na
chromozomu 2p23 se Ucastni ve vyvoji nemalo-
bunééného karcinomu plic, lymfomd a neuroblas-
tomi. Gen ALK koduje transmembranovy glyko-
protein s tyrozinkinazovou aktivitou. Aberace se
zndmymi fznimi partnery zplisobuji, ze ALK kina-
zova doména je regulovana promotorem jineého
genu, Disledkem takové fuze je chiméricky pro-
tein s konstitugni tyrozinkindzovou aktivitou, kterd
hraje klicovou roli v fizeni bun&gné proliferace.
U nemalobunéénych karcinoma plic byla aberace
genu ALK poprvé identifikovéna v souvislosti s ge-
nem EML4 (Echinoderm Microtubule Associated
Protein - Like4), Fize genld EML4-ALK zahrnuji
varianty obsahujici vice zlomovych oblasti genu
EML4 v exonech 2,6,13,14,15,18 a 20 a viechny
varianty se ziomem v exonu 20 genu ALK. Kromé
fuze s genem EML4 dochézi u nemalobunécnych
karcinoml plic k dalsim fuzirm genu ALK s geny
TFG a KIF5B. Pacienti s pfestavbou ALK genu vyka-
zuji Ié¢ebnou odpovéd na novy Anaplastic Lym-
phoma Kinase (ALK) inhibitor crizotinib. Prestavby
ALK genu za vzniku EML4-ALK fuzniho genu se
vyskytuji u 27 9% pacient s NSCLC a slouZ| jako
daldi prediktivni marker,

Rutinni zavedeni testovani mutaci EGFR

Zaveden/ vy3etfovéni aktivatnich mutaci EGFR
u nemalobunééného karcinomu plic do rutinni
praxe v Moravskoslezském kraji pfedchazelo jen
nékolik minisympozii a mezioborovych semindfi.
Vregionu se tato testovani podafilo zrealizovat ve
velmi kratkém Easovém intervalu nékolika
mésicl.

Protoze lé¢ba vyZaduje rychlou, citlivou a pfesnou
histologickou typizaci nddoru a identifikaci gene-
tickych zmén, které mohou predikovat G&innost
této cllené terapie, hraji ¢as a spoluprace nékolika

Tab. 1 - Detekéni limity

detekece limit
Mutant-enriched PCR 0,09%
Mutant-allele-specific amplification PCR 0,1%
Real-time PCR (TheraScreen EGFR kit) 1%
High-performance liquid chromatography 1%
PCR a fragmentaéni analyza 5%
Pyrosekvenace 5%
TheraScreen EGFR Pyro kit)

SNaPshot analyza 5%
Sekvenace 15-25% |

odbornosti v tomto procesu vyznamnou rali. Dne
25. 6. 2010 byl ustanoven Interdisciplinami kon-
sensus pro prediktivni vydetfovani aktivaénich
mutacl receptoru pro epidermalni ristovy faktor
(EGFR) u nemalobunécného karcinomu plic
(NSCLC), ktery zahrnuje odpovédi na nékolik di-
letitych otazek shrnutych nasledovné: koho testo-
vat, kdy a co testovat, jak testovat a konetné kde
testovat a jak mezioborové spolupracovat. Po
necelych dvou letech ~ 16. 3. 2012 - byl kansensus
upraven tak, aby odrazel nové poznatky v diagnos-
tice a lé<bé NSCLC,

Béhem téchto dvou let prob&hlo na Moravé ne-
kollk meetingl a seminaft), kieré zaktivizovaly kli-
nické |ékafe, patology a molekulérni genetiky
k velmi rychlé a dnes miiZeme fici | Uspésné spolu-
préci, PfedloZeny plivodni konsensus umoZiuje
dohodu s pneumclogy nejen Moravskoslezského
kraje, ktefi vybirajl pacienty s NSCLC jako kandidaty
|&€by inhibitory tyrozinkindzy receptoru pro epi-
dermalni ristovy faktor. Testovani je pravadéno
tak, Ze Klinik - pneumolog zaslld odebrany vzorek
nadoru plic a Zddanku k histologickému/cyto-
logickému vysetfeni soucasné se Zadosti o prove-
deni molekuldrégenetického vyletieni. V piipa-
dé, e klinik geneticke vy3etieni z urgitého divodu
nepozaduje, informuje o tom vEas patologa.
Uspéchem celého procesu je automatické testo-
vani viech pacientd s NSCLC v moment#, kdy je
patologem z histologie nebo cytologie stanovena
definitivn morfologicka diagnéza. V pfipadé, Ze ke
stanoveni diagnézy méme pouze cytologicky ma-
teridl, je pouzit i pro molekuldmégenetickou ana-
Iyzu. Patolog ze zaslaného bioptického materialu
odebiré reprezentativni vzorek pro genetické vy-
Setfenl a zasild je] do spolupracujici CGB laboratofe
a. 5. s zadostl 0 molekuldrnégenetické vysetfenl.
Mé-li patolog k dispozici pouze cytologicky odbér,
zakrouzkuje na skle skupiny malignich bunék
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Tab. 2 - Vysledky mutaénich analyz v C(GB
laboratofi a. s.

UspEiné vydetiena B8 | 9835%
Nedspéina amplifikace 4 1,65 %
1 toho pozitivnich 17 7,4%

(minimalné 200 bunék, optimalné 400 bunék)
atakto oznacené sklo zasle na genetickou analyzu.
Striktné dodrzujeme pravidlo, 2e odbér materialu
na genetické testovani nesmf ohrozit stanoven(
definitivni histopatologické diagnézy. V pfipadé,
Ze mame k dispozici material z resekétu, odebira-
me z n& multifokalné co mond nejvétdi mnoistvi
viabilni tkdné. Genetické vyletifeni provadime
| z punktdtu morfologicky ovéfeného maligniho
vypotku. V pfipadé pozdniho relapsu nadoru,
v kontextu s doporudenim konsensu, vidy navr-
hujeme klinikovi otestovani nové odebraného
vzorku, Vzhledem k toru, Ze rychlost vysetfeni je
zasadni pro viasné zahajeni IéEby, musi byt vzorek
dopraven k patologovi a zpracovan béhem
24 hodin po odbéru. Pro minimalizaci éasového
pradleni zajidtujeme bezproblémovy a rychly
transport vlastnimi svozy laboratofe molekularni
genetiky. V nékterych pfipadech je vyuZivana
isluzba PPL.

Viyfedeni otdzek tykajicich se optimdlni fixace tkané
pro histologické/cytologické vyietfeni je ponecha-
no na domluvé mezi patologem a molekuldrmé-
genetickou laboratofl. Vhodné je odebrat jeden
vzorek velikosti minimalné 3 x 3 x 3 mm a ulodit
ho do mikrozkumavky s neformalinovou alkoho-
lovou fixaci (FineFix), kterd zajidtuje lepsi ochranu
DMA, popfipad@ RNA, Také je moZno odebrat na-
dorovou nativni tkén do sterilni mikrozkurmnavky
s fyziologickym roztokem nebo pouZit pufrovany
formalin s kentrolovanym pH, protoZe kyselé pro-
stedi degraduje DNA.

Kli¢ovou Ulohu v zajisténi hladkého pribéhu ce-
I&ého diagnostického procesu ma patolog v sou-
¢innosti s klinikem. Je naprosto nezbytné navazat
uzkou spolupraci mezi klinikem a patologem a na-
sledné se obracet na pracovité molekuldrni ge-
netiky. Tute spolupraci je tfeba nastavit na regio-
nalni urovni. Podle nasich zkusenosti by si kazdé
pracovisté provadéjici molekuldrnégenetickou
diagnostiku mélo vytvofit svilj postup. Pracovisté
provadajici testovani mutaci EGFR viak musi byt
schopné provadat molekularnégenetické vyletfe-
ni pomoci nejmeéné dvou nezavislych metad. Di-
lezita je tésna spoluprace mezi histopatologickou
a molekularnégenetickou laboratofi a zajisténi
externi kontroly kvality nebo alespof mezilabora-
torni porovnavani vzorkd.

Mutace |ze testovat v histologickych i cytologic-
kych vzorcich. Nezbytnosti je morfologicka kon-
firmace paralelnich histologickych vzorkd na
Jednom pracovistl (nedélit material mezi dvé
pracovidté patologie), na molekuldrni genetiku
lze odeslat jeding vzorek prokazatelné obsahujici
nadorové elementy. Plati, Ze jakykoli material
vhodny pro morfologickou diagnostiku je vhod-
ny i pro molekulamégeneticke vysetfeni, zakla-
dem je kvalitni DNA v dostateéném mnozstvi,

Cytologicky vzorek je z hlediska ¢asu a zachovan!
DNA pro molekuldrnégenetickou diagnostiku
vyhodnéjsl,

Hist: i

Histologické/cytologické vyietieni se nelidl od
rutinné zpracovavanych vzork( v laboratofi pato-
logie. Hlavni ulohou patologa je posouzeni mor-
fologickych zmén se zaméfenim na rozliseni na-
dorové a nenddorové léze, stanoveni biologické
povahy nadoru, zhadnocenl, zda jde o nador
primarni & metastaticky. Nezbytné je s pomoci
IHC rozlideni malobunééného a nemalobunééné-
ho typu plicniho karcinomu a v kontextu s guide-
lines ERS/ATR pfesné urcit subtyp. V pribéhu
predeslych dvou let jsme k molekularnégenetic-
kému vySetfen| zasilali viechny NSCLC karcinomy,
tedy i spinoceluldrni karcinomy, Novy konsensus
doporutuje vy3etfeni pouze adenckarcinomu,
NSCLC spide adenokarcinom a NSCLC NOS. Imu-
nohistochemicka vySetieni lze aplikovat | na cyto-
logicks skla k jednoznac¢nému rozlideni subtypl
nadord.

Tab. 3 - Spektrum zachycenych mutaci v CGB
laboratofi a. s.
G719% v exonu 18 1x
delece v exonu 19 6x
LB58R v exonu 21 10x
Molekulirnégenetické

¥ Metody detekce mutaci EGFR genu
Zasadnim faktorem je mnoZstvi a kvalita nadorové
DNA.V CGB laboratofi a.s. se izolace DNA provadi
kitem NucleoSpin Tissue XS, ktery je uréen na izo-
lace z malého mnozstyi vstupniho materidlu. Pro
materidl, ktery je ve vetdim mnoistvi (parafinové
blogky), je mo2né také vyuZit kit NucleoSpin
Tissue.

Analyzu genetickych zmén v nddorové DNA je
mozné provadét pomocl vhodné molekulérné-
biologické metody, nej¢astéji pomoci real-time
PCR (TheraScreen EGFR RGQ PCR kit), ktery byl
histaricky prvnim a tehdy jedinym CE VD kitem na
trhu pro detekei 29 mutaci (véetné deleci) v EGFR
genu pomoci real-time PCR. Navic obsahuje mix
pro provedeni kontrolni real-time PCR, coZ umoZ-
fiuje ovéfit si amplifikovatelnost vyizolované DNA
a v piipadé nizké kvality udetfit kit a pouzit metodu
2.volby - tuto maznost konkurenéni kity nemaji.
Déle je pak mozné vyuzit metodu fragmentaéni
analyzy, pfimého sekvenovani, primer extension
analyzy (SNaPshot assay) nebo mutant-enriched
PCR. U této metody jde o dvoukolovou PCR, u kte-
1é je v mezikrocich provadéno restrikéni Stépeni
wt PCR produktl, a tim dochézi k obohacenl (resp.
zvyseni podilu) mutovanych ,alel” pro druhé kolo
PCR. Viysledkem je citlivost (ndmi dosaZend) 0,09 %
mutovanych ,alel”. VyuZivé se v pfipadé pozitivni-
ho zéchytu kitem TheraScreen pro ovéfen| vysled-
ku (deleci v exonu 19 a mutace L8S8R v exonu 21)
a v piipadé nekvalitni DNA a tudiz nedspéing
amplifikace pomoci kitu TheraScreen. KaZda
z téchto molekuldrnégenetickych metod ma viak
jiny detekeni limit (tab. 1).

Nejlepaim materidlem pro zpracovani je cytologic-
ky natér, dale pak preparat na sklicku (z parafino-
véhd bloku), nakonec material v parafinovém
bloku. DileZita je pfesna lokalizace nadorové tka-
né v ramei preparatu/bloku — zakrouzkovani
fixem.

¥ Metody detekce pFestavby ALK genu
Analyza prestaveb ALK genu (2p23) se provadi
na histologickych preparatech metodou fluo-
rescenéni in situ hybridizace (FISH), co2 je moleku-
ldré&cytogeneticka metoda, pfi niz hybridizuje
fluorescenéné oznadend molekula nukleové kyse-
liny - sonda - s hledanou a analyzovanou sekvenci
nukleové kyseliny pfimo v burice, ,na misté’, na
histologickych fezech tkang &i na izolovanych
burikach na podloZnim sklicku. Pro detekci genu
ALK u nemalobunéénych karcinomd plic v soudas-
né dobé neexistuje 2adnd jind standardni metoda,
neZ je metoda FISH se sondou Vysis ALK Break
Apart FISH probe kit. Tato metoda je piesnéjsi nez
imunohistochemické vysetfeni, ve kterém diky
velice slabé expresi miiZe byt nerozpoznano az
20-60 % prestaveb genu ALK, Jeji poutiti je také
whodnéjsi nez napf. RT-PCR, ktera neni schopna
jednoduge detekovat viechny fazni partnery genu
ALK,

P ety

V nékterych pfipadech, pfes veskerou snahu, neni
moiné ze zaslaného materialu analyzu mutacniho
stavu genu EGFR, popfipadé vy3etfeni prestavby
ALK genu metodou FISH provest, NejdlleZitdjii je
dostateéné mnozstvi materidlu zaslaného k mole-
kuldrnégenetickému testovani, nevhodnd je nek-
roticka tkan a vzorek s nizkym podilem malignich
bunék. Velmi vyznamnym faktorem oviiviiujicim
Uisp&snost analyzy je preanalyticka faze vySetfenl,
Jedné se pfedeviim o manipulaci s materidlem po
jeho odbéru z téla pacienta. Doba mezi odbérem
a vlozenim do fixacniho cinidla by méla byt co
nejkratéi, nejlépe méné ne2 1 hodina. Daldim z3-
sadnim bodem zpracovani materidlu je fixace,
ktera nesmi pfesahnout 48 hodin (nejlépe 6 a2
24 hodin), Jako fixativum je doporuéena pouzivat
pufrovany 10% formalin. V neposledni fadé je
nutné eliminovat nestandardni pougiti fixagni
tekutiny.

Uskali, na kter v praxi narazime, fesi molekulami
genetik s patologem, popfipadé patolog s Klinic-
kym lékafem, V pfipadé nedostate¢ného mnoZstvi
materidlu doporutuje neprodlené provést novy
odbér tkdné. V piipadé limitovaného mnoZstvi
nadorovyich bunék v jinak reprezentativnim vzorku
je vhodné zvyiit zastoupeni nédorovych elementd
pomoci makrodisekce, pfipadné mikrodisekce,
kterou CGB laboratof a. 5. ji2 dlouho disponuje.
Rovnéz lze zvazit provedeni celogenomove
amplifikace.

Troufadme si ficl, ze spolupréce probihajicl mezi
patology jednotlivych oddéleni patclogil Marav-
skoslezského kraje, Ustavern patologie Fakultni
nemocnice a molekularnégenetickym pracovis-
tém CGB laboratofe a. s. je velmi dobrd a onkolo-
gické pracovitd v regionu jsou s poskytovanymi
sluzbami spokojena.
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Vyuziti fluorescencniin situ hybridizace
vdiagnostice melanocytdrnich lézi
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Melanocytarni léze vykazuji zna¢nou morfologickou heterogenitu. Jejich diagnostika je narocna i pfes soucasné vyuziti modernich
histopatologickych a imunohistochemickych metod. Vyznamnym pfinosem v diagnostice melanocytarnich lézi je zavedeni moleku-
larné genetické metody fluorescencni in situ hybridizace s pouzitim ¢tyrbarevné sondy znacici geny CCND1, RREB1, MYB a centromeru
chromozomu 6. V letech 2008-2012 bylo v nasi laboratofi uspésné metodou fluorescenéni in situ hybridizace vysetfeno 160 vzorka
rtznych typt melanocytarnich 1ézi, 44 névii a 116 melanom. Zmény asociované s diagn6zou melanomu byly prokazany u 116 vzorku
(72,5 %), normalni nalez u 41 vzork (25,6 %), ve dvou pfipadech bylo rozhodnuti na hranici hodnotitelnosti metody (1,2 %) a v jednom
pfipadé se jednalo o vysetieni recidivy melanomu v jizvé, ktery byl svym nédlezem atypicky (monozomie chromozomu 6) (0,6 %). Na za-
kladé dosazenych vysledkl byla stanovena senzitivita metody 96,6 % a specifita metody 91%. Tyto vysledky ukazuji, Ze fluorescen¢ni
in situ hybridizace je vhodnou metodou pro zajisténi piesné a rychlé diagnostiky nejednoznacénych melanocytarnich Iézi. Pravé rychlost
a spravnost diagndzy je u vysoce malignich melanomti zasadni a ma neoddiskutovatelny vliv na progndzu a tispésnost Iécby pacienta.

Kli¢ova slova: melanom, névus, fluorescencni in situ hybridizace, FISH, gen.

Fluorescence in situ hybridization in diagnostics melanocytic lesions

Melanocytic lesions exhibit significant morphological heterogenity, making their diagnosis difficult, although both sophisticated histo-
pathological and immunohistochemical methods are used. The introduction of molecular genetic method flourescence in situ hybridization
(FISH) has contributed significantly to the diagnosing of melanocytic lesions. Between 2008 and 2012, we studied a total of 160 samples
of different types of melanocytic lesions, including 44 nevi and 116 melanomas, using a four-color probe mix for CCND1, RREB1 and MYB
genes and for the centromere of chromosome 6. A positive result was found in 116 melenoma samples (72.5 %) and a negative result in
41 samples (25.6 %). A borderline value was found in two samples (1.2 %), and an atypical finding (monosomy of chromosome 6) was seen
in a melanoma recurrence in one case (0.6 %). Sensitivity and specificity were 96.6 % and 91 %, respectively. These results show that FISH
is a suitable and relatively low-cost method for accurate, rapid diagnosis of ambiguous melanocytic lesions. The speed and accuracy
of diagnosis of highly malignant melanomas are crucial and have great impact on the prognosis and success of a patient’s treatment.

Key words: melanoma, naevus, fluorescence in situ hybridization, FISH, gene.

Onkologie 2013; 7 (2): 74-77

Uvod

Maligni melanom je jednim z nejagresiv-
néjsich a v soucasné dobé velice intenzivné
studovanych nddorovych onemocnéni. Jeho
vyskyt celosvétove roste kazdym rokem o vice
nez 4% a casto postihuje i pacienty mladsiho
a stfedniho véku (1-2). Urceni biologické povahy
melanocytdrnich 1ézi je jednou ze zékladnich
podminek spravné 1écby. | kdyz mnoho pfipadd
mUze byt spolehlivé klasifikovano podle soucas-
nych histopatologickych kritérii, existuje urcita
skupina pfipadd, kdy nedochézi ke shodé ani
mezi experty. Stanovit diagnézu pIné vyvinu-
tého melanomu nenf pro zkuseného patologa
obvykle obtizné. Presto je podle fady literarnich
zdroju diagnéza melanomu stanovena spravné
pouze v 75-80% pripadd (3). Rozdily mezi benig-
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nimia malignimi melanocytarnimilézemi nejsou
v nékterych pfipadech jednoznacné a histopa-
tologickd diagnoza je tak problematicka i pro
zkudené dermopatology. Mezi takové 1éze patii
napriklad névus Spitzové, jehoz odliseni od spi-
tzové melanomu muze byt velmi obtizné (4-5).

Studium biologické povahy rlznych typd
melanocytarnich lézi s vyuzitim molekuldrné
genetickych analyz, pfevdzné metodami kom-
parativni genomové hybridizace (CGH) a fluo-
rescencnf in situ hybridizace (FISH), prokazalo
u melanom fadu klondlnich chromozomovych
aberaci, jako jsou delece a amplifikace specific-
kych lokust chromozom(. Zde jsou nejcatéji loka-
lizovany geny kédujici proteiny ddleZité v procesu
regulace buné¢ného cyklu. Identifikovany byly
ztraty v chromozomovych oblastech 6q, 8p, 9p

a 10p a zmnoZeni v oblastech 1q, 6p, 7, 8q, 179
a 20q (6). U benignich névi nebyly zjistény zad-
né chromozomové zmény s jedinou vyjimkou
— zmnozeni oblasti 11p u névl Spitzové, tento
nélez viak nebyl pozorovan u melanomu (7-10).

Na zakladé téchto studif byla vyvinuta sonda
pro fluorescen¢ni hybridizaci in situ, kterd identi-
fikuje zmény v poctu kopii onkogenu CCNDT (on-
kogen - cyklin D1 dependentni kindza) a tran-
skripcnich faktor( RREBT (Ras responsive element
binding protein), MYB (v-myb myeloblastosis
viral oncogene homolog) a déle pocet centro-
mer chromozomu 6. Kombinacf téchto diagnos-
tickych marker( bylo firmou Abbott ve studii
prijatelnosti metody dosaZeno nejvétsi mozné
specifity (92 %) a senzitivity (94 %) této sondy
pro diagnostiku melanomu.



Tabulka 1. Charakteristika souboru podle pohlavi

a véku

Pohlavi N %
muz 85 53%
Zena 75 47 %
celkem 160

Veék pfi diagnoze

pramér 52,2
median 54,5
minimum - maximum 3-92

Tabulka 2. 7ékladni charakteristika souboru
podle typu melanocytarni [éze
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metastaticky melanom

Soubor nemocnych

Retrospektivné bylo vysetfeno 160 pacientd
s melanocytarnimi [ézemi nejisté biologické
povahy, kteff byli diagnostikovani v letech 2008
2012 v CGB laboratofi a.s. a v Ustavu patologie
Fakultni nemocnice Ostrava a Lékarské fakulty
Ostravské univerzity. Muzi tvofili 53 % a Zeny
47 % souboruy, stfedni vék je 54 let (tabulka 1).

K molekuldrné genetickému vysetieni byly
vybrany melanocytarni Iéze s nejednozna¢nym
histologickym néalezem nebo s nejistou biologickou
povahou. Spektrum diagnéz shrnuje tabulka 2.
Rozdélenina malignia benigniléze bylo provedeno
podle kédu biologického chovani MKN-O-3 klasi-
fikace, melanoma in situ byl vzhledem ke svému
malignimu potencidlu zafazen mezi maligni nadory.

Pouzité metody
Fixace

Doba mezi odbérem a vloZzenim do fixa¢ni-
ho ¢inidla by méla byt co nejkratsi, nejlépe méné

nez 1 hodina. Fixace v 4% formaldehydu (pH 6,9)
nesmi presdhnout 48 hodin (nejlépe 6-24 hod).
Pokud nejsou dodrzeny podminky spravné fixa-
ce, mUze dojit k poskozeni DNA a FISH analyzu
pak neni mozno provést, materidl nehybridizuje.

FISH na parafinovych fezech

Z tkani zalitych v parafinu byly zhotoveny
4um tenké fezy, které byly deparafinizovény opla-
chem v fadé roztokU pfilaboratorni teploté: xylen
3x10 min, 96% etanol 2x 5min, 0,2N HCl 1x20
min a na zavér inkubace pfi 82°C 35min v 1M
NaSCN. Mezi jednotlivymi kroky byly preparéty
oplachovany pufrem 2 xSSC (LK-104B, Kreatech)
laboratorni teploty. Nasledné probéhla digesce
v pepsinu (Pepsin Solution LK-101B, Kreatech) pfi
37°C, 15-30 min dle velikosti fezu. Plisobeni pe-
psinu bylo zastaveno oplachem v roztoku 2 x SSC
laboratorni teploty po dobu 5 min. Na takto pfi-
pravené preparaty byla nanesena sonda Vysis LSI
RREBI/LSI MYB/LSI CCNDI1/CEP6 Probes (Abbott
Molecular Inc), kterd je pfimo znacena a pfipra-
vena k pouZiti. V zafizeni TermoBrite probéhla
denaturace pfi 85°C po dobu 2 min a nésledovala
hybridizace pfi 37 °C pfes noc. Po odmyti nadby-
te¢né sondy byly detekovany a nasledné vyhod-
noceny chromozomové abnormality v oblasti
11913 (CCND1) znacené Spectrum Green, 6p25
(RREB1) znacené Spectrum Red, 6423 (MYB) zna-
¢ené Spectrum Gold a centromery chromozomu
6znacené Spectrum Aqua. Pro lokalizaci nddoro-
vych bunék byl pfed hodnocenim metodou FISH
pouZit preparét barveny hematoxylin-eosinem.
Hodnoceno bylo celkem tficet neprekryvajicich
se jader ze tif oblasti nddorové tkdné mikrosko-
pem Olympus BX 51.

Hodnoceni FISH preparatu
Jako pozitivni na melanom byly vyhodnoceny

preparéty presné podle pokynt vyrobce, pokud:

B pramérny pocet signall pro gen CCNDT
na jadro nebo priimérny pocet signll pro
gen MYBna jadro byl > 2,5 nebo,

m  delece MYB byla > 31 % nebo,

B % abnormalnich jader pro gen RREBI bylo
> 63%.

Tyto zmény mohou byt pozorovany kazda
samostatné, castéji viak byla zjisténa zména
dvou ¢&i viech tif gend. Jako negativni na me-
lanom byly oznaceny léze nespliujici ani jednu
z vyse uvedenych podminek.

Preparaty byly hodnoceny mikroskopem
Olympus BX51 pfi 1250 % zvétseni, obraz byl di-
gitalizovan pomoci software Lucia Cytogenetics
2 1998-2012 Laboratory Imaging.

Hodnoceni senzitivity

Senzitivita byla stanovena jako procento
jednoznacnych melanom0 vyhodnocenych
metodou FISH jako pozitivni na melanom, dé-
lend poctem viech jednoznac¢nych melanomi
vcetné FISH negativnich z uvedeného souboru.

Hodnoceni specifity

Specifita byla stanovena ze skupiny benig-
nich néva, které FISH metodou byly ur¢eny jako
negativni na melanom, délend poc¢tem vsech
benignich névi véetné FISH pozitivnich na me-
lanom z uvedeného souboru.

Vysledky

Pozitivni ndlez na melanom byl metodou FISH
prokazan u 116 vzork (72,5 %) (obrazek 1), negativ-
nindlez na melanom u 41 (25,6 %) vzork(i (obrazek
2).Na zakladé dosazenych vysledkd byla stanovena
senzitivita metody 96,6 % a specifita 91 %.

Ve tfech pffpadech (1,8 %) nebylo mozné
jednoznacné rozhodnout, zda je nélez pozi-
tivni nebo negativni na melanom (tabulka 3).
Podle vyrobce ma byt hodnoceno 30 bunék
ze tff oblasti nddoru, v téchto netypickych pfi-
padech viak byly nddorové buriky rozmistény
soliterné v celé 1ézi a pokud byl striktné dodrzen
postup doporuceny vyrobcem, byl ndlez nega-
Obrdzek 1. Nélez pozitivni na melanom —ampilifi-

kace CCND1 (zelené signaly), RREB (Cervené signaly)
a MYB (Zluté signaly), zvétseno 1250 x

Obrdzek 2. Nilez negativni na melanom - CCNDT
(zelené signaly), RREBI (Cervené signaly), MYB (zluté
signaly), centromery chromozomu 6 (modré signély),
zvetseno 1250%
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Tabulka 3. \/ysledky metodou FISH - celkové shrnuti

benigni maligni celkem

N =44 N=116 N =160
negativni na melanom 40 (91 %) 1(0,8 %) 41 (25,6 %)
pozitivni na melanom 4(9 %) 112 (96,6 %) 116 (72,5 %)
hrani¢ni nalez, atypicky nalez 3(2,6%) 3(19%)

Tabulka 4. \/ysledky metodou FISH — celkové shrnuti

Zmény genti: CCND1, RREB1, MYB

pramér  median min max
melanomy N=116 2,0 2,0 0 3
noduldrni melanom N =46 2,0 2,0 0 3
povrchové se sifici melanom N=41 2,0 2,0 1 3
melanoma in situ N=9 13 1,0 0 3
povrchové se sifici melanom s vertikalizaci  N=8 2,6 30 1 3
akrolentiginézni melanom N=3 3,0 30 3 3
Spitzové melanom N=3 2,7 30 2 3
animal-type melanom N=2 0,0 0,0 0 0
lentigo maligna melanoma N=2 25 25 2 3
metastaticky melanom N=2 2,0 2,0 1 3

p = 0,008; (Kruskal Wallis Test)

Tabulka 5. Nélezy

Zmény gent N=116
CCNDI1+ RREB1+ MYB 45 (38,8 %)
CCND1 19 (16,4 %)
CCND1+MYB 12(10,3 %)
RREB1+MYB 10 (8,6 %)
RREB1 9 (7,8 %)
MYB 86,9 %)
74dnd zména 4 (3,4 %)

tivni na melanom. Pokud v3ak byly hodnoceny
prednostné bunky vykazujici zmény v poctu
sledovanych chromozomd, byl nélez pozitivn{
na melanom. Tyto léze byly tedy popsany ja-
ko hrani¢nf a indikujici Iékafi byli vyrozuméni
o mozném malignim potenciélu téchto ézi.
V jednom pfipadé (0,6 %) se jednalo o vysetieni
recidivy melanomu v jizvé, ktery byl svym nale-
zem atypicky a nebylo mozno jej zafadit ani jako
pozitivni ani negativni na melanom (monozomie
chromozomu 6 — byl pozorovén jeden signél pro
geny RREBI, MYB i centromeru chromozomu 6).

U pacientt s melanomy byly ve 40% nale-
zeny zmény vsech tif sledovanych gend, ve 29%
zmény dvou genti a ve 28% jedna zména. V po-
¢tu téchto zmeén je mezi jednotlivymi typy malig-
nich melanom statisticky vyznamny rozdil (p =
0,025). Z tabulky 4 je patrné, ze nejvétsi primérny
pocet zmén byl zjistén u akrolentigindznich mela-
nomt (3,0), Spitzové melanoma (2,7) a povrchové
se Sificich melanom s vertikalizaci (2,6).
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Nejcastéjsi zménou byla amplifikace
vsech tif gend, nasledovala amplifikace samot-
ného genu CCNDT a déle amplifikace genu
CCND1 spolu s deleci nebo amplifikaci genu
MYB. Nélezy jsou shrnuty v tabulce 5.

Diskuze

V pfipadé diagnostiky nejednoznacnych
melanocytérnich 1€z je FISH efektivni metoda
s vysokou specifitou a senzitivitou, kdy je mozné
v kratké dobé diky meziooborové spolupraci
|ékart praktickych i koznich, patologt a mole-
kuldrnich cytogenetikd vcas zajistit presnou dia-
gnostiku a pacientlim nasledné adekvatni péci.

V literature je uvadeén rlzny stupen senzitivity
sondy Vysis LSI RREBI/LSI MYB/LSI CCND1/CEP6
Probes (Abbott Molecular Inc) — néktefi autofi uva-
di senzitivitu dokonce vyznamné nizsi, nez uvadi
vyrobce (nejmensi hodnota 68%) (11), pficemz
specifita je srovnatelnd. Tyto rozdily mohou byt
zpUsobeny jednak velikosti hodnocenych soubo-
r(, jednak zptsobem odecitani preparatl FISH.
Napfiklad pfi pouZiti automatické analyzy obrazu
byla hodnota senzitivity nizsi (12). V nasem testo-
vaném souboru byla prokdzéna senzitivita naopak
vyssi, nez uvadi vyrobce (96,6 %/92 %), specifita
byla 0 néco nizsi (91 %/94 %).

Z vysledkd vyplyvd, ze nejmensi pocet zmén
sledovanych lokust je mozné pozorovat u me-
lanoma in situ (v prdmeéru numerickd zména
jednoho sledovaného genu), nejvétsi primeérny
pocetzmén byl zjistén u akrolentigindznich me-

lanoma (3,0), Spitzové melanoma (2,7) a povr-
chové se siticich melanom s vertikalizaci (2,6).
Kumulace genetickych zmén by tedy mohla
svédcit pro progresi onemocnéni a odpovida
vysokému malignimu potencidlu téchto lézi.
Nélez pozitivni na melanom byl v nasem
souboru pozorovén také u tif dysplastickych
névd a névu modrého benigniho. Stejné vy-
sledky jsou popisovany az u 10% rdznych typd
benignich névl s atypiemi, které jsou pak fazeny
do skupiny névi s nejistou biologickou povahou
(13-14). V téchto pripadech je vhodné zvazit
reexcizi se sirokym lemem a zafazenf pacientt
do skupiny s intenzivnéjsim sledovanim, aby
bylo mozné vcas zachytit pfipadny maligni zvrat.
Prestoze byly nékteré Iéze oznaceny jako
hrani¢ni a nebylo mozné je metodou FISH jed-
noznac¢né urcit jako pozitivni nebo negativni,
prinesla tato metoda informaci o jejich mozném
malignim potencidlu. | tito pacienti by méli byt
zafazeni do skupiny s ¢astéjsim sledovanim.

Zavér

Molekuldrné cytogenetické metody spojujf
prednosti cytogenetického a molekuldrné ge-
netického vysetfeni. Pfestoze zlatym standar-
dem pfi vysetfeni melanocytarnich 1ézf z{stava
histopatologické analyza veetné imunohisto-
chemickych vysetfeni, moderni molekuldrné
roli v diagnostice koznich pigmentovych [ézi.
Rychlost a spravnost diagnostiky je u vysoce
malignich melanoma esencidlnia ma neoddis-
kutovatelny vliv na progndzu a Uspésnost écby
pacienta. V pfipadé histologicky diagnostiko-
vanych benignich névd s FISH pozitivnim né-
lezem na melanom je mozné vytipovat vysoce
rizikové léze s nejistou biologickou povahou
a dispenzarizaci takovych pacientd zajistit casny
z4chyt pifpadného maligniho zvratu pdvodné
benigni léze.

Literatura

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ.
Cancer statistics, 2008. CA: A Cancer Journal for Clinicians
2008; 58: 71-96.

2. American Cancer Society. A Cyncer Journal for Clinicians,
Global Cancer Statistic 02. Atlanta: American Cancer Soci-
ety 2006.

3. Veenhuizen KCW, De Wit PEJD, Mooi WJ, Scheffer E, Ver-
beek ALM, Ruiter DJ. Quality assessment by expert opinion
in melanoma pathology: experience of the Pathology Panel
of the Dutch Melanoma Working Party, The Journal of Patho-
logy 1997; 182: 266-272.

4. Bastian BC, Olshen AB, LeBoit PE, Pinkel D. Classifying Me-
lanocytic Tumours Based on DNA Copy Number Changes.
The American Journal of Pathology. 2006; 163: 1765-1770.
5. Dahlstrom JE, Scolyer RA, Thompson JF, Jain S. Spitz nae-
vus: diagnostic problems and their management implicati-
ons. Pathology 2004; 36 (5): 452-457.



6. Bastian BC, LeBoit PE, Hamm H., Brocker EB, and Pinkel D.
Chromosomal gains and loses in primary cutaneous melano-
mas detected by comparative genomic hybridization. Can-
cer Research 1998; 58: 2170-2175.

7.Bastien BC. Uderstanding the progression of melanocytic
neoplasia using genomic analysis: from fields to cancer. On-
cogene 2003; 22: 3081-3086.

8. Su Luo, Alireza Sepehr, Hensin Tsao: Spitz nevi and other
Spitzoid lesions: Part I. Background and diagnoses. Journal
of the American Academy of Dermatology 2011; 65: 1073-1084.
9. Bastien BC, Wesselmann U, Pinkel D and LeBoit PE. Mole-
cular cytogenetic analysis of Spitz nevi with distinctive his-
topatologic features. The American Journal of Pathology
2000; 157: 967-972.

10. Bastien BC, Wasselmann U, Pinkel D, LeBoit PE. Molecu-
lar Cytogenetic Analysis of Spitz Nevi Shows Clear Differen-

ces to Melanoma. The Journal of Investigative Dermatology
1999; 133 (6), 1065-1069

11. Gerami P, Jewell SS, Morrison LE, et al. Fluorescence in situ
hybridization (FISH) as an ancillary diagnostic tool in the dia-
gnosis of melanoma. The American Journal of Surgical Patho-
logy 2009; 33: 1146-1156

12. Gaiser T, Kutzner H, Palmedo G, et al. Classifying
ambiguous melanocytic lesions with FISH and correla-
tion with long-term follow up. Modern Pathology 2010;
23,413-419.

13. Moore MW and Gasparini R. FISH as an effective diagnos-
tic tool for the management of challenging melanocytic le-
sions. Diagnostic Pathology 2011; 6: 76.

14. Gerami P, Zembowitz A: Update on Fluorescence In Situ
Hybridization in Melanoma. Archives of Pathology & Labo-
ratory Medicine 2011; 135: 830-837

Cldnek pfijat redakci: 5. 3. 2013
Cldnek prijat k publikaci- 5. 4. 2013

Mgr. Jana Zmolikovd
Kofenského 10, 703 00 Ostrava-Vitkovice
zmolikova@pathology.cz

www.onkologiecs.cz | 2013;7(2) | Onkologie



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2014 Mar; 158(1):17-22.

Autoimmune pancreatitis

Petr Dite?, Hana Nechutova®<, Magdalena Uvirova?, Jana Dvorackova*¢, Bohuslav Kianicka®, Arnost Martinek®

Introduction. Autoimmune pancreatitis (AIP) is the specific type of chronic pancreatitis due to autoimmune back-
ground and mechanism.

Characteristics. The main clinical symptoms of AIP are obstructive jaundice and abdominal discomfort. The typical
histological findings are lymphocytes and IgG4 plasma cells infiltration, fibrosis and venulitis within pancreatic gland.
Plasma level of IgG4 is usually extremely high.

Objectives. Diagnosis: High level IgG4 positive plasma cells in serum, lymphoplasmatic infiltration found on histologi-
cal staining of pancreatic tissue, “sausage-like” pancreas in ultrasound and CT scans, and response to steroid therapy
are crucial for making of diagnosis.

Classification of AIP: AIP can be classified into two subtypes. Type 1 was recognized as the pancreatic manifestation of
multiorgan disorder, called IgG4 related disease. Type 2 is a pancreas-specific disorder not associated with IgG4, with
similar histological signs as type 1, but also with the positivity of GEL (granulocythic epithelial lesion).

Results. Therapy: Due to its high effectivity in AIP treatment, steroid therapy is the first-line option. The alternative
therapy is using immunosuppressants (azathioprine). Recently, there are also first experience in biological therapy
already published.

Conslusion. Before the start of AIP therapy - the differential diagnosis between pancreatic cancer and AIP is essential.

Key words: chronic pancreatitis, autoimmune pancreatitis, immunoglobulines, IgG4, steroids, extrapancreatic

lesions, pancreatic biopsy
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INTRODUCTION

Chronic pancreatitis is an inflammatory process, dur-
ing which the pancreatic parenchyma is replaced with
fibrotic tissue. This morphological change leads to ir-
reversible destruction of both the exocrine and the en-
docrine glandular pancreatic parenchyma. The terminal
point of these changes is exocrine and endocrine pan-
creatic insufficiency. The literature on the incidence and
prevalence of chronic pancreatitis in not voluminous and
time trends in incidence rates are lacking. The study in
Copenhagen area in the 1970’s reported an e incidence
of 6.9 - 10.0 new cases per 100 000 inhabitants per year'
In the Cantabria region of Spain between 1981 and 1991
the incidence was found to be 14 per 100000 per year,
of which 80% were alcohol induced?. In 2002, Lankisch
and co-workers published their results of chronic pancre-
atitis incidence in the region of Northern Germany. The
incidence in the period 1988 to 1995 was 6.4 per 100000
per year**. In 2001, Dite and co-workers reported an in-
cidence of 7.9/100000/year in the Czech Republic and
the incidence was similar to thatof other European coun-
tries /France, Denmark Germany, Hungary/. The highest

incidence of chronic pancreatitis, 23/100000/year, was
found in Finland®. Some studies have found a serious in-
crease in the number of patients admitted to hospital with
chronic pancreatitis, e.g. in the UK an increase of 100%
from 1989/90 to 1999/2000 was documented® (Table 1).
Japan also registered an increase in prevalence from 28.5
to 32.9/100000 and from 5.4 to 5.7/100000/year during
the period 1994 to 1999 (ref.?).

In 2001, the TIGAR-O classification system of etiologi-
cal factors for chronic pancreatitis was published’. This
system is based on the mechanism of injury of pancreatic
tissue, and it addresses the risk, etiology, and complexity
of the disease. Chronic pancreatitis is a complex disorder
that may involve the interaction of two or more environ-
mental or genetic factors. The TIGAR-O model addresses
this potential synergistic role of multiple risk factors in
a single individual with chronic pancreatitis and allows
assessment of the contributory level of each of the in-
teracting risk factors. Although the critical information
about different forms of chronic pancreatitis is not fully
available, the TIGAR-O system lays the foundation for
further advancement in the field. The major categories
include toxic-metabolic (T), idiopathic (I), genetic (G),
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autoimmune (A), recurrent severe acute pancreatitis (R),
and obstructive (O) mechanisms.

In 1961, Sarles and co-workers described the idiopath-
ic form of pancreatitis with minimal subjective symptoms,
obstructive jaundice and hypergammaglobulinemia and
they were the first to suspect an autoimmune process as
an etiological factor®. In 1995, Yoshida and co-workers
described a patient with obstructive jaundice, with dif-
fusely enlarged pancreas, irregular pancreatic duct and
hypergammaglobulinemia. The pancreatic biopsy revealed
pancreatic fibrosis. The symptoms resolved after steroid
therapy. The term “AUTOIMMUNE PANCREATITIS”
was used for the first time’. Recent knowledge supports
the concept of autoimmune pancreatitis (AIP) as a unique
clinical entity within putative IgG4 systemic diseases. The
pathogenetic mechanisms remain unclear'® , but autoim-
mune etiology is presumed.

EPIDEMIOLOGY

Epidemiological data on AIP is still very poor. A na-
tionwide study in Japan estimated the prevalence of AIP
to be 0.82 per 100 000 habitants', when diagnostic crite-
ria for AIP proposed by the Japanese Pancreas Society in
2002 were used'?. AIP is at least twice as common in men
as in women. The onset of the disease is typical in patients
over 55 years of age'"'*"*. The incidence of AIP appears to
have risen in last few years - from 2.0 to 4.0 in our series.

Clinical feature

- mild abdominal symptoms

- occasional presence of obstructive jaundice

- high level of serum gammaglobulin IgG and IgG4

- presence of non-specific antibodies

- diffuse enlargement of the pancreas (“sausage-like”),
in CT scan with capsule-like low density rim

- diffuse irregular of pancreatic duct on ERCP

- histomorphologically lymphocyte and IgG4-positive
plasmacyte infiltration and fibrosis, obliterative phle-
bitis

- association with extrapancreatic lesions

- responsibility to steroid therapy

HISTOLOGY

Histopathological features support the hypothesis of
two histological and clinical subtypes of AIP (ref.'*!).

The histological pattern in type 1 is identical to the
classic description of the disease and is associated with
the histological pattern known as lymphoplasmatic scle-
rosing pancreatitis - LPSP. Typical histological signs are
dense periductal lymphoplasmacytic infiltrates, swirling
fibrosis, obliterative venulitis and I1gG4 tissue positivity.
The main serological marker is elevation of serum im-
munoglobulin IgG4. Type-1 AIP is considered to be a
part of IgG4-associated systemic disease for which ex-
trapancreatic involvement is typical. The bile ducts, kid-
neys, salivary glands, retroperitoneum and mediastinum

Table 1. Incidence of Chronic Pancreatitis.

Country Incidence

Switzerland 1.2/100 000/year
Poland 4.0/100 000/year
Germany 7.4/100 000/year
Czech Rep. 7.9/100 000/year
Hungary 8.0/100 000/year
Denmark 10.0/100 000/year
Sweden 10.0/100 000/year
Finland 23.0/100 000/year

United States 5.7-7.6/100 000/year

Table 2. Autoimmune pancreatitis - subtypes.

Type 1 - periductal lymphoplasmat-
Lymphoplasmatic sclerosing ic infiltrates
pancreatitis (LPSP) - high amount IgG4

- positive plasma cells

- swirling fibrosis

- obliterative venulitis
Type 2 - ductal epithelial granulo-
Idiopathic duct-centric pan- cytic infiltration
creatitis (IDCP) - ductal damage

Lnhon-alcoholic duct destruc- - obliteration

tive pancreatitis“

are among the most commonly affected extrapancreatic
organs'®? (Table 2).

The most frequent clinical symptom in type 1 AIP is
obstructive jaundice. In patients with AIP type 2 features
typical for acute or chronic pancreatitis can be occasion-
ally seen. IgG4 elevation is very rare in type 2 AIP, but
very frequent (about 80%) in patients with type 1 AIP.
Association between inflammatory bowel disease, pri-
mary biliary cirrhosis and AIP is connected with type 2
AIP. In contrast, type 1 AIP is combined with extrapan-
creatic manifestations, as are IgG4 sclerosing cholangi-
tis, sialoadenitis, retroperitoneal fibrosis, etc.?' (Table 3).
According to the TIGAR-O classification system’ AIP can
be subdivided into isolated and syndromic subgroups with
syndromic AIP being associated with inflammatory bowel
disease and primary biliary cirrhosis?. In our sample of
patients with AIP, we also identified IgG4 mastitis and
Mikulicz syndrome (Table 4).

DIAGNOSIS

Asian consensus criteria (Table 5) and/or HISORt
criteria of AIP (table 6) are generally accepted®*?*. The
problem with the Japanese Diagnostic Criteria is a lower
sensitivity (80%) and specificity (87%) than HISORt cri-
teria (92% sensitivity and 97% specificity) (ref.?).

Five cardial feature of AIP are as follows:

- pancreatic histology
- serology
- imaging of pancreatic parenchyma and duct
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Table 3. Comparison of type 1 and type 2 AIP.

Type 1 AIP

Type 2 AIP

Mean Age
Gender
Histological pattern

Histological signs

1gG4 cells on immunostaining
Serum IgG4 levels

Other organ involvement

Sixth decade

Predominantly male

Lymphoplasmacytic sclerosing pancreatitis
Periductal lymphoplasmacytic infiltrates
Swirling fibrosis

Obliterative venulitis

Moderate-severe (98%)

Elevated

Sclerosing sialadenitis, IgG4-associated
cholangitis, retroperitoneal fibrosis, 1gG4-
associated tubulointerstitial nephritis, pneu-

Fourth decade
Equal
Duct-destructive pancreatitis

Lymphoplasmacytic infiltrates
Granulocyte epithelial lesions with partial/
complete duct obstruction (GEL)

Moderate (40%) in one study
Normal

Inflammatory bowel disease
Primary biliary cirrhosis

monitis, prostatitis, [gG4 mastitis

Table 4. AIP with extrapancreatic lesions (n=13).

Table 5. Clinical diagnostic criteria for AIP 2006.

Gender Age  Concomitant autoimmune disease
Male 36 1gG4 sclerosing cholangitis

Male 43 Sialadenitis

Male 53 Sjogren sy

Female 54 Sjogren sy, autoimmune hepatitis
Male 56 autoimmune hepatitis

Male 32 autoimmune hepatitis

Female 55 primary biliary cirrhosis

Male 51 IBD

Male 46 Xxx

Female 33 Xxx

Female 58 1gG4 positive mastitis, sialadenitis
Female 55 IgG4 sclerosing cholangitis

Male 49 1gG4 sclerosing cholangitis

- other organ involvement
- response to steroid therapy

Diagnostic biopsy with histological examination is usu-
ally sufficient for the diagnosis of type 1 of AIP and is a
mandatory procedure in the differential diagnosis between
AIP and pancreatic cancer®*?$, Sausage-like enlargement
of the gland in CT imaging and/or endosonography is
present in more than 50% of patients with AIP. Dynamic
CT and MRI show delayed enhancement of the swollen
pancreas, in some patients forming a “capsule-like rim*
surrouding the pancreas. ERCP, better than MRCP, shows
diffuse narrowing of the pancreatic duct with some ir-
regularities. Positron emission tomography /PET/ does
not play any role in diagnostic work- up®. In the case

1. Diffuse or segmental narrowing of the MPD with ir-
regular wall and diffuse or localized enlargement of the
pancreas by imaging studies, such as abdominal US, CT,
and magnetic resonance.

2. High serum y-globulin, IgG, or IgG4, or the presence of
autoantibodies such as antinuclear antibodies and rheu-
matoid factor.

3. Marked interlobular fibrosis and prominent infiltration
of lymphocytes and plasma cells in the periductal area,
occasionally with lymphoid follicles in the pancreas.

Diagnosis of AIP is established when criterion 1 and cri-
terion 2 and/or 3 are fulfilled. However, it is necessary to
exclude malignant diseases.

of typical histology, serological positivity of IgG4, other
organ involvement and typical imaging in CT or EUS,
the diagnosis of autoimmune pancreatitis is most certain.
Narrowed pancreatic duct, enlarged gland with sausage-
like shape, elevation of serum IgG4 and/or compatible
histology are typical for AIP type 1. Other serological
markers are less specific but rheumatoid factor or high
titres of ANA may also be present'"?. In AIP-type 2, IgG4
cells on immunostaining are usually absent and 1gG4 se-
rum level is usually normal. Histological hallmarks are
lymphoplasmatic infiltration and granulocyte epithelial
lesions with partial or complete duct obstruction - duct-
centric destructive pancreatitis /IDCP/. The wall of the
duct is usually infiltrated with neutrophils, lymphocytes
and plasma cells with involvement of the duct epithelium
and lumen. The ductal lesions are called GEL - granulo-
cyte epithelial lesion'>!,

Accurate diagnosis of the AIP-type 2 requires core
biopsy of the gland. Patients with type 1 are typically
males with a mean age in the sixth decade. Patients with
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AIP type 2 tend to be younger with a mean age in the
forth decade and with equal gender distribution'. From
a practical point of view, the distinction between the AIP
subtypes will help in clarifying the clinical features, patho-
genesis and natural history of disease.

THERAPY

Most patients with AIP respond well to steroid thera-
py?+°. Corticosteroids reduce inflammation and restore
both digestive enzymes and HCO3 secretion in patients
with AIP by regenerating acinar cells and correcting
CFTR localization in pancreatic duct cells, mislocalized
to the cytoplasm of duct cells®*2. For the induction of
remission in type 1 AIP, a dose of 30-40 mg for 2 weeks
is generally recommended'"*. The dose of steroids is ta-
pered by 5 mg per two weeks. The total time of therapy
is usually 6-12 months. The monitoring of clinical and
biochemical status is essential. Only in a few patients with
obstructive jaundice, short-term biliary stent insertion is
indicated". The relapse of AIP can be seen in about ap-
proximately 30% of the patients with AIP. In AIP relapse
(after the steroid therapy), a combination of steroids
(1 mg/kg) with azathioprine (2 mg/kg) for 12 weeks is rec-
ommended?®. A new drug, which was reported to induce
remission is the CD20 antipody, ritiximab. Preliminary
results with this drug are promising*.

Reliable data on treating AIP type 2 are scarce but ste-
roid use appears to be preferred and is effective. Whether
AIP predisposes to pancreatic cancer is not known but
case-report studies of pancreatic cancer complicating AIP
have been published?’?.

DISCUSION

Current research on AIP focuses on the pathogenesis
of the disease. Genetic factors of AIP, humoral immunity
and target antigens of cellular immunity and effector cells
and the role of microbial infection (H.pylori infection
and molecular mimicry) are being intensively studied?”.
Okazaki and co-workers'' hypothesised that the patho-
genesis of AIP involves a biphasic mechanism consisting
of “induction” and “progression”. In the early stage, the
initial response to self-antigens (antilactoferrin, carbonic
anhydrase II, pancreatic secretory trypsin inhibitor and
alfa-fodrin) and molecular mimicry are induced by a de-
crease in naive regulatory T-cells (Tregs) and T-helper
(Th1) cells mediated release of proinflammatory cyto-
kines. In the chronic stage, progression is supported by
increase in memory Tregs (regulatory T cells) and Th2
immune responses. The complement system pathway may
be activated by the IgG1 complex. A model published by
Chari s group from Rochester, USA is similar and con-
siders 1gG4 to be related to the differentiation phase of
Treg function. During the evolution of AIP, Treg activity
may be related to specific amino acid substitution of HLA
class II. IgG1 immune complex may be related to IgG4-
negative and granulocyte epithelial lesion (GEL)-positive
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Table 6. HISORt criteria of AIP.

Category Criteria

A. Histology 1. Diagnostic (any one):

a) Pancreatic histology showing
periductal lymphoplasmacytic
infiltrate with obliterative hlebitis
(LPSP)

b) Lymphoplasmacytic infiltrate with
abundant (>10 cells/hpf) IgG4
positive cells in the pancreas

Supportive (any one)

a) Lymphoplasmacytic infiltrate with
abundant (>10 cells/hpf) IgG4
positive cells in involved extra-
pancreatic organ

b) Lymphoplasmacytic infiltrate with
fibrosis in the pancreas

2.

Typical imaging features:

1. CT/MR: diffusely enlarged gland with
delayed (rim) endhancement

2. ERCP: Diffusely irregular, attenuated
main pancreatic duct

Atypical Imaging Features: Pancreatitis,

focal pancreatic mass, focal pancreatic

duct stricture, pancreatic atrophy, pancre-

atic calcification

B. Imaging

Elevated serum IgG4 level
(normal 8-140 mg/dL)

C. Serology

D. Other Organ Hilar/intrahepatic biliary strictures,

involvement  persistent distal biliary stricture, Parotid/
lacrimal gland involvement, Mediastinal
lymphadenopathy, Retroperitoneal
fibrosis
E. Response Resolution/marked improvement of
to steroid pancreatic/extrapancreatic manifestation
therapy with steroid therapy

AlIP/idiopathic duct-centric pancreatitis IDCP. The IgG4
immune complex may correlate with IgG4-positive and
GEL-negative AIP. Further research is necessary to con-
firm the cellular model of AIP. In 2008, Kamisawa et
al.’® proposed a new clinicopathological entity - IgG4
related sclerosing disease (IgG4-RSC) (ref.**). The clini-
cal manifestation of this systemic disease is different and
related to the fragmentary involvement of the pancreas,
liver, bile duct, salivary gland, kidney and lung®. Typical
for this disease is abundant IgG4 positive plasma cells
and T-lymphocyte organ infiltration®3°. Masaoki et al.
extended the IgG-RSC complex into an even more exten-
sive clinical entity - IgG4-positive multiorgan lymphop-
roliferative syndrome (IgG4-MOLPS). This syndrome
includes inflammatory pseudotumors (liver, breast, lung,
Mikulicz ‘s syndrome, intestinal fibrosis and autoimmune
hypophysitis). Sjogren syndrom is not considered a part
of IgG4-MOLPS (ref.*?).

In 2009 experts from Europe, Japan, Korea and USA
met in Honolulu to describe the entity of AIP (ref.*). The
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Honolulu Consensus Document characterized AIP as a
pancreatitis, which has unique histopathologic features
allowing it to be distinguished from other forms of chronic
pancreatitis, and with histopathological correlates of 2
distinct forms of AIP. The last international consensus
- diagnostic criteria consensus, published in 2011 (ref.*?)
recognizes the spectrum of AIP as we know it today. In
2011 the criteria of the Japan Pancreas Society (HISORTs
criteria) together with Korean, Asian, Italian and
Mannheim criteria, led to the International Consensus
Diagnostic Criteria for autoimmune pancreatitis.

The diagnostic criteria were separated into two levels.
In level 1, the typical criterion is a diffuse enlargement of
the pancreas with delayed enhancement. In the pancreatic
duct, there is a typical sign- in more than 1/3 the length
of the main pancreatic duct, there are multiple strictures
without marked upstream dilatation.

Elevation of IgG4 >2x upper normal value

The diagnosis of AIP typically includes involment of
other organs with histological changes-lymphoplasmatic
infiltration with fibrosis and without granulocytic infil-
tration with storiform fibrosis, obliterative flebitis and
an abundance of IgG4 positive cells-more than 10 cells
| HPF. At least 3 of the pancreatic histological signs are
typical for the diagnosis. An alternative to histological
changes is the presence of typical radiological markers
which are a segmental proximal or multiple proximal or
proximal and distal bile duct stricture and retroperitoneal
fibrosis.

In the histology of pancreas at least 3 of the following
markers are relevant:
periductal lymphoplasmatic infiltrate without GEL
obliterative flebitis
storiform fibrosis
abundant IgG4 positive cells
The important diagnostic criterion is the response to
steroid therapy, when radiologically it is possible to dem-
onstrate the resolution or improvement in pancreatic and
extrapancreatic manifestation.

For level 2 the criteria for AIP- there are no typical
markers, for example no diffuse enlargement. The sign is
segmental or focal enlargement of pancreatic parenchyma.
Other signs are symmetrically enlarged salivary/lacrimal
glands, renal involvement described in association with
AIP, segmental or focal narrowing of the pancreatic duct
without marked upstream dilatation (duct size <5.0 mm).
There is no doubt, that autoimmune pancreatitis is still
a challenge for pancreatologists, endoscopists, surgeons,
histopathologists, immunologists and radiologists and it is
a “hot topic” in internal medicine. Type 1 AIP is the pan-
creatic manifestation of the multiorgan syndrome-IgG4
related disease (called also MOLPS - MultiOrgan Lympho
Proliferative Syndrome). Relapses of AIP type 1 can be
prevented using immunomodulators or biological agents.
Type 2 autoimmunepancreatitis is a distinct disease en-
tity with some markers common to type 1 AIP. AIP type
2 responds promptly to steroid therapy and subsequent
relapse is uncommon®#,
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CONCLUSION

1) Autoimmune pancreatitis (AIP) is a distinct form
of pancreatitis. Currently, two forms of AIP have been de-
scribed - Lymphoplasmatic sclerosing pancreatitis (LPSP)
and Idiopathic duct-centric pancreatitis (IDCP).

2) Clinically LPSP appears to be the pancreatic mani-
festation of the group of systemic diseases-IgG4 related
disease. IDCP does not appear to be a systemic disease.

3) The main acute clinical symptoms are obstruc-
tive jaundice and pancreatic swelling (focal or diffuse).
Typical pancreatic pain is very rare.

4) Diagnostic criteria for AIP.

- changes in pancreatic parenchyma and pancreatic duct
(CT/MRI,LMRCP,ERCP)

- high plasma levels of IgG, IgG4 and ANA

- histopathology of the pancreas

- steroid therapy response

5) Differential diagnosis between pancreatic tumor
and AIP is essential. Endosonographically guided pan-
creatic biopsy is recommended.

ABBREVIATIONS

AIP, Autoimmune pancreatitis; GEL, granulocyte epi-
thelial lesions; IDCP, Idiopathic duct-centric pancreatitis;
1gG4 + MOLPS, IgG4-positive multiorgan lymphopro-
liferative syndrome; IgG4-RSC, IgG4 related sclerosing
disease; LPSP, Lymphoplasmatic sclerosing pancreatitis.
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Souhrn

Refluxni choroba jicnu je pomérné casté onemocnéni, refluxnimi potizemi strada béhem zivota az 40 % populace.
Nastésti asi polovina nemocnych, ktefi jsou vysetieni pro jasné obtize, nevykazuje makroskopické poskozeni sliz-
nice jicnu a jen pomérné malé procento pacientli ma zavazny endoskopicky nalez — Barrettlv jicen (10 %). Jedna
se 0 zavaznou komplikaci — prekancerézu s 30krat vys$sim rizikem vzniku adenokarcinomu nez u pacientl bez Ba-
rrettova jicnu. Clanek pojednava o rizikovych faktorech a prediktorech progrese Barrettova jicnu do adenokarci-
nomu. Muzské pohlavi, bila rasa, refluxni choroba jicnu, Barrettlv jicen a obezita jsou rizikovymi faktory pro ade-
nokarcinom jicnu. Dostatecny pfijem ovoce a zeleniny a uzivani nesteroidnich protizanétlivych Iék{ a aspirinu
predstavuji protektivni faktory. Znalost téchto faktor(i se muize uplatnit v prevenci vzniku adenokarcinomu jicnu,
protoze praveé selekci pacientli na zakladé rizik a prediktor(i progrese Barrettova jicnu do dysplazie a adenokarci-
nomu lze vytvorit Ucelnéjsi a cost-efektivnéjsi dispenzarni programy.

Kli¢ova slova: adenokarcinom jicnu - Barrettlv jicen - etiologie reflux

Risk factors and progression predictors of Barrett’s oesophagus
to adenocarcinoma

Summary

Gastroesophageal reflux disease is a quite common disorder, and the condition affects some 40 per cent of pop-
ulation in the course of their lifetime. Fortunately, about half of the patients examined due to clear symptoms do
not manifest macroscopic damage of the oesophageal mucosa, and serious endoscopic findings (Barrett's oesoph-
agus) are observed in only a small percentage of patients (10%). Barrett's oesophagus is a serious complication —
precancerous condition with a 30-fold higher risk of development of oesophageal adenocarcinoma when com-
pared with patients without this condition. The article presents risk factors and predictors of progression of the
Barrett's oesophagus into the stage of adenocarcinoma. The main risk factors associated with oesophageal adeno-
carcinoma are male sex, white race, gastroesophageal reflux.

Key words: aetiology - Barrett's oesophagus — oesophageal adenocarcinoma - reflux
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Uvod

Barrettdv jicen nese jméno britského chirurga Normana
Barretta, ktery jej popsal poprvé v roce 1950 [1]. O 3 roky
pozdéji byla zjisténa jeho souvislost s gastroezofageal-
nim refluxem [2] a v roce 1975 s adenokarcinomem jicnu
[3.

Vzhledem k tomu, Ze za poslednich 40 let vzrostla
incidence adenokarcinomu jicnu 4nasobné [4] a jeho
progndza je stale nedobra, roste i zajem o problematiku
Barrettova jicnu. Nové techniky endoskopického zobra-
zeni navic umoznuji sledovat casnéjsi slizni¢ni zmény,
a tim zlep3uji a zpfesnuji jeho diagnostiku. Na Barrettové
jicnu Ize také modelové sledovat kancerogenezi: akutni
zanét — chronicky zanét — intestinalni metaplazie - lehka
a tézka dysplazie — adenokarcinom.

Vzhledem k tomu, Ze ¢asny adenokarcinom jicnu ma
lepsi progndzu nez pokrocily symptomaticky adenokar-
cinom, je snaha vytvéret dispenzarni endoskopické pro-
gramy za Ucelem detekce progrese Barrettova jicnu do
dysplazie a ¢asného adenokarcinomu jicnu. Odhado-
vané riziko progrese Barrettova jicnu do ¢asného ade-
nokarcinomu jicnu je 0,12-0,5 % za rok u pacientd bez
dysplazie [5,6]. Abychom pfi tak relativné nizkém riziku
vytvorili efektivni endoskopické dispenzarni programy,
méli bychom umét selektovat pacienty s vysokym rizi-
kem, tedy mit praktické nastroje ke stratifikaci rizika paci-
entl s Barrettovym jicnem.

Definice Barrettova jicnu

V soucasné dobé existuji 2 definice Barrettova jicnu (BJ):
v USA a nékterych evropskych statech, véetné CR (dopo-
ru¢eny postup Ceské gastroenterologické spole¢nosti), se
pouzivé guideline American Gastroenterology Associa-
tion, ktery vyzaduje k verifikaci BJ vyskyt intestindlni me-
taplazie v povrchovém epitelu a Zlazkach sliznice dolniho
segmentu jicnu. Na rozdil od toho britsky guideline navr-
zeny British Society of Gastroenterology povazuje za Ba-
rrettlv jicen jen piitomnost kolumnarniho epitelu, ktery
vystyla sliznici doIniho segmentu i bez intestindlni meta-
plazie [7-9]. Montrealsky konsenzus z roku 2006, ktery je
nejaktualnéjsim akceptovanym klasifikacnim systémem,
jej definuje jako makroskopicky patrnou ¢ast jicnu, ktera
je namisto bézného vrstevnatého nerohovéjiciho dlazdi-
cového epitelu kryta epitelem cylindrickym. Podle dfivéj-
sich definic byl pro stanoveni diagnézy nezbytny prikaz
tzv. specializované intestindlni metaplazie (SIM). Nové
montrealska definice toto pravidlo méni a za Barrettliv
jicen se nyni povazuje jakykoli typ cylindrického epitelu
v jicnu, tedy i tzv. zaludec¢ni metaplazie (gastric metapla-
sia — GM). Nové se tedy rozliduji 2 zakladni histologické
typy Barrettova jicnu, a to se specializovanou intestinalni
metaplazii (BJ SIM+) nebo s gastrickou metaplazii (BJ
GM-) [10]. Gastroenterologové, resp. patologové v CR se
drzi vétsinou definice Ceské gastroenterologické spole¢-
nosti, resp. American Gastroenterology Association. In-
testindlni metaplazii se rozumi pfitomnost poharkovych
bunék v metaplastickém epitelu sliznice. Co se tyka obou
vyse popsanych doporuceni, dosud panuji mezi patology
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kontroverzni nézory, jestli by méla byt pfitomnost pohar-
kovych bunék kritériem k potvrzeni Barrettova jicnu nebo
nikoliv. Dvodem je skute¢nost, ze v malé biopsii z endo-
skopického odbéru jsou poharkové burky ve sliznici roz-
trouseny individudlng, asymetricky a pocet Zldzek s po-
harkovymi burikami je velmi nizky, coz muize uniknout
pozornosti diagnostikujiciho patologa pii mikroskopic-
kém vysetreni. Tato situace maze vést k mylnému stano-
veni falesné negativni diagndzy. Pravdépodobnost za-
chytu poharkovych bunék, resp. intestinalni metaplazie
je zavisla na délce segmentu Barrettova jicnu, poctu ode-
branych vzorkd z dolniho segmentu jicnu a poctu gastro-
skopickych vysetieni provadénych za urcitou dobu u jed-
noho pacienta [9].

Dysplazie a adenokarcinom a jejich
diferencialni diagnéza

Histologické vysetfeni je zasadni nejen pro potvrzeni
diagndzy Barretova jicnu, ale téZz pro stanoveni [é¢by
a eventualni dispenzarizace, pficemz rozhodujicim kri-
tériem je pfitomnost a stupen dysplazie. V soucasnosti
je vhodnéjsi pro pojem dysplazie pouzivat pojem intra-
epitelidIni neoplazie (IN). Komplikaci Barrettova jicnu je
vznik dysplazie ve sliznici, kterd je povazovana za pre-
kancer6zu adenokarcinomu dolniho segmentu jicnu,
jenz se v nékterych odbornych knihach nazyva Ba-
rrettGv adenokarcinom.

Dysplazie (intraepitelidini neoplazie) v terénu Ba-
rrettova jicnu ma 2 stupné: nizky (low grade - LGIN)
a vysoky (high grade - HGIN) [11]. Histologicky je dyspla-
zie podobna jako u adenomd tlustého stieva.

U nizkého stupné dysplazie jsou zlazky tubuldrni a ar-
chitektonicky pravidelné, v jejich epitelu je jadro hy-
perchromni, zvétsené, doutnikovitého tvaru s drobnym
jadérkem a minimélné zménénou stratifikaci. Polarita
jadra je vétsinou zachovana. Jadro nedosahuje luminal-
niho povrchu epitelu zZlazek. V cytoplazmé dysplastic-
kého epitelu dochazi k redukci hlenu. LGIN je patology
diagnostikovédna castéji, nez je ve skute¢nosti pritomna,
shoda mezi patology mnohdy nedosahuje 50 % [12,13],
proto je k definitivnimu stanoveni LGIN nutné potvrzeni
diagnézy druhym patologem. Potvrzend LGIN s sebou
nese vyssi riziko vzniku adenokarcinomu [12,14]. Az 25 %
pacient(i s BJ ma v dobé stanoveni diagnézy jiz LGIN [5].

Vysoky stupen dysplazie je charakterizovan nepravi-
delnym tvarem zlazek, které mohou byt az kribriformné
usporadané, vzacné mohou vykazovat i papilarni kon-
figuraci. Casto jsou k sobé Zlazky stlaceny tzv. back to
back. Jadra jsou ovalna az kulatd, chromatin nabyva
vezikularniho vzhledu s prominujicim jadérkem, jadra
dale ztraceji polaritu, obsahuji mitotické figury a jsou
v tésné blizkosti lumindlniho povrchu zldzek. Dyspla-
zie se $ifi z bazalnich Zldzek do povrchového epitelu
sliznice. Tyto popsané zmény u obou stupnli odpovi-
daji adenomatdéznimu (intestindlnimu) typu. Defini-
tivni diagnéza HGIN (ale i LGIN) by méla byt stanovena
na zakladé biopsii Barrettova jicnu bez makroskopic-
kych znamek zanétu. Druhé cteni k diagnéze HGIN
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neni nutné, protoze mezi patology existuje vétsi shoda
Vv jejim odecteni nez u LGIN.

Nedavno byly popsany a publikovany dalsi typy dy-
splazie: dysplazie foveolarniho typu, dysplazie bazal-
nich krypt a serrated dysplazie, se kterymi se v biop-
tické praxi nesetkavame casto [9].

Foveolarni typ je charakterizovdn bunécnou popu-
laci s bohatou cytoplazmou a drobnym, kulatym, hy-
perchromnim jadrem, které je uloZzeno bazalné. Dysplas-
ticky epitel je imunohistochemicky pozitivni na MUC5AC
a negativni v prikazu MUC2. Architektonika Zzlazek
s touto dysplazii je prevazné tubuldrni, nékde az vili-
formni. Cytologicky muze vykazovat nizky nebo vysoky
stupen dysplazie.

U dysplazie bazéalnich krypt jsou jaderné a archi-
tektonické atypie omezeny pouze na bazalni Zlazky
(krypty), zatimco v hornich zldzkdch a povrchovém epi-
telu sliznice je maturace zachovana. Jedna studie pro-
kazala u tohoto typu dysplazie overexpresi p53 [9].

Posledni typ — serrated dysplazie - je velmi raritni
a morfologicky napodobuje serrated adenom u tlus-
tého streva. Pfi malém zvétseni je tzv. serrated tvar lu-
minalniho povrchu krypt ndpadny a cytoplazma silné
eozinofilni, s hyperchromnim, doutnikovitym jadrem.
Tato jadra mohou byt stratifikovana.

Odliseni dysplazie nizkého stupné od reaktivni atypie
epitelu, kterd byva pozorovana v okoli chronického
z&nétu, neni pro histopatologa jednoduchym ukolem.
Byly publikovény studie se zaméfenim na imunohisto-
chemické markery p53 a AMACR, které by mély pomoci
v diferencialni diagndze, avsak jejich specifita a senzi-
tivita je velmi nizkd. Pozitivita p53 byla prokazana také
v regeneracnim epitelu, stejné tak i mutace TP53, které
byly detekovany u 1/3 pacientd s Barrettovym jicnem
bez dysplastickych zmén. Dle jedné studie je exprese
p53 v epitelu dysplazie nizkého stupné povazovéana za
horsi prognosticky faktor. Nicméné diferencidlni dia-
gndza mezi reaktivni atypii a dysplazii nizkého stupné
stale zavisi na morfologickém zhodnoceni. U reaktivni
atypie jsou jadra kulata az ovalna, vezikularniho vzhledu
s drobnym jadérkem a minimalni stratifikaci, v okoli je
napadna zanétliva celulizace. Smérem od mista zanétu
pomalu vymizi reaktivni atypie, zatimco u dysplazie
nizkého stupné je patrny ostry prechod mezi normal-
nimi jadry a atypickymi jadry, kterd jsou hyperchromni,
ovélna az doutnikovita, se stratifikaci jader.

Adenokarcinom vznikajici v terénu Barrettova jicnu
muze byt intramukdzni nebo invadovat do submukdzy.
Jeho morfologickymi znaky jsou splyvani zlazek, pfi-
tomnost intralumindlnich papil a kribriformni Uprava
s dilataci lumen, ve kterém se maze nachazet nekro-
ticky detritus, dale infiltrace lamina propria mucosae
jak dysplastickymi zldzkami, tak jednotlivymi nadoro-
vymi burikami. Dojde-li k invazi do submukdzy, vznika
dezmoplazie stromatu se zanétlivou reakci.

K pfesnéjsi diagnostice ndm pomahaji i moderni en-
doskopické metody, jako napf. narrow band imaging
(NBI), autoflorescence (AFl) a endoskopie s vysokym

rozlisenim (endoskopie s vysokym rozlisenim — HRE)
pfispivaji ke zlepSeni makroskopické vizualizace pato-
logicky suspektnich oblasti a umoznuji cileny odbér
biopsie. V NBI modu jsou vice patrné slizni¢ni nerov-
nosti, patologicka cévni kresba a vaskuladrni abnorma-
lity, které mohou svédcit pro dysplazii [15]. U dysplazie
a karcinomu in situ je fluorescence snizena a je pozoro-
van posun v proporci od zeleného k ¢ervenému svétlu
[16]. Dalsim pfinosem je nasazeni plastikového capu
na konec endoskopu, pomoci kterého Ize 1épe prohli-
zet jednotlivé metaplastické ostrdvky Barrettova jicnu,
preciznéji hodnotit cévni kresbu a slizni¢ni nerovnosti
a umoznuje lepsi cileny odbér biopsii [17]. Podle né-
kterych studii maji metody HRE, NBI a AFI vétsi vyznam
v diagnostice HGIN a EAC [16,18], u nichz Gspésnost do-
sahuje az 100 % oproti 61 % pfi pouziti standardni en-
doskopie [19]. U LGIN vykazuje NBI i AFI nizkou senziti-
vitu [16,20], pticemz pravé diagnéza LGIN je u pacienttd
s BJ zésadni pro dalsi intenzivni sledovani.

Stefanova et al provedli analyzu shody diagndzy sta-
novené na zakladé bioptickych vzorkd a diagnézy na
zdkladé vysetfeni endoskopického resekatu a dospéli
k zavéru, ze diagndza byla odlisna ve 42 % pfipadi [21],
k podobnym vysledkdm dospéli i jini autofi [22]. Endo-
skopicka resekce je vhodna u pacientl s viditelnymi
|ézemi. Kromé urceni diagndzy urci i hloubku invaze,
angioinvazi apod, coZz pomuze v rozhodnuti, zda je en-
doskopicka resekce dostacujici ¢i by méla nasledovat
chirurgicka lécba [23,24].

Rizikové faktory a prediktory
adenokarcinomu jicnu

Barrettuv jicen

BarrettQv jicen byva oznacovan za prekancerézu jicnu
s vyskytem 0,1-0,5 % pacientl/rok. Je nejvyznamnéjsim
rizikovym faktorem pro adenokarcinom jicnu [25,26]. Ve
Svédské studii Lagergren et al prokazali zavislost vzniku
adenokarcinomu na frekvenci a stupni zavaznosti reflux-
ni choroby jicnu [27]. Na druhou stranu bylo zjisténo, ze
az 40 % pacientl s adenokarcinomem nema zadné re-
fluxni potize [27]. Ackoli se ukazuje, ze chronicky gastro-
ezofagedlni reflux je nejvyznamnéjsim rizikovym fakto-
rem adenokarcinomu jicnu, potlac¢eni kyselosti se nejevi
efektivni v redukci neoplastické progrese BJ. Potlaceni
nizkého pH v jicnu sice na jednu stranu inhibuje prolife-
raci, ale nadruhou stranu vede k vzestupu hladiny gastri-
nu, ktery stimuluje proliferaci BJ [28,29]. Bohuzel ani chi-
rurgicka lécba refluxni choroby jicnu nedokaze uc¢inné
redukovat riziko progrese BJ do adenokarcinomu [30].

Endoskopické ukazatele

| kdyz se zd4, ze délka BJ mulze predikovat riziko pro-
grese [31,32], neni zndma hranice délky BJ, kterd by zna-
menala vysoké riziko. K této problematice budou nutné
jesté dalsi studie. Pfitomnost nodularity nebo viditel-
nych endoskopickych 1ézi u BJ s vysokym stupném dys-
plazie koreluje se zvySenym rizikem progrese do ade-
nokarcinomu, resp. se jiz mGze jednat o nerozpoznany
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adenokarcinom, posléze diagnostikovany v resekatu
[33,34].

Stupen dysplazie

Stupen dysplazie je povazovan za zakladni ukazatel
rizika progrese BJ do adenokarcinomu. Nedavna me-
taanalyza uvédi, Ze ro¢ni mira progrese do adenokar-
cinomu u nizké dysplazie byla 16,98/1 000 ve srovnani
s 5,98/1 000 pacientl bez dysplazie [35]. Jak jiz bylo
fe¢eno, problémem je mald shoda mezi patology pfi
stanovovani dysplazie nizkého stupné. Stru¢né feceno,
stupen dysplazie je nedokonalym, ale snad nejpouziva-
néjsim ukazatelem rizika stratifikace u BJ.

Body mass index

Dvé metaanalyzy studovaly vztah mezi nadvahou (BMI
25-30 kg/m?) a obezitou (BMI > 30 kg/m?) a adenokar-
cinomem jicnu. Bylo zjisténo, Ze riziko u téchto osob je
2-3nasobné a s rostoucim BMI se déle zvysuje [36-39].
Vliv téIniho tuku na progresi BJ muize byt dan abdomi-
nalni tukovou tkani, kterd je metabolicky aktivni — vy-
tvafi prozanétlivé cytokiny [40].

Infekce Helicobacter pylori

Infekce Helicobacter pylori se ukazala byt protektivnim
faktorem pro vznik adenokarcinomu jicnu, ale zaroven
i rizikovym faktorem pro spinoceluldrni karcinom jicnu
[40,41]. Protektivni Gc¢inek se vysvétloval tim, Ze infekce
vede ke snizeni sekrece zaludecni kyseliny, a tak do-
chazi ke snizeni intenzity gastroezofagealniho refluxu
[42]. To vsak bylo posléze zpochybnéno studii, ktera vy-
loucila mechanizmus navozeni atrofie a snizeni kyselé
sekrece infekci Helicobacter pylori [40]. Helicobacter
pylori muze snizit tvorbu grelinu, ktery je produkovan
burikami zaludec¢ni sliznice a zvysuje chut k jidlu. Diky
tomu dochazi k mensimu narlistu obezity, ktera je rizi-
kovym faktorem pro vznik adenokarcinomu jicnu [43].

Dalsi mozné rizikové faktory

Hiatova hernie usnadnuje gastroezofagealni reflux,
a tim zhorsuje refluxni chorobu jicnu [44] a prispiva tak
ke 2-6nasobnému riziku adenokarcinomu jicnu [45].
Zda se, ze délka hidtové hernie koreluje s rizikem pro-
grese do adenokarcinomu u BJ [32,46].

Vliv koufenina vznik adenokarcinomu jicnu je mnohem
mensi nez na spinoceluldrni karcinom jicnu, presto né-
které studie prokazaly vyssi vyskyt adenokarcinomu jicnu
u kuraku v porovnani s nekuraky [47-52]. Bylo potvrzeno,
ze riziko narlista s délkou a intenzitou koureni [53]. Na
druhou stranu dalsi prace toto signifikantné neprokazaly
[54,55].

Nejsou jasné dlkazy, ze by vyssi vék byl rizikovym
faktorem progrese BJ do tézké dysplazie nebo adeno-
karcinomu [56].

Nedévné prehledy napovidaji, ze incidence adenokar-
cinomu jicnu je 2krat vyssi u muzd nez u zen [54,57,58].

Potrava a vyzivové dopliky — nékteré studie udavaji
vyssi vyskyt adenokarcinomu jicnu pfi vysokotucnych
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dietach [55] a nizsi pfi pfijmu ovoce a zeleniny [59], ale
23dnd z nich nepouzila kontrolni skupinu s BJ. Dalsi
prace ukazuje na pozitivni vliv multivitamind, vitaminu
CaE [60]. Studie prokazaly, ze pravidelny pfijem ovoce
a zeleniny ved| ke snizeni rizika karcinomu jicnu [61-64].

Vztah profese — napf. délnikl vystavenych azbestu
nebo cementovému prachu a adenokarcinomu jicnu je
velmi slaby [65-67].

Pti achalazii jicnu dochdzi k méstnani potravy v jicnu
a vzniku zanétu, coz vede k vysSimu riziku vzniku
nadoru jicnu [68]. 10ndsobné zvysené riziko pro oba
histologické typy karcinomu jicnu u pacient s achala-
zii popisuje Svédska kohortova studie [69].

Rada epidemiologickych studii nalezla inverzni vztah
mezi uzivanim aspirinu a jinych nesteroidnich protiza-
nétlivych léki a rizikem vzniku obou typl karcinoma
jicnu. Castéjsi uzivani téchto 1€k snizuje toto riziko asi
040 % [70]. Studie publikovana v roce 2010 ukazala, ze
po 20letém uzivani 75 mg acetylsalicylové kyseliny do-
sahuje snizeni rizika karcinomu jicnu 60 % [71].

Adenokarcinom jicnu je prevazujicim typem karci-
nomu jicnu v zdpadnich zemich s vysokou socioekono-
mickou urovni, je spojen s vysokym BMI a s kardiovas-
kularnimi rizikovymi faktory [72].

Biomarkery predpovédi u Barrettova jicnu
Progrese intestinalni metaplazie do ezofagedlniho ade-
nokarcinomu (EA) u pacientl s Barrettovym jicnem
a prechod mezi jednotlivymi grady je asociovan s aku-
mulaci genetickych a epigenetickych alteraci v tumor-
-supresorovych genech (napi. CDKN2A, p53) a pro-
toonkogenech (ERBB2, ¢-MYC). Tyto zmény umoznuji
nekontrolovatelnou proliferaci, rezistenci bunék k apo-
ptéze a schopnost invaze nadorovych bunék [73-76].
Co je spoustécem prechodu z BJ do EA a tedy vlastnim
mechanizmem kancerogeneze, vsak neni dosud znamo
a je pfedmétem intenzivniho vyzkumu. Byla objevena
fada potencionalnich biomarkerd, které by mohly
pomoci urcit stupen dysplazie a stanovit tak presnéji
riziko mozného vyvoje rakoviny, prognézu a pfipadné
predikovat 1é¢bu, nicméné zadny z nich prozatim nena-
Sel rutinni uplatnéni v bézné klinické praxi [77].

Jako jeden ze slibnych biomarkerd se jevigen CDKN2A
(p16 v oblasti 9p21). Tento tumor-supresorovy gen blo-
kuje fosforylaci RB1 proteinu a inhibuje tak postup
bunky buné¢nym cyklem. Hypermetylace promotoru
tohoto genu kombinovand se ztrdtou heterozygozity
9p21 vede k inaktivaci tohoto genu a je povazovana
za Casnou udalost kancerogeneze. Pfedpoklada se, ze
postupné dochazi k dalsim zménam, jako je inaktivace
genu p53 deleci nebo mutaci, tim dojde k deregulaci
bunécného ristu, klondlni expanzi a vyvoji dysplazie
[78]. Gen p53 mUze byt inhibovan také produktem pro-
toonkogenu MDM_2. Ten se prfesné vaze a formuje do
komplexu s p53 a inaktivuje jej [79,80]. Zmény v téchto
genech jsou asociovany s progresi BJ do EA [81].

Gen pi6 je spolu s geny c-MYC, ERBB2 a ZNF217 sou-
¢asti sondy pro fluorescencni hybridizaci in situ (FISH)
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firmy Abbott Molecular. FISH je molekularné-cytoge-
netickd metoda, kterd umoznuje detekovat delece, am-
plifikace gend ¢i aneuploidie pfimo v jadrech bunék.
Metodu FISH je mozno pouzit na rliznych typech pre-
paratd; v molekularni patologii se nej¢astéji pouzivaji
fezy z tkani fixovanych ve formalinu a zalitych v para-
finu. Je ale mozno ji také aplikovat na cytologické pre-
pardty nebo tzv. brush cytologie [82]. Ztrata funkce
genu pl6 at uz deleci nebo hypermetylaci je pozoro-
vana u intestindlni metaplazie ¢i low-grade dysplazie
[83]. Amplifikace genu ERBB2 je povazovana za nepfi-
znivy prognosticky faktor, naznacuje progresi onemoc-
néni a nachazi se vétsinou u pacientd s high-grade dy-
splazii a EA stejné jako amplifikace genu c¢-myc [84].
Kromé toho, ze méa amplifikace genu ERBB2 (Her2-neu)
prognosticky vyznam, je také prediktivnim markerem
pro uziti cilené biologické 1écby, jako je trastuzumab
(Herceptin) [85]. Pomoci této metody je tedy mozné vy-
tipovat pacienty s vyssim rizikem vzniku EA, pfipadné
upfesnit grade BJ, progndézu a v nékterych pfipadech
také predikovat lé¢bu.

Do popredi zajmu se tak jako u celé fady dalSich ma-
lignit i v pfipadé BJ dostava studium miRNA. miRNA je
skupina malych nekddujicich RNA o délce 18-25 nukleo-
tidQ, které se mohou vazat do regula¢nich oblasti mRNA
a inhibovat tak translaci, tedy prepis pfislusného genu.
Abnormalni exprese ridznych typd miRNA je pozoro-
véna u vsech solidnich nadorG i hematologickych malig-
nit [86]. U BJ je v souc¢asné dobé studovano napt. vyuziti
kombinace exprese miRNA-192, miRNA-196a a miRNA-
203 jako znaku mozné progrese onemocnéni [87]. Zaro-
ven je miRNA-203 jednim z dalSich moznych terapeutic-
kych cilti [88].

Molekularni genetika hraje stéle dllezitéjsi roli v dia-
gnostice celé fady nddorovych onemocnénia prekurzo-
rovych lézi v¢etné BJ - hledaji se nejefektivnéjsi mozné
kombinace potencidlnich biomarker(, diky kterym by
bylo mozné vcas zachytit progresi onemocnéni, které
by predikovaly terapeutickou odpovéd a hledaji se po-
tencidlni terapeutické cile pro pfipadnou biologickou
1é¢bu.
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Gastrointestinalni stromalni nadory (GISTy) jsou mezenchymalni nadory gastrointestinalniho traktu (Gl), pochazejici z intestinalnich
Cajalovych bunék prevazné ze zaludku a tenkého stfeva. V poslednim desetileti doslo k rozvoji cilené molekularni Ié¢by mnoha solid-
nich nadoru a s objevem onkogennich mutaci kinaz u GISTi doslo k rychlému pochopeni molekularné biologické povahy téchto nadort
a prispélo k zavedeni inhibitord tyrozinkinaz do klinické praxe i u tohoto typu nadoru. Proto v sou¢asné dobé hraje vyznamnou tlohu
molekulérni genotypizace téchto lézi, predevsim z hlediska prognézy, lécebné odpovédi, respektive primarni nebo sekundarni rezis-
tence na cilenou lé¢bu.

Klicova slova: gastrointestinalni stromalni tumor, mutace, KIT gen, PDGFRA gen.

Molecular genetics in gastrointestinal stromal tumors

Gastrointestinal stromal tumors (GISTs) are mesenchymal tumors of the gastrointestinal tract (Gl) arising from the interstitial cells of Ca-
jal, primarily of the stomach and small intestine. During the past decade came up to progress of molecular targeted therapies for many
solid tumors and in association with discovery of onkogenic kinase mutations in GISTs to rapid evolution in understanding of molecular
biology features of these tumors and to implementation tyrosine kinase inhibitors in clinical practice. Therefore molecular genotyping

of this lesions is very important for prognosis, therapy, primary or secondary resistence to targeted therapy respectively.

Key words: Gastrointestinal stromal tumor, mutation, KIT gene, PDGFRA gene.

Uvod

Gastrointestinalni stromalnf tumory (GIST)
se vyskytuji prevazné u pacientd starsiho véku
(mediadn véku 60-65 let), bez rozdilu pohlavi,
s incidenci 1,5/100 000/rok (1). Za jeden z kli-
¢ovych déjl v onkogenezi GISTU se povazuji
aktiva¢ni mutace gend kédujicich receptoro-
vé tyrozinkindzy KIT a PDGFRA.

Molekularni genetika

U pfiblizné 75% GISTU se vyskytuji mutace
v KIT genu, které zpusobujiindependentni kon-
stitutivni kindzovou aktivaci, pficemz nejcastéjsi
je mutace v exonu 11, kédujiciho intraceluldrnf
juxtamembranovou doménu proteinu. Tyto
mutace zahrnuji delece, inserce a substituce,
ptipadné jejich vzdjemnou kombinaci a majf
za nésledek zménu sekunddrnf struktury pro-
teinu v jeho aktivni formu (aktivni konformaci).
Delece jsou asociovéany s kratsim Progression
Free (PFS) intervalem a celkovym pfeZitim (OS)
v porovnani s ostatnimi typy mutaci. Kromé
mutaci v exonu 11 (~ 70%) se u 7-11% GISTU
vyskytuji mutace v exonu 9 a vzacné v exonu
13a 17 KITgenu ().

Priblizné 80% KIT negativnich GIST( nese
mutaci v PDGFRA genu. V nékterych studiich
byla prokdzana spojitost s predominantni zalu-
decnf lokalizaci, epiteloidni morfologii PDGFRA
mutovanych GISTU. Mutace v genu PDGFRA
se vyskytuji priblizné v 8-10%. Nejcastéji se na-
chazeji v exonu 18 a raritné v exonech 12 a 14 (3).
Mutace v KIT genu a PDGFRA genu jsou u GISTG
vzajemné exkluzivni (2).

KIT gen — oficidIni nazev je “v-kit Hardy-
Zuckerman 4 feline sarcoma viral oncogene ho-
molog’, (¢asto je uvadén pod jinymi ndzvy, napf.
CD117, c-kit, apod.) — je lokalizovén na dlouhém
ramenu chromozomu 4 v lokusu 4q12. Gen fidf
produkci proteinu bunécné membréany patfici
do rodiny tyrozinkindzovych receptort (RTKs).
Signalnfdraha stimulovana KIT proteinem kont-
roluje fadu vyznamnych procest v bunice. Jedna
se predevsim o bunécny rdst, proliferaci, preziti
(resp. apoptdzu) a migraci. Signalni draha ve-
doucf od tohoto proteinu mé zasadnf vyznam
predevsim pro urcité druhy bunék, napt. repro-
dukeni buriky, hematopoetické buriky, mastocy-
ty, buriky v gastrointestindlnim traktu (Cajalovy
bunky) a melanocyty (4).

Onkologie 2014; 8(6): 257-258

Mutace KIT genu jsou ve srovnani s nadory
GIST nesoucimi mutace v PDGFRA genu spo-
jovany s horsf progndzou a vyssim malignim
potencidlem (5).

PDGFRA gen - oficidni ndzev — ,platelet-
derived growth factor receptor, alpha polypep-
tide"™ je lokalizovan také na dlouhém ramenu
chromozomu 4, lokus 4q12. Gen kdduje alfa
podjednotku receptoru tyrozin kindzy PDGF,
kterd nalezi do podskupiny typu Il tyrozin ki-
nazovych receptord. Protein je lokalizovén
v bunécné membrané a podili se na transdukci
signald a ovliviiuje procesy bunécného cyklu,
predevsim rdst, proliferaci a preziti (4).

Piblizné 10-15% GISTU nemé mutaci ani KIT
ani PDGFRA genu (tzv. KIT/PDGFRA wild type” GIST).
Jsou klinicky nerozlisitelné od mutantnich tumor(
—majf identickou morfologii, vysokou hladinu ex-
prese KIT proteinu a mohou se nachézet kdekoliv
v Gl traktu. Recentni studie ukazuji, ze wild type
GIST jsou heterogenni skupinou a vykazuijf rizné
druhy mutaci jinych gend, napr. BRAF a jeho mu-
tace V60OE (ve 13% wild type GISTG) a SDH (succi-
nate dehydrogenase) (6). Priblizné 50% wild type
GISTG vykazuje ztrdtu enzymatické aktivity v mi-
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tochondridlnim respiracnim fetézci komplexu I
(SDH-deficientni GISTy). Tento komplex tvoif Ctyfi
podjednotky (SDHA, SDHB, SDHC a SDHD). Ztrata
kterékoliv této podjednotky vlivem mutace nebo
poruchy posttranskripcni regulace vede k akumu-
laci sukcinatt. Mechanismus, jakym vede ztrata
sukcindddehydrogenazového komplexu ke vzniku
nadoru nenti zcela objasnén, predpoklada se zvy-
Senti transkripce HIF1-a (hypoxia-inducible factor
1-a) regulovanych gent a pokles DNA demetyla-
ce. Obecné SDH-deficientni GISTy s mutaci nebo
bez mutace SDHx vykazuji zvyseni DNA metylace
(podobné jako gliomy a leukémie s IDHT a IDH2
mutacf) a tvoif skupinu ndor( s odlisnymiklinicky-
mi projevy od KIT/PDGFRA mutovanych GISTA. Majf
prrevazné lokalizaci v zaludku s epiteloidni histolo-
gif, vykazuiji lymfovaskularni invazi a plexiformni
fenotyp, jsou multifokalni s ¢asnym metastazo-
vanim do lymfatickych uzlin, avsak s pomalym
rastem (2, 7).

Raritné byly nalezeny také mutace HRAS,
NRAS a PIK3CA gen. Vzhledem k tomu, ze BRAF
a RAS proteiny jsou souc¢asti MAP kindzové kas-
kddy mohou zpUsobit KIT independentnf sti-
mulaci rlstu a timto zpUsobit rezistenci na KIT/
PDGFRA kindzové inhibitory (2).

Presto, Ze onkogenni mutace kinaz hrajf ddle-
Zitou roli v rozvoji GISTU, pro progresi a rozvoj one-
mocnénijsou nutné také dalsi genetické udalosti.
Priblizné dvé tietiny GISTU vykazujf budto monoso-
mii chromozomu 14 nebo ztrétu v oblasti 14q. Tyto
chromozomové abnormality se vyskytuiji jak u KIT
mutovanych, tak PDGFRA mutovanych GISTG. U pri-
blizné 50% GISTU se vyskytuje delece dlouhého
ramena chromozomu 22 (22q). Ztraty v chromo-
zomovych oblastech 1p, 9p, 11p a 17p jsou méné
Casté nez delece 14q avsak jsou signifikantnéjsi
pro malignity. U GISTU byly nalezeny také delece
13g a 15 nebo monozomie chromozomu 10.
Zmnozeni oblasti 8q (zahrnuje MYC gen), 3qa 17q
jsou asociovana s metastatickym chovanim tumo-
ru. Zadnd z vyse uvedenych chromozomovych
zmén se nevyskytuje u détskych typl GISTU, které
jsou spise diploidni. Naproti tomu GISTy vznikajici
u pacientt s neurofibromatézou typu 1 vykazu-
ji Casté ztraty 14q a 22q. Signifikantni ¢ast GISTU
vykazuje inaktivaci tumor supresorového genu
CDKN2A, koduijiciho protein pl16 (reguldtor bunéc-
ného cyklu), ke které dochaz bud bialelickou delec
lokusu p21 na chromozomu 9 nebo v kombinaci
s mutaci, popfipadé metylaci promotoru. Také
mutace TP53 a snizenf exprese p53 vimunohis-
tochemii koreluje se $patnou prognézou. Rovnéz
amplifikace gent MDM2 a CCNDT (cyclin D1) jsou
asociovéany s malignitou (u GIST jsou vsak mélo
casté) (2, 8).

Onkologie | 2014;8(6) | www.onkologiecs.cz

MikroRNA

Je zndmo, ze v progresi mnoha typG nadord
hraji vyznamnou roli zmény expresnich profild
a dysregulace mikroRNA, nddory GIST nejsou vy-
jimkou. Recentni studie prokazuji, ze mikroRNA
piimo regulujf KIT expresi a inhibuji buné¢nou
proliferaci u GISTU (11), pffpadné mohou byt
asociovany s rezistenci na imatinib (11, 9).

Cilena terapie

Pred nastupem cilené terapie byla progné-
za u pokrocilych gastrointestinalnich stromal-
nich tumort $patnd vzhledem k jejich rezistenci
jak na chemoterapii, tak na radioterapii. Do roku
2000 byla odpovéd na lécbu konvencni chemo-
terapii méné nez 5% a median preziti pacientl
s pokrocilym onemocnénim 18 mésicd. Tyrozin
kindzové inhibitory byly plivodné vyvinuty v 90.
letech 20. stoletf pro Ié¢bu chronické myeloidni
leukémie (pro jejich schopnost inhibice fuzniho
onkoproteinu BCR-ABL). Protoze ABL md struktu-
ralni podobnost s KIT genem, byl imatinib testo-
vén i na burikéch nesoucich mutantni formu KIT
genu a ovéfena jeho ucinnost (2).

Priblizné 10 % pacientl s GIST vsak vykazuje
primarni rezistenci na lé¢bu inhibitory TKs, ktera
je definovana jako progrese v prlibéhu prvnich
6 mésict 1é¢by. Podle prvnich studif odpovéd
na lé¢bu imatinibem koreluje s kindzovym ge-
notypem nadoru. Pravdépodobnost primarni
rezistence na imatinib pro mutace v exonu 11
KIT genu je 5%, v exonu 9 je 16% a pro wild type
GIST 23%. Molekuldrni genotypizace GISTU je
dulezitd predevsim pro identifikaci KIT exon 9
mutantnich tumord, které vyzaduji vyssi dav-
ky imatinibu pro optimalnf lé¢bu onemocnéni.
Poddévkovan( u tohoto typu GISTu je zjevnou
pficinou rezistence na lé¢bu. Na zakladé in vitro
dat je zfejmé, Ze nejcastéjsi mutace v PDGFRA
genu, D842V zpUsobuje absolutnf rezistentci
na imatinib. Toto je potvrzeno klinickymi vysled-
ky. Pacient s PDGFRA D842V mutaci ma nizkou
odpoveéd na lé¢bu imatinibem a velice kratky PF
a 0S, zatimco jiné mutace PDGFRA vykazujf trva-
lou odpovéd na lé¢bu imatinibem. Sekundarni
rezistence je zpUsobena rdznymi mechanismy,
zejména ziskanymi mutacemi v KIT a PDGFRA
genu v prabéhu lécby, které jsou odlisné od pu-
vodni onkogenni mutace (2).

Zavér

Molekuldrné genetické vysetfeni nadord
GIST mé vyznam nejen diferencidlné diagnos-
ticky, ale i prediktivni. Genotypovani nadort je
dulezité pro optimalni management pacientd
s GIST lécenych pomocf inhibitorl tyrozinkindz

(typ, dévka TKI). Pro dalsi molekuldrni subtypy
GIST (napft. SDH-deficientni a PDGFRA D842V
GIST), které neodpovidaji na konvencni lécbu
TKI inhibitory, by optimdlni lé¢ebna strategie
zahrnovala latky/inhibitory cilené na dalsi mo-
lekuly postizené signélni drahy.

Literatura

1. The ESMO/European Sarcoma Network Working Group,
Gastrointestinal stromal tumors: ESMO Clinical Practice Gui-
delines for diagnosis, treatment and follow up., Annals of
Oncology 23 (Supplement 7)vi49-vi55,2012doi: 10.1093/
annonc/mds252

2. Christopher L Corless, Gastrointestinal stromal tumors:
what do we know now?, Modern Pathology (2014)27, S1-516
3. Le Cesne Axel, Domont Julien, Blésius Aurore, Cioffi An-
gela, Mutational Analysis in gastrointestinal Stromal Tumors,
EJCMO 2011;3: (1).February 2011.

4. GENETICS HOME REFERENCE http://ghr.nlm.nih.gov.
5.Lian Zong and Ping Chen, Prognostic value of KIT/PDGFRA
mutations in gastrointestinal stromal tumors: a meta- analy-
sis, Journal of Surgical Oncology 2014; 12: 71.

6. Heikki Joensu, MD; Mikael Erikson, MD; Kirsten Sundby Hall,
MD; Jérg Hartmann, MD; Daniel Pink, MD; Jochen Schitte,
MD; Giuliano Ramadori, MD; Peter Hohenberger, MD; Justus
Duyster, MD; Salah Eddin Al-Batran, MD; Marcus Schlemmer,
MD; Sebastian Bauer, MD; Eva Wardelmann, MD; Maarit Sar-
lomo-Rikala, MD;, Bengt Nilsson, MD; Harri Sihto, PhD,; Kar-
la V.Ballman, PhD; Mika Leinonen, MSci; Ronald P. DeMatteo,
MD; and Peter Reichardt, MD, Risk Factors for Gastrointesti-
nal Stromal Tumor Reccurence in Patients treated With Ad-
juvant Imatinib, Cancer, Month 00,2014.

7. Sosipatros A. Boikos, MD: Current Concepts, New Perspecti-
ves on the Genetic Basis of GISTs Lacking KIT and PDGFRA
Mutations. The GIST Cancer Journal, Volume 1, Number 2
Spring 2014, www.thegistcancerjournal.org.

8. Leona A Doyle & Jason L Hornick: gastrointestinal stro-
mal tumors: from KIT to succinate dehydrogenase, Histo-
pathology 2014, 64, 53-67.DOI: 10.111/his.12302.

9.Gao X, ShenK, Wang C, Ling J, Wang H, Fang Y, Shi Y, Hou Y,
QinJ, Sun 'Y, Qin X.: MiR -320a downregulation is associated
with imatinib resitance in gastrointestinal stromal tumors.,
Acta Biochim Biophys Sin (Shanghai). 2014; 46(1): 72-75. doi:
10.1093/abbs/gmt118. Epub 2013 Nov 10.

10. Susie Bae and Jayesh Desai: Personalised Management:
Inoperable Gastrointestinal Stromal Tumors, Clinical Gastro-
enterology and Hepatology 2014; 12: 130-134.

11. Ju-Han Lee, Younghye Kim, Jung-Woo Choi, Young- Sik
Kim. Correlation of Imatinib Resistance with the Mutational
Status of KIT and PDGFRA Genes in Gastrointestinal Stromal
Tumors: a Meta-analysis.

12. Jureckova A, Kocakova |, Vyzula R. Klinicky registr GIST,
Klin Onkol 2012; 25(2): 135-138.

13.KimWK, Yang HK, Kim H. MicroRNA involvement in gastro-
intestinal stromal tumor tumorigenesis., Curr Pharm Des.2013;
19(7): 1227-1235.

Cldnek pfijat redakc- 29. 8. 2014
Cldnek prijat k publikaci: 29. 10. 2014

RNDr. Magdalena Uvirovd
CGB laborator as.

Korenského 10, 703 00 Ostrava
uvirova@pathology.cz




100. vyroti narozeni profesora Z. Maratky

Crohnova nemoc - geneticke faktory z pohledu
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Souhrn

Crohnova nemoc se ¢asto projevuje Cisté jako zanétlivé onemocnéni, ale u mnoha pacientl se vyvine v kompliko-
vané onemocnéni charakterizované tvorbou striktur nebo pistéli. Pfesna etiopatogeneze tohoto zavazného one-
mocnéni neni zcela jednoznacné objasnéna, a to i pres veskeré Usili vyzkumu a pies poznani fady dilc¢ich patogene-
tickych mechanizm. Mnoho studii naznacuje, ze se zvysenym rizikem rozvoje komplikované formy onemocnéni
souvisi zejména varianty v NOD2/CARD15 genu. Samotnd pfitomnost variant v NOD2 genu je pouze jen jednim
z faktord pfispivajicich k rozvoji tohoto onemocnéni. U geneticky predisponovanych jedincl v kombinaci s pd-
sobenim faktord prostiedi dochazi k poruseni vrozené (napf. porusena stievni bariéra, dysfunkce Panethovych
bunék) i adaptivni (napf. nerovnovaha efektorovych a regulacnich T lymfocytt a cytokind, migrace a retence leuko-
cytd) imunitni odpovédi vici snizené pestrosti stfevnich komenzald. Data dosud provedenych metaanalyz nepo-
skytuji jednoznacné diikazy k podpore top-down strategie terapie zévislé pouze na jediné varianté v NOD2 genu,
ale na druhé strané v piipadé vysoce rizikovych pacientd se dvéma variantami v NOD2 genu data ukazuji, ze cilend
a ¢asnd intenzivni terapie by mohla byt prospésna. Na tyto otazky by mohly odpovédét dalsi prospektivni studie.

Kli¢ova slova: biologicka lé¢ba - Crohnova nemoc - fenotypizace — genetika — imunobiologie

Crohn’s disease - etiopathogenetic factors

Summary

Crohn'’s disease is often purely inflammatory, but most patients develop complicated disease with strictures or fis-
tulae. Specific etiopathogenesis of this severe disease is not definitely clear despite research efforts and learning
of many pathogenetic mechanisms. Many studies have suggested that NOD2 mutations are associated with in-
creased risk of complicated disease. Presence of NOD2 mutation itself is just one of factors contributing to develop-
ment of this disease. Genetically predisposed individuals in combination with influence of environmental factors
result in a disturbed innate (i.e., disturbed intestinal barrier, Paneth cell dysfunction) and adaptive (i.e., imbalance
of effector and regulatory T cells and cytokines, migration and retention of leukocytes) immune response towards
a diminished diversity of commensal microbiota. Data of meta-analysis made so far provide ambiguous evidence
to support top-down therapy based solely on single NOD2 mutations, but suggest that targeted early-intensive
therapy for high-risk patients with two NOD2 mutations might be beneficial, but more prospective trials could
answer these questions.

Key words: biologic treatment Ié¢ba — Crohn’s disease — fenotypization — genetic - imunobiology

Uvod horeckou a klinickymi zndmkami stfevni obstrukce nebo
Crohnova nemoc a ulcerézni kolitida jsou dva hlavni za-  prajmy s pfimési krve, hlenu, nebo obojiho.
stupci nespecifickych strevnich zanét(i. Crohnova nemoc Patogeneze tohoto onemocnéni je multifaktoridlni

je relabujici zanétlivé onemocnéni postihujici zejména  a na rozvoji tohoto onemocnéni se podileji jak gene-
gastrointestinalni trakt a projevujici se bolestmi bficha,  tické faktory, tak i faktory environmentalni. Slozité

Vnitf Lék 2014; 60(7-8): 635-639

635



interakce mezi imunitnim systémem a stfevni luminaini
flérou spoustéji chronické zanétlivé odpovédi, jejichz
vysledkem je vyvoj strevni fibrozy. V Gvodu se u vét-
siny pacientd vyvinou cisté zanétlivé projevy choroby,
ale u mnoha pacientl se ¢asem vyvine stievni fibréza,
coz muze vést k rozvoji tézkych komplikaci, jako jsou
stendzy stievniho lumen, anebo stfevni pistéle. Pocet
pacientd, u kterych se vyvine stenozujici nebo fistulu-
jici komplikace, se rzni. Mira progrese onemocnéni se
zda byt nepredpovéditelnd, ackoliv bylo uskutecnéno
mnoho pokust k definovani ,agresivniho fenotypu”
[1,2]. Cilem predpovédi fenotypu choroby je identifiko-
vat pacienty s vysokym rizikem rozvoje zavazného one-
mocnéni, ktefi by mohli profitovat z ¢asné agresivni te-
rapie. Existuji dvé nutné podminky, které museji byt
splnény, aby byla prediktivni strategie Uspésna. Prvni
podminkou je, Ze prediktivni test musi byt senzitivni
a specificky pro komplikované onemocnéni. Druhou
podminkou je, Zze skupina pacientd, predikovana jako
nemocni s komplikovanym onemocnénim, musi mit
prokazatelnou pozitivni odpovéd na velmi nakladnou
zménu terapie.

Incidence Crohnovy choroby (CD) se uvadi 4-9 pfi-
padd na 100 000 obyvatel a prevalence 27-48 pripadd
na 100 000 obyvatel, vyskyt je stejné ¢asty u obou po-
hlavi. Celkovy pocet onemocnéni za obdobi poslednich
dvaceti let se viditelné zvysil.

Genetika

Hromadny familiarni vyskyt je znam vice nez 70 let a uz
velké studie dvojcat v severni Evropé naznacovaly pfi-
tomnost spoluticasti genetické slozky. Studie potvr-
dily, Zze pfibuzni prvniho stupné pacientd s CD maji
pfiblizné 10-20% celozivotni riziko rozvoje CD ve srov-
nani s obecnou populaci[3,4]. Na zakladé celogenomo-
vych studii a meta-analyz bylo identifikovano nejméné
70 chromozomadlnich lokus(, které vykazuji spojitost
s rozvojem Crohnovy choroby [5].

636 ‘ Kupka T et al. Crohnova nemoc - genetické faktory z pohledu etiopatogeneze

S Crohnovou chorobou byla asociovéna cela fada
gend. Jiz v roce 2001 byla nezavisle dvéma skupinami
poprvé publikovana asociace polymorfizmi/variant
v NOD2 (nucleotide-binding oligomerization domain 2)
genu oznacovaného také jako CARD15 (caspase recruit-
ment domain 15) se zvysenou pravdépodobnosti roz-
voje Crohnovy choroby [6,7]. Jako dalsi varianty, velmi
signifikantné asociované s rizikem CD, jsou zminovany
zejména varianty v genech ATGI6L1, IBD5, IRGM, DLG5,
IL23 a TLR4 [8-12].

NOD2 gen je umistén na chromozomu 16 (16q12)
a koduje protein patfici do rodiny Nod2-like receptord.
Tento cytoplazmaticky protein, intracelularni receptor,
ktery je exprimovan v zejména v monocytech, makro-
fazich, dendritickych bunkach, Panethovych bunkach
a intestindlnich epitelidlnich bunkach, hraje dllezitou
roli v imunitni odpovédi na bakteridlni infekci [13,14].
Rozpoznava komponenty bunécnych stén bakterii (mi-
krobiadlni membrany), jakymi jsou napfiklad bakteri-
alni lipopolysacharidy a peptidoglykany. Jako ligand
NOD?2 byl identifikovan muramyl dipeptid (MDP) od-
vozeny od bakteridlnich peptidoglykant. Po vazbé li-
gandu NOD2 indukuje aktivaci specifické signalni drahy
aktivujici NF-kB, coz nasledné vede k produkci pro-
zanétlivych mediatord a anti-mikrobialnich molekul
[15-17].

Jakojednonukleotidové polymorfismy (sekvencnivari-
anty) v NOD2 genu asociované s CD jsou oznac¢ovéany dvé
jednonukleotidové substituce p.R702W (rs139104022),
p.G908R (rs2066845), které vedou ke zméné aminokyse-
linové sekvence v NOD2 proteinu a jednobazova inzerce
cytozinu v sekvenci NOD2 genu p.L1007fs (rs2066847)
(oznacovéna i ¢.3019_3020insC, p.Leu1007fsX1008) ve-
douci ke vzniku stop kodonu a vzniku zkraceného pro-
teinu [18,19]. Uvadi se, Ze tyto tfi varianty pfedstavuji pfi-
blizné 81 % mutaci v NOD2 genu u pacientt s CD [20].
Uvadi se, ze relativni riziko rozvoje CD je ve srovnani
se zdravou populaci 2-4krat vyssi u nosi¢t jedné ze

Schéma. Schematické znazornéni genu a proteinu NOD2/CARD15. Upraveno podle [22]
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A - struktura genu NOD2/CARD15 (exony, introny) B — predpokladana struktura proteinu CARD15 (CARD - caspase recruitment domain
NBD - nukleotid binding domain LLR - leucin-rich repeats) C - lokalizace sekven¢nich variant (R702W, G90BR a 1007fs) asociovanych s rozvojem

Crohnovy v NOD2/CARD15 proteinu
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sekvencnich variant v NOD2 genu (heterozygoti) a pfi-
blizné az 17krat vyssi u nosict dvou variant (homozygoti,
slozeni heterozygoti) [21]. Pfesny mechanizmus, jak jsou
vyse uvedené sekvencni varianty v NOD2 genu spojeny
s rozvojem CD zlstava stale nejasny. Vysledkem téchto
variant je nejspise snizena schopnost aktivovat NF-kB po
stimulaci MDP [16].

Byly vytvoreny tfi hlavni teorie vysvétlujici patoge-
nezi Crohnovy nemoci prostiednictvim mutovaného
NOD2 proteinu. Prvni ukazuje na pozorovani zvysené
produkce IL12 na zékladé stimulace splenickych mak-
rofagh mysi s NOD2 mutaci bakteridlnimi peptidogly-
kany, na rozdil od makrofagli s divokym typem NOD2.
Toto ddva vzniknout hypotéze, ze NOD2 normalné
funguje jako negativni regulator produkce IL12, coz je
mutaci NOD2 genu poruseno. Druha hypotéza vznikla
na zakladé studie s my3mi s NOD2 mutaci, jejichz mak-
rofagy z kostni diené projevovaly zvysenou produkci
IL1B na zakladé stimulace MDP, coz vedlo k zavéru, ze
mutace NOD2 spojené s Crohnovou nemoci se mohou
projevovat jako alely se ziskanou funkci. Treti teorie
vznikla zjisténim, ze mutace NOD2 zpUsobuji nizsi ex-
presi a-defenzinu ve sliznici ilea u pacient s Crohno-
vou nemoci spole¢né se zvysenou mirou vyskytu ex-
traintestinalni infekce Listeria monocytogenes u mysi
s NOD2 mutaci. To vedlo k zavéru, ze NOD2 ma podil na
hostitelské slizni¢ni obrané. Na zakladé téchto studii by
mutace NOD2 mohly vést k pretrvavajicimu slizni¢nimu
zénétu [23].

Studie z roku 2002 jasné ukazaly blizkou funkéni ko-
relaci mezi NOD2 a regulaci autofagie [24]. Pfitomnost
variant NOD2 asociovanych s Crohnovou nemoci ma
za nasledek neptimérenou odpovéd stievniho epitelu
k bakterialnim antigenim, coz vede k nekontrolova-
nému prozanétlivému plsobeni [25]. Zd4 se, ze mura-
myl dipeptid prostfednictvim NOD2 reprezentuje silny
aktivator autofagie [26,27]. U dendritickych bunék je
autofagie zprostfedkovana NOD2 zasadni pro nakla-
dani s invadujicimi bakteriemi stejné jako pro prezen-
taci antigenu a indukci odpovédi CD4* T-lymfocytt
s antigenem. Dendritické bunky u pacientll s mutant-
nim NOD2 proteinem selhavaji ve shlukovani autofago-
zom a prezentaci antigen(. Jako mozny mechanizmus
ukdzali Travassos et al [26], ze NOD2 je nezbytny k ini-
ciaci autofagie na buné¢né membrané v misté vstupu
bakterii. Bunky s variantami v NOD2 genu spojenymi
s Crohnovou nemoci nejsou schopné se presné nasmé-
rovat na misto imunitni odpovédi v plazmatické mem-
brané. Pfitomnost téchto bunék také zplsobuje vyssi
sekreci prozanétlivych cytokinl IL1B3 a IL6 z mononu-
kleart periferni krve. Tato pozorovani silné naznacuji,
ze NOD2 stejné jako autofagie hraji klicovou roli ve vro-
zené imunitni odpovédi a predstavuji funkéni mecha-
nizmus, jak porusena funkce autofagie muze pfispét
k rozvoji chronického stfevniho zanétu.

Ackoliv byla patogeneze Crohnovy nemoci na z3-
kladé mutace v NOD2 rozsahle studovana, neexis-
tuje zadna shoda, Ze by se na patogenezi onemocnéni

podilel jediny dominantni mechanizmus, ale zZe k roz-
voji nemoci dochézi velmi pravdépodobné vlivem né-
kolika rdznych plsobeni.

Podle literarnich udaju pfiblizné 30-50 % pacientl
s CD ze zdpadni Evropy a severni Ameriky nese nej-
méné jednu z uvedenych variant v NOD2 genu (uvadi
se, ze 10-30 % pacientl s CD jsou heterozygoti — no-
sitelé jedné ze tii sekvencnich variant v NOD2 genu
a 3-15 % CD pacientl jsou homozygoti nebo slozeni
heterozygoti — nositelé dvou variant) [28-30]. Rizikové
alely se vyskytuji i u zdravé populace, avsak v daleko
nizsi frekvenci (0,5-20 %) [31]. Studie zahrnujici pres
3500 zdravych osob (z 15 rlznych skupin ze tii konti-
nentd) uvadi frekvenci vyskytu s CD asociovanych vari-
antv NOD2 genu nésledovné p.R702W u zdravé kavkaz-
ské populace pfiblizné 4,3 %, v prfipadé p.G908R je to
1,2 % a p.L1007fs pfiblizné okolo 2,3 % [32].

Byly publikovény prace zabyvajici se vztahem mezi
mutacemi v NOD2 genu a zdvaznosti projev( CD - napf.
rozvojem onemocnéni v mladsim véku, ilealnimi kom-
plikacemi, ileocekalni resekci, strikturou, vznikem pis-
téli s moznosti penetrace, vy3$sim rizikem postoperativ-
nich relapst a reoperaci [28,29,33-38].

Vétsina studii se zaméfila na riziko vyvoje nemoci
studii pfimo feSilo otazku tize onemocnéni. Studie,
které publikovaly fenotyp onemocnéni, ukazaly riz-
norodé stupné rizika, které lze pficist variantdm
v NOD2 genu [39]. Nékteré se zamérovaly na rozdily
mezi specifickymi mutacemi NOD2 genu, jiné se sou-
stredily na pocet mutantnich alel [40,41]. U urcitych va-
riant NOD2 se predpokladalo, Ze vedou k zdvaznéjsim
obtizim, a proto predikuji agresivnéjsi chovani nemoci
[38,42]. Dosavadni data si vSak, co se tyce prognostické
hodnoty genotypu NOD2, odporovala.

U nas Hosek et al [43] vysetfili skupinu osob s M. Crohn
vensku. Prokézali statisticky vyznamny rozdil v poziti-
vité mutace p.L1007fs pro NOD2 mezi M. Crohn a zdra-
vou populaci a podobné statisticky vyznamny rozdil
i pro variantu p.K469E pro ICAM-1 gen.

Metaanalyza autord Adlera et al [44] zjistila, Ze pfi-
tomnost jedné varianty v NOD2 genu ma nizkou pre-
diktivni schopnost pro urceni fenotypového pro-
jevu onemocnéni, aviak soucasny vyskyt dvou variant
v genu NOD2 ma vysoky stupen specificity pro agre-
sivni fenotyp onemocnéni, ackoliv senzitivita zGstava
nizka. Tyto vysledky ukazuji, ze pfitomnost vice¢etnych
mutaci urcuje jen ¢astecné vysoce rizikovou skupinu.
Naproti tomu pfitomnost jedné mutace v NOD2 neni
davéryhodny prediktor fenotypu onemocnéni. Ani me-
taanalyza Solon et al [45] nepotvrdila zvy$ené riziko
rekurence chirurgickych zakrokd u pacientt s CD s va-
riantami v NOD2 genu. Nicméné posledni prace Cley-
nen et al [46] publikovana na zakladé vysledkd IBD-
chip European project, studujici varianty asociované
s CD a klinickymi charakteristikami, uvadi, Zze pfitom-
nost variant v NOD2 genu je spojena s agresivnéjsim
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klinickym projevem a je nezavislym prediktivnim fakto-
rem pro iledlnilokalizaci, stenozujici a penetrujici formu
onemocnéni.

Zavér

Je zfejmé, Ze genetika hraje jednu z dulezitych roli z po-
hledu rozvoje Crohnovy nemoci a studium genetickych
variant asociovanych s rozvojem CD pfispiva k pocho-
peni patofyziologie tohoto onemocnéni. Na vyjadieni
fenotypu onemocnéni se podili nejen genetika kom-
binaci a interakci vicecetnych rizikovych alel, ale i fada
faktorG environmentalnich. K celkovému urceni feno-
typu tohoto onemocnéni je tedy potieba multifakto-
ridIni pfistup, ktery zahrnuje faktory prostredi, gene-
tické faktory, vystaveni rizné medikaci, kouteni, prvni
projevy onemocnéni atd. Pro pacienty by v praxi bylo
uzitecné, kdyby bylo jasné definovano, Ze urceni geno-
typu dokaze odhadnout riziko tize onemocnéni. Kdyby
byla metoda predpovédi tize onemocnéni presna, mélo
by to vyrazny benefit pro pacienta a péci o néj. Presny
a dostatecné silny prediktor komplikovaného onemoc-
néni nasledovany cilenou terapeutickou intervenci by
pravdépodobné zménil celkovy pohled na Crohnovu
nemoc a ospravedInil by ¢asné pouziti nakladné biolo-
gické 1écby u vysoce ohrozenych pacientt.
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Gastrointestinalni stromalni tumory (GIST) jako nej¢astéjsi mezenchymalni tumory traviciho traktu vychazeji z Cajalovych intersticial-
nich bunék. Ke konfirmaci morfologické diagnézy jsme pouzili panel imunohistochemickych protilatek CD117, desmin, S100 a DOG1.
Pii hodnoceni biologickych vlastnosti jsme vychazeli z Miettinenovy klasifikace pro GIST, rozdélujici tumory do tii skupin podle rizika
agresivniho chovani. Klasifikace tumoru sleduje tfi parametry: lokalizaci, velikost a mitoticky index. Mitoticky index je definovan jako
pocet mitéz v nadorové tkani na celkové plose 5 mm?2. Provedli jsme srovnani metod odbéru tenkojehlové, navigované aspiracni cytologie
- EUS FNA a klestové endoskopické biopsie ¢i resekatu nadorové tkané z pohledu patologa se zaméfenim na stanoveni viech potiebnych
morfologickych a prognostickych parametrii této neoplazie. Nase zavéry a zkusenosti ukazuji, ze vysledky cytologického vysetieni jsou
pro diagnostiku GIST srovnatelné s bioptickym vysetienim. Hlavni limitaci cytologické metody je nemoznost v 75 % pfipadi stanovit
mitoticky index z diivodii malého mnozstvi nadorové tkané. Tento nedostatek Ize nahradit vysetienim nukleéarniho proteinu asociova-
ného s bunéénou proliferaci Ki-67, ktery se dle literarnich zdroju ukazuje jako vyznamny prognosticky parametr progrese onemocnéni.

Kli¢ova slova: gastrointestinalni stromalni tumor, tenkojehlova aspira¢ni cytologie — EUS FNA, klestova biopsie, mitoticky index, Ki-67,
prognédza.

Gastrointestinal stromal tumors, morphological and immunohistochemical study. Forceps versus endoscopic
ultrasound-guided fine-needle aspiration biopsy

Gastrointestinal stromal tumors (GIST) belong to the most common mesenchymal tumors of digestive tract deriving from Cajal interstitial
cells. A panel of immunohistochemical antibodies CD117, desmin, S100 and DOGT1 is used to confirm the morphological diagnosis. When
evaluating the biological characteristics we used a Miettinen classification for GIST which divides tumors into three groups according to
arisk of aggressive behaviour. This classification observes three parameters - tumor localisation, its size and mitotic index. Mitotic index is
defined as a number of mitoses in the tumor tissue on the overall area of 5 mm?2. We performed a comparison of sampling methods - biopsy
forceps, resection versus endoscopic ultrasound-guided fine-needle aspiration cytology (EUS FNA) from the point of view of a pathologist,
focusing on the assessment of all necessary morphological and prognostic parameters of neoplasia. The study conclusions and experience
show that when diagnosing GISTs, results of cytological examination of a sample using EUS FNA are comparable to those using forceps en-
doscopic biopsy. The main limitation of EUS FNA method is that in 75 % of cases it is impossible to state the mitotic index due to insufficient
amount of tumor tissue. This tissue deficit may be replaced with an examination of a nuclear protein associated with cell proliferation Ki 67
which appears to be an independent prognostic parameter of disease progression.

Key words: gastrointestinal stromal tumor, fine needle aspiration cytology - EUS FNA, biopsy forceps, mitotic index, Ki-67, prognostic.
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Uvod

GastrointestindIni stromdlnf tumory (GIST)
jsou nejcastéjsi mezenchymalni tumory tra-
viciho traktu, vychazeji z Cajalovych (nebo
Cajal-like) intersticidlnich bunék, respektive
jejich prekurzor mezodermalniho pdvodu,

normalné pritomnych ve sténé téchto organt
(1,2). V cetnych studiich byva udavan nejvétsi
vyskyt téchto nddorl v zaludku (60-70 %), déle
v tenkém streve (20-25 %), tlustém stieveé (5 %)
ajicnu (< 5%) (3, 4). Vyjimecné se stromdlni tu-
mory nachézeji mimo travici trubici, nékteff

autori je nazyvaji EGIST, tedy extragastrointes-
tindIni stromalini tumory. Ro¢ni incidence GIST
se odhaduje na 10 az 20 pfipadl na 106 obyva-
tel. Primérny vék pfi stanoveni diagndzy je 60
let. Vzacné se vyskytuji tyto nddory u mladych
dospélych, u déti jsou naprosto ojedinélé (2, 5,
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Tabulka 1. Panel protilatek pouzitych v této studii

Antigen Klon Redéni Vyrobce/Dodavatel
Desmin Monoklonélni D33 1:50 DakoCytomation
Vimentin Polyklonalni 384 1100 DakoCytomation
CD34 Monoklonalni QBEnd 10 1:25 DakoCytomation
CDNM7 (c-kit) Polyklonalni A4502 1:500 DakoCytomation
S-100 protein Polyklonalni 1:100 DakoCytomation
SMA Monoklonalni 1A4 1:200 DakoCytomation
DOG 1 Monoklonalnf 1.00 Roche, Ventana

Ki-67 Monoklonalni Ki-S5 1:50 DakoCytomation

6). Makroskopicky vzhled GIST se velmi lisf jak
ve velikosti, tak v morfologii. Velikost GIST mudze
byt od nékolika milimetrd az po vice nez 30 cm
(7,8). Morfologicky se GIST rozdéluji na dvé hlav-
ni skupiny: vietenobunécné a epiteloidni. Navic
Cetné tumory maji smiseny fenotyp. Miettinen
et al. vroce 2005 navrhl blizsi subklasifikaci.
Vfetenobunécné se déle déli na sklerézujic, pali-
sddované vakuolizované, hypercelulérnia sarko-
matozni. Epiteloidni jsou diferencovéany na skle-
rézujici syncytidlni, dyskohezivni, hyperceluldrni
a sarkomatozni (9). Podle rizika biologického
chovéni se GIST déli do tif skupin, pficemz tato
klasifikace sleduje tyto parametry: lokalizaci tu-
moru, jeho velikost a mitoticky index (MI), ktery
je definovén jako pocet mitéz v naddorové tkani
na celkové plose 5 mm? (10, 11).

Prestoze konven¢ni svételna mikroskopie
ve vétsiné pifpadl umoznuje s vysokou mirou
jistoty GIST urcit, pro jednozna¢nou diagnézu
je vzdy nutné provést dalsi imunohistoche-
micka vysetreni. Ktéto konfirmaci by rutinné
méla slouzit sada tif protildtek (CD117, desmin,
S100), pficemz pozitivni exprese CD117 a nega-
tivni exprese desminu a S100 proteinu potvrzujf
diagnoézu GIST. Jiny neZ tento typicky vysledek
by mél vést k odeslani pifpadu na specializo-
vané pracovisté se zkusenostmi v diagnostice
GIST, vybavené dalsimi imunohistochemickymi
markery, zejména DOGT (ANO-1), SDHB a SDHA
a provadéjici molekuldrné genetické vysetreni
genl KIT a PDGFRA (12, 13).

Nova klasifikace GIST

GIST jsou v sou¢asné dobé vnimany jako
skupina molekuldrné geneticky heterogennich
nadord, které spojuje obdobna morfologie
a imunoexprese proteinu KIT. GIST Ize dale
délit podle imunoexprese beta podjednot-
ky sukcinatdehydrogenazy (SDHB) na SDHB-
pozitivni (zahrnujici GIST s mutaci KIT, PDGFRA,
NF1) a SDHB-deficientni (zahrnujici syndrom
Carneyho a Stratakisové, Carneyho trias a nékte-
ré sporadické détské i adultni GIST). Jednotlivé
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molekuldrni podtypy se od sebe lisi jak biolo-
gickym chovéanim, tak také odezvou na terapii
inhibitory tyrozinkindz, kterd je indikovéna v pri-
padé metastatického rozsevu nebo v pfipadé
néadoru s vysokym rizikem agresivniho chovani.
| prres existenci nékolika prognostickych systéma
vsak dosud neni algoritmus indikace pacienta
k systémové terapii jednoznacné stanoven (10).

Algoritmus vysetieni

Odborné Spolec¢nost ceskych patologl vy-
dala ,Doporuceny postup pro vysetfeni GIST",
v némz nabizf diagnosticky algoritmus, jehoz
cilem bylo maximalné zefektivnit diagnostiku
mezenchymalnich néadorl traviciho traktu.
Cytologicky odbér a vysetieni v ném byly uve-
deny jako mozné a casto kliniky pouzivané, nic-
méné bylo zdlraznéno, e stale chybf rozsahlejsi
studie se statistickym zhodnocenim spolehlivos-
ti cytologického vysetrenti (11).

V predlozené studii jsme proved|i srovnanf
metod odbéru nddorové tkané z pohledu pa-
tologa se zaméfenim na stanoveni viech po-
tfebnych morfologickych, imunofenotypickych
a molekuldrné genetickych parametrli neoplé-
Zie, které tvofi zakladni informacni vstup pro
naslednou terapii. Polozili jsme si otdzku, zda EUS
FNA jako cytologickd metoda byla diagnosticky
rovnocennd nebo v jiném vztahu k bioptickym
odbérdm jako je klestové endoskopické biopsie
a resekce tumoru.

Material a metody

V pribéhu 6 let jsme vy3etfovali gastrointes-
tindlnf stromalni tumory, kde nadorova tkan byla
odebrdana klestovou biopsi, tenkojehlovou aspi-
ra¢ni cytologif a z resekatd. Sledovali jsme vek
a pohlavi pacientt, topografii tumoru a morfo-
logicky jsme zhodnotili tfi typy rlstovych vzor(:
vietenobunécny, epiteloidni a smiseny.

Materidl z resekdt( a kleStovych biopsif byl
po fixaci v 10% neutraInim formalinu odvodnén
a zalit do parafinovych blok{. Nasledné byly
zhotoveny tkdnové fezy a preparét byl obarven

Obrdzek 1. Histologicky preparat GISTu z klestové
biopsie, barveni hematoxylin eozin, zvétseni 40 x.
Délka pravitka 2,2 mm

Obrdzek 2. Histologicky preparat z cytobloku,
barveni hematoxylin eozin, zvétseni 40 x, odbér
EUS FNA, primérna plocha nadorové tkdné GISTu
v jednom preparatu 1,8 mm?tj. 8 zornych poli HPF.
V rdmecku jedno HPF
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Obrdzek 3. Imunohistochemické vysetteni Ki-67,

nukledrni exprese u 3% bunék, zvétseni 400 x
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Obrdzek 4.GIST v cytologickém natéru z EUS FNA
jako trs atypickych vietenitych elementd, barveni
MGG, zvétseni 200 x

hematoxylinem a eozinem. Dalsf fezy byly pouzity
k imunohistochemické analyze. Bylo provedeno



Tabulka 2. Souhrn vysledkd studie

Pacient Pohlavi Vék Lokali- Zpusob Bunécna Mitoticka Ki67 DOG1 CD117 (D34 Desmin Vimen- S100 SMA
zace odbéru morfologie aktivita (%) tin
(m/50 HPF)
1 Zena 60 Zaludek  biopsie epiteloidni <5 15 none  + + - - + -
2 Zena 66 jind biopsie epiteloidni <5 3 none  + none  none none - none
3 muz 60 Zaludek  biopsie vietenobu- <5 1 none  + + - none - -
nécna
4 muz 62 jind biopsie epiteloidni <5 20 none  + - + - + +
5 muz 77 zaludek  resekce vietenobu- <5 20 + + none - + - -
nécna
6 muz 78 jicen biopsie epiteloidnf X 10 + + + - none none +
7 zena 51 tenké resekce smisena <5 10 + + - - + + +
stfevo
8 Zena 64 tenké biopsie vietenobu- <5 20 none  + - - + none +
stfevo nécna
9 muz 40 jind biopsie smisena >5 50 + + + - + - +
10 muz 72 7aludek  biopsie smisena X 7 none  + + none + + +
n muz 70 jind biopsie smisena <5 1 none  + + none none + -
12 Zena 47 zaludek  biopsie smisena X 17 none  + + - + - +
13 Zena 87 zaludek  biopsie smisend <5 4 none  + + + none - +
14 Zena 69 Zaludek  biopsie vietenobu- X 9 + + + none none - +
nécna
15 Zena 46 tlusté biopsie vietenobu-  >5 3 + + + - none + -
stfevo nécna
16 muz 54 tenké biopsie vietenobu- X 1 none  + + - none - +
stfevo nécna
17 muz 74 zaludek  biopsie vietenobu- X 1 none  + + - none - +
nécna
18 Zena 64 Zaludek  biopsie epiteloidni X 1 none  + - none none + +
19 muz 43 tenké biopsie vietenobu- X 5 + + + none none - none
stfevo nécna
20 muz 60 7aludek  biopsie vietenobu- <5 10 + + + none + none -
nécna
21 Zena 86 tenké biopsie vietenobu- <5 1 + + + none none + -
stfevo nécna
22 zena 73 zaludek  biopsie jind (po- >5 4 + + + none none + -
znamka)
23 Zena 72 tenké resekce smisena X 10 + + - - none + -
stfevo
24 muz 47 jinad resekce epiteloidni  >5 10 + + + - + - +
25 Zena 75 zaludek  resekce vietenobu-  >5 10 + + + - + - -
nécna
26 Zena 58 zaludek  EUS-FNAB vietenobu- X 1 + + + - - - nelze
nécna
27 muz 49 tenké resekce vietenobu- <5 2 + + + - + none +
stievo nécna
28 Zena 84 zaludek  resekce epiteloidni <5 15 nelze  + + - none - -
29 Zena 69 tenké resekce smisena <5 2 nelze  + - - + - +
stfevo
30 Zena 80 zaludek  EUS-FNAB vietenobu- <5 1 + + + none none none -
nécna
31 muz 65 zaludek  EUS-FNAB vietenobu- X 4 none  + none - none - +
nécna
32 muz 84 zaludek  EUS-FNAB vietenobu- X 3 + + + none none - +
nécna
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Tabulka 2. Souhrn vysledkd studie

33 Zena 62 zaludek  EUS-FNAB vietenobu- X 4 none  + + none none none  +
nécna

34 Zena 76 Zaludek  EUS-FNAB vietenobu- <5 20 none  + + - none - +
nécna

35 zena 65 Zaludek  EUS-FNAB vietenobu- X nelze nelze  nelze nelze  nelze nelze nelze nelze
nécnd

36 muz 67 Zaludek  EUS-FNAB vietenobu- X nelze none  + + - none none -
nécna

37 muz 50 zaludek  EUS-FNAB vietenobu- X nelze  none  + + - none - -
nécna

38 Zena 83 Zaludek  EUS-FNAB vietenobu- <5 3 none  + + - none none  +
nécna

39 zena 66 zaludek  EUS-FNAB vietenobu- X 5 none  + + - none none +
nécnd

40 muz 67 jina EUS-FNAB vietenobu- X 5 none + + - none none +
nécna

Pozn.: > 5 vice nez 5, < 5 méné nez 5, nelze - nelze stanovit, none - nevysetfeno, + pozitivni, - negativni, EUS-FNAB - endoskopicky ultrasonograficky navigovana

naviga¢ni biopsie tenkou jehlou

vysetienf proteind DOGI, CD117, CD34, desmin,
vimentin, S100, hladkosvalového aktinu a prolife-
racni marker Ki-67. Expresi proteind jsme hodnotili
kvalitativné jako pozitivni nebo negativni. Exprese
Ki-67 byla hodnocena kvantitativné jako pocet
pozitivnich jader na 100 jader nddorové tkané
vyjadrend v %. Mitoticky index predstavuje pocet
mitéz na 5 mm? nddorové tkané v histologickém
fezu. Protildtky, klony a fedéni v tabulce 1.

Cytologicky material ziskany z EUS FNA jsme
zpracovali formou cytologickych natérd bar-
venych metodikou May — Grinwald — Giemsy
(MGG QUICK STAIN 04 — 090805 - Bio-Optica)
a Periodic Acid Schiff (PAS). Cast materidlu byla
zpracovana metodou cytoblokd, kde fixova-
ny centrifugat materidlu z tenké jehly byl zalit
do parafinového bloku a déle byl zpracovan
metodou biopsie véetné moznosti vyuzit imu-
nohistochemickou analyzu. Pro diagnostiku to-
hoto typu naddorovych Iézi bylo zpracovani ma-
teridlu technologif cytoblokd nutnostf.

Materiél ze viech typ( odbéru byl déle podro-
ben molekuldrimu genetickému vysetienf (KIT,
PDGFRA), které neni predmétem tohoto sdéleni.

Vysledky

V prabéhu 6 let byl diagnostikovan GIST u 40
pacientl (2008-2014). Primérny vék pacienta pfi
stanoveni diagndzy byl 65 let s krajnimi hodnota-
mi 40 a 84 let. Soubor tvofilo 22 Zen a 18 muzd.
Vysetfovany materidl byl ziskan tfremi zplsoby:
zresekatd (n = 8), klestovou biopsif (n = 20) a navi-
govanou tenkojehlovou aspiraci EUS FNA (n = 12).
Lokalizace tumoru byla v jicnu (n = 1), v zaludku
(n = 24), tenkém stieve (n = 8), tlustém stieve (n
= 1) av jinych lokalizacich mimo travici trubici (n
=6). Vietenobunécny typ GIST reprezentovalo 25
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piipadd, epiteloidn( 7 a smideny typ jsme nalezliu 8
pifpadu. Ziskana data jsme prehledné uved|iv ta-
bulce 2. Mitotickou aktivitu nebylo mozné stanovit
v 18 pfipadech 18/40 (45 %) z celkového poctu GIST
ato z dvodu malého mnozstvi nadorové tkané.
Z toho 9 vzorkd 9/12 (75%) bylo odebrano me-
todou EUS FNA a 9 klestovou biopsii 9/20 (45 %).
Stanoveni poc¢tu mitdz u resekatd bylo mozné
ve 100% pfipadl. Zakladni diagnostickou expresi
protein( (CD117, desmin, S100, CD34) a molekularni
vysetfenf (KIT, PDGFRA) nebylo mozné stanovit
7 jednoho odbéru EUS FNA, coz odpovida 2,5%
z celkového poctu vysetienych piipadd. U klesto-
vych biopsif a materidlu z resekétd byly stanoveny
exprese proteint a molekuldrni genetické vysetient
ve 100% pfipadu. Proliferacni aktivitu v Ki-67 neby-
lo mozné stanovit u tii odbérd EUS FNA, coz ¢ini
z celého souboru 7,5%. Vysledky jsme podrobili
statistickému vyhodnocentfa pro prehlednost jsme
se zaméfili na analyzu vzorkd Ki-67. Rozdil mezi
Zjisténymi hodnotami prolifera¢niho indexu Ki-
67 u pacientl s bioptickym odbérem a pacientl
s odbérem tenkou jehlou byl hodnocen pomocf
Welchova t-testu pro neshodné rozptyly. Ze stati-
stického zpracovani vyplynulo, Ze nebyl nalezen
signifikantnirozdil mezi typy odbérd na hladiné vy-
znamnosti a = 0,05 (graf 1). Lze tedy pfedpokladat,
Ze zplsob odbéru nemél vliv na stanoveni Ki-67.

Diskuze

Viysledky analyzy souboru potvrdily néas
predpoklad, ze typ odbéru materidlu nemél
vliv na stanoveni potfebnych morfologickych,
imunofenotypickych a molekuldrné genetic-
kych parametrd GIST s vyjimkou mitotického
indexu. Limitaci cytologické metody bylo malé
mnozstvi nadorové tkdné, z niz v 75% pfipadd

nebylo mozno stanovit MI. Tato limitace platila
v mensi mite i pro klestové odbéry, kde nebylo
mozné stanovit tento parametr ve 45 % pripadd.
Pri klestové biopsii se zpravidla odebira série vzor-
k{ s dostate¢nym mnozstvim materidlu k ur¢enf
MI (obrdzek 1). Je nutno poznamenat, Ze v nasem
souboru nékteré odebrané vzorky obsahovaly ta-
ké nereprezentativni, regresivné zménéné oblas-
ti tumoru ¢i tumordzni tkdrn neobsahovaly viibec.

Udava se, ze ke stanoveni Ml je zapotiebi 5
mm? plochy nadorové tkdné v histologickém fezu.
Jedno pole vysokého zvétseni HPF (high power
field, zvétseni 400x) s objektivem svételného mik-
roskopu se zornym polem prdméru 0,54 mm pred-
stavuje plochu 0,23 mm? (10, 11). Z toho vyplyva,
Ze kurceni Ml bylo tfeba zhodnotit alespor 21 polf
HPF nadorové tkané. V nasem souboru ve zpraco-
vaném materidlu z cytobloku byl primérny pocet
zornych poli (HPF) tumoru pouze 8 s pramérnym
poctem 240 nadorovych bunék na jedno zorné
pole (obrazek 2). Tento pocet byl pro stanoveni MI
nedostacujici. Nicméné stanovent prolifera¢niho
markeru Ki-67 Ize v meznim pfipadé stanovit ,jen"
ze 100 bunék. Ki-67 je nukledrni protein asociovany
s bunécnou proliferaci a je exprimovan u vsech
bunék, které nejsou ve fazi GO buné¢ného cyklu
(14) (obrazek 3). V nasem souboru z odbéru EUS
FNA jsme méli k dispozici v priméru 8 zornych
poli nddorové tkdné a to predstavovalo priblizné
8% 240 = 1920 nadorovych bunék. Tento pocet
byl dostatecny pro pfesné stanoveni proliferacniho
markeru Ki-67.

V soucasnosti pribyva studii, které se vénuiji
prolifera¢nimu indexu Ki-67 jako vyznamnému
prognostickému parametru u GIST. Mezni hodno-
ty indexu Ki-67 se ve statistickych analyzach studif
pohybujf v intervalu 6-8% (14, 15, 16). Tumory



Graf 1. Rozdil hodnot Ki-67 mezi pacienty s biop-
tickym odbérem a pacienty s cytologickym odbeé-
rem tenkou jehlou (EUS FNA) byl hodnocen pomoci
Welchova t-testu pro neshodné rozptyly. Z grafu jsou
vypustény extrémni hodnoty, nicméné do analyzy
zahrnuty byly. Nebyl nalezen signifikantni rozdil
mezi vybéry na hladiné vyznamnosti
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s indexem Ki-67 pod mezni hodnotou jsou ozna-
¢ovény jako GIST s nizkym rizikem progrese do-
posud lokalizovaného onemocnéni a nad tuto
hodnotu s rizikem vysokym. Vzhledem k tomu,
Ze zobrazovaci metody urcf velikost tumoru a je-
ho lokalizaci, jsou tyto Udaje spolu s indexem
Ki-67 a morfologif neoplézie schopny poskyt-
nout vsechna potiebna data pro uréeni prognézy
a managementu terapie. Malé mnozstvi nado-
rové tkdné z cytobloku dostacujici k urceni pro-
lifera¢niho indexu Ki-67 je hlavni vyhodou této
metody vici stanoveni mitotického indexu z 5
mm? nddorové tkang, ktery se doposud pouzi-
vé k rozliseni biologické povahy téchto nadord.
Vzhledem k rostouci oblibé malo invazivnich
odbérovych metod, Ize pfedpokladat rostou-
ci tlak na zafazenf indexu Ki-67 do standardnich
prognostickych a terapeutickych postupd.
Jelikoz podminkou pro imunohistochemické
vysetfent je zpracovani ¢asti cytologického mate-
ridlu ziskaného pfi EUS FNA metodou cytoblokd,
osvédcil se ndm v praxi odbér materidlu nejméné
ze dvou vpicht do éze pii jednom endoskopic-
kém vykonu. Z prvniho vpichu byly vyhotoveny
cytologické natéry. Materidl z dalich tenkojehlo-
vych odbérli byl zpracovén natérem i formou cy-
toblok. Pfitomnost cytopatologa na odbérovém
salku (tzv. on site cytology) umoznila okamzité
zhodnoceni kvality odbéru a reprezentativnosti
vzorkd (obrézek 4). Timto zplsobem se vyrazné
snizil pocet falesné negativnich vysetreni a pocet

opakovanych vpicht. Nadorova tkan v nasem sou-
boru nebyla zastizena pouze v jednom odbéru.

Zavér

Zavérem lze konstatovat, Ze vysledky cyto-
logického vysetteni materidlu z EUS FNA byly
pro diagnostiku GIST srovnatelné s klestovou
endoskopickou biopsii, ev. resekci. Nemoznost
stanoveni mitotického indexu z cytologického
materidlu v 75% pripadd byla limitaci v urceni
prognostickych parametr(i tumoru, nicéné tato
limitace platila i pro klestové odbéry, kde nebylo
mozné stanovit tento parametr ve 45 % piipadd.
Recentni studie potvrzuji expresi nukledriho pro-
teinu asociovaného s bunécnou proliferaci Ki-67
u GIST jako vyznamny, samostatny prognosticky
parametr progrese onemocnéni. Ze statistického
zpracovan{ souboru vyplynulo, Ze nebyl nale-
zen signifikantni rozdil mezi typy cytologickych
a bioptickych vysetfeni na hladiné vyznamnosti
a = 0,05 alze tedy predpokladat, ze zpUsob od-
béru nemél vlivani na stanoveni Ki-67. Vzhledem
k rostouci oblibé mélo invazivnich odbérovych
metod, |ze predpokladat rostouci tlak na zafazeni
indexu Ki-67 do standardnich prognostickych

a terapeutickych postup.
Citace pouZitého statistického programu: R
Core Team (2014). R: A language and environ-
ment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria URL http://
www.R-project.org/.
Tento cldnek byl vypracovdn v rdmci projektu
Nové kreativni tymy v prioritdch védeckého
bdddni, reg. ¢ CZ.1.07/2.3.00/30.0055 podpore-
ného Operacnim programem Vzdéldvani pro
konkurenceschopnost a spolufinancovaného
Evropskym socidlnim fondem
a stdtnim rozpoctem Ceské republiky.
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Differentiating autoimmune pancreatitis

from pancreatic cancer

P. DITE !, M. UVIROVA 2, M. BOJKOVA 1, I. NOVOTNY 3, J. DVORACKOVA 4, B. KIANICKA 5
H. NECHUTOVA 3, L. DOVRTELOVA 6, K. FLOREANOVA 7, 'A. MARTINEK 1

Differential diagnosis between autoimmune
pancreatitis (AIP) and pancreatic cancer can
be very difficult. The main clinical symp-
toms in patients with autoimmune pancre-
atitis are jaundice, weight loss, abdominal
pain and new onset of diabetes mellitus.
Unfortunately, the same symptoms could be
observed in patients with pancreatic carci-
noma too. Imaging methods as computed
tomography (CT) scan, magnetic resonance
imaging (MRI) and endosonography (EUS);
together with serological examination (IgG4
and Ca 19-9) play the important role in dif-
ferentiation autoimmune pancreatitis from
pancreatic cancer. Extrapancreatic findings
are distinctive in patients with autoimmune
pancreatitis. In some cases the pancreatic
biopsy is indicated, mainly in paticnts with
focal or multifocal form of autoimmune pan-
creatitis. Response to steroids (decreased
pancreatic or extrapancreatic lesion or dam-
age) is distinctive to AIP. In clinical practice,
CT scan secms to be the most reasonable
tool for cxamining the patients with ob-
structive jaundice with or without present
pancreatic mass. Stratification the patients
with possible AIP versus pancreatic cancer
is important. In patients with AIP it may
avoid pancreatic resection, as well as incor-
rect steroid treatment in patients with pan-
creatic carcinoma.

Key worbs: Immunoglobulin G - Pancreatitis- Au-
toimmune diseases - Pancreatic neoplasms.
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utoimmune pancreatitis is classified in

the group of diseases referred to as im-
munoglobulin G4-associated disease - [gG4-
related disease.! IgG4-associated disease
etiology is not specified exactly, a number
of organs are affected.? Epidemiological
data are poor. According to a Japanese
study, the incidence of the disease ranges
between 0.28 and 1.08/100,000 inhabitants/
year, with 336-1300 newly diagnosed per-
sons per year.? Autoimmune pancreatitis is
one of the most frequently occurring dis-
eases within this group. Its type-1 is com-

MINERVA GASTROENTEROLOGICA E DIETOLOGICA i 247




[N

DITE

monly referred 'to as a manifestation of pan-
creatic disease in IgG4-associated diseases,
while type 2 is due to the clinical and his-
tomorphological differences referred to as
systemic affection.

Clinical symptoms

In the Vlachou et a/.3 study, the most com-
mon clinical symptom was low intensity ab-
dominal pain, characterized as abdominal
discomfort (58%), obstructive icterus (54%),
a decrease in body weight (51%) and newly
established diabetes m ll:tué'(SS%) In gen-
eral, obstructive 1cteru'5j15 typically the most
common first symptom'that leads patients
to come for the examination. The autoim-
mune form of pancreatitis most often oc-
curs as a form diffusely affecting the entire
pancreas; another form 'is focal affection,
or multifocal lesion!4 ‘The most common
problem in differential .dlagnosncs between
pancreatic cancer and autoimmune form of
pancreatitis (hereinafter referred to as AIP)
is the focal form (Figure 1).

The autoimmune form of pancreatitis is

DIFFERENTIATING AUTTOIMMUNE PANCREATITIS FROM PANCREATIC CANCER

a form diagnosed by consensus according
to changes in the blood serum, histomor-
phologic changes, radiodiagnostic findings
(CT of the pancreas, endosonography and
pancreatogram), a marker of the correct
diagnosis of AIP is a response to steroid
therapy.s

Blood serum markers

It is typically highly difficult to make dif-
ferential |diagnostics between AIP and pan-
creatic cancer. This is particularly true for
the differentiation of the focal form of AIP,
when the pancreatic head is enlarged, espe-
cially when the first symptom is a painless
obstructive icterus. As stated above, diag-
nosis of autoimmune pancreatitis is charac-
terized by histological changes, radiological
signs, increased level of IgG4 serum over
the limit of 135.0 mg/dL,5 with a portion of
the persons, a positive response to steroid
therapy, which, however, must not be start-
ed until it is certain that we are not dealing
with carcinoma. In practice, however, such
criteria are not so specific to avoid over-

anormal pancreas
¢ + d - focal form of AIP

AUTOIMMUNE PANCREATITIS - LOCATION

et
¥

b diffuse form of AIP

Viachou P.A. et &l, Radiographics 2011

Figure 1.—Autoimmune pancreatitis - location.
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lups, and this impedes the distinction be-
tween AIP and pancreatic cancer. Very spe-
cific diagnostic characters for AIP include a
two-fold increase to IgG4 serum. However,
about 10% of patients with pancreatic can-
cer may also demonstrate IgG4 serum in an
excess of 135 mg/dL 710 while roughly 10%
of patients with pancreatic cancer have a
value of twice the standard.’' CA 19-9 lev-
els higher than 200 mL are rare in AIP, and
they usually rank among pancreatic ad-
enocarcinoma.!2 We examined a group of
116 patients with histologically confirmed
pancreatic cancer and detected higher lev-
els of IgG4 in 11 persons (10.1%); out of
these 11 persons, 6 patients had twice the
amount of the standard (IgG4>270.0 mg/
dL) (4.0%) out of all individuals with pan-
creatic cancer.!3 In two individuals of the
examined group, the current AIP was found
besides pancreatic cancer. In the literature,
the works appeared showing that the gen-
eral IgG4 related disease is a risk factor for
cancers of various localization, including
the above-mentioned relationship between
AlP and pancreatic cancer. In 11 patients
out of 106 persons with IgG4-associated
disease, Yamamoto et al found the simul-
taneous presence of malignancy. The de-
tected malignant tumors were sialadenitis
and autoimmune pancreatitis,! the location
of the colon, lung, and non-Hodgkin's lym-
phoma was found in patients with Mikulicz
Syndrome, Kuttner tumor. In spite of this,
publications dealing with the occurrence
of autoimmune pancreatitis and pancreatic
cancer are still casuistic.1517

Imaging methods

Imaging methods are important for di-
agnosing AIP and pancreatic cancer. CT is
characterized by the AIP characteristics.!8 In
the so-called diffuse form of AIP, one of the
characteristics is the diffuse enlargement of
the gland in a sausage-like form, the pan-
creatic duct is irregular, non-dilated lumen,
to the extent of at least 1/3 of the length of
the duct. A typical finding is a hypodensive
(capsule-like) rim on the outer edges of the
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pancreas. This symptom probably results
from inflammation with fibrotic changes to
peripancreatic fat. Compared to the diffuse
type, the focal form of AIP is very difficult
to distinguish from pancreatic cancer.!?
The problem is that the number of signs
at CT examination is present in both AIP
and pancreatic cancer. Naturally, metastases
diagnosed by imaging methods support the
diagnosis of pancreatic cancer. FDG-PET
magnetic resonance appeared to be a prom-
ising method. However, this method turned
out to be more effective than computed
tomography with respect to distinguishing
between cancer and AIPJ2 The promise,
however, is the use of magnetic resonance
elastography, especially as a method ex-
cluding the presence of cancer. Endoscopic
retrograde cholangiopancreatography ranks
among the so-called the Asian diagnostic
criteria for AIP2! The changes demonstra-
ble on the pancreatic duct in persons with
AIP include diffuse, rather insignificant ir-
regularities of the pancreatic duct of at least
one third of the duct length. In the case of
segmental stenosis of the pancreatic duct,
poststenotic dilatation of the duct is very
rare, apart from pancreatic cancer, where
the finding of poststenotic dilatation is fre-
quent.?% 23 In general, the length of stenosis
of the pancreatic duct is longer than in pan-
creatic cancer, and a typical finding for AIP
is imaging with secondary branches coming
from the area of the duct stenosis. There
are controversial views on the diagnostic
importance of biopsy findings in the area
of the papilla of Vater, when IgG4-positive
is reported as a possible supporting sign of
autoimmune pancreatitis.24 2

Histomorphology

Lymphoplasmatic (LPSP) ytic sclerosing
form, referred to as type 1 or autoimmune
pancreatitis granulocyte 'epithelial lesion
(GEL) negative has the following typical
characteristics in the histomorphological
image: a) storiform fibrosis; b) periductal in-
filtration by plasma cells and lymphocytes;
¢) venulitis and vascular obliteration on the
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basis of the oppression of blood vessels by
massive cellular infiltration of the paren-
chyma, abundant infiltration of pancreatic
parenchyma imunoglobulinG4 by positive
plasma cells (>29 of the cells in the evalu-
ated HPF field).s

Type 2 of autoimmune pancreatitis,
termed IDCP (idiopathic duct central pan-
creatitis), or as a form of AIP GEL positive,
differs from type 1 of AIP in terms of ex-
clusive GEL positivity and the presence of
intraluminal and intraepithelial neutrophils.
The massive presence of neutrophils in
pancreatic acini and small pancreatic ducts
causes their obliteration and subsequent
destruction.26 The presence of 1gG4 posi-
tive plasma cells in the tissue is very low,
the level of IgG4 'in the serum is typical-
ly normal. Clinical differences between
both types of autoimmune pancreatitis are
shown in Table 1. _

The above mentioned histological image
distinguishes AIP from pancreatic cancér,

DIFFERENTIATING AUTCIMMUNE PANCREATITIS FROM PANCREATIC CANCUR

however the presence of the pancreatic
cancer in the field of AIP has been observed
(Table 11).

Extrapancreatic features

The autoimmune form of pancreatitis is
accompanied by extra-pancreatic symp-
toms. Naitoh et al.?7 revealed that the pres-
ence of extrapancreatic symptoms is an
important factor in differential diagnosis,
suggesting the diagnosis of AIP against
cancer.

On the basis of the published findings
of clinical, biochemical, imaging methods,
histology and effect of steroid therapy,
Psarras et al.!! have summarized the char-
acteristic signs for the differential diagno-
sis of autoimmune pancreatitis vs. pancre-
atic cancer in the following table (Table
IID, but even this scheme cannot be fully
applied, for example, if IgG4 positive in

TanLe L—CQverview of the clinical characteristics of autoimmune pancreatitis of type 1 and 2

Type 1 autoimmune pancreatitis

Type 2 autoimmune pancreatitis

Histological image Lymphoplasmacytic pancreatitis

(LPSP)

Average age The sixth decennium
Symptoms Icterus (75%)
Acute pancreatitis (5%)
> Diffuse edema (40%)
Focal lesions (60%)
IgG4 Increased serum concentration

Idiopatic centroductal

sclerosing pancreatitis (IDCP)
From the fouth to fifth decennium
Icterus (50%)

Acute puncreatitis (33%)

Diffuse edema (20%)

Focal lesions (B0%)

No connection with 1gG4

18G4+ plasma cell in the infiltrate

Participation of other
organs No connection with IBD
Prognosis Relapse in 15 - 65 %

50%

40%
IBD 16%
Relapse very rare

IBD - inflammatory bowel disease

TanLe IL.—Histopatbological criteria for diagnosing autoimmune pancreatitis, type 1 and 2

Histological finding type 1 (LP5P) type 2 (IDCP)
Common criteria Periductal lymphoplasmacytic infiltrate Yes Yes

Stroma rich in inflammatory cells Yes Yes

Storiform fibrosis Very strong Rare

Obliterative phlebitis Yes Rare

Prominent lymphoid follicles Yes Rare

18G4 plasma cells Increased number  Not increased number

Granulocytic epithelial lesions /GEL) No Yes

Neutrophil periacinar infiltration No Very numerous

LPSP - lymphoplasmicytic sclerosing puncreatitis, IDCP - Idiopathic centroductal pancreatitis
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Tanck HL—Differential diagnosis between aip and pancreatic cancer: important poinis.
AlP Pancreatic cancer
Clinical features
Exocrine insulficiency Frequently Rarely
Cachexia, anorexia Rarely Frequently
Pain Rarely Frequently

Extrapancreatic disease
Serology

Autountibodies

CA 199

Amyluse, lipase
Imaging
cr

MR-elastography
ERCP

Secretion-enhanced MRCP
EUS

EUS-elustagruphy
Contrust-enhanced EUS
Histology

Non-metastatic lesions

1pG4>135 mg/dL
<200 U/mL
Midl elevation (2 or 3-fold)

Diffuse (sausage-shaped pancreas with
hypotense rim) or focal

Diffuse or focal stenosis of the pancreatic
duct

Homogenous stiffness pattern

Diffuse or focal narrowing of the duct >
3.5 em

No post=stenotic duct dilatation

Strictures in the proximal half of the
common bile duct

Duct-penétrating sing

Hypoechoie diffuse or focal enlirgement
with hyperechoic spots

Homogenous stiffness patiern

Homogeneously hypervascular

Pattern of lymphoplasmacytis screlosing

Metastatic lesions

1gG4<100 mg/dL
>200 U/mL
Usually normal

Focal

Focal stenosis of the duct

Infiltration of adjecent tissues and distant
metastases

Heterogenous stiffness pattern

Focal narrowing or obstruction of the duct
<3.4 cm

Past-stenotic duct dilatation>5.2 mm

No strictures in the proximal half of the
common bile duct

No specific sign

Ahsence of hyperechoic spots

Herterogeneous stiffness pattern
Mainly hypovascular
Ductal adenocarcinoma

pancreatitis or idiopathic duct-

destructive pancreatitis

Treatment Response to corticosteroids

No respaonse to corticosteroids

blood serum is also possible in malignan-
cies of the pancreas, or in the case of a
finding of IgG4 in the tissue of the papilla
of Vater, which is not entirely reliable for
diagnosing AIP.

Conclusions

Differential diagnostics between pan-
creatic cancer and the focal form of au-
toimmune pancreatitis is often difficult,
sometimes even impossible. Consensually
approved and published criteria for AIP
rank as significant benefits in the diagnos-
tics, and from a practical point of view they
make it possible to determine the correct
treatment strategy, including the possibility
to protect patients from unnecessary pan-
creatic resection, as well as allowing for
pancreatic cancer to be diagnosed. Never-
theless, it should be noted that there are
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two strategic views of how to approach dif-
ferential diagnostics of AIP.

The differential diagnostic approach rec-
ommended by Chari et al.28 logically follows
from HISORt diagnostic criteria for AIP 29
and recommends the use of a pancreatic
biopsy (core biopsy). The initial role with
respect to the decision to select a diagnos-
tic scheme is played by computed tomog-
raphy. For persons with significant signs of
AIP, i.e. including the presence extra pan-
creatic organ lesions and positive serology,
steroid therapy is started without further ex-
'amination, and its therapeutic effect is mon-
itored. In persons, where findings can be
described as vague, incomplete, boundary,
and if none of the typical markers of AIP
is present, it is recommended to perform a
biopsy of the pancreas, In the case of high
clinical and laboratory susceptibility of pan-
creatic cancer, the procedure is the same as
if it were cancer and not potential AIP. The
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absence of extra-pancreatic organ lesions,
supporting the diagnosis of pancreatic can-
cer is regarded as particularly important for
these persons.

The Japanese approach to differential
diagnostics of; AIP vs.. pancreatic cancer is
of course based on the criteria for diagnos-
ing AIP 2 used inJapan. The Japanese rec-
ommendation consists of an evaluation of
data changes to medical history, radiology
(CT, ERCP) changes, changes to serology
(IgG4), and expressing the number of so-
called positive markers. It is therefore evi-
dent that the Japanese approach counts on
a significant, diagnostic role of endoscopic
retrograde | cholangiopancreatography.  If
none of the major diagnostic criteria of AIP
is found, the patient is further examined
and treated as if it were pancreatic cancer.
In the case; of ambiguous finding, ie. 1-2
symptoms suggestive of AIP, and negative
1gG4 levels or high levels of IgG4 and only
one sign of AIP is present, a fine needle
biopsy of the pancreas is recommended
due to suspected AIP, If the biopsy is nega-
tive, or if two typical features are present
and 1gG4 levels in the serum are high, or if
three typical features of AIP are found, the
steroid therapy is started. If the response to
steroids is not relevant, it is necessary to re-
peat the diagnostic algorithm. The general
conclusion is that neither approach gives an
absolute guarantee of the accuracy of the
diagnosis; the Japanese approach is sim-
pler, but is, naturally, highly dependent on
the competence of the examining radiolo-
gist and endoscopist. It is likely that Chari’s
approach is more complex, however there
are also limitations in the effectiveness of a
core-biopsy of the pancreas.?® Based on our
OWn experience, a patient presenting typi-
cal features of AIP and a negative finding in
terms of malignancy in the fine needle bi-
opsy of the pancreas was treated with ster-
oids, with an obvious improvement in clinj-
cal and laboratory findings. At a check-up
six months after diagnosing AIP, suspected
pancreatic malignancy was stated as a re-
sult of the endosonographic examination.
During an operation, adenocarcinoma was
proven, although the serum 1gG4 level was
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more than three times that of the standard
(417.0 mg/dL),

From the above mentioned facts, it can
be concluded that despite the clearly stated
AIP diagnostic criteria, the differential diag-
nosis between AIP and pancreatic cancer
has become a phenomenon ARS MEDI-
CAE, requiring a multidisciplinary approach
to ensure the highest diagnostic confi-
dence 31-33
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Abstract

Background: Immunoglobulin G4 (IgG4)-related diseases
are a group of diseases characterized by enlargement of the
affected organs, elevation of serum IgG4, massive infiltration
of affected organs with lymphocytes and plasma cells with
IgG4 positivity and tissue fibrosis. Type | autoimmune pan-
creatitis is one form of IgG4-related disease. For |gG4-related
diseases, various localizations are described for up to 10% of
malignancies. The aim of our study was to examine IgG4 se-
rum levels and pancreatic tissue with respect to the simulta-
neous presence of autoimmune pancreatitis in patients with
pancreatic cancer. Methods: IgG4 serum levels were exam-
ined In 106 patients with histologically confirmed pancre-
atic cancer. The level of 135 mg/dl was considered as the
normal value. Pancreatic tissue was histologically examined
with respect to the presence of markers of autoimmune pan-
creatitis. Results: A higher IgG4 level than the cut-off value
of 135 mg/dl was proven in 11 patients with pancreatic can-
cer. Of these 11 patients, 7 had levels twice the normal limit
(65.6%). Autoimmune pancreatitis was diagnosed in these

individuals. In the case of 1 patient, it was basically an unex-
pected finding; another patient was initially diagnosed with
autoimmune pancreatitis. Repeated biopsy of the pancreas
at the time of diagnosis did not confirm the presence of tu-
mour structures, therefore steroid therapy was started. At a
check-up 6 months after starting steroid therapy, the condi-
tion of the patient improved subjectively and IgG4 levels de-
creased. However, endosonographically, malignancy was
suspected, which was subsequently confirmed histological-
ly. This patient also demonstrated an lIgG4 level twice the
normal limit. Conclusion: IgG4-related diseases can be ac-
companied by the simultaneous occurrence of malignan-
cies, which also applies to autoimmune pancreatitis. Chron-
ic pancreatitis is considered a risk factor for pancreatic can-
cer. It cannot be reliably confirmed whether this also applies
to autoimmune pancreatitis. In accordance with other works,
however, it is evident that, despite the described high sensi-
tivity and specificity for lgG4 elevation in the case of autoim-
mune pancreatitis, even levels twice the normal limit are de-
monstrable in some individuals with pancreatic cancer,
without the presence of autoimmune pancreatitis. We be-
lieve that patients with IgG4-related disease, including auto-
immune pancreatitis, must be systematically monitored
with respect to the potential presence of malignancy.
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Introduction

Immunoglobulin G4 (IgG4)-related diseases are char-
acterized by enlargement of the affected organs, elevated
IgG4 serum levels, abundant infiltration of affected tis-
sues with plasma cells containing IgG4, and significant
tissue fibrosis [1]. Typical representations of IgG4-related
diseases include Mikulicz syndrome and an autoimmune
form of pancreatitis [2]. A level of IgG4 higher than
135 mg/dl, or its 2-fold elevation rank, is among the cri-
teria in diagnosing autoimmune pancreatitis [3]. In re-
cent years, however, a number of conditions have ap-
peared with elevated IgG4 levels which were not IgG4-
related diseases. Such diseases also include pancreatic
cancer, therefore differential diagnostics is gaining im-
portance in order to rule out or confirm cancer [4].

In 2012, Yamamoto et al. [5] published a report evalu-
ating a representative group of persons with IgG4-related
diseases in terms of the simultaneous presence of malig-
nancy. In the studied group of 106 persons, the presence
of a malignant tumour was detected in 11 cases (10.6%).
Localization of tumours was in the lungs and intestine,
and lymphoma was also present — both non-Hodgkin and
MALToma. Although no pancreatic cancer was detected
in this study, the potential relationship between autoim-
mune pancreatitis and pancreatic cancer has been de-
scribed in other studies [6, 7]. However, 1gG4 levels, cor-
responding to the values reported as one of the criteria for
diagnosing autoimmune pancreatitis, were detected not
only in patients with autoimmune pancreatitis but also in
a portion of the persons with primary pancreatic carci-
noma [8].

The aim of our study was to examine a group of per-
sons with histologically confirmed pancreatic cancer and
to test the IgG4 serum levels - and specifically to investi-
gate whether histomorphometric signs of autoimmune
pancreatitis are present in the pancreatic tissue.

Materials and Methods

In our study, during the years 2011-2013, we examined the
IgG4 serum level and pancreatic tissue samples for the presence of
criteria for autoimmune pancreatitis in a group of 106 people with
histologically confirmed pancreatic cancer.

The evaluated group consisted of 88 men (75.8%) with an aver-
age age of 61.4 years and 28 women (24.2%) with an average age of
58.7 years. We detected a number of comorbidities for which the
patients with pancreatic cancer were treated. Some comorbidities,
however, are a risk factor for pancreatic carcinogenesis (table 1).

In the studied group of 106 persons, 11 patients (10.1%) dem-
onstrated IgG4 serum levels higher than 135 mg/dl, this level being

IgG4, Autoimmune Pancreatitis and
Pancreatic Cancer

Table 1. Comorbidities in 106 persons with proven pancreatic
cancer

Men Women
Diagnosis, n 86 20
Average age, years 61.4 59.8
Diabetes mellitus, n 12 (12.8%) 4(20.0%)
Chronic pancreatitis, n 3(3.5%) 1 (5.0%)
Ulcerative disease, n 2 (2.3%) 0
Hepatopathy, n 10 (11.6%) 2 (10.0%)
Ischaemic heart disease, n 6 (6.9%) 1 (5.0%)
Arterial hypertension, n 8(9.3%) 4 (20.0%)
Obesity (BMI >30), n 5 (5.8%) 3 (15.0%)

Table 2. Elevated IgG4 serum levels in patients with pancreatic
cancer

Patient Age, Sex IgG4, Autoimmune
years mg/dl pancreatitis
1 51 M 151.0 No
2 71 M 280.4 No
3 64 F 308.6 No
4 52 M 514.2 Yes
5 60 M 148.4 No
6 59 F 203.6 No
7 65 M 487.0 Yes
8 70 M 149.4 No
9 62 M 274.0 No
10 55 F 288.6 No
11 53 M 390.3 No

Average age: men, 60.5 years (range 51-71); women, 59.3 years
(range 55-64). Average IgG4 in 11 persons with serum IgG4 level
2135 mg/dl was 263 mg/dl.

considered a diagnostic criterion for autoimmune pancreatitis. A
2-fold increase was found in 7 of the 11 persons (65.6%; table 2).

The group of patients with elevated IgG4 levels consisted of 8 men
with an average age of 61.5 years (range 51-71) and 3 women with an
average age of 59.3 years (range 55-64). None of these persons had
sought treatment for diseases with immune changes, rheumatologi-
cal disease or allergy. The average value of IgG4 in all patients with
pancreatic cancer and elevated IgG4 levels was 263 mg/dl.

In 2 persons with elevated IgG4 serum levels, pancreatic chang-
es besides those typical for pancreatic cancer were proven at histo-
logical examination , characterizing autoimmune pancreatitis.

Patient 1

Patient 1 was a 52-year-old man. He was a regular smoker of
10-15 cigarettes daily since the age of 25 and only occasionally
drank alcohol. He had never been seriously ill, but since 30 years
of age he had been treated for gastroduodenal peptic ulcer disease.
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In his family profile, his father was treated for arterial hyperten-
sion, his mother was healthy and his grandfather died of colorectal
cancer.

He was examined due to dyspepsia, dull epigastric pain and
subicterus, resulting in a suspected diagnosis of a focal form of au-
toimmune pancreatitis. However, with the consent of the patient,
fine needle biopsy of the pancreatic head was performed under
endosonographic guidance with negative results in terms of malig-
nancy. The IgG4 serum level was increased - 514.2 mg/dl. Steroid
therapy was started for the patient at a dose of 40 mg of prednisone
per os daily, and the dose was reduced by 5 mg weekly to 10 mg/
day; this dose was administered for 3 months. When the patient
came for a check-up, subjectively he was feeling better, but he had
lost 2 kg in weight — jaundice was not present; the IgG4 level had
decreased to 281.5 mg/dl, but it was not normalized. At a check-up
endosonographic examination, suspected malignancy of the pan-
creatic head was stated. The patient underwent surgery and adeno-
carcinoma was found with metastasis to the lymph nodes, and at
the same time there were histological signs of autoimmune pan-
creatitis.

Patient 2

Patient 2 was a 65-year-old man. He was obese, an occasional
smoker and an abstainer from alcohol consumption. He had been
treated for arterial hypertension, autoimmune thyroiditis and type
2 diabetes mellitus, which had been proven 4 years before the di-
agnosis of pancreatic cancer. The reason for the examination was
painless obstructive jaundice. In his family profile, there was no
cancer or autoimmune disease.

During IgG4 examination, a high value of 487 mg/dl was de-
tected in the blood serum at the endosonographic examination; the
finding was evaluated as carcinoma of the pancreatic head. Surgery
was performed, and adenocarcinoma of the pancreatic head was
histologically proven, together with histomorphometric features
of autoimmune pancreatitis.

While the first patient was initially diagnosed with autoim-
mune pancreatitis, in the case of the second patient it was basi-
cally an unexpected appearance of autoimmune pancreatitis with
pancreatic cancer.

Discussion

IgG4-related diseases affect many organs such as the
pancreas, biliary tract, liver, central nervous system, thy-
roid gland, prostate, kidney, retroperitoneum, and lymph
nodes [9]. The clinical symptomatology is logically de-
pendent upon the particular affected organ. Clinical
symptomatology is typically insignificant; it affects main-
ly middle-aged and elderly men, and the effect of steroid
therapy is frequent. Infiltration of affected organs with
IgG4-positive plasma cells and high IgG4 serum levels are
typical signs of the disease. The intensity of fibrotic
changes varies according to the nature of the affected or-
gan. The diagnostic problem is that a number of other
conditions that do not rank among the IgG4-related dis-
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eases show elevated IgG4 serum levels. The presence of
IgG4-positive plasma cells is a frequent finding in pa-
tients with rheumatoid synovitis or inflammatory diseas-
es of the skin or oral cavity. Elevated IgG4 serum levels
have also been reported in some cancers, including pan-
creatic cancer [10].

Autoimmune pancreatitis is one of the conditions
where an elevated IgG4 serum level exceeding the value
of 135 mg/dl is included in the diagnostic characteristics
[11]. In the study by Hamano et al. [3], the sensitivity and
specificity of serum level exceeding 135 mg/dl was higher
than 95%. The diagnostic criteria for autoimmune pan-
creatitis are determined on the basis of a consensus pub-
lished in 2011 by a group of experts [12]. Currently, there
are two clinically significant forms of autoimmune pan-
creatitis which, in addition to some common features,
have characteristics typical of their differential diagnosis.
Type 1 autoimmune pancreatitis, known as lymphoplas-
macellular pancreatitis, mainly affects individuals aged
about 60 years, and its course is often initially presented
with obstructive jaundice and only mild belly pain or dis-
comfort. Most patients have elevated IgG4 serum levels
and tissue infiltration with plasma cells and lymphocytes
in the presence of IgG4. More than half of all type 1 auto-
immune pancreatitis cases are accompanied by a finding
of extrapancreatic organ lesions.

Type 2 autoimmune pancreatitis affects people a de-
cade younger than type 1. IgG4 positivity is very low,
about 40% of cases are simultaneously diagnosed with id-
iopathic intestinal inflammation (which does not apply to
type 1 autoimmune pancreatitis) and in about one third
of the persons, clinical symptoms may mimic acute pan-
creatitis [13] (table 3).

The autoimmune form occurs either in the form of dif-
fuse involvement of the gland or as a focal or multifocal
form [14]. The focal form of autoimmune pancreatitis,
especially if painless obstructive jaundice is present si-
multaneously, is often difficult to distinguish from pan-
creatic cancer. Ghazale et al. [15] examined IgG4 serum
levels in 135 patients with pancreatic cancer and a value
higher than 135 mg/dl was detected in 13 persons (10%).
None of the examined patients with pancreatic cancer,
however, showed a level of IgG4 higher than twice the
normal limit. Raina et al. [8] detected higher IgG4 serum
levels in 5 patients (7%) out of 71 persons with pancre-
atic carcinoma; none of those 5 patients was diagnosed
with autoimmune pancreatitis. In this group of people
with pancreatic carcinoma, the average IgG4 value was
160.8 mg/dl. Kamisawa et al. [4] detected a high level of
IgG4, which exceeded the normal limit of 135 mg/dl twice
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Table 3. Differential diagnosis between autoimmune pancreatitis and pancreatic cancer: important points

Autoimmune pancreatitis

Pancreatic cancer

Clinical features
Exocrine insufficiency
Cachexia, anorexia
Pain

Extrapancreatic disease

Frequently

Rarely

Rarely

Non-metastatic lesions

Rarely
Frequently
Frequently
Metastatic lesions

Serology

Autoantibodies
Carbohydrate antigen 19-9
Amylase, lipase

IgG4 >135 mg/dl
<200 U/ml
Mid-elevation (2- or 3-fold)

IgG4 <100 mg/dl
>200 U/ml
Usually normal

Imaging
CT Diffuse (sausage-shaped pancreas with  Focal
hypointense rim) or focal
Diffuse or focal stenosis of the Focal stenosis of the duct
pancreatic duct Infiltration of adjacent tissues and
distant metastases
MR elastography Homogeneous stiffness pattern Heterogeneous stiffness pattern
ERCP Diffuse or focal narrowing of the duct Focal narrowing or obstruction of

>3.5cm
No post-stenotic duct dilatation

Strictures in the proximal half of the
common bile duct

the duct <3.4 cm

Post-stenotic duct dilatation

>5.2 mm

No strictures in the proximal half of
the common bile duct

Secretion-enhanced MRCP

Duct-penetrating sign

No specific sign

EUS Hypoechoic diffuse or focal Absence of hyperechoic spots
enlargement with hyperechoic spots
EUS elastography Homogeneous stiffness pattern Heterogeneous stiffness pattern

Contrast-enhanced EUS

Homogeneously hypervascular

Mainly hypovascular

Histology Pattern of lymphoplasmacytosis, Ductal adenocarcinoma
sclerosing pancreatitis or idiopathic
duct-destructive pancreatitis

Treatment Response to corticosteroids No response to corticosteroids

(433 mg/dl), in a patient with pancreatic cancer. Immu-
nohistochemical examination showed a high occurrence
of IgG4-positive plasma cells in the tumour tissue and low
positivity of these cells in the surrounding pancreatic tis-
sue. Abundant IgG4 positivity was also proven in the
nearby lymph nodes.

Incidences of adenocarcinoma of the pancreas with
simultaneous autoimmune pancreatitis are usually pub-
lished as case reports [6, 7, 10]. In the case report by Loos
etal. [11], a 67-year-old woman was diagnosed with au-
toimmune pancreatitis. However, it was not possible to
clearly distinguish it from carcinoma of the head of the
pancreas; therefore, pylorus-preserving pancreaticodu-

IgG4, Autoimmune Pancreatitis and
Pancreatic Cancer

odenectomy was performed. The histological examina-
tion of the biopsy showed no signs of malignant process.
Changes in the sense of autoimmune pancreatitis were
proven, and 18 months after the diagnosis of autoim-
mune pancreatitis the woman was re-examined for asci-
tes. The examination confirmed metastatic adenocarci-
noma of the pancreas in the area of autoimmune pan-
creatitis. In 2012, Siokawa et al. [16] showed that not
only IgG4-related diseases in general, but also autoim-
mune pancreatitis in particular (as one of the IgG4-re-
lated diseases), represent a risk factor in inducing carci-
nogenesis. In a group of 108 persons with a diagnosis of
autoimmune pancreatitis — according to Asian criteria —
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atotal of 18 cancers were detected in 15 persons (13.9%).
The highest risk of cancers was found in the first year
after diagnosis of autoimmune pancreatitis. In 6 out of
8 people treated with steroids with a diagnosis of auto-
immune pancreatitis, a cancerous lesion was detected
before starting steroid therapy. Most frequently, malig-
nancy was detected in the stomach, lungs and prostate.
It is evident that patients with autoimmune pancreatitis
are at risk of malignant tumours of various localizations.
In our study we have found an increase in IgG4 in 10%
of patients; in more than 65% of these patients, the value
was more than twice the normal limit. In 1 patient who
was initially observed for autoimmune pancreatitis and
treated with steroids, we also confirmed pancreatic can-

cer histologically 5 months after the diagnosis of auto-
immune pancreatitis. In another patient with a finding
of pancreatic cancer, IgG4 autoimmune pancreatitis was
surprisingly identified as well at histological revision of
pancreatic tissue; IgG4 positivity was not detected in the
tumour tissue. Although chronic pancreatitis is a poten-
tial risk factor for pancreatic cancer, it cannot be clearly
confirmed that autoimmune pancreatitis or IgG4-relat-
ed diseases in general were the cause of pancreatic can-
cer. However, patients with a diagnosis of autoimmune
pancreatitis should be regularly monitored and the ar-
mamentarium of tests should be supplemented with ex-
aminations that may reveal potential cancerous chang-
es.
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Abstract: Malignant melanoma (MM) urgently needs identification of new markers with
better predictive value than currently-used clinical and histological parameters. Cancer
cells stimulate the formation of a specialized tumor microenvironment, which reciprocally
affects uncontrolled proliferation and migration. However, this microenvironment is
heterogeneous with different sub-compartments defined by their access to oxygen and
nutrients. This study evaluated microvascular density (MVD), CD3* lymphocytes (TILs)
and FOXP3* T-regulatory lymphocytes (Tregs) on formalin-fixed paraffin-embedded
tissue sections using light microscopy. We analyzed 82 malignant melanomas, divided
according to the AJCC TNM classification into four groups—pT1 (35), pT2 (17), pT3 (18)
and pT4 (12)—and 25 benign pigmented nevi. All parameters were measured in both the
central areas of tumors (C) and at their periphery (P). A marked increase in all parameters
was found in melanomas compared to nevi (p = 0.0001). There was a positive correlation
between MVD, TILs, FOXP3* Tregs and the vertical growth phase. The results show that
MVD, TILs and FOXP3* Tregs substantially influence cutaneous melanoma microenvironment.
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We found significant topographic differences of the parameters between central areas of
tumors and their boundaries.

Keywords: malignant melanoma; angiogenesis; nestin; microvascular density;
CD90/Thy1; FOXP3

1. Introduction

Cutaneous malignant melanoma (CMM) is highly aggressive with poor prognosis and high
resistance to therapy. Further, prognosticators remain controversial and are generally based on the
evaluation of the mitotic rate, regression, tumor-infiltrating lymphocytes (TILs) and growth phase [1].
Hence, there is an urgent need to identify new markers with more reliable predictive values than
traditional clinical and histological parameters. Currently, potential reliable markers are a theme
of intensive research. In malignant melanoma, like other solid cancers, tumor-stroma interactions
that involve complex multiple cellular and molecular factors substantially affect their biological
behavior [2,3]. Interactions between melanoma cells and other cell types in the microenvironment are
mediated by endocrine and paracrine communication or through direct contact via cell-cell and
cell-matrix adhesion, gap or tight junctional intercellular communication. Within a tumor, there are
subcompartments with different microenvironmental milieus defined by their access to oxygen and
nutrients. Therefore, different cancer cells within a tumor face different microenvironments [4].

A hallmark of solid tumor is abnormal vasculature, known as tumor angiogenesis, which is
characterized by the new formation of vascular channels that enhance tumor cell proliferation, local
invasion and distant metastasis. Tumor angiogenesis is uncontrolled and, in time, an unlimited process,
involving the transition from the avascular to the vascular phases [5,6]. Tumor angiogenesis enhances
the supply of oxygen and nutrients to solid tumor cells, which enables them to grow more rapidly and
easily when vessels are formed in close proximity. It has been documented that new blood vessel
formation is required after tumors attain a size of 1-2 mm [5]. Melanoma neovascularization has been
correlated with poor prognosis, ulceration and an increased rate of relapse [6]. Recent studies showed
that an effective marker for in vivo tumor angiogenesis is nestin, an intermediate filamentous protein
that is considered to be a marker of endothelial proliferation [7]. Furthermore, it is also a marker of
neuroectodermal stem and progenitor cells, because it is abundantly expressed in proliferating cells
during embryonic development [8,9]. As a novel marker for activated blood, as well as lymphatic
vessels, thymus cell antigen (CD90/Thy1) has been identified. CD90/Thy1 is a glycophosphatidylinositol-
anchored, strongly-glycosylated protein that is expressed on the cell surface and belongs to the class of
the immunoglobulin superfamily. It was originally identified as a thymocyte antigen and is a pan
T-cell marker in mice. It is also known to be expressed by neurons and fibroblasts [10]. The molecule
is expressed exclusively on endothelial cells (EC) at sites of inflammation or tumors, showing signs of
activation. In contrast, there was no expression of Thyl on the cell surface of resting EC in healthy
tissues [11-13]. Today, it is thought to be an activation-associated cell adhesion molecule of human
dermal microvascular endothelial cells to tumor cells. The mechanisms of tumor cell adhesion to the
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endothelium and the subsequent invasion into the surrounding tissue share similarities with the
interaction occurring during leukocyte extravasation at sites of inflammation [11,13].

The morphological gold standard for assessing the neovasculature in human tumors has become
microvascular density (MVD). This method requires the use of specific markers that highlight the
vascular endothelium using immunohistochemical procedures. MVD in primary tumors is significantly
associated with metastasis and poorer prognosis in several tumors and is the most predictive in those
tumors that induce significant angiogenesis, namely carcinomas of breast and prostate and hematological
malignancies [4].

An integral component of the tumor microenvironment is an inflammatory infiltrate, with a wide
range of effects, which can act as a double-edged sword. On the one hand, immune cells have been
reported to regulate malignant cells, and on the other hand, they may also have tumor-promoting
effects. It has been reported that the infiltration of different human malignancies, e.g., ovarian,
colorectal and breast with CD8" T lymphocytes is associated with favorable prognosis [14]. Natural
killers, dendritic cells and macrophages may also be considered as independent good prognostic
indicators in different human cancers [14,15]. Conversely, malignant cells have been documented to
create an immunosuppressive microenvironment. In this way, immune cells may help them escape
immune surveillance and promote tumor progression. Increasing attention is currently paid to
regulatory T-cells (Tregs), which are a subpopulation of CD25"CD4* T lymphocytes with suppressive
functionality [16]. The forehead transcriptional factor FOXP3 has been identified as a key regulator in
the development and proper function of these cells, and it is also the only definitive marker [11,17].
In healthy individuals, the role of Treg is necessary in maintaining immunological tolerance and
preventing autoimmune diseases. Activation of Tregs has been shown to lead to inhibition of cytotoxic
CD8" T lymphocytes and NK cells [17]. However, the role of Tregs in cancer development and
progression is not clear. A large number of studies have shown that Tregs promote tumor growth by
inducing host tolerance against tumor antigens by dampening the T-cell-mediated immune response
against the tumor cells and enabling tumor cells to evade anti-tumor immunity. FOXP3 expression in
cancers is thus associated with worse overall survival. Moreover, therapeutic inhibition of Tregs was
shown to weaken their immunosuppressive effect and improve the course of the disease [14,18]. In
malignant melanomas, FOXP3* Treg is thought to be predictive of patient survival as a marker of early
metastatic propagation [14].

The objectives of this study were to evaluate MVD with a focus on nestin, CD90-positive vessels
and quantification of FOXP3* Tregs in comparison to the numbers of CD3* tumor infiltrating
lymphocytes. To examine topographic differences, two distinct areas were analyzed in each lesion, the
central area and the peripheral one, at the edge of the tumor adjacent to normal tissues.

2. Results and Discussion
2.1. Results

All obtained results with the Mann—-Whitney U-test statistical analysis are summarized in Table 1.
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Table 1. The table shows a comparison of the results between groups of melanomas
(Stages pT1-pT4) and pigmented nevi in the central (C) and at the peripheral (P) areas.
The results were statistically evaluated using the Mann-Whitney U-test (p-values).

7879

Melanomas (n = 82) Nevi (n = 25)
Evaluated Parameters - - - - p
Median Q1 Qs  Min. Max. Median Qi1 Qs Min. Max.

Nestin C (mm?) 10 6.75 20 0 62 4 2 9 0 26 0.0001
Nestin P (mm?) 22 13.75 38 2 78 4 15 85 0 17  <0.0001
FOXP3 C (mm?) 30 6.75 7575 1 192 5 2 105 1 36 <0.0001
FOXP3 P (mm?) 9.5 2 18 1 160 1 1 1 1 21 <0.0001
CD3 C (mm?) 141 66 425 5 1330 38 21 55 2 158 <0.0001
CD3 P (mm?) 2335 153 480 40 980 22 10 31 2 125 <0.0001
CD90 C (mm?) 0 0 3 0 15 0 0 0 0 4 <0.0001
CD90 P (mm?) 0 0 1 0 15 0 0 0 0 2 <0.0001

CD3 C/FOXP3 C 6.12 221 19.03 0.08 265 7.67 332 1400 0.18 58  0.611

CD3 P/FOXP3 P 3325 12.23 101.07 297 630 20.00 4.70 30.00 2.00 52  0.002

Abbreviations in the table: Q; = the first quartile, Q3 =

Max. = maximal value.

2.1.1. Microvascular Density with Anti-Nestin Antibody

the third quartile, Min. = minimal value,

The microvascular density was quite low in benign nevi, ranging from 0 to 26 (median 4/mm?).
A marked increase was observed in a group of melanomas, with MVD from 2 to 78, median 10 in
the center and 22 at the edge, confirming a significantly higher density of nestin-positive vessels
(p = 0.0001) both in the center and at the edge of tumors (Figure 1; Scheme 1).

Figure 1. Strong nestin positivity in blood vessels (black arrows) at the edge of malignant
melanoma (pT4 stage) (melanoma cells marked by white arrow); original magnification: 100x.
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Scheme 1. Evaluation of median values (y-axis) and error bars with the standard deviation
of microvascular density (MVD) using anti-nestin antibody in the center (C) and at the
periphery (P) in different stages of melanomas (pT1-4) and benign nevi (x-axis).

Positive correlation (p = 0.0001) was found between MVD at the tumor periphery and the depth of
invasion, with median values of 17, 21, 34, 31 for pT1, pT2, pT3 and pT4 groups, respectively. Central areas
exhibited very similar MVD values in each group, with a median of 10-14 and no statistical significance.

2.1.2. Microvascular Density with Anti-CD90 Antibody

No CD90 positive vessels were detected in nevi. In melanomas of the pT1 and pT2 stages, we found
only individual vessels, both in the center and at the periphery (median zero). A significant increase
(p = 0.0001) in CD90+ vasculature found for advanced tumors was predominantly intra-tumor vessels.
Medians for pT3: three for the center, one for the periphery, pT4: 5.5 for the center and one for the
periphery (Figure 2, Scheme 2).

Figure 2. Moderate CD90 positivity of blood vessels (black arrows) in the central area of
malignant melanoma (pT4 stage); original magnification: 100x.
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Scheme 2. Evaluation of median values (y-axis) and error bars with the standard deviation
of MVD using the anti-CD90 antibody in the center (C) and at the periphery (P) in
different stages of melanomas (pT1-4) and benign nevi (x-axis).

2.1.3. Tumor-Infiltrating Lymphocytes

The numbers of CD3* T lymphocytes in nevi ranged from one to 158, median 38, inside the lesion
and 22 at the edge. In melanomas, there was a significant increase from 2 to 1330 elements per
1 mm? (p = 0.0001), with a median of 141 in central areas and 234 at the periphery. A significant
increase in CD3* tumor infiltrating lymphocytes was found in pT2, pT3 and pT4 versus pT1l
melanomas (p = 0.0005) (Scheme 3). The peripheral area revealed even lymphocytic numbers, without
any variations.
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Scheme 3. Evaluation of median values (y-axis) and error bars with the standard deviation
of CD3" T lymphocytes in the center (C) and at the periphery (P) of the microenvironment
in different stages of melanomas (pT1-4) and benign nevi (x-axis).

FOXP3* Tregs were rare in pigmented nevi, with a median of five cells in the center, and one cell at
the periphery. The numbers significantly increased in melanomas (p = 0.0001), from 1 to 192, median
30 in the center and 10 at the periphery (Scheme 4).
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Scheme 4. Evaluation of median values (y-axis) and error bars with the standard deviation
of FOXP3* T-regulatory lymphocytes in the center (C) and at the periphery (P) of the
microenvironment in different stages of melanomas (pT1-4) and benign nevi (x-axis).

We also found differences in Tregs among individual melanoma groups, where the median Tregs
for the pT1 group of melanomas was 22 in the center and six at the periphery, for pT2, 55 in the center,
15 at the periphery, for pT3, 58 in the center, 16 at the periphery and for pT4, 23 in the center and 3.5

at the periphery (Figure 3).
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Figure 3. FOXP3-positive T-regulatory lymphocytes in the central region of malignant
melanoma (pT3 stage); original magnification: 100x.

We found a significant higher number of Tregs in melanomas of pT2 versus pT1 (p = 0.015) and
pT3 versus pT1 (p = 0.03). Surprisingly, in the pT4 group, a decrease in Tregs was observed in the

center, as well as at the periphery.

The ratio of CD3/FOXP3* Treg showed a significant shift for Tregs in pT2 and pT3 groups at the
periphery of lesions (p = 0.005) (Scheme 5).

No associations were found with lymph node status or distant metastases.
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Scheme 5. Evaluation of median values (y-axis) and error bars with the standard deviation
of the CD3/FOXP3 ratio in the center (C) and at the periphery (P) of the microenvironment
of different stages of melanomas (pT1-4) and benign nevi (x-axis).

2.2. Discussion

It has been determined that cancer progression is not solely determined by the characteristic of the
tumor, but also by the host response [19]. CD8" T-cells can be unquestionably heralded as one of
the principal subsets of T-cells constitutively mediating an effective antitumor response. Activated
T-cytotoxic lymphocytes can mediate specific destruction of tumor cells by the release of perforin and
several types of granzymes, which are loaded in modified lysosomes [20,21]. CD4" T lymphocytes are
also an integral part of immunity, but their specific role in antitumor response remains unclear. They
are known to facilitate cytotoxic T-cell (CTL) induction, although these cells have also been shown
able to eliminate tumor cells in the absence of CD8" T lymphocytes [22]. CD4* T-cells have been
documented to maintain a CTL response, too. During the last decade, a possible negative regulatory
role of CD4* T-cells has been described, and the existence of regulatory T-cells has been identified [14,17].
These cells represent about 6% of CD4" T-cells and are present in peripheral blood and within the
tumor environment. Antigen-specific activation and cell-cell contact were required for these clones of
Tregs to exert suppressive activity. The presence of Tregs at tumor sites suggest that they could have
a profound effect on the inhibition of T-cell effector responses against human cancers [17]. Besides
anti-inflammatory cytokines, Tregs inside the tumor may repress immunity via other mechanisms.
For example, they may inhibit T-cell proliferation. Whether the regulatory cells naturally exist in the
host or whether they initially arrive as helper T-cells and only convert later is not altogether clear.
Anti-tumor lymphocytes migrating to the tumor site may become compromised or may adversely adapt
to the suppressive environment to promote growth instead of regression [16]. In agreement with these
data, recent studies have revealed that the type, not the quantity of tumor-infiltrating cells seems to be
a more critical determinant of prognosis. Since cancer is a disease caused by an array of various types
of mutations, differences in T-cell subsets are not altogether surprising. Melanoma is one of those
tumors known to possess the ability to elicit a profound immune response. Some data show that
the induction of a strong immune response in patients with melanoma may improve survival [18,23].
Numerous immune-based therapies (involving cytokines, antibodies, cancer vaccines, adoptive
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immunotherapy and combinations of these therapeutic agents and modalities) are the focus of studies
on alternative therapeutic approaches. Although cancer vaccines and adoptive T-cell transfer have been
shown to increase the levels of the circulating tumor antigen-specific T-cells, these approaches
produce clinical responses in only a few patients [17]. Recent studies have suggested that the presence
of FOXP3* Tregs in the tumor microenvironment, the expression of inhibitor ligands on melanoma
cells, the secretion of immunosuppressive factors by melanoma cells and the activity of nutrient-catabolizing
enzymes may contribute to the resistance of the tumor to immune destruction. It has been reported that
high numbers of circulating Tregs are associated with rapid tumor progression in experimental animal
models of melanoma and in patients with melanoma. In these patients, the presence of FOXP3* cells
in primary tumor has also been associated with a higher frequency of metastases in the sentinel
lymph node [12,24]. On the other hand, the blocking of normal mechanisms responsible for the
downregulation of immune responses has been shown to improve melanoma outcome efficiently [14].
In our study, we focused on evaluating the FOXP3* Tregs, as well as the CD3*/Treg ratio. While the
density of these cells was very low in benign nevi, we confirmed their increase in melanomas, both
inside and at the tumor edge. It was postulated that a major determinant of immune cell infiltration
may be the stage of disease, where host immune response may decrease with increasing tumor growth [25].
In agreement with this finding is increased FOXP3* Tregs in pT2 and pT3 melanoma stages in our
study, with the most pronounced changes in the CD3*/Treg ratio at the periphery of tumors. The
increase in Tregs density may represent a mechanism of tumor resistance to immune destruction,
creating an immunosuppressive melanoma microenvironment. Surprisingly, pT4 melanomas exhibited
lower Tregs values and high a CD3*/Treg ratio, particularly at the periphery. We suggest that low
numbers of FOXP3* accompanied by high TIL numbers may paradoxically be a feature of tumor
progression, as was described for colorectal carcinomas [26]. The presence of cytotoxic T lymphocytes
in advanced tumors may be a consequence of the greater production of abnormal peptides resulting in
altered DNA repair, a typical feature of the genetic instability of malignancies [26,27]. Moreover,
genetically-unstable tumors are often HLA class I-negative and might escape T-cell-mediated immune
killing [19].

It has been well documented that angiogenesis is crucial for cutaneous melanoma progression,
where melanoma neovascularization has been correlated with poor prognosis and an increased rate of
relapse [6]. A possible explanation is that the increased vasculature enhances the chance for tumor
cells to enter the circulation. Moreover, newly-formed vessels or capillaries have leaky and weak
basement membranes, through which tumor cells can penetrate more easily than mature vessels [28].
Angiogenesis is a complicated and dynamic process, whose measurement in tissue provides only a
snapshot, not straightforward views of tumors. Despite its limitation, microvascular density (MVD)
counting has become the morphological standard for assessing the neovasculature in human tumors,
with prognostic and predictive impact [4]. MVD seems to correlate with outcome, especially in
high-grade tumors. It is widely assumed that tumors with high MVD are good candidates for clinical
trials of antiangiogenic therapies, whereas tumors with typically low MVD are thought to be poor
candidates for such clinical trials. Nevertheless, despite the initial confirmatory publications, numerous
reports fail to show a positive association between increasing tumor vascularity and reduced tumor
outcome [4,29]. One has to consider that heterogeneous methodologies used to calculate MVD among
different studies might play a role. However, other factors have to be considered, too, such as tumor
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topography and functional changes in the endothelium. Topography is important in the differentiation
of tumor vessels into those supplying the invading tumor edge and those serving the inner tumor area.

As adhesive interactions between tumor cells and endothelium are critical steps in tumor metastasis,
it is not surprising that functionally- and phenotypically-changed endothelium may substantially
contribute to cancer progression. In accordance with previous explorations, we confirmed significantly
higher MVD counts in melanomas versus benign tissue [30]. Moreover, we found markedly-enhanced
vascularization in advanced pT3 and pT4 melanomas. As far as the predictive role of MVD is
concerned, we cannot confirm and direct association, as none of our tumors within a five-year
follow-up formed either distant metastasis or relapsed. However, a lack of correlation between MVD
and tumor outcome was described in sinonasal, oral and canine melanomas, too [14,31]. In our study,
we focused on activated, proliferating endothelium, using antibodies to highlight it—nestin and
CD90/Thyl—instead of the widely-used CD31 or CD34 [28,32].

In this study, we found higher MVD of nestin-positive vessels in melanomas versus nevi, especially
in advanced tumors. Although areas of hot spots were not infrequently seen within the inner tumor
area, they usually predominated at the tumor edge—the zone of tumor/normal tissue interaction.
Peripheral tumor areas are composed of typical capillaries derived from pre-existing vessels. Central
areas of tumors, on the other hand, are at least partly made up of tube-like endothelial structures,
known as vasculogenic mimicry (VM), that are generated directly by the tumor cells [15]. The
molecular mechanisms that underlie VM are not fully clear, but metalloproteinases via their cleavage
of laminin, E-cadherin by promoting adherence of the VM channel wall to tumor cells, tumor cell
dedifferentiation and tumor microenvironment have been shown to play a role in VM. A three-stage
phenomenon among VM channels, mosaic blood vessels and endothelium-dependent blood vessels has
been proposed, where all three patterns participate in tumor blood supply. These facts may explain
why therapeutic strategies targeting endothelial cells have no effect on tumor cells [6]. They may also
partly explain why MVD measurement is not a direct predictor of anti-angiogenic therapy [4].

A good candidate for the detection of functionally-altered vessels seems to be CD90/Thyl. This
molecule plays an important role in the adhesion of tumor cells to the endothelium and is associated
with the specific interaction of the avp3 integrin on melanoma cells. This interaction mediates the
binding melanoma cells to the endothelium. Blocking avpB3 reduced the adhesion of avp3-expressing
melanoma cells to the level of melanoma cells lacking avp3 [13]. Except for blood vessels,
CD90/Thy-1 was found to be highly expressed on lymphatic endothelial cells [11,12]. We found no
CD90 expression on endothelium of normal skins and nevi. Similarly, early-stage melanomas pT1 and
pT2 had only very low numbers of CD90* vessels. Advanced melanomas in pT3 and pT4 groups
showed a significantly higher density of CD90-positive vessels, especially in central regions. These
findings confirm phenotypically- and functionally-altered vascularization, especially in advanced-stage
melanomas, and suggest a potential negative prognostic role of the protein in the disease.

3. Experimental Section

Archival cases of 82 cutaneous malignant melanomas and 25 benign pigmented compound or
intradermal nevi were evaluated. Adult patients of both sexes, aged from 42 to 69, were included.
The melanomas were divided according to the AJCC TNM classification for melanoma staging into
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four groups—pT1 (n = 35 melanomas), pT2 (n = 17 melanomas), pT3 (n = 18 melanomas) and pT4
(n = 12 melanomas) [33]. The corresponding H&E slides were first reviewed by the pathologist
for confirmation of diagnosis and adequacy of the material. All selected tissue samples were
formalin-fixed and paraffin-embedded. The study was performed on 5 um-thick tissue sections by an
indirect immunohistochemical method and stained in an automated immunostainer (VENTANA
BENCHMARK XT, Ventana Medical System, Tucson, AZ, USA), in which all steps of the procedure
were done. After deparaffinization, rehydration and blocking of endogenous peroxidase activity, all
sections were incubated with a primary antibody at a room temperature. We used monoclonal mouse
anti-nestin antibody (Millipore, Darmstadt, Germany, clone 10C2, Cat. #MAB5326, dilution 1:75,
incubation time 20 min), monoclonal rabbit anti-FOXP3 antibody (Novus Biologicals, Cambridge,
UK, clone SP97, NBP2-12498, dilution 1:150, incubation time 20 min), anti-CD3 (DakoCytomation,
Glostrup, Denmark, polyclonal Rabbit Anti-human, Code 1580, dilution 1:50, incubation time 32 min)
and rabbit monoclonal anti-CD90 antibody (RabMAbs, Abcam, Cambridge, UK, clone EPR3133,
ab133350, dilution 1:100, incubation time 28 min). No primary antibody needed an antigen retrieval
step. For detection, we used the VENTANA detection kit (VENTANA iVIEW™ DAB Detection Kit,
Ventana Medical System, Tucson, AZ, USA, Catalogue No. 760-091), which is standardized to detect
mouse 19G, 1gM and rabbit 1gG antibodies, without any further requirements on dilution or titration of
the solutions. As a part of the kit, there is streptavidin-horseradish peroxidase complex conjugated to the
biotin-bound secondary antibody, as well as hydrogen peroxide substrate and DAB (diaminobenzidine)
for visualization. The whole set of cases was used for each analyzed marker. All parameters were
evaluated by light microscopy counting capillary lumens, FOXP3* and CD3" lymphocytes per unit
area of 1 mm?in a “hot spot”—a field with the highest capillary density or the highest lymphocytic
infiltrate. We counted at least two fields for each tumor. Both the central areas of tumors (C) and their
periphery (P) were measured. The differences between malignant and benign melanocytic lesions were
evaluated. In a group of melanomas, obtained data were compared with the depth of invasion, lymph
node and distant metastases status.

The results were statistically evaluated using the Mann-Whitney U-test and Kruskal-Wallis test
with Bonferroni correction. p-values of 0.05 or less were considered to be statistically significant.

4, Conclusions

In summary, the results show that MVD, TILs and FOXP3* Tregs are substantially involved in the
alteration of the cutaneous melanoma microenvironment. More marked changes were observed,
especially in advanced stages of the disease. We also confirmed that there are significant topographic
differences of the parameters between central areas of tumors and their boundaries. However, for
determination of the analyzed parameters as unequivocal prognostic and predictive factors of
melanoma, further studies are needed.
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Detection of nano- and micro-sized particles
in routine biopsy material - pilot study
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Background. Nanotechnology is receiving enormous funding. Very little however is known about the health dangers
of this technology so far. Chronic tonsillitis is one of a number of diseases called idiopathic. Among other factors, the
tonsils are exposed to suspended particles in inhaled air including nano particles. The objective of this study was to
detect and evaluate metallic particles in human tonsil tissue diagnosed with chronic tonsillitis and in amniotic fluid
as a comparison.

Methods. Scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM-EDX) was used for identifica-
tion of solid particles in a total of 64 samples of routinely analyzed biopsy and cytologic material.

Results. Almost all samples were found to contain solid particles of various metals. The most frequent, regardless of
diagnosis, were iron, chromium, nickel and aluminium. The size, determined using SEM, varied from around 500 nm to
25 um. The majority formed aggregates of several micrometers in size but there were a significant number of smaller
(sub-micrometer or nano-sized) particles present. The incidence of metallic particles was similar in child and adult tis-
sues. The difference was in composition: the presence of several metals in adults was due to occupational exposure.
Conclusions. The presence of metallic particles in pathologically altered tissues may signal an alternative causation of
some diseases. The ethiopathogenic explanation of these diseases associated with the presence of nano-sized particles
in the organism has emerged into a new field of pathology, nanopathology.
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INTRODUCTION unintentionally produced particles, which are most often
emitted by anthropogenic activities’. Road traffic was
Nano-sized particles (< 100 nm) have properties that  found to contribute significantly to nano-particulate air
may pose risks to human health and the environment. An  pollution caused by diesel emissions’, and wear of brakes*
Italian research team has discussed the potential associa-  and tires’. Pyrometallurgical plants produce particulate
tion between some oncological changes, inflammatory  emissions down to 10 nm in size containing Fe, Cr, Mn,
responses, cardiovascular and other cryptogenic diseases ~ Ni, Cu, Zn and W (ref.?). Various metals are abundant
and the presence of nano-sized particles deposited in vari-  components of particulate air pollution, e.g. wear of au-
ous tissues within the human body'. Nano-sized particles  tomotive brake pad releases Fe, Cu, Ba, and Sb into the
have been described in many studies to be significantly — environment’. Various anthropogenic processes, such as
different in terms of their reactivity and behavior in vari-  cigarette smoking, may produce these metal-containing
ous environmental media (air, water, and soil). This parti-  particles where the smoke may contain metals such as
cle fraction settles by gravitation very slowly when emitted ~ Al, Cd, Ni, Pb, and Cu in the form of very fine particles'.
into the atmosphere, and thus the risk of inhalation expo-  Metals, such as Fe, Cu, Zn, Sn, Ba, Sb and Ti are being
sure is higher than micrometer particles. These particles  emitted as nano-sized particles by the combustion of fos-
below 100 nm in diameter are referred to as nanoparticles  sil fuels. Nano-sized particles are also being produced by
or ultrafine particles. The term nanoparticle is used for en-  natural sources, such as volcanic activity and forest fires.
gineered particles, i.e. products of nanotechnologies with ~ Whether these nano-sized particles pose any health risk,
a wide range of applications in medicine, electronics, cos- and what particle size, shape and composition is the most
metics, drug delivery, the food industry, automotive indus-  harmful to human health, are unclear.
try and many others. The term ultrafine particles denotes Nanopathology deals with interactions between
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the organism and nano-sized particles from several
nanometers in size to several hundreds of nanometers.
Nanopathologic diseases, are referred to as diseases which
originate in the penetration of nano-sized, mainly inor-
ganic, particles and deposition of micro-sized aggregates
in the human and animal body. The first references to
these nanopathologies were associated mainly with mili-
tary patients who developed illness in connection with
war conflicts like the “Gulf War Syndrome” and “Balkan
Syndrome”, etc. Medical examination data of firefighters
and rescuers exposed to fine and ultrafine dust emitted
after the World Trade Center collapse in New York have
also contributed to knowledge on the health impact of
fine metallic particle inhalation'. Metals are known for
their carcinogenic potential due to inhibition of the DNA
repair mechanisms®. A number of studies also confirm
the ability of some metals (e.g. Fe) to induce inflamma-
tion, tissue damage and cancer by production of reactive
oxygen species - free radicals’. However, most studies on
the health impact of nanomaterials use animal models or
cell cultures.

There is currentl research on the preparation, appli-
cation and characterization of nano-sized particles, but
very little on the potential health risks associated with the
production and emissions of these particles into the envi-
ronment. Nano-sized particles may enter the body via in-
halation, digestion and skin penetration. In the body, they
can be translocated via the blood and lymphatic system to
sensitive target tissues/organs'>'°, Transport of nano-sized
particles across the blood-brain barrier and/or olfactory
pathway has been found in some animal studies'"">. The
health effects of nano-sized particles are well-documented
in various clinical and epidemiological studies. However,
the toxicity has been studied using animal models such as
rats, rabbits, and monkeys or tissue cultures'*!.

The aim of this study was to evaluate the presence of
metal-bearing particles in human tonsil tissues and am-
niotic fluid samples which were chosen for the potential
exposure of fetuses to particles suspended in these fluids.

EXPERIMENTAL

Several types of paraffin-fixed human tissues and un-
fixed body fluid samples taken from routine biopsies car-
ried out at the Faculty Hospital in Ostrava were analyzed.
Tissue samples taken for further analysis were approxi-
mately 1 cm? in size. In order to remove the paraffin, the
samples were treated with xylene and acetone and then
heated in a thermostat at 58 °C for 48 h to dry the sample
for microscopic analysis. All chemicals used for tissue
processing were of analytical grade.

During the sample processing for microscopic analy-
sis, ceramic knives were used to prevent contamination of
samples by wear particles from stainless steel instruments.
These samples were coated with Au and Pd for micro-
scopic analysis using a scanning electron microscope with
energy dispersive spectroscopy (SEM-EDX PHILIPS XL
30) operating at 30 keV allowing for analysis of elemen-
tal composition. Samples were analyzed in back-scattered
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electron mode (BSE), which enables visual detection of
different elemental composition compared to the back-
ground, i.e. tissue. Body fluid samples (amniotic fluids)
were analyzed in the same way after centrifugation and
desiccation at room temperature on a glass plate.

Selection of tissue samples was focused mainly on the
respiratory tract and nasopharynx due to the assumption
that this is the main entrance route of inhaled particles
into an organism. Amniotic fluids were selected after the
finding that metallic particles may be detected in the ton-
sil tissue of stillborn fetuses. The most abundant tissues
analyzed were tonsil tissues diagnosed with tonsillitis.
Within the group, almost one third of samples were tis-
sues from patients diagnosed with chronic tonsillitis, liv-
ing in a non-industrial region of the Czech Republic with
significantly lower pollution. The second group of samples
was tonsillar squamous cell carcinoma samples. Further,
stillborn fetal tonsils, pulmonary tissue diagnosed with
intersticial fibrosis, one sample of brain tissue diagnosed
with glioblastoma, and twelve samples of amniotic fluids
were analyzed. A summary of single types of samples is
presented in Table 1.

Table 1. Number and percentage of single sample types.

Number
. Percentage
Type of tissue of samples o
[%]
analyzed
Tonsillar tissue
with tonsillitis 39 61
Tonsillar squamous cell 1 17
carcinoma
Tonsillar tissue ) 3
of stillborn fetuses
Amniotic fluids 12 19

RESULTS

Various metal-bearing solid particles were detected
in all samples analyzed as single micro-sized particles or
aggregates consisting of many submicron particles reach-
ing the nano-scale. The incidence of metallic particles in
tissues with tonsillitis (e.g. from children and adolescent
patients) was comparable to tumor samples of tonsillar
tissue, mainly from patients over 40 years old. Elemental
analysis using EDX determined the presence of metals;
however, we can assume that metals, such as Fe, Zn, Pb,
Sn, and Al, are present in the form of their oxides or other
compounds. Several examples of particles detected are
presented in Fig. 1 - 4. The most abundant element was
iron separately or in the form of iron alloys together with
Cr and Ni. When compared to detected elemental iron,
steel particles were also different in morphology. While
iron aggregates were relatively round and formed of sub-
micron particles, the steel particles were up to several
micrometers in size with sharp edges, which is typical for
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Table 2. Metals and metalloids detected in particular sample types.

Sample Characteristics

Metals and semi-metals detected

Tonsillar tissue Chronic tonsillitis - children

Fe, Fe-Cr-Ni, Fe-Cr, Fe-Mn-Ni, Fe-Ni, Fe-Mn, Si-Al-Fe, Si-Al, Cu,

Al, Zn, Sn, Pb, Ti, Ni, Ba

Chronic tonsillitis - adults

Squamous cell carcinoma

Stillborn fetuses

Fe, Fe-Cr-Ni, Fe-Cr, Fe-Ni, Cu, Al, Zn, Mn, Ti

Fe, Fe-Cr-Ni, Fe-Cr, Al, Co, Cu, Ni, Sn, Ti, Zn, W
Fe, Cu, Zn, Al, Ba

Fe-Cr-Ni, Fe-Cr, Fe-Mn-Ni, Fe-Ni, Fe-Mn - metals present in form of alloys

Si-Al, Si-Al-Fe - elements indicating presence of aluminosillicates

particles produced by mechanical wear*. We can see from
Fig 1 and 2 that the aggregates consisted of nanoparticles.
Based on SEM-EDX analysis of tissue cross sections it is
evident from the experimental data that metallic aggre-
gates are located inside the lymphoid elements and epi-
thelial cells of tumors. Uniquely, tungsten particles were
detected inside red blood cells or blood vessels. A sum-
mary and the frequency of metals and metalloids detected
in particular groups of samples are shown in Table 2.

DISCUSSION AND CONCLUSIONS

Tissue from chronic tonsillitis, squamous cell carci-
noma and several other tissue types were found to contain
various metal-bearing solid particles. One hypothesis is
that tissue irritation by nano- and micro-sized particles
leads to inflammation and/or cell proliferation. In 57
samples of a total 64 analyzed by SEM, various metal-
bearing solid particles were found. The size of detected
particles/aggregates varied approximately from several
hundreds of nanometers to 25 um. A large number of
aggregates contained nano-sized particulate matter (Fig.
la and 2a). The real size of the smallest particles present
can be determined using transmission electron micros-
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Fig. 1. SEM image (a) with corresponding EDX spectrum (b)
of agglomerate detected in squamous cellular carcinoma tissue
of 56 year old patient working as driver, previously as miner.
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Fig. 2. SEM image of particle/agglomerate (a) with corre-
sponding EDX spectrum (b) revealing chromium and iron de-
tected in tissue diagnosed with tonsillitis chronica of 38 year
old patient working as locksmith.
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Fig. 3. SEM image of erythrocyte (a) with corresponding  Fig. 4. SEM image (a) with corresponding EDX spectrum (b)
EDX spectrum (b) of point analysis in bright spot detecting  of agglomerate detected in dried amniotic fluid.
tungsten (W) inside the cell in glioblastoma cerebri of 62 year
old patient working as welder.

copy (TEM). However, there are significant difficulties in  and traffic police officers. This may be among others due
detecting these metallic particles in tissue samples using  to environmental and occupational exposure to particles
this technique. Samples prepared for purposes of TEM  generated by the braking of automobiles’. Surprisingly,
analysis are in the form of ultrathin sections, and there is  the elemental composition of particles detected in tissues
a much lower probability that solid particles or their ag-  with tonsillitis was comparable to elements detected in
gregates will be found. We found that particles were not  tissues with squamous cell carcinoma. The only difference
distributed homogeneously within tissues and therefore;  was presence of tungsten in the tonsil tissue of a welder
SEM analysis using the BSE mode is more suitable for ~ what was not detected in any sample of child tissue or
analysis of the higher surface area of a sample. tissue of adults with different occupation. Gas tungsten
The most abundant element in all tissues was iron  arc welding is being used for many industrial applications.
together with chromium and nickel, which indicates the = The temperature during welding may reach up to 6000 °C
presence of alloy particles (Fig. 2). Nevertheless, itisnot  and the melting point of the tungsten is about 3500 °C.
clear what the origin of these particles is. The next most  Therefore, we can assume that tungsten may evaporate
abundant element was iron (without chromium or nickel), and form the finest particles (10-100 nm) by condensati-
which is probably present in the form of various oxides  on'®. Moreover, one glioblastoma (grade IV) of a patient
and may be derived from various anthropogenic sources, working as a welder contained tungsten particles inside
e.g. braking of automobiles* and pyrometallurgy. Iron in  a red blood cell (Fig. 3). Tjalve and Henriksson reported
the form of alloys or alone was detected in almost all  that welding particles that deposit in the nasal/head air-
sample types analyzed (tonsillitis, carcinoma, amniotic =~ way region may reach the brain via olfactory transport
fluids). Several particles containing Si together with Al  and thus bypass the blood-brain barrier.
were found, which may signalize the presence of alumi- The assumption that tonsils of stillborn fetuses would
nosilicates from soil. Elements such as Cu and Al are  be free from nano-sized particles was incorrect. In ac-
known to be emitted with cigarette smoke'. These ele- cordance with the literature?*?, the presence of nano-
ments were found in the tonsils of children whose parents  sized particles in amniotic fluid samples, as a proof of
smoke or actively smoking adolescents and adults. Copper  transplacentar transport, helped to explain nano-sized
was also detected in tissues in children and adults living  particles detected in tonsillar tissue samples of stillborn
near busy roads as well as in tissues of several drivers fetuses. However, tonsils of a fetus are in direct contact
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with amniotic fluid due to digestion. Metals such as Cu
(Fig. 4), Fe, and Zn were detected in amniotic fluids ana-
lyzed. Blood circulation of nano-sized particles and their
translocation to sensitive target tissues within the body
was experimentally proved by tungsten particles detected
inside an erythrocyte of glioblastoma (Fig. 3) and the
presence of agglomerates of various metal-based particles
in lung septa of fibrotic tissue.

It is unknown whether the presence of detected met-
al-based particles will lead to health problems and the
diseases diagnosed. Nevertheless, Hunt et al. analyzed
archival autopsy tissues from persons who died from smog
exposure during a London smog event in 1952. Using
electron microscopy analysis they revealed a predomi-
nance of retained soot and metal-bearing particles. Based
on the experimental data, they stated that exposure to at-
mospheric particulate matter, even at low concentrations,
is clearly linked to increased mortality and morbidity?.
Phillips et al. analyzed autopsy samples of a patient oper-
ating a metal arc process for spraying nickel onto bearings
who died of respiratory failure 13 days after exposure.
Microscopic analysis using TEM revealed nickel particles
from 4 to 25 nm inside macrophages in the lung tissue?:.
Recent studies described the health impact of nano-sized
particles in terms of genotoxicity, i.e. chromosomal aber-
rations, DNA breakage, point mutations and alteration of
gene expression®??7,

Recently, some studies have shown that nano-sized
particles are able to cross pores of the nuclear membrane
of a cell, which indicates potential risk of genetic informa-
tion damage and subsequent cancerogenesis®. The pres-
ence of metallic nano-sized particles in the structures
of spinocellular carcinoma supports the hypothesis of a
number of studies regarding their potential cancerogenic
effect. However, the exact mechanism is not understood.

Based on the experimental data, it can be concluded
that chemical analysis of various human tissue samples
may be a useful tool for predicting the potential causes of
disease, especially idiopathic diseases.
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Comparison of the prevalence of KRAS-LCS6 polymorphism (rs61764370) within
different tumour types (colorectal, breast, non-small cell lung cancer and brain
tumours). A study of the Czech population

Magdalena Uvirova®®, Jarmila Simova®®, Barbora Kubova?, Nina Dvorackova*®, Hana Tomaskova®, Monika Sedivcova‘,
Petr Dite*®

Aims. A germline SNP (rs61764370) is located in a let-7 complementary site (LCS6) in the 3'UTR of KRAS oncogene,
and it was found to alter the binding capability of the mature let-7 microRNA to the KRAS mRNA. The aim of the study
was to evaluate the frequency of the KRAS-LCS6 variant allele in different cancer types that included patients with
colorectal cancer (CRC), breast cancer (BC), non-small cell lung cancer (NSCLC) and brain tumour patient subgroups
from the Czech Republic. The occurrence of this genetic variant was correlated with the presence of selected somatic
mutations representing predictive biomarkers in the respective tumours.

Methods. DNA of tumour tissues was isolated from 428 colorectal cancer samples, 311 non-small cell lung cancer
samples, 195 breast cancer samples and 151 samples with brain tumour. Analysis of SNP (rs61764370) was performed
by the PCR+RFLP method and direct sequencing. KRAS, BRAF and EGFR mutation status was assessed using real-time
PCR. The status of the HER2 gene was assessed using the FISH method.

Results. The KRAS-LCS6 TG genotype has been detected in 16.4% (32/195) of breast cancer cases (in HER2 positive
breast cancer 3.3%, in HER2 negative breast cancer 20.1%), in 12.4% (53/428) of CRC cases (KRAS/BRAF wild type CRCin
10.6%, KRAS mutant CRC in 10.1%, BRAF V600E mutant CRC in 18.5%), in 13.2% (41/311) of NSCLC samples, (EGFR mutant
NSCLC patients in 8%, EGFR wild type NSCLC in 12.9%), and 17.9% (27/151) of brain tumour cases. The KRAS-LCS6 TG
genotype was not significantly different across the studied tumours. In our study, the GG genotype has not been found
among the cancer samples.

Conclusions. Based on the findings, it is concluded that the occurrence of the KRAS-LCS6 TG genotype was statistically
significantly different in association with status of the HER2 gene in breast cancer. Furthermore, significant association
between the mutation status of analysed somatic variants in genes of the EGFR signalling pathway (KRAS, BRAF, EGFR)
and the KRAS-LCS6 genotype in colorectal cancer and NSCLC has not been established.

Key words: KRAS-LCS6, KRAS, BRAF, colorectal cancer, breast cancer, non-small cell lung cancer, brain tumour,
genotype, miRNA, polymorphism, FISH
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INTRODUCTION

Germline SNP (rs61764370) has been recently ex-
tensively studied in relation to several types of cancer,
especially in connection with associated risk, prognosis,
and/or treatment response/resistance to therapy''!. The
let-7 family of miRNAs has been found to play an impor-
tant role in tumorigenesis by regulating the expression of
multiple oncogenes, including KRAS. The KRAS (Kirsten
rat sarcoma viral oncogene homolog) gene is one of the
most frequently mutated oncogenes in human cancer'?,
with almost a quarter of different tumour types showing
altered functions of the KRAS gene. It encodes a protein,
which plays a major role in signal transduction and cell
proliferation, is a crucial target of let-7 microRNAs (miR-
NAs) and is downregulated by these miRNAs (ref.>!31),
Let-7 miRNAs downregulate the KRAS protein expres-

sion by binding to a specific site in the 3'-untranslated
region (3-UTR) of the KRASmRNA (ref."?). Altered ex-
pression of the let-7 family of microRNAs is implicated
in many human cancers'>'7. The SNP (rs61764370), also
known as KRAS-LCS6, is located in the 3'-untranslated
region of the KRAS oncogene, consists in a T-to-G base
change, and it was found to alter the binding capability
of the mature let-7 to KRASmRNA, which resulted in
both increased KRAS expression and reduced let-7 lev-
els'*. Another group of authors has reported that cancer
associated non-coding SNP (rs61764370) variant exerts
biological effect not through transcriptional modulation
of KRAS but rather by tuning the expression of microRNA
let-7 (ref.'®).

On the basic of the current evidence and the im-
portance of both miRNA let-7 and KRAS oncogenes in
human solid tumours, the purpose of our study was to
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investigate the frequency of the KRAS-LCS6 variant al-
lele in different cancer types that included the following
subgroups: colorectal cancer (CRC), breast cancer (BC),
non-small cell lung cancer (NSCLC) and brain tumours.
Furthermore, the occurrence of this genetic variant was
correlated with the presence of selected somatic muta-
tions representing predictive biomarkers in the respective
tumour types in Czech population.

MATERIAL AND METHODS

A retrospective analysis was used to test 1085 sam-
ples of DNA of tumour tissue from patients in whom
KRAS, BRAF, HER? and EGFR predictive markers (gene
status) were analysed in our laboratory between 2008
and 2014 to determine their eligibility for targeted bio-
logical treatment. Furthermore, prognostic markers
were analysed to determine brain tumour prognosis.
The material for the tumour DNA extraction was col-
lected from 428 samples with a diagnosis of metastatic
colorectal cancer confirmed histologically, stage III-IV:
277 male subjects (64.7%) aged 35-91 years / 151 female
subjects (35.3%) aged 31-94 years; the median age of
the CRC cohort was 65 years. The NSCLC group con-
sisted of 311 samples of tumour DNA: 202 male subjects
(65.0%) aged 34-99 years / 109 female subjects (35.0
%) aged 32-89 years; the median age of the NSCLC
cohort was 67 years. A total of 195 samples of the BC
included 121 samples of tumour DNA of invasive ductal
carcinoma (62.0%), 15 samples of invasive lobular car-
cinoma (7.7%), 59 other BC samples (30.3%): 2 male
subjects (1.0%) aged 51-77 years / 193 female subjects
(99.0%) aged 25-87 years; the median age of the BC
cohort was 60 years. A total of 151 samples of tumour
DNA in the brain tumour cohort included 117 samples
of gliomas, grade I-IV (77.5%), 23 samples of meningio-
mas (15.2%), 11 samples of other brain tumours (7.3%):
75 male subjects (49.7%) aged 10-77 years /| 76 female
subjects (50.3%) aged 1-81 years; the median age of the
brain tumour cohort was 56.5 years.

The DNA of tumour tissues was isolated from differ-
ent types of materials: fresh-frozen tissue, formalin-fixed
paraffin-embedded tissue and cytology specimens. The
commercial kits cobas® DNA Sample Preparation Kit or
MagNA Pure Compact Nucleic Acid Isolation Kit (Roche
Diagnostics Corporation, GmbH, Mannheim, Germany)
were used to isolate the DNA. The DNA quality and quan-
tity was assessed using the NanoPhotometer™ IMPLEN
(Implen, GmbH, Miinchen, Germany).

Analysis of SNP (rs61764370) (KRAS-LCS6) was per-
formed by polymerase chain reaction (PCR) and enzymat-
ic digestion. Twenty microliters of PCR reaction mixture
contained: PCR water (Thermo Scientific, Vilnius,
Lithuania), PCR Master Mix (2x) (Thermo Scientific,
Vilnius, Lithuania), specific primers (0.2 pmol of sense
and antisense primers) and DNA. The primers used were
as follows: sense, 5'- CCTGAGTAGCTGGGATTACA-3'
and antisense, 5- GGATACCATATACCCAGTGCCTT-3'
for the KRAS-LCS6 polymorphism (amplify a fragment

of 232 bp). The PCR conditions were as follows: the ini-
tial denaturation was at 95 °C for 5 min, followed by
35 cycles of 95 °C for 20 s, 60 °C for 15 s and 72 °C for
10 s; the final amplification was at 72 °C for 5 min, PCR
products (232 bp) were checked by electrophoresis on
3% agarose gel.

Following the PCR, the enzymatic digestion was
performed with the FastDigest Hinfl enzyme (Thermo
Scientific, Vilnius, Lithuania) for the KRAS-LCS6 poly-
morphism at 37 °C in accordance with the manufacturer's
instructions. The reaction was analysed on agarose gel
(3%). The gel was stained in an ethidium bromide solu-
tion and visualized on Transilluminator UVT-20 (Herolab
GmbH, Germany). On the basis of the observed frag-
ments, genotypes were identified as follows: KRAS-LCS6
polymorphism; TT genotype: (117 bp + 115 bp), TG (232
bp + 117 bp + 115 bp), and GG (232 bp).

Some positive results were confirmed by direct se-
quencing. The sequencing reaction was performed us-
ing the BigDye® Terminator v3.1 Cycle Sequencing Kit
(Life Technologies, Foster City, CA, USA). 5 uL of PCR
products were cleaned with Exonuclease I and FastAP
Thermosensitive Alkaline Phosphatase (Thermo Scientific,
Vilnius, Lithuania) by incubating at 37 °C for 15 min, fol-
lowed by 15 min at 80 °C, and held at 4 °C. The reaction
mix consisted of 3 uL BigDye® Terminator v3.1, 0.5 uL
of Big Dye® Terminator Sequencing buffer (5x), 2.5 uL
of primer at a final concentration 1.25 pmol/uL and 4 pL.
of cleaned template in a total volume of 10 uL. The reac-
tions were performed according to the following protocol:
96 °C for 1 min; 25 cycles of 96 °C for 10 s, 50 °C for S s,
60 °C for 3 min.

The products of the sequencing reaction were cleaned
using the BigDye® XTerminator Purification Kit (Life
Technologies, Foster City, CA, USA) in accordance
with the manufacturer’s instructions. After purification,
samples were run on Applied Biosystems® 3130 Genetic
Analyzer and analysed using Sequencing Analysis
Software version 5.2 (both Life Technologies, Foster City,
CA, USA).

The KRAS (mutations in codons 12, 13 and 61) and
BRAF (V600E) mutation statuses were assessed using re-
al-time PCR (cobas® 4800 KRAS Mutation Test, Roche
Diagnostics, GmbH, Mannheim, Germany; cobas® 4800
BRAF V600 Mutation Test, Roche Molecular Systems,
Inc., Branchbury, NJ, USA respectively). Analysis of 40
mutations within the EGFR gene (29 deletions in exon
19, L858R, T790M, G719X including G719S, G719A,
G719C; S7681, 5 insertions in exon 20) was performed
using the real-time PCR method with cobas® EGFR
Mutation Test (CE IVD; Roche) in the NSCLC group.
Analysis of the HER?2 gene status was performed by fluo-
rescence in situ hybridisation method (FISH) using the
PathVysion HER-2 DNA probe kit (Abbott Molecular).

The statistical analyses were performed using the chi-
squared test and Fisher's exact test, the level of signifi-
cance 5% (when at least one expected value is < 5, Fisher
exact tests are recommended rather than chi square). The
statistical evaluation was performed using the Stata soft-
ware, version 13.
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RESULTS

We assessed the frequency of the KRAS-LCS6 variant
allele in 1085 samples of DNA of different cancer types,
including CRC, BC, NSCLC and brain tumour. Using
the chi-squared test, there was found a significant differ-
ence in the distribution of the G-allele (the TG genotype)
across individual groups of BC samples divided into two
groups on the basis of the HER?2 gene status, (P = 0.026).
Table 1.

The 95% confidence interval (CI) for occurrence of
the TG genotype was determined (Fig. 1).

Further statistical analysis of the KRAS-LCS6
(rs61764370) polymorphism in relation to the mutation
status of the KRAS and BRAF genes was performed in
patients with colorectal cancer (Table 3). Using he chi-
squared test, no significant statistical difference was found
in the distribution of the G-allele (the TG/GG genotype)
across individual groups of CRC samples divided into
three subgroups on the basis of the mutation status of the
KRAS and BRAF genes, (P =0.081).

A statistical analysis of the KRAS-LCS6 (rs61764370)
polymorphism in relation to the mutation status of the
EGFR gene was performed in patients with non-small cell
lung cancer (Table 4).

The Fisher's exact test indicated no significant statisti-
cal difference in the distribution of the G-allele (the TG

genotype) across individual groups of NSCLC samples
divided into two groups on the basis of the mutation sta-
tus of the EGFR gene, (P =0.752).

DISCUSSION

In selected groups of BC depending on the HER?
gene status, our results show a significant difference in
the distribution of G allele (TG genotype) of the KRAS-
LCS6 polymorphism. The KRAS-LCS6 TG genotype SNP

Ocecurrence of TG alleles, 95% Confidence
Interval
30,00

25,0
: l
20,00 |
15,00 T
10,086
5,0%
0,0%
BC CRC

NSCLC Brain tumour

Fig. 1. Distribution of the TG genotype of the KRAS-LCS6
(rs61764370) polymorphisms in cancer groups.

Table 1. Distribution of the KRAS-LCS6 (rs61764370) genotype in BC patients depending on the HER?2 gene status.

KRAS-LCS6 TT genotype TG genotype Total
count % count % count %
HER? positive breast cancer 29 96.7 1 3.3 30 100
HER? negative breast cancer 123 79.9 31 20.1 154 100
chi-squared test, P=0.026
Table 2. KRAS-LCS6 (rs61764370) genotype in experimental groups.
KRASLCS6 TT genotype TG genotype Total
count % count % count %
CRC 375 87.6 53 12.4 428 100
NSCLC 270 86.8 41 13.2 311 100
BC 163 83.6 32 16.4 195 100
Brain tumour 124 82.1 27 17.9 151 100
chi-squared test, P=0.273
Table 3. Distribution of the KRAS-LCS6 (rs61764370) genotype in CRC patients depending
on the mutation status of the KRAS and BRAF genes.
KRAS-LCS6 TT genotype TG genotype Total
count % count % count %
KRAS/BRAF wild type CRC 135 89.4 16 10.6 151 100
KRAS mutant CRC 152 89.9 17 10.1 169 100
BRAFV600E mutant CRC 88 81.5 20 18.5 108 100

chi-squared t

est, P=0.081
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Table 4. Distribution of the KRAS-LCS6 (rs61764370) genotype in NSCLC patients depending
on the mutation status of the EGFR gene.

KRAS-LCS6 TT genotype TG genotype Total
count % count % count %

EGFR mutant NSCLC 23 92.0 2 8.0 25 100

EGFR wild type NSCLC 249 87.1 37 12.9 286 100

Fisher's exact test, P = 0.752

(rs61764370) was found to be 20.1% in the HER?2 negative
subgroup compared to 3.3% in the HER?2 positive breast
subgroup. These results can implicate that KRAS-LCS6
TG genotype SNP (rs61764370) may lead to an alteration
in the HER?2 gene expression profile.

These results are inconsistent with the findings pub-
lished by Cerne'®, who reported no significant association
of the TG/GG genotype in group of BC selected depend-
ing on the HER? status (the authors analysed 506 cases
of BC/ 63 cases were HER?2 positive). In addition, they
found a positive association of SNP (rs61764370) only in
HER? positive tumours, high histopathological grade and
both associations were detected only in the HRT users.

In the non-selected group of breast cancer samples,
the frequency of the TG genotype of SNP (rs61764370)
was shown to be 16.4%, and the results are in line with
Cerne'®, who found a frequency of 17.2% for the TG geno-
type in a group of sporadic breast cancers. Furthermore,
there is no significant difference in the frequency of the
G-allele (TG/GG genotype) KRAS-LCS6 polymorphisms
either across cancer groups or between cancer and gen-
eral population reported in study by Chin LJ" Similarly,
Paranjape® found no difference in the overall frequency
distributions of the KRAS-variant genotype in cases of
breast cancer and controls. In this study, a significant
association of the KRAS-LCS6 was only found in a group
with breast cancer in premenopausal patients with oestro-
gen/ progesterone-negative tumours.

In the group of colorectal cancers, a total of 428 his-
tologically confirmed samples were examined and the fre-
quency of the TG genotype SNP (rs61764370) was found
to be 12.4%. No statistically significant difference in the
distribution of the TG genotype, 10.6% KRAS/BRAF wild-
type, 10.1% KRAS mutant, 18.5% BRAF mutant was found
for individual groups of the CRC samples divided into
three subgroups depending on the mutation status of the
KRAS and BRAF genes. Despite an evident tendency of
the given allele to be present nearly twice as often in the
BRAF mutant CRC patients compared to KRAS/BRAF
wild-type and KRAS mutant patients, the chi-squared test
indicated no statistically significant difference. The identi-
fied frequency of the KRAS-LCS6 G-allele (TG genotype)
in the KRAS/BRAF wild-type group is in line with the data
published by Paez'. A different result was found in the
case of patient stratification to KRAS wild-type group and
KRAS mutant group by Graziano’. These authors found
significantly greater frequency of the KRAS-LCS6 G allele
in the KRAS mutant group. Previous studies have shown
that SNP is a negative prognostic marker in late-stage co-

lon cancer?, a positive prognostic indicator in early-stage
colon cancer*and a predictor of response to treatment
in colon cancer>*’. However, the systematic review and
meta-analysis of Langevin and Christensen®® indicated
no clear evidence to support an association between the
KRAS-LCS6 genotype and an overall or progression-free
survival among colorectal cancer patients; even after
analyses of subgroups stratified by stage and anti-EGFR
treatment status. In our analysis, no such result was found
and no significant association between the KRAS and
BRAF mutation status and the KRAS-LCS6 genotype for
the colorectal carcinoma group was established. This is
in line with the results published in a Norwegian study?'
and in Sha?’.

In the group of non-small cell lung cancer, a total of
311 histologically confirmed samples were examined.
The variant TG genotype was observed in 13.2%. Our
results are in line with the results published by Nelson
HH?, whose group of adenocarcinoma patients exhibited
a frequency of variant alleles of 14.7%. No statistically
significant difference in the distribution of the G allele
(TG genotype) was found between individual groups of
the NSCLC samples divided into two subgroups depend-
ing of the mutation status of the EGFR gene.

In a group of patients with brain tumours, constituting
a heterogeneous group of 151 histologically confirmed
samples, the TG genotype of SNP (rs61764370) was de-
tected in 17.9%. Even in this group, no significant dif-
ference in comparison with other types of tumour was
found. In the literature available to date, no study has
been published so far making a comparison with a similar
group of brain tumours possible.

The occurrence of this SNP varies geographically
across the global population. This follows from the
ALFRED (The ALlele FREquency Database) expected
heterozygosities (rs61764370) for persons of European de-
scent* are 0.05-0.25. Chin LJ! reported that in the general
population the frequency of the G-allele of KRAS-LCS6 is
5.8% and about 7.6% in populations of European descent,
based on the genotyping of 2.433 samples (representing
46 geographic populations).

CONCLUSION

The determination of risk factors for cancer provides
improved tools for its diagnosis and treatment. Because
of the importance of both miRNA let-7 and KRAS on-
cogenes in human solid tumours and their potential use
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as a prognostic/predictive marker, the frequency of the
G-allele of the SNP (rs61764370) KRAS-LCS6 in different
types of solid tumours was evaluated. Based on the find-
ings, it is concluded that there is a significant difference in
the KRAS-LCS6 TG genotype associated with gene HER?
status in breast cancer. This result can implicate that the
KRAS-LCS6 G-allele (TG/GG genotype) may lead to
alteration in HER?2 gene expression profile (could be a
potential genetic marker of a developing HER2 negative
breast cancer). A further analysis of BC patients is neces-
sary to confirm these results.

However, no significant difference in the occurrence
of the KRAS-LCS6 G-allele (TG/GG genotype) across
the studied tumour types (CRC, NSCLC, BC and brain
tumour) was found.
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Summar

Introducrion‘:,Three NOD2/CARD15 gene variants (3020insC, R702W, G908R) have been identified as genetic risk factors for Crohn's disease pati-
ents. However the diagnostic and therapeutic relevance for clinical practice remains limited. The aim of this study was to evaluate the association
between these variants, the risk of reoperation and disease phenotype.

Methods: In 76 Crohn’s disease patients (41 female, 35 male) with a minimum 5 year follow-up, three polymorphisms of the NOD2/CARD15 gene
(R702W, G908R, 3020insC) were tested. Detailed clinical and medical history including surgical procedures and reoperations were obtained by re-
viewing the medical charts and completed prospectively. Association between the need for reoperation, disease phenotypes and gene variants were
analyzed.

Results: 24 patients (32%) showed at least one NOD2/CARD15 mutation. 25 patients (33%) required reoperation, 51 (67%) represented the control
group. The expected trend that patients with NOD2/CARD15 variants have a higher frequency of reoperations was not confirmed to a level of stati-
stical significance (p=0.2688). Two of the four patients (50%) with the 3020insC variant required further surgery. We did not confirm any association
between NOD2/CARD15 mutations and age at diagnosis (p=0.4356), behavior (p=0.6610), or localization (p=0.4747) according to the Montreal
classification.

Conclusion: NOD2/CARD15 polymorphisms did not significantly affect the reoperation rate. Homozygosity for the 3020insC variant in the NOD2/CARD15
gene is associated with a high risk of reoperation. NOD2/CARD15 gene variants are not significantly associated with specific disease phenotypes.

Key words: Crohn's disease - NOD2/CARD15 - reoperations

Souhrn
Polymorfismy NOD2/CARD15 genu a riziko reoperaci u Crohnovy nemoci

L. Martinek, T. Kupka, J. Simova, P. Klvaia, M. Bojkova, M. Uvirova, P. Dité, J. Dvorackova, J. Hoch, P. Zonéa

Uvod: TFi jednonukleotidové polymorfismy (SNP) v NOD2/CARD15 genu (3020insC, R702W, G908R) jsou pro Crohnovu chorobu vyznamnym rizi-
kovym faktorem. Jejich diagnostické a terapeutické vyuziti v klinické praxi je vsak doposud limitované. Cilem studie byla analyza mozné asociace
téchto polymorfisma s rizikem reoperaci a posouzenisouvislosti s fenotypem onemocnéni.

Metody: U 76 pacientl s Crohnovou chorobou a minimalni délkou trvani nemoci 5 let byly testovany ti sekvencni varianty NOD2/CARD15 genu
(R702W, G908R, 3020insC). Anamnesticka a klinicka data, v¢etné chirurgické |écby byly retrospektivné ziskany ze zdravotnické dokumentace a pro-
spektivné dopliovany podle protokolu studie. Analyzovany byly souvislosti mezi vybranymi genovymi polymorfismy, nutnosti reoperaci a feno-
typem nemoci.

Vysledky: U 24 pacient(i (32 %) se nasla alespon jedna sledovana varianta v NOD2/CARD15 genu. 25 pacientti (33 %) bylo reoperovano, 51 (67 %)
predstavovalo kontrolni skupinu. Trend vy3si cetnosti reoperaci ve skupiné s genovou mutaci nedosahl statistické vyznamnosti (p=0,2688). Dva ze
¢tyf homozygotl (50 %) nesoucich variantu 3020insC byli opakované operovani. Neprokazali jsme signifikantni rozdily mezi soubory s wild formou
a mutovanou formou NOD2/8CARD15 genu s ohledem na vék v dobé diagndzy (p=0,4356), formu onemocnéni (p=0,6610) a lokalizaci (p=0,4747)
podle Montrealské klasifikace.

Zdveér: Polymorfismy v NOD2/CARD genu signifikantné neovlivnily ¢etnost reoperaci, homozygoti nesouci mutaci 3020insC genu viak predstavova-
li vysoce rizikovou skupinu. Fenotyp onemocnéni signifikantné nesouvisel s pfitomnosti vysetfovanych sekvenc¢nich variant.

Klicovd slova: Crohnova choroba - NOD2/CARD15 - reoperace

Rozhl Chir 2015;94:242-246

INTRODUCTION testinal tract, most often the terminal ileum and the
ileocecal valve. A varied clinical presentation is cha-

Crohn’s disease is a chronic relapsing inflammato- racteristic, with an unforeseeable course due to com-
ry disease which may affect any part of the gastroin- plicated interactions between the organism of a ge-
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netically predisposed individual and the surrounding
environment. Genetic factors have therefore become
a focus of intensive study.

Studies on twins [1,2] and works studying the fami-
lial incidence of Crohn'’s disease [3,4] initiated interest
in the genetics of this disease. One of the first specific
results was establishing an increased incidence of Cro-
hn's disease in association with variants of the CARD15
gene located on chromosome 16q12 coding NOD2 pu-
blished in 2001 [5]. After that other genes have been
associated with Crohn’s disease. To date, more than
100 gene mutations associated with Crohn’s disease
have been identified [6]. Despite intense research, the
most significant genetic risk factors remain variants
of the NOD2/CARD15 gene and the strongest associ-
ation with the development of Crohn’s disease is the
trio of mutations/variants: 3020insC, R702W and G908R
[6,7,8]. Carriers of one mutated allele (heterozygote) of
the NOD2/CARD15 gene have a 2—4x increased risk of
developing Crohn’s disease, mutations of two alleles
(homozygotes, compound heterozygotes) present an
increased risk of 20—40x [7,9].

Based on these findings, other possible associa-
tions have been sought. Several studies have analy-
zed mutations in the NOD2/CARD15 gene and their
association with an earlier onset of the disease [6,10],
specific localization and behaviour of the disease
[6,18,10,11] or complicated disease course [6,12].
Attention has been paid to the prediction of thera-
peutic response to a specific treatment, which takes
into account an individual’s genetic variability, aiming
to move away from rigid therapeutic regimens to per-
sonalized treatment of Crohn’s disease [9,13]. The ob-
tained results, however, are inconsistent and do not
enable valid and reliable conclusions.

From a surgical viewpoint, it is significant that
70-80% of patients with Crohn’s disease under-
go surgical intervention in their lifetime [14] and
25-38% of patients require repeated surgical in-
tervention [15]. A number of studies describes an
association between NOD2/CARD15 mutations and
surgical intervention [6,8,11,12]. The most significant
association seems to be with the 3020insC mutati-
on (also termed 1007fs) [8,16,17,18]. The associati-
on between mutations in the NOD2/CARD15 gene
and repeated surgical interventions has only rarely
been studied [11,19]. The possibility of identifying
patients with an increased risk for repeated surgical
interventions could represent a theoretical basis for
future work in tailoring therapy to the individual,
either in the sense of primarily aggressive regimens
or in the so-called top-down approach (early appli-
cation of biological therapy).

This work is primarily aimed to analyze the inciden-
ce of disease recurrence requiring repeated surgical
intervention in association with the selected mutati-
ons in the NOD2/CARD15 gene. The secondary goal
is to evaluate the association between the studied
polymorphisms (3020insC, R702W, G908R) and cha-
racteristics of the disease as defined by the Montreal
classification.

Rozhledy v chirurgii 2015, roc. 94, ¢. 6

METHODS

After signing an informed consent form, 76 patients
were included in the study, 41 women (54%) and 35
men (46%). Diagnosis of Crohn’s disease was based on
the results of standard clinical, radiological, endosco-
pic and histological examinations. The study had a re-
trospective-prospective character. The data were co-
llected retrospectively from medical documentation
of patients diagnosed with Crohn’s disease and pro-
spectively supplemented according to the study pro-
tocol. The parameters included gender, age, body mass
index, comorbidities, smoking (smoker, non-smoker,
ex-smoker), disease presentation (primary presentati-
on, recurrence), duration of symptoms, extraintestinal
manifestations, Montreal classification for Crohn’s di-
sease, CDAI (Crohn's disease activity index), endoscopic
findings, medication (5-ASA, corticoids, azathioprine,
methotrexate, infliximab, adalimumab), operations (none,
acute, elective), type of surgical procedure, operation
technique, intraoperative complications, postoperative
complications (Clavien-Dindo classification), reoperati-
ons, mortality, length of hospital stay, histological fin-
dings (macroscopic, microscopic), genetic examination
(NOD2/CARD15 - R702W, G908R, 3020insC).

25 patients (33%) underwent more than one surgi-
cal intervention. The patients without surgery (24 pati-
ents) and patients with only one surgical procedure (27
patients) in the least five years of follow-up represen-
ted the control group. The primary surgical procedure
included a bowel resection or stricturoplasty. Repeated
surgical interventions included any kind of subsequent
intervention associated with the primary disease in-
cluding anorectal procedures with histological confir-
mation of Crohn’s disease. Surgical procedures due to
surgical complications (bowel obstruction, bleeding...)
or associated with the primary procedure (stoma re-
versal...) were logically not included into the group of
disease recurrence and reintervention. Minimal follow-
-up for inclusion in the study was five years. Patients
with incomplete data were excluded from the study.

A peripheral blood sample was collected from all
the patients to test for single nucleotide polymor-
phisms (SNPs) p.R702W (rs139104022) and p.G908R
(rs2066845) in the NOD2/CARD15 gene, which lead
to a change in the protein’s amino acid sequence and
a single base insertion of cytosine in the p.L1007fs
sequence (rs2066847, also termed ¢.3019_3020insC,
p.Leu1007fsX1008) leading to the creation of a stop co-
don and development of a shortened protein. Analysis
of these sequence variants was performed from a sam-
ple of deoxyribonucleic acid (DNA) isolated from appro-
ximately 5 ml of venous blood collected into a sterile
test tube containing anticoagulant (EDTA - ethylene-
diaminetetraacetic acid). The method used to detect
the above-mentioned SNP was by amplification of the
targeted areas of the NOD2/CARD15 gene located on
chromosome 16q12 using polymerase chain reaction
(PCR) followed by cleavage of the created PCR produ-
cts using restriction enzymes and separation of the
resulting fragments in polyacrylamide gel. The group
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of patients with the studied variants (24 patients) was
represented by patients who had at least one mutati-
on of the three studied variants in the NOD2/CARD15
gene. Results of the clinical study, including the course
of the disease and possible recurrences, were blinded
in relation to the genetic testing.

The results were presented using descriptive statistic
methods — average, standard deviation, median, range
for continuous variable, absolute values and relative
frequency for categorical variables. Categorical variables
were compared using the Fisher exact test, continuous
variables were analyzed by the Mann-Whitney test. All
tests were two-sided and a p value less than 0.05 was
considered statistically significant. Analyses were perfor-
med using the STATISTICA program, version 8.

RESULTS

76 patients fulfilled the inclusion criteria and were
included in the study. The average age of the included
patients was 34 years (standard deviation £11, median
33 years, range 18—70 years). There were 24 (32%) pati-
ents without surgery, 27 (36%) patients underwent one
operation based on the study methodology (bowel re-
section, stricturoplasty). There were 25 (33%) patients
with reoperation. Thirteen patients underwent two
surgical procedures, 5 patients underwent three proce-
dures, 2 patients underwent four procedures, and 5 or
more procedures were required in five patients.

At least one variant of the three studied variants in
the NOD2/CARD15 gene was found in 24 patients

(32%) with a confirmed diagnosis of Crohn’s disease.
Four patients (5%) were compound heterozygotes, me-
aning patients who had mutations on both alleles of
the gene (R702W + 3020insC and 3020insC + G908R),
four patients (5%) were homozygotes for the 3020insC
mutation, one patient (1%) was homozygote for the
R702W mutation.

Demographic and clinical data comparing the group
of patients required reoperation with the control group
(without or one surgery) are shown in Tab. 1.

The group of patients required further operation was
significantly older. There were no differences observed
concerning smoking habits and extraintestinal mani-
festations between the groups Data from the Montreal
classification did not confirm a difference in the age
at diagnosis of Crohn's disease or a difference in the
localization of the disease in association with disease
recurrence and repeated surgical interventions. A sig-
nificant difference was seen in the disease behaviour
with a predominance of stricturing form in the group
with need for further surgery.

A trend of a higher relative frequency of the studied
variants in the NOD2/CARD15 gene (R702W, G908R,
3020insC) in the group of reoperated patients did not
reach statistical significance at the level of significance
p=0.05.

Two of the four homozygotes (50%) for the 3020insC
variant were reoperated.

Results analyzing the parameters of the Montreal
classification, smoking and the presence of extraintes-
tinal manifestations were obtained from a subgroup of
54 patients with complete data. Of this subgroup, 16

Tab. 1: Demografic and clinical variables of patients with reoperations and control group

Gender (men/women) 10 (40%)/15 (60%) 25 (49%)/26 (51%) 0.4587
A 40+12; 36 31+10;28

Age: mean + SD median, range 22-70) (18-69) 0.0005

Smoker/nonsmoker/exsmoker

(n=54) 1 (6%)/15 (94%)/0 (0%) 2 (5%)/36 (95%)/0 (0%) 0.8848

Montreal classification (n=54): Reoperations (n=16) Control group (n=38) 0.6450

A1/A2/A3 5(31%)/11 (69%)/ 0 (0%) 11 (29%)/25 (66%)/2 (5%) 0'0 037

B1/B2/B3/P 3(19%)/12 (75%)/1 (6%)/0 (0%) 25 (66%)/13 (34%)/0 (0%) /0 (0%) 0'9222

L1/L2/L3/L4 10 (63%)/2 (12%)/4 (25%)/ 0 (0%) 24 (63%)/6 (16%)/8 (21%)/0 (0%) :

Extraintestinal manifestations 0 (0%)/16 (100%) 1(3%)/37 (97%) 05125

(yes/no)

Mutation NOD2/CARD15 10 (40%) 14 (27%) 0.2688
Tab. 2: Montreal classification and NOD2/CARD15 variants

3\91‘*/:;;"'\";9)’““" 10 (26%)/27 (69%)/2 (5%) 6 (40%)/9 (60%)/0(0%) 04356

Behaviour o o o o o o o o

(B1/B2/B3/P) 19 (49%)/19 (49%)/1 (2%)/0 (0%) 9 (60%)/6 (40%)/0 (0%)/0 (0%) 0.6610

:'&‘fl_';z/t;';’:‘“) 26 (67%)/6 (15%)/7 (18%)/0 (0%) 8 (54%)/2 (13%)/5 (33%)/0 (0%) 04747
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patients (30%) need reoperation and 38 patients (70%)
represented the control group.

Disease characteristics based on the variants in the
NOD2/CARD15 gene are shown in Tab. 2.

Analysis was performed on the set of 54 patients
with complete data; 39 patients (72%) had a non-muta-
ted wild-type form of the NOD2/CARD15 gene and 15
(28%) had at least one of the three variants/mutations
(R702W, G908R, 3020insC) in the NOD2/CARD15 gene.
There was no significant association between the stu-
died polymorphisms in the NOD2/CARD15 gene and
the age at diagnosis, behavior or localization of the di-
sease. Analysis of the results shows a tendency towards
earlier disease onset and a more frequent incidence of
the ileocolic form in patients with Crohn’s disease with
NOD2/CARD15 mutation.

DISCUSSION

Crohn’s disease is an illness with a complex patho-
genesis, which is a reflection of the complicated inte-
raction of many factors, especially genetic predispo-
sition, congenital and acquired immunity, microbial
triggers and the surrounding environment. This results
in a disease with a highly unpredictable course and
with a great risk of recurrence. Research regarding the
association between the studied variants in the NOD2/
CARD15 gene and Crohn’s disease was conducted in
two stages. First, the incidence of Crohn’s disease and
its association with the specific genetic variants was
studied. Subsequently, associations between the gene-
tic variants in the NOD2/CARD15 gene and the course
of the disease, including response to treatment aiming
at possibilities of personalized therapy were analyzed.
Although there are a number of known variants signi-
ficantly associated with the risk of Crohn’s disease, the
exact mechanisms remain unclear to date. Among tho-
se mentioned are dysregulations of the antibacterial
response, changes in bowel permeability, and changes
in the regulation of congenital and acquired immunity.

In our set of patients, at least one of the three studied
variants (R702W, G908R, 3020insC) in the NOD2/CARD15
gene were found in 24 patients (32%) with a confirmed
diagnosis of Crohn’s disease. In general, there are great
ethnic and geographical differences in the incidence of
the individual mutations. The relative incidence in Eu-
ropean countries ranges from 36-50% [7]; contrarily,
these polymorphisms are rarer in Japan, China or Korea
[71. Our result seems to be at the lower end of the range
of presented incidence in Europe. A higher incidence in
the Czech population was described by authors Hradsky
et al. who presented an incidence of at least one poly-
morphism of the NOD2/CARD15 gene in 46% of adults
affected with Crohn’s disease [20].

Surgical treatment of Crohn’s disease represents a tre-
atment of disease’s complications [21,22]. In the literatu-
re, the risk of repeated surgical procedures for patients
with Crohn’s disease ranges from 11-32% within 5 years,
20-44% within 10 years and 46-55% within 20 years
[23]. Our group of patients with repeated surgical pro-
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cedures was significantly older than the control group,
which may be naturally explained by a longer follow-up
in these patients. A significantly more frequent incidence
of the stricturing form in reoperated patients may also be
expected, since stenosis is the most common indication
for surgical intervention in Crohn’s disease and is a strong
predictor of repeated interventions [19,24].

With respect to the presence of the studied variants
in the NOD2/CARD15 gene in our group of patients, the
expected trend of a higher relative frequency of muta-
tions in the NOD2/CARD15 gene in the group of reope-
rated patients did not reach a level of statistical signifi-
cance. This may be due to a type Il error ( sample size
is not large enough to detect a difference). Despite this
fact, the tendency towards a more complicated disease
course was confirmed [8,16,17,18]. In three independent
studies [11,19,25], patients with mutation in the NOD2/
CARD15 gene presented an increased risk for repeated
surgical interventions and operations were performed
earlier. A higher risk of reoperations would theoretically
support an indication for more aggressive medication;
on the other hand, reliable information regarding the
association between genetic risk factors and the re-
sponse to specific treatment regimes is sparse [6,9,13].
In contrast, in a study published by Maconi et al., where
out of 253 patients operated for complications of Cro-
hn's disease 35% of patients underwent at least one re-
operation, mutations in the NOD2/CARD15 gene were
not associated with a higher risk of reoperation [19].

A comparison of patients- carriers of any of the studied
variants in the NOD2/CARD15 gene with patients with
a non-mutated (wild-type) form did not show a statisti-
cally significant difference in the age at diagnosis, in the
behaviour or in the localization of the disease. The only
observed trend was earlier incidence and ileocolic loca-
lization in patients with the mutation, which, however,
did not reach statistical significance. There is a great va-
riability in the literature regarding these findings. The
incidence of Crohn’s disease at an earlier age, a predo-
minant localization in the ileum, and a stricturing form
in patients carrying the mutation in the NOD2/CARD15
gene have been published [6,12,26,27]. In contrast,
a meta-analysis by Adler et al. concludes that the NOD2/
CARD15 gene is a fairly unreliable predictor of a compli-
cated course including surgical interventions [12]. Simi-
larly a meta-analysis by authors Solon et al., 2013 did not
confirm an increased risk of repeated surgical interven-
tions in patients with Crohn’s disease and variants in the
NOD2/CARD15 gene [28].

A significant limitation of the study is the small
number of patients and therefore the possibility of
a type Il error. Another limitation is the retrospective
character of the study. The control group consisting
patients without surgery and with only one surgical
procedure is also questionable. The purpose of this
grouping was to gain a sufficient number of patients
for a more objective analysis of the results. The man-
datory minimal follow-up interval of five years should
eliminate this potential misrepresentation. Another
limitation may also be the fact that most studies, inc-
luding ours, analyze only the selected three sequence
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variants (3020insC, R702W and G908R) in the NOD2/
CARD15 gene. Only a few authors have attempted to
fully sequence the NOD2/CARD15 gene, although it se-
ems that complete sequencing may not be beneficial
for predicting complications [7]. On the other hand, it
may be expected that only the combination of clinical
and genetic factors together with consideration of the
surrounding environment may provide clinicians with
guidelines for personalizing therapy for patients with
Crohn's disease. To date, despite the importance of ge-
netics in the pathogenesis of inflammation, they have
not yet played a significant role in clinical practice, ne-
ither in the diagnostic process nor in the prediction of
the course of the disease and response to medication
and surgical treatment.

CONCLUSION

In our group of patients, the studied sequence vari-
ations in the NOD2/CARD15 gene were not a definite
predictor of a complicated course of Crohn’s disease
with surgical recurrence - reoperation; however, the
results are limited by the small number of patients. Ho-

mozygotes with a mutation in the 3020insC sequence
in the NOD2/CARD15 gene represent a high risk group
of patients who could profit from personalized aggre-
ssive therapy. Prospective multicentric studies with
large numbers of patients and a clearly defined unified
protocol may help understand the influence of genetic
factors on the course of Crohn's disease.
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CDAI Crohn’s Disease Activity Index
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EDTA ethylenediaminetetraacetic acid
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/caspase recruitment domain-contai-
ning protein 15 (CARD15)

PCR polymerase chain reaction
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Souhrn

Autoimunitni forma pankreatitidy patii mezi specifickou formu onemocnéni slinivky bfisni s vyznamnym podilem
autoimunitni slozky v etiopatogenezi. V souc¢asné dobé existuji 2 formy onemocnéni, které jsou definované klinicky
i histomorfologicky a jsou laboratorné popsany. Pres fadu spolecnych rysG histomorfologickych se obé formy za-
sadné odlisuji pfitomnosti tzv. endotelidlnich granularnich 1ézi (GEL) u typu 2, resp. absenci GEL u typu 1. Abun-
dantni pfitomnost gamaglobulinu a imunoglobulinu G4 charakterizuje 1. formu nemoci, podobné jako casta pfi-
tomnost IgG4 pozitivnich extrapankreatickych 1ézi. Subtyp 2 byva typicky spojen s ndlezem idiopatickych stfevnich
zanétd, predevsim ulcerdzni kolitidy. Oba typy autoimunitni pankreatitidy se vyznacuji rychlou odpovédi na terapii
steroidy. Vzhledem k rliznym diagnostickym kritériim autoimunitni formy pankreatitidy byl v roce 2011 zverejnén
diagnosticky konsenzus sjednocujici stavajici kritéria a vychazejici z klinickych symptom, biochemickych nélezd,
nélezu pfi pouziti zobrazovacich metod, histomorfologie Zlazy a pozitivni odezvy na podani steroid(. Stalym pro-
blémem zGstava vcasna diferencialni diagnostika mezi fokalni formou autoimunitni pankreatitidy a karcinomem
hlavy pankreatu. MRI/CT, MRCP a v Japonsku ERCP, s cilenou biopsii ZIdzy pod EUS kontrolou, jsou doporuceny jako
metody volby.

Kli¢ova slova: autoimunitni pankreatitida — CT/MRI - ERCP - granuldrni endotelidlni [éze (GEL) - imunoglobulin
G4 - MRCP - steroidy

Autoimmune pancreatitis - diagnostic consensus

Summary

The autoimmune type of pancreatitis represents the specific disease of pancreas, with significant contribution of
autoimmune processes in its etiopathogenesis. Currently, there are two proved subtypes of this particular pancre-
atopathy, which are defined clinically, histomorphologically and serologically. They have many histomorphologi-
cal signs in common, but differ in the presence of so-called granulocytic epithelial lesions (GEL), which are absent
in subtype 1. The subtype 1 is characterized by the presence of gammaglobulines, esp. immunoglobuline G4 and
1gG4 positive extrapancreatic lesions. The subtype 2 is typically associated with the inflammatory bowel diseases,
esp. ulcerative colitis. But the common characteristic of both subtypes is the fact response to applied steroid treat-
ment. Due to diverse diagnostic criteria in the past, in 2011 the consensus for the diagnosis of autoimmune pan-
creatitis was announced. It is based on clinical symptoms, biochemical results, the results got by using of imaging
methods, histomorphology and positive response to steroid treatment. The matter to be solved is the question of
early differential diagnosis between focal autoimmune pancreatitis and adenocarcinoma of pancreatic head. From
imaging methods are MRI/CT, MRCP (in Asia ERCP), EUS with targeted biopsy of the gland (under EUS control), are
recommended as the methods of choice.

Key words: autoimmune pancreatitis - CT/MRI — endoscopic retrograde cholangio-pancreatography - granulo-
cytic endothelial lesion (GEL) - immunoglobulin G4 - MRCP - steroids
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Uvod

Autoimunitni forma pankreatitidy (AIP) je definovana
jako zvlastni forma pankreatitidy, charakterizovana kli-
nicky, sérologicky a histomorfologicky [1]. Jedna se o di-
fuzni nebo loziskovy (fokalni) zanét, jehoz nejcastéjsim
klinickym symptomem je obstrukéni, bezbolestny ikte-
rus, ktery pfi fokalni formé nemoci imituje obstrukéni ik-
terus pii nddorovém postizeni hlavy slinivky bfisni. Pan-
kreatickd bolest byva vétsinou jen diskrétni [1], ale jeji
pfitomnost onemocnéni nevylucuje, spise viak Ize hovo-
fit u osob s AIP o biisnim diskomfortu. Dalsimi klinickymi
znaky mohou byt nové vznikly diabetes mellitus, hub-
nuti a vzacné akutni bolest bricha. Z klinického pohledu
je charakteristickym znakem promptni efekt terapie ste-
roidy, ktery je patrny, jestlize je diagnéza spravna, ve vét-
siné piipadd do 14 dnl od nasazeni steroidu.

Prestoze klinicka manifestace nema specifické rysy, je
dle klinickych a histologickych nélezl je AIP délena do
2 forem [2-4], jejichZ rozliSeni ma vyznam nejen pro odhad
dalsiho pribéhu nemodi, ale i pro potvrzeni spravné dia-
gnozy AIP [5]. AIP typ1 je oznacovéna jako lymfoplazmo-
cytarni sklerozujici pankreatitida (LPSP), nebo diky ab-

senci granulocytérnich epitelovych lézi jako forma GEL
negativni. Pravé pfitomnost, nebo absence GEL je dilezi-
tym diferencialné diagnostickym znakem mezi AIP typu
1atypu 23], pfi¢emz 2. typ je oznacen jako centroduktélni
zanét (IDCP) a vyznacuje se specifickou pozitivitou GEL |ézi.
Podrobnosti a charakteristiky obou typt uvadi tab. 1.

Histomorfologické markery autoimunitni pankreatitidy
patii k vyznamnym diagnostickym ukazateldm, pfitom
nékteré znaky jsou shodné pro obé formy nemoci, napt.
piitomnost lymfoplazmatickych elementd, a naopak, né-
které znaky jsou zasadnimi pfi rozliSeni obou typl AIP, jak
ukazuje tab. 2.

V sérologickém vysetieni Ize prokazat zvyseni bili-
rubinemie a cholestatickych enzymd, zvysenou séro-
vou hladinu gamaglobulinu, zvlasté frakce G4, spise vy-
jimecné je zvysena lipazemie. V nékterych pfipadech
byva vyssi hladina CA 19-9, kterd se po terapii steroidy
normalizuje.

Zobrazovaci metody prokazuji difuzni, fokdlni nebo
multifokalni zmény Zlazy, ktera je zvétsena a jeji echo-
genita je napadné snizena. Pankreaticky vyvod je di-
fuzné nerovny, nebo jen mirné rozditen pfed stendézou.

Tab. 1. Piehled klinickych charakteristik autoimunitni pankreatitidy 1. a 2. typu

autoimunitni pankreatitida 1. typu (LPSP)
histologicky obraz lymfoplazmocytarni pankreatitida
pramérny vék 6. decennium
priznaky ikterus (75 %)
akutni pankreatitida (5 %)
zobrazovaci vysetieni difuzni edém (40 %)
fokalni léze (60 %)
1gG4 zvysena sérové koncentrace
19G4 + plazmatické bunky v infiltratu
ucast jinych organu 50 %
neni spojitost s IBD
prognéza recidiva v 15-65 %

IBD - inflammatory bowel disease/chronické zanétlivé onemocnéni stfev

autoimunitni pankreatitida 2. typu (IDCP)
idiopaticka centroduktalni sklerozujici pankreatitida
4.-5. decennium

Ikterus (50 %)

akutni pankreatitida (33 %)

difuzni edém (20 %)

fokalni léze (80 %)

neni spojitost s lgG4

40 %
IBD 16-31 %

recidiva velmi vzécnd

Tab. 2. Histopatologicka kritéria pro diagnostiku autoimunitni pankreatitidy 1. a 2. typu

histologicky nalez
spolecna kritéria periduktalni lymfoplazmocytarni infiltrat
stroma bohaté na zanétlivé buriky
storiformni fibréza
obliterujici flebitida
prominujici lymfatické folikuly
9G4 plazmatické buriky
granulocytarni epitelidIni éze (GEL)

neutrofilni periacinarni infiltrat

1.typ (LPSP) 2. typ (IDCP)
ano ano

ano ano

velmi vyrazna vzacna

ano vzacna

ano vzacna

zvyseny pocet nezvyseny pocet
ne ano

ne velmi cetny

LPSP - lymfoplazmocytéarni sklerozujici pankreatitida IDCP - idiopathic duct-centric pancreatitis/idiopaticka centroduktalni pankreatitida
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Zmény pankreatického vyvodu jsou pro diagnézu re-
levantni pfi postizeni minimalné 1/3 délky pankreatic-
kého vyvodu. Typicky je ndlez uzlin v okoli pankreatu.

Vyznamnym klinickym projevem, charakteristickym
predevsim pro AIP typu 1, je pfitomnost extrapankreatic-
kych lézi provazenych pozitivitou IgG4 a patficich tak do
skupiny stav oznacenych jako IgG4 asociovana one-
mocnéni (IgG4 related disease). Nejcastéji je AIP asocio-
véna s lgG4 pozitivni cholangiitidou, Mikuliczovym syn-
dromem a IgG4 pozitivni retroperitonealni fibrézou. AIP
1. typu postihuje starsi muze s maximem diagnostikova-
nych pfipadi ve véku kolem 60 let.

AIP typ 2 byla popsana v Evropé a ve Spojenych sta-
tech americkych, je vyznamné méné ¢astou formou nez
AIP typ 1, postihuje o dekddu mladsi jedince nez 1. typ
AIP a histomorfologicky nalez, v fadé znakl shodny
s typem 1, ma zasadni odlisnost v pozitivité GEL. Tato
forma autoimunitni pankreatitidy je oznacena jako idio-
paticka dukto-centralni pankreatitida (IDCP). Granularni
intraepitelidlni nebo intraluminalni neutrofilie (GEL) je
prokazovana ve stfedné velkych a malych pankreatic-
kych vyvodech, véetné pankreatickych acint [2,6]. Pravé
pfitomnost GEL pozitivity ¢asto vede k obliteraci az
destrukci lumen pankreatickych vyvodu. IDCP neni pro-
vézena ani zvysenim IgG4 v krevnim séru ani pfitomnosti
1gG4 pozitivnich plazmatickych bunék v pankreatickém
parenchymu [7]. Asi ve 30 % onemocnéni AIP typ 2 byva
spojena s nalezem idiopatickych stfevnich zanétd -
zvlasté ulcerézni kolitidy, spise ojedinéle je popsano
spojeni s autoimunitni tyreoiditidou. Zda se proto, ze AIP
typu 2 Ize oznacit za systémové onemocnéni, na rozdil
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od AIP typu 1, kterd je nékdy oznacovéna jako jedna
z forem IgG4 asociovanych onemocnéni. Definitivni dia-
gndza IDCP je mozna pouze histologicky.

Zatimco klinicky, sérologicky a histomorfologicky jsou
oba typy autoimunitni pankreatitidy nélezité definovany,
diagnosticka kritéria jsou stale ur¢itym problémem. Prva
diagnosticka kritéria uvedena v roce 2002 Japonskou pan-
kreatologickou spole¢nosti byla v roce 2006 revidovana
[1]. Osobné tato kritéria povazuiji, z praktického pohledu,
za redlné pouzitelna v bézné klinické praxi. Dalsi kritéria
diagnostiky AIP, oznacena jako HISORt, byla zvefejnéna
skupinou z Mayo Clinic, rovnéz v roce 2006 [8]. Tato krité-
ria se chtéla vyhnout moznym komplikacim diagnostické
ERCP, kterd je soucasti asijskych kritérii. Pfi pouziti klasifi-
kace HISORt je jako vysetfovaci metoda doporucena bio-
psie pankreatu (core biopsy). V roce 2007 Korejska spo-
le¢nost pankreatobilidrnich onemocnéni vydala dalsi
modifikaci kritérii, podle niz je vyznam pfikladan nalezu
difuznich, drobnych nerovnosti pankreatického vyvodu
pii MRCP [9]. V priibéhu dalsich let byla viechna vyse uve-
dena kritéria opét modifikovana, ale rozdilné diagnostické
pohledy tim nebyly odstranény [10]. Tato nejednotnost
v diagnostice iniciovala jednani skupiny odbornik{ a vy-
sledkem byl vznik mezindrodniho diagnostického kon-
senzu [5] (tab. 3). Maximalné od nasazeni steroidl Ustup
radiologickych znak( pankreatickych nebo extrapankre-
atickych [12].

AIP - typ 2
Mezi zésadni diagnosticka kritéria autoimunitni pankre-
atitidy 2. typu patfi nalezy histomorfologické. Kromé po-

Tab. 3. AIP 1. typu

AIP 1. typu (LPSP)

diagnosticka troven 1

diagnosticka uroven 2

PARENCHYMOVE ZMENY

difuzni zvétseni - ,sausage-like” tvar

projasnéni pod pouzdrem pankreatu

segmentélni/fokalni zmény

ZMENY PANKREATICKEHO VYVODU

nerovnosti pankreatického vyvodu > 1/3 délky N

segment/fokalni nerovnosti pankreatického vyvodu ¢

bez prestenotické dilatace (vyvod < 5,0 mm)

SEROLOGIE

9G4 > 2nasobek normy

19G4 - normalni az < 2nasobna hladina

EXTRAPANKREATICKE POSTIZENI

= lymfoplazmaticka infiltrace Zlazy s fibrézou
= abundantni pozitivitou IgG4 plazmatickych bunék
= obliterativni flebitida (alespon 3 znaky jsou pfitomné)

jeden z nasledujicich radiodiagnostickych znakd
= segmentdrni/viceCetné striktury pankreatického vyvodu
= retroperitonealni fibroza

VnitF Lék 2015; 61(2): 114-118

lymfoplazmaticka infiltrace GEL negativni
storiformni fibréza

symetrické zvétseni slznych/slinnych zlaz
radiologické znamky postizeni ledvin - pfi AIP
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zitivity granulocytérnich epitelidlnich 1ézi je typickym
nalezem minimalni pfitomnost IgG4 pozitivnich bunék.
Zajimavy je efekt steroidll, podobné jako je tomu u AIP
typu 1, kdyz imunologickd pozitivita ve smyslu IgG4 je
u AIP 2. typu negativni a i proto AIP nebyva fazena jako
projev IgG4 asociovanych onemocnéni, ale mozna sa-
mostatna systémova choroba (tab. 4).

V pripadech, v nichz nenachdzime vyse uvedena his-
tologicka kritéria pozitivni, ale klinicky obraz je pro au-
toimunitni formu charakteristicky, je doporuceno v dia-
gndze uvést, ze AIP je ,pravdépodobna”.

Srovnavaci studie viech dosud publikovanych kri-
térii diagnostiky AIP s vySe uvedenymi konsenzualné
stanovenymi kritérii (ICDC) byla provedena u skupiny
61 osoby s AIP. Senzitivita kritérii ICDC byla zjisténa
v 95,1 %, u tzv. korejskych kritérii v 90,2 %, klasicka ja-
ponska kritéria v 86,9 % a nejnizdi senzitivita byla na-
lezena pfi pouziti HISORTs kritérii — 83,6 %, vesmés pfi
100% specificité [11].

Vtéto japonské studii (v Japonsku je v diagnostice AIP
preferovana endoskopicka retrogradni pankreatografie
proti magnetické rezonanci) byla nejvyssi diagnosticka
vytéznost u difuzniho typu AIP pfi pouziti CT, u fokalni
formy nemoci se jako nejefektivnéjsi prokazala kombi-
nace CT a endoskopické retrogradni pankreatografie.

V diferencidlni diagnostice zlistava stale nejednodu-
ché rozliseni mezi fokalni formou AIP a pankreatickym
karcinomem vétsinou v hlavé slinivky bfisni. Asi u 3 %
osob, operovanych pro diagnézu pankreatického karci-
nomu, byla nakonec kone¢nou diagnézou autoimunitni
pankreatitida a ne pankreaticky karcinom [13]. Klinicky
byva u obou forem nemoci prvym pfiznakem obstrukéni
ikterus. U osob s bezbolestnym obstrukénim ikterem,
u nichz CT/MRI prokazuje difuzné zvétseny pankreas,
ev. pfitomnost subkapsularniho projasnéni (capsule like-
-rim), bez dilatace pankreatického vyvodu nebo nalezu
pankreatické masy s nizkou denzitou, je vysoce pravdé-
podobna diagnéza AIP. Osoby s obstrukénim bezbolest-
nym ikterem, se zvétSenim hlavy pankreatu a nasled-

nou dilataci pankreatického vyvodu, nebo pfi nalezu
Uplného preruseni pankreatického vyvodu, bez atrofie
zlazy, je na prvém misté treba potvrdit, nebo vyloucit,
zda ptitomné zmény nejsou zptsobeny malignim po-
stizenim pankreatu [14].

Biopsie pankreatické masy v hlavé pankreatu, pod en-
dosonografickym navedenim, je indikovéana, i kdyz ne-
gativni nalez diagnézu malignity zcela nevylucuje [15,16].

Naitoh et al v roce 2012 [17] provedli retrospektivni
hodnoceni klinickych a laboratornich nalezl u skupiny
osob s AIP, u nichz bylo v oblasti hlavy pankreatu nale-
zeno zvétseni hlavy, a u skupiny osob s pankreatickym
karcinomem bez metastaz. Jako marker nejvyssiho speci-
fického rozliseni obou stav(i prokazali autofi pfitomnost
mimopankreatickych postizeni, kterd nejsou pfitomna
u osob s karcinomem pankreatu. Mezi tyto expankrea-
tické zanétlivé projevy u 1. typu patfi: sialoadenitida, Mi-
kuliczGiv syndrom, 1gG cholangiitida, tubulointesticidlni
nefritida, retroperitonedlni fibréza, chronickd tyreoidi-
tida, prostatitida, IgG4 pneumonitida a lymfodenopa-
tie. AIP 2. typu ma jako extrapankreatickou manifestaci
zanét proximalni ¢asti Zlu¢ovodu, tyreoiditidu v 16 %
av30% IBD.

Zavér
Autoimunitni forma pankreatitidy je, dle soucasnych
znalosti, délena na 2 klinicky a histomorfologicky roz-
dilné subtypy. Déleni ma prakticky vyznam, protoze
jeho znalost v klinické praxi umozni stanovit vcas
spravné diagnézu nemoci, nasadit adekvatni terapii
a mj. zabranit u téchto osob stale zbyte¢nym operacim
pankreatu.
Diagnosticka kritéria AIP jsou zaloZena na hodnoceni
tzv. zékladnich naleza:
= zména textury parenchymu pankreatu a zmény pan-
kreatického vyvodu (zobrazovaci metod
= extrapankreaticka postizeni
= histopatolgie pankreatu
= promptni odpovéd na steroidy

Tab. 4. Diagnosticka kritéria autoimunitni pankreatitidy 2. typu

kritérium uroven 1 uroven 2

P typicky nalez nejasny az atypicky

e M=l difuzni zvétseni (¢asto s okrajovym lemem) nalez - fokalni zvétieni s late enhancement
parenchymu

D striktury dlouhé (> 1/3 délky) nebo vicecetné striktury striktury segmentalni/fokalni s proximalni dilataci

zobrazeni vyvodu (ERP) bez proximalni dilatace

ool

Ucast jinych organt

H obé kritéria pozitivni

histologické vysetieni GEL + granulocytarni infiltrat acint

pankreatu

infiltrat acinG (< 10 v zorném poli)

1gG4 + plazmatické buriky Zadné nebo necetné

(<5mm)

klinicka diagnéza IBD

obé kritéria pozitivni

granulocytarni nebo lymfoplazmocytarni

1gG4 + plazmatické buriky Zadné nebo necetné
(< 10 v zorném poli)

Rt rychla odpovéd (< 2 tydny) na terapeuticky pokus s priikazem vylééeni nebo zietelného zlepseni dle CT

uspéch steroidni lécby
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V soucasné dobé pro diagnézu AIP plati mezindrodni
konsenzualni diagnosticka kritéria pouzivajici vyse uve-
dené diagnostické znaky.

Diferencidlni diagnostika mezi fokalni formou AIP
a pankreatickym karcinomem byva obtizna. CT-vyset-
feni s kontrastem a MRI, a to v$e se zhodnocenim klinic-
kého obrazu, je doporuceno inicidlné provést. Biopsie
pankreatické masy pod endosonografickym navede-
nim je cennd, i kdyz negativni ndlez moznost malignity
nevylucuje.

Diagnostika autoimunitni formy pankreatitidy a jejich
subtypl neni vzdy jednoducha, ale znalost diagnostic-
kych kritérii umozni na autoimunitni formu pankreati-
tidy v klinické praxi alespor pomyslet a pfi spravné sta-
novené diagnéze nemoc ucinné lécit.

Kdy pomyslet na moznost pfitomnosti autoimunitni

pankreatitidy:

= nejasny bezbolestny obstrukeni ikterus po vylouceni

malignity

diskrétnibolestiv epigastriu s nové vzniklym diabetem

nechtény ubytek hmotnosti pfi nevyraznych bfisnich

bolestech - bfisnim diskomfortu

vyse uvedené pfiznaky u osob s jiz diagnostikova-

nym autoimunitnim onemocnénim

nejasna akutni pankreatitida v anamnéze

zvyseni markerd cholestazy, zvyseni gamaglobulinu

algG4

pfi zobrazovacich metodach obraz zvétseného pan-

kreatu, ¢asto ,pdrkovitého” tvaru

= segmentarni zmény pankreatického vyvodu v roz-
sahu vice nez jeho 1/3 délky, bez prestenotické
dilatace
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Souhrn

Cholangiokarcinom (CC) je vzacny maligni nador vznikajici z cholangiocyt(. Prognéza CC byvé vétéinou nepiiz-
nivé. Zasadni podil na této skute¢nosti ma pozdni diagndza nadoru. Sougasna incidence CC v Ceské republice éini
asi 1,4 na 100 000 obyvatel za rok; u méné nez 30 % pacient( s CC Ize identifikovat néktery ze znamych rizikovych
faktordi, nejéast&ji primarni sklerozujici cholangiitidu. Nadéji na del3i dobu preziti maji pacienti s éasné diagnosti-
kovanym, chirurgicky fesitelnym CC, u kterych dosahuje 5leta doba preziti asi 20-40 %. Pro ¢asnou diagnézu CC
maji zasadni vyznam zobrazovaci metody a histopatologické zhodnoceni, zatimco €asné diagnosticky vyznam on-
komarker(i je omezeny. Raciondin( ¢asna diagnostika CC spoéiva v ii¢elném vyusiti diferencovanych vyhod jednot-
livych zobrazovacich metod - optimalni se jevi MRI s DSA, EUS je citlivou metodou pro identifikaci malignit v ob-
lasti jaterniho hilu nebo distalniho choledochu, zatimco MRCP (magnetic resonance cholangiopancreatography)
spise pfi zobrazeni patologickych zmén bilidrniho stromu, ERCP (endoscopic retrograde cholangiopancreatogra-
phy) umaznuje odbér materialu pro histopatologické vySetieni. Piinosem jsou i novéjii diagnostické metody, nap.
IDUS - intraduktalni ultrasonografie bilidrnich cest anebo SPY-GLASS, umoZnujici vysetfit zluéové cesty piimym po-
hledem s moZnosti odbéru cileného bioptického vzorku. Specificitu i senzitivitu histologického a cytologického vy-
Setfeni Ize zvysit vyuzitim molekularné cytogenetické metody FISH, tj. fluorescenéni in situ hybridizaci, u niz spe-
cificita dosahuje 97 %.

Klitova slova: epidemiologie - cholangiokarcinom - racionalni diagnostika - rizikové faktory

The rational diagnostic of cholangiocarcinoma

Summary

Cholangiocarcinoma (CC) is a rare malignant tumour arising from cholangiocytes, and its prognosis is usually un-
favourable, mostly as a result of late diagnosis of the tumour. The current incidence of cholangiocarcinoma in the
Czech Republic is 1.4/100,000 inhabitants per year; in less than 30 % of patients with CC, one of the known risk fac-
tors can be identified, most frequently, primary sclerosing cholangitis. Only patients with early diagnosed and sur-
gically amenable cholangiocarcinoma are likely to have a longer survival time; in their case, survival for more than
five years has been achieved in 20 % to 40 %. From the perspective of the need for early diagnosis of CC, a signifi-
cant part is played by imaging and histopathologic evaluation; the early diagnostic significance of oncomarkers is
limited. The rational early diagnosis of CC consists in effective use of differentiated advantages of different imag-
ing modalities — MRI with DSA appears to be the optimal method, endosonography is a sensitive method for the
identification of malignancy in the hepatic hilum or distal common bile duct, MRCP (magnetic resonance cholan-
giopancreatography) is used to display pathological changes in the biliary tree, ERCP (endoscopic retrograde chol-
angiopancreatography) allows material removal for histopathological examination. Other new approaches are also
beneficial, such as IDUS - intraductal ultrasonography of biliary tract or SPY-GLASS, enabling examination of the
bile ducts by direct view with the possibility of taking targeted biopsies. Sensitivity and specificity of histology and
cytology can be increased by using the molecular cytogenetic FISH method, i.e. fluorescence in situ by hybridiza-
tion, with a specificity of 97 %.

Key words: epidemiclogy - cholangiokarcinoma - rational diagnostic - risk factors
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Epidemiologie

Cholangiokarcinom (Cislo diagnozy €22.1) zaujima
10-15 % viech hepatobilidarnich malignit a je druhym
nejéastéjsim primarnim nadorem jater ve svété [1]. Epi-
demiologicka data prokazuji mirny a konstantni nardst
novych onemocnéni CC [2]. V USA je incidence cholan-
giokarcinomu asi 7 na 1 milion obyvatel (3], ve Velké Bri-
tanii v roce 2012 zemfelo na toto nadorové onemocnéni
1 500 nemocnych [4]. V Ceskeé republice v priibéhu let
1991-2010 byl cholangiokarcinom zjistén u 996 muzd,
co? piedstavuje 9,7 % ze viech 10 293 jaternich novo-
tvard, u zen dokonce v 15,5 % viech jaternich novo-
tvardl. Dle vékovych kategorii se CC vyskytuje u muzd
nejéast&ji v 7. dekadé (31,9 %), zatimco u zen v dekadé
8. (33,9 %) [5], graf 1.

Rizikové faktory

Rizikové faktory jsou nalézany v méné nez 30 % viech
pfipadi CC; kromé primarni sklerozujici cholangiitidy
(PSC), kterd je povazovana za nejlastéjsi zndmy rizi-
kovy faktor pro vznik CC, jsou mezi dal3imi rizikovymi
faktory uvadény vék (vice nez 2/3 pacient(l je stardich
65 let) [6,8], chronické hepatitidy B a C [7], intraduktalni
konkrementy [6-8]; Caroliho nemoc [6,8], cysty, ade-
nomy a papilomatéza zlucovych cest [6-8], parazitarni
infekce (Opisthoorcis viverrini, Clonarchis sinensis) [7,9],
metabolicky syndrom, obezita, NAFLD (Non-alcohalic
fatty liver disease — nealkoholova steatdza jater), diabe-
tes mellitus [10], nosiéstvi Salmonella typhi [8,9], expo-
zice thorotrastu [8,11], Lynchlv syndrom a dal3i [9]. Ale
jak uvedeno vyde, nejcastéjsim predispozicnim fakto-
rem pro vznik CC je primarni sklerozujicl cholangiitida
[12,13]. V Claessenové studii z roku 2009 [12] bylo sle-
dovéano 211 osob s PSC, z nichz 60 % bylo souéasné po-
stizeno ulcerdzni kolitidou. U 41 % sledovanych osob

vznikl nasledné kolorektalni karcinom a u 39 % osob byl
pozdéji prokazén CC. Ze sledovaného souboru celkem
41 % nemocnych zemfelo nasledkem maligniho one-
mocnéni. Pfitom medién intervalu mezi diagnozou CC
a diagndzou PSC ¢inil 2,5 roku, nejdeldi interval mezi
diagnézou PSC a diagnézou CC €inil 9,8 roku.

Anatomicka klasifikace
Pod pojem cholangiokarcinom jsou zahrnovany viechny
karcinomy Zlucovych cest; asi 20 % viech CC je lokalizo-
vano intrahepatalné; 50-60 % CC se nachazi perihilézné
(tyto CC jsou fazeny k extrahepatickym CC), témer 20 %
patii k distalnim extrahepatalnim tumorim a 5 % CC je
klasifikovano jako multifokdlni nadory. Asi 70 % vsech CC
se nachazi mimo jaterni parenchym, predilekéni lokali-
tou je proximalni ductus choledochus v oblasti junkce.
Tento typ CC je oznaéovan jako KlatskinGv tumor. Rizné
lokalizované typy CC se lidi nejen cetnosti, ale i biclogic-
kym chovanim i volbou nésledného lécebného postupu.
Ve smyslu Bismuthovy-Corlettovy klasifikace z roku
1975 [14] jsou perihilézni tumory dale deleny do nasle-
dujicich podskupin:
* |.typ: postiZen jed.choledochusdistalné od bifurkace
= |I.typ: je postizena bifurkace (aniz jsou vyznamné po-
stizeny pravy ¢i levy ductus hepaticus)
= |Il. typ: je postizen d. hepaticus communis a bud
pravy (llla) anebo levy (llib) hepaticus
= |V. typ: multicentrické ¢i oboustranné intrahepatické
segmentalni postiZeni anebo postizeni bifurkace
a obou hepatik( [12]

V roce 2011 Deoliveira et al [15] predstavili novéjsi kla-
sifikaci perihiléznich CC, kterd oproti uvedené klasifi-
kaci Bismuthové-Corlettové zahrnuje daldi prognos-
tické faktory, jako jsou angioinvaze do jaterni tepny &i

Graf 1. Trend prevalence nemocnych s cholangiokarcinomem. Upraveno podie [5]
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portélni Zily, metastaticky rozsev, postizeni uzlin, veli-
kost tumoru, dalsi jaterni onemocnéni i predpokladany
postresekéni objem jaterni tkané. Deocliveirova klasifi-
kace by méla presnéji identifikovat faktory, které jsou
vyznamné pro daldi lécebnou péci i progndzu jednotli-
vych nemocnych s CC.

Diagnostika
Diagnostika casnych, chirurgicky fesitelnych stadii cho-
langiokarcinomu je velmi obtizna, a tim i prognéza dlou-
hodobého pfeziti osob s CC je vétiinou nepfizniva. Pa-
cienti s asné diagnostikovanym CC, ktery je resitelny
chirurgicky, mivaji 5letou dobu preziti v 20-40 % [14].
V soucasné dobé je v dobé stanoveni diagnozy CC in-
dikovdno k chirurgickému feseni pouze asi 15-35 % pa-
cientl [16]. Je proto zasadni otazkou, jaké diagnostické
postupy mohou pozitivné ovlivnit nadi diagnostickou
efektivitu, resp. prispét k casné a pfesné diferencialni
diagnostice. Nas prispévek vychazi z doporuceni Britské
gastroenterologické spole¢nosti z roku 2013 [10], ktera
jsou revizi doporuceni této spolecnosti z roku 2002 [17].
Pro CC byva typickym inicidlnim klinickym nalezem
bezbolestny obraz obstrukéniho ikteru, ktery je dan
progredujicl okluzi Zlu¢ovych cest nadorem [18]. Ale kli-
nické projevy jsou ¢asto obdobné jako u primarni bili-
arni cirhdzy, napf. pruritus ¢i znamky cholangiitidy [19].
Soucasné mohou byt jiz pfitomny obecné priznaky
maligniho onemocnéni, jako je Unavnost a ztrata té-
lesné hmotnosti. V diagnostice CC neni Zadné labora-
torni vysetieni krve dostatecné specifické; zvyseni ob-
struktivnich jaternich enzymi je logické, v pocinajici
fazi nemoci lze nalézt napf. | zvyéeni CRP i hypalbu-
minemii [20]. Z nadorovych marker( je nejcastéji po-
uzivano stanoveni CA19-9 a CA125. Aviak jak senziti-

Obr. 1. Pacient (1964): vysetieni ERCP.
Obraz PSC s typickymi seementarnimi stendzami
a dilatacemi prevazné na intrahepatalnich vétvich
(nalez nevylucuje soucasnou pritornnost CC)
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vita CA19-9 (40-70 %), tak specificita (50-70 %), véetné
pozitivni prediktivni hodnoty (16-40 %), jsou nizké
121], navic zvyseni CA19-9 provazi dalsi hepatobiliarni
choroby (PSC, nemaligni obstruktivni ikterus, cirhézu,
tumory pankreatu atd) [21].

CA125 byva pozitivni asi u 65 % osob s CC, pficemz
nelze vyloucit, Ze CA125 mize byt potencidlnim per-
spektivnim markerem pro hodnoceni délky pfiZiti téchto
nemocnych [22]. Vyznam nékterych novéjdich onkomar-
kerti (napf. insulin-like growth factor 2, metalloprotei-
naza 7 nebo mucin MUCS5AC) je nyni validizovan v kli-
nickych studiich [23].

V diagnostice rizikovych prekanceréznich stavi
muze byt problémem diferencidini diagnostika PSC
vzhledem k dal$im cholestatickym chorobam - napf.
k primarni bilidrni cirhdze (diferenénimi parametry
mohou byt i AMA, pANCA, MRCP, ERCP, biopsie atd),
problémem muze byt i odlideni PSC od cholangiitidy
s pozitivitou lgG4 jak v krevnim séru, tak ve tkdni Zlué¢o-
vodu [25]. V tomto pfipadé mize byt uréitym voditkem
fakt, ze ve vétsiné pripadd byvéd PSC diagnostikovéana
spise u mladsich osob ve véku mezi 30-40 lety, zatimco
lgG4 cholangiitida postihuje splfe jedince starsi 50 let.
Je tieba také zminit, ze zatimco vyskyt cholangiokar-
cinomu u nemocnych s PSC je udavén u 10-30 % ne-
mocnych, tak u pacientd s IgG4 cholangiitidou dosud
takova souvislost prokdzéna nebyla [8].

Zobrazovaci metody

Zasadni vyznam v diagnostice CC maji zobrazovaci
metody, které ¢asto soucasné umoznuji i cilené odbéry
tkané k histologickému vy3etfeni; na druhé strané ani
tyto metody nemusi byt dostatecné citlivé v diagnos-
tice €asnych stadii. Ultrazvukové vysetfeni bficha ma
sice vysokou negativni prediktivni hodnotu (90 %), ale
jeho senzitivita, véetné pozitivni prediktivni hodnoty,
nepresahuje 50 % [25].

Spirdlni multislice CT vy3etfeni v casné diagnostice
CC ma senzitivitu az 80 %, umoziiuje zobrazit | lymfade-
nopatii, extrahepatické metastazy nebo lokalizaci na-
dorové masy intrahepaticky. Kombinace CT vysetreni
a pozitronové emisni tomografie neni vytéznéjsi nez CT
vySetienl, ale tato kombinace vysetieni by snad mohla
byt vyhledové vyuzivana pro zhodnoceni pfedoperac-
nfho stagingu [26,27].

MRCP (magnetic resonance cholangiopancreato-
graphy/MR cholangiopankreatografie) je neinvazivni
metoda, ktera slouzi k zobrazeni a hodnoceni intrahe-
patickych a extrahepatickych Zlu¢ovych cest a pankrea-
tického vyvodu. Na rozdil od endoskopické retrogradni
cholangiopankreatografie (ERCF, obr. 1) pfi MRCP (obr.
2) neni potfeba aplikovat kontrastni latku do bilidrniho
systému. Jsou tak vyloucena rizika spojena s endosko-
pickym vykonem a aplikaci jodové kontrastni latky. Pri
MRCP se pouzivaji techniky silné T2 vaZzenych obraz(,
které diky dlouhému T2 relaxaénimu ¢asu tekutin davajf
vysoky signal stacionarni nebo pomalu tekouci teku-
tiny v hepatikobilidrnim systému a signdl z cév a ostat-
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nich mékkych tkani je potlacen (obr. 3). MRCP lze pro-
vadét technikami 2D zobrazeni béhem zadrzeni dechu
v trvani 5-15 s, nebo technikami 3D (obr. 4), s volnym
dychanim a monitoringem pohybu branice, okolo
3-5 min, navic s moznosti multiplanarnich rekonstrukei.

Neinvazivni magneticka rezonance (non invasive mag-
netic resonance imaging) a digitalni subtrakcni angio-

Obr. 2. Pacient (1960): patrny Stihly ductus
choledochus,
Hepatocholedoehus, defekt v oblasti junkce
hepatiku a dilatace intrahepatickych zlutovych
cest, vyraznejsi jsou zmeény v oblasti leveho
hepatiku. MREP, MIP {maximum intensity
projection) rekonstrukce

Obr. 3. Pacient (1960): nasyceni patologickych hmot
v oblasti junkce hepatiki i podél levého
hepatilcu.

Postkontrastni T1vazené, 3D gradientni USG,
breath hold, sagitalni rovina

grafie (DSA) se v soucasné dobé zdaji byt optimalnimi
metodami v ¢asné diagnostice suspektniho cholan-
giokarcinomu. MRI a DSA [28,29], zvlasté v kombinaci
s ERCP, kterd umoznuje odbér tkané k histopatologic-
kému zhodnoceni, poskytuji nejpresngjii informace
o lokalizaci nadoru, jeho rozsahu | metastatickém roz-
sevu, tj. prinaseji zasadni podklady pro rozhodnuti
o moznostech chirurgického feseni. MR cholangiopan-
kreatikografie (MRCP) pfedstavuje neinvazivni zobrazo-
vaci metodu (bez aplikace kontrastni latky) umoziujici
zobrazenl intrahepatickych a extrahepatickych Zluco-
vych cest vcetne pankreatického ductus Wirsungi. Dalsi
moznosti, jak zpfesnit diagnostiku CC, je vyie uvedena
vysetieni doplnit jedté klasickym nativnim eventualné
postkontrastnim MRI vySetienim jater a DWI (diffusion
weighted imaging).

Moznosti vyuziti CT pozitronové emisni tomografie
(PET-CT) v diagnostice casnych stadii CC je limitovano
velmi casto se vyskytujici sou¢asnou cholangiitidou, ktera
mnohdy znemoznuje spravnou interpretaci [29-311.

Endosonografické vydetfeni ma vysokou citlivost
v diagnostice nélezl v oblasti jaterniho hilu, distalniho
choledochu, Zluéniku a pfi posuzovani regionalnich
lymfatickych uzlin [32,33]. VySetieni umoinuje cileny
odbér tkdné, ¢imz jeho pozitivni prediktivni hodnota
narlsta téméf ke 100 %. BohuZel nizkd negativni pre-
diktivni hodnota nevyluéuje malignitu pfi negativnim
histologickém nalezu. 3

Zobrazeni zlu¢ového stromu je moZné rovnéz pomaoci
perkutanni transhepatalni cholangiografie (PTC). V dife-
rencialni diagnostice mezi cholangickarcinomem a be-
nigni bilidrni stenézou byla prokazéna v retrospektivni
srovnavaci studii senzitivita MRCP v 96 %, specificita
85 %, zatimco pfi ERCP byla senzitivita 80 % a specifita
75 %. Zasadni piednosti ERCP (i PTC) je moznost ziskani
vzorku zluci k cytologickému vySetfeni. PTC je v soucas-
nosti ale provadéna méné éasto vzhledem k invazivité
vykonu i riziku moznych komplikaci [35].

0br. 4. Pacient (1360): nasyceni patologickych hmot
v oblasti junkce hepatilu.
Postkontrastni T1vazene, 30 gradientni USG,
breath hold, axialni rovina



Endoskopické vyéetieni zlu¢ovych cest (obr. 5) je his-
toricky moZné od roku 1976, kdy byl zaveden systém
mother-baby. Ultratenky endoskop neboli babyscop byl
zavadén pracovnim kanalem duodenoskopu. Tento
systém potvrdil spravnost konceptu, ale nikdy nedo-
sahl Zirokého uplatnéni pro vysokou fragilitu instrumen-
taria. Od roku 2008 je dostupny Spy GlassTM Direct Vi-
sualisation system. Specialni ultratenky (10 Fr) katétr
je zavadén jednim endoskopistou pracovnim kand-
lem duodenoskopu. Katétr obsahuje svazek svételnych
vlidken pro osvit a pfenos obrazu, 2 kanalky pro oplach
a jeden instrumentaéni kanal o prdméru 1,2 mm. Distalni
konec katétru je chebny ve 2 na sebe kolmych rovinach.

Obr. 5. Intraduktalni endosonografie: adenom
Zlucovodu

Pouzito se svolenim prim. MUDr, Urbana, Ph.D.,
Vitkovicka nemocnice v Ostrave

Obr. 6. Cholangioskopie Spyglass: polypoidni
nadorova masa v terminalnim gseku Zzlucovodu
- histologicky adenom
PouZito se svolenim prim. MUDr. Urbana, Ph.D.,
Vitkovicka nermocnice v Ostrave
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Instrumentaénim kanalkem lze zavést specialni biop-
tické klesté a provést odbér biopsie pod endoskopickou
kontrolou. Cholangioskopie (obr. 6) je pfinosna v pfipa-
dech tzv. neuréenych stendz, tedy v piipadech, v nichz
ERCP s brushingem a biopsii neobjasni diagnézu. Hlav-
nimi indikacemi cholangioskopie jsou tedy diagnos-
tika nejasné léze Zlu€ovych cest a zaméfeni sondy pro
elektrohydraulickou litotrypsi obtizné choledocholiti-
azy [33,36].

Indikace k chirurgickému feseni zavisi na lokali-
zaci a velikosti (rozsahu) nadoru | na eventualnim me-
tastatickém rozsevu: souhrnné lze fici, Ze v souasné
dobé nejpresnéjsi udaje k chirurgické indikaci vyply-
vajl z kombinace vysetfeni MRI s kontrastni angiogra-
fii a daliim vyietieni, pfi kterém lze odebrat tkanovy
vzorek pro histologické nebo cytologické vyietfeni
(ERCP, PTC, EUS, IDUS, cholangioskopie) [17,29].

Histologické a cytologické vysetfeni
Histologické anebo cytologické vyetfeni je soucasti dia-
gnostického armentaria. Cholangioceluldri  karcinomy
vyrstaji z bunék bilidrniho stromu, a proto se mohou
nachazet kdekoli od Vaterské papily az po nejmensi in-
trahepatéini Zluéovody. Dle WHO klasifikace 2010 [37]
délime tyto nadory na 2 zékladni skupiny, a to na
karcinomy intrahepatélni a extrahepatalni. Jejich dalsi
rozdéleni dle typu a topografie demonstruje schéma 1.
Mikroskopicky jsou cholangiogenni karcinomy cha-
rakterizovany pfevazné tubuldrni strukturou s napad-
nou fibroprodukci (obr. 7) a v imunohistochemickém
vysetfeni pak pozitivitou CK7 a CK19 (obr. 8 a obr. 9).
Ostatni histologické typy karcinom jako karcinom mu-
cinéznl, skvamézni, adenoskvamézni, intestinalni, pa-
pilarni, drobnobunéény nebo karcinom z prstencitych
bunék se vyskytuji méné asto. Asi v 1 % viech karci-

Dbr. 7. Histologie: hematoxylin-eozin (HE):
trabekularné usporadané struktury malignifio
nadoru s desmoplastickou komponentou
odpovidajici obrazu cholangiocelularniho
larcinomu
Zvétseno 200krat, Olympus DP73
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nomd jater se vyskytuje kombinovany hepatocelularni
cholangiokarcinom (HCCC), u kterého se rozliduji dalsi
podtypy, a to: HCCC klasicky typ, HCCC subtyp s rysy
kmenovych bunék, HCCC s rysy kmenovych bunék, tzv.
intermedialni bunéény typ, a HCCC s rysy kmenovych
bunék, tzv. cholangiocelularni typ. Jednotlivé typy se
lisi expresi bilidarnich markert, jako jsou ckit, CD56,
EpCAM a vimentin. Toto rozlideni zatim nema vétsi
klinicky vyznam, jelikoz nejsou znamy zadné rozdily
v jejich biologickém chovani [38-40].
V diagnostice CC (HCCC) Ize pouzit tkanoveé vzorky,
které byly ziskany:
= standardni biopsii formou excize patologické tkang,
jehlové biopsie nebo biopsie ziskané pfi endoskopic-
kém vysietieni
= peroperacni biopsii
= tenkojehlovou aspiraéni biopsii (FNAB)
= kartatkovym stérem na cytologickeé vysetieni

Kritéria malignity jsou obecné dana empiricky, aviak li3i
se pro kazdou lokalitu. Vidy jde o skladani komplexu
znakd, jako je posouzeni struktury, zhodnoceni cytolo-
gickych znakd, charakteru bunék ¢i jader, proliferacni
aktivity a posouzeni jejich ristovych schopnosti.
Diferencidini diagnéza mezi CC a HCC je dllezita i proto,
Ze cholangiokarcinomy maiji velmi nepfiznivou prognézu,
ato i v pfipadé jaterni transplantace, a tak diagnéza cho-
langiokarcinomu je v mnoha transplantacnich cent-
rech povazovana za kontraindikaci transplantace [40,41).
Naopak, protoZe hepatocelularni karcinom (HCC) ma (pfi
splnéni uréitych kritérii) pfiznivé transplantacni vysledky,
tak by z klinického hlediska méla byt histopatologicka dia-
gnostika jednoznacnym klicem k dalsimu rozhodovani
o lé¢ebném postupu. Bohuzel toto rozhodovéni na drovni
histopatologie neni a nem(ize byt jednoznaéné, protoze
hepatocyty i cholangiocyty vznikaji pravdépodobné
v oblasti Heringovych kanalk(i z tzv. progenitorovych
bunék, které se mohou diferencovat jak v hepatocyty, tak
cholangiocyty, a tak velka skupina nadoru jater vykazuje
pozitivitu imunohistochemickych marker( obou skupin.
ProtoZe diagnéza cholangiocelularniho karcinomu ma,
jak vyse uvedeno, dulezité konsekvence tykajici se vybéru

daldiho lé¢ebného postupu, vétiina transplantacnich
center vyzaduje k diagnéze cholangiokarcinomu nejen
jednoznacnou morfologii s fibroprodukei a struktury
tubularniho adenokarcinomu, ale téz pozitivni imuno-
histochemicky prikaz CK19.

Problematika histologického ovéfeni loziskovych ja-
ternich lézi je primarné zévisld | na skuteénosti, zda
|éze se nachéazi v cirhotickém terénu ¢i nikoli. Klicové
je odliseni CC od hepatocelularniho karcinomu (HCC).
Diagnéza mulze byt problematicka i u dobfe diferen-
covanych HCC; pro tuto lokalitu nejsou definovéna jed-
noznaéna kritéria malignity a rozhodnuti o biologickem
chovani téchto afekci je asto arbitrarni [9,41]. S pomoci
peroperaéniho kryostatického vyseteni (,nazmrzlo®)
Ize vétsinou vyloudit metastaticky plvod loZiska. Pro-
toze epitel Zlu¢ovod( exprimuje ,své” markery shodné
nejen v celém pribéhu (véetné pankreatické ¢asti Zlu-
¢ovodu), ale take i v ¢asti pankreatickych vyvod(, tak
v soucasnosti neexistuje metoda, kterd by dokazala
jednoznaéné odlidit primarni cholangiogenni & me-
tastaticky pankreaticky plved tumoru v jatrech.

V oblasti extrahepatdlnich Zlucovych cest je obtizna
diferencidlni diagnostika primarnich a sekundarnich
cholangiitid oproti karcinomu Zlu¢ovych cest, protoze
kontakt Zluéi s intersticiem v oblasti poskozeného epi-
telu Zlu¢ovodl vyvold v intersticialni tkéni komplexni
zanétlivou reakci, pfi niz iritace Zluéovymi kyselinami
a dalsimi slozkami zluéi stimuluje tkan k fibroprodukci.
Vzniklé fibrotické zmény jsou nejen makroskopicky, ale
mnohdy i mikroskopicky neodlisitelné od fibroplazie
doprovazejici maligni nador. Pfi mikroskopickém vyset-
feni jde o komplikovany problém, ktery v malé excizi
vede k diagnostickym rozpakdm s vysokym procentem
nejasnych nebo ,nespravnych” zavérd [42].

Z endoskopickych bioptickych vzorki Ize diagnosti-
kovat nadorové afekce z oblasti Vaterské papily, pokud
jsou histopatologické zmény piitomny v odebranych
povrchovych partiich epitelu. Problém nastava, pokud
je tumor lokalizovan v tésném sousedstvi odebraného
bioptického vzorku; pak epitel papily vykazuje pravi-
delné ,pouze” vyrazné zanétlivé iritaéni zmény a ani
pfi opakovanych endoskopickych odbérech nebyva ve

Schéma 1, Rozdéleni cholangiocelularniho karcinomu die typu a topografie
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vzorcich tumor zastizen. V takovych pfipadech muze
byt vyhodnéjii aspiracni biopsie tenkou jehlou (FNAB -
fine needle aspiration biopsy) a cytologickeé vysetreni.
Cytologické vzorky jsou ziskavany jednak pfi pfimém
odbéru zluci v pribéhu ERCP vysetieni, jednak pomoci
FNAB pod endosonografickym navedenim bioptické
jehly. Standardni cytologie v materialu ziskaném pri
ERCP vyietfeni vykazuje (u pacientl s CC) v méné nez
50 % pozitivitu nalezt cholangiokarcinomu, aviak jest-
lize je soucasné jesté provedena cilena biopsie tkané,
zvysi se pozitivita zachytu aZ na 70 %. PFi vyuziti mo-
lekuldrné cytogenetické metody FISH (fluorescendni

Obr. 8. Imunohistochemicky prikaz CK 7 v nadorowych
bunikach v fezech z cytoblalwu. Barveni IHC CK7,
zvetseni 100krat, foto Olympus BP 70

Dbr. 9. Cytologicky natér malignich bunék
z tenkojehlové aspiratni cytologie s prukazem
PAS realice (Periodic Acid Schiff) pozitivnich
vakuol. Barveni PAS, zvetseni 200krat, foto
Olympus DP70
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in situ hybridizace) pro stanoveni polysomie chromo-
zomti 3,7 a 17, piipadné delece oblasti 9p21 (tumor-
supresorovy gen CDKN2A), se zvyiuje senzitivita aZ na
98 % [46]. Pfi fluorescenéniin situ hybridizaci pro stano-
veni polysomie chromozom 3,7 a 17, piipadné delece
oblasti 9p21 (tumorsupresorovy gen CDKN2A) hybri-
dizuje fluorescenéné znacena molekula nukleové ky-
seliny - sonda s hledanou a analyzovanou sekvenci
nukleové kyseliny pfimo v burice, ,na misté”, na his-
tologickych fezech tkané & na izolovanych burnkach
v cytologickém preparatu (obr. 10). Specificita FISH je
uvadéna 97 % [43]. FISH metoda je u nas dostupna ve
vetiiné cytogenetickych laboratori.

Molekularni genetika (obr. 10)

Mezi rizikové faktory, které mohou mit zasadni vliv na
patogenesi cholangiogenniho karcinomu, nalezi zanét-
livé procesy - napf. zminéna PSC. Zanétlivé bunky jsou
asociovany s oxidativnim stresem, ktery mlze vést ke
genetickym mutacim, poskozeni DNA a inhibici DNA
repair enzymtl, nadpredukci vaskularniho endotelial-
niho faktoru (VEGF), coz mize zplsobovat angioge-
nezi a generovani cytokind, které vedou k vylouceni
apoptdzy a podpofe bunééné proliferace [47]. Kance-
rogeneze u cholangiogenniho karcinomu se tedy zu-
¢astiuji geny ovliviwjici bunécény cyklus a apoptézu.
Patii sem KRAS gen ovliviiujici mechanizmus bunéc-
ného ristu a diferenciace. Tento protoonkogen kon-
vertuje v aktivni onkogen bodovou mutaci v kedonech
12, 13 nebo 61. Frekvence vyskytu mutovaného genu
KRAS je v zavislosti na rase velice variabilni a ma také
vysokou geografickou variabilitu (napf. 50-56 % Vv ja-
ponské populaci pacienti s CC vs 0-8 % u thajskych
pacientl s CC). Je uvadén vetsi vyskyt mutaci u peri-
duktalnich a spikuldrnich karcinom( nez u ,mass for-
ming” tumord. Daldim vyznamnym tumorsupresorovym

Dbr. 10. Polysomie chromozomu 7, pouzita sonda
KREATECH Diagnostic, ON EGFR,
Her-1(7p11)/SE 7
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genem, ktery md zasadni vyznam v karcinogenezi
obecné, je gen TP53, K jeho inaktivaci mizZe dochazet
mutaci genu nebo deleci lokusu chromozomu 17p13,
na kterém je gen lokalizovan. Incidence mutace genu
TP53 u intrahepatélniho cholangiogenniho karcinomu
je 11-37 % a delece oblasti 17p13 38 % pfipadd. V po-
slednich studiich je prokazan také vyznamny vliv epi-
genetickych zmén na vznik cholangiogenniho karci-
nomu, které vedou k hypermetylaci promotorli mnoha
gent. S témito zménami byvaji asociovany predeviim
mutace genti IDH1 a IDH2 (kéduji izocitratdehydroge-
néazu), které byvaji pfitomny u 10-23 % cholangiogen-
nich karcinomu. Mutace IDHT a IDH2 genti vedou k nad-
produkci 2-hydroxyglutaratu, ktery se takto jevi jako
potencialni biomarker pro monitorovani terapie spe-
cifickymi inhibitory /DH mutace, které jsou v soucas-
nosti testovany na zvifecich modelech [47]. Ve studi-
ich cholangiogennich karcinomt jsou popisovany také
genetické a epigenetické zmény genu CDKN2A, ktery
je regulatorem inhibitorl cyklindependentnich kinaz.
Metylace CpG ostrivka v oblasti 5, ktera zpusobi inak-
tivaci genu CDKN2A, je piitomna v 54 %, alelicka ztrata
CDKN2A genu (lokus 9p21) ve 20 % a bialelickd delece
genu COKN2A u 5 % cholangiogennich karcinomi [45].
Aktivace genu EGFR koreluje s rekurenci tumoru a horsi
prognozou, také ERBB2 exprese je asociovana s pro-
gresi tumoru. Intracelularni mechanizmy maji za nasle-
dek aktivaci RAS-RAF-MAPK nebo COX2 signalini drahy.
Vyznamnou roli hraje pii vzniku cholangiogenniho kar-
cinomu také NOTCH signaini draha. U vétiiny cholan-
giogennich karcinoml dochazi k telomerazové akti-
vaci. Mikrosatelitova instabilita je malo frekventni [46].

Zaveér
Cholangiokarcinom je relativné vzacny nédor, ktery
ma pfiznivou prognézu pouze v pfipadé, ze je véas dia-
gnostikovan. Jen véasna diagndza umoznuje adekvatni
chirurgickeé fedeni jako v soucasné dobé jedinou efek-
tivni mozZnost Gspésné lééby pacienta. Pfi podezfeni na
cholangiokarcinom se jevi jako optimalni diagnosticky
postup nasledujici kombinace vysetieni:
= nativnia postkontrastni vydetfeni magnetickou rezo-
nanci (jehoz soucasti je i MRCP) a vysetfeni digitaini
subtrakénl angiografii
* yyie uvedené zobrazovaci metody je nutno doplnit né-
kterym z vySetfeni, ktera umoZniuji odbér vzorkd k his-
tologickému nebo cytologickému vysetfeni (ERCP, EUS,
PTC, IDUS, Spy-Glass)
senzitivitu i specificitu histologického a cytologického
vysetreni Ize zvysit vyuZitim molekularné cytogenetické
metody FISH (fluorescenéni hybridizace in situ), jejiz spe-
cificita dosahuje hodnoty aZ 97 %, senzitivita 98 %.
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