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AHHOTAIIUA

YpoTtenuaabHble KAPIIUHOMBI Y MOJIOZIBIX MAIIMEHTOB XapaKTEPU3YIOTCS CIeu(PUIECKUMH KIUHUKO-MOpdosioruye-
CKUMU U T€HETUYECKUMHU 0COOEHHOCTSIMU B OTJIMYHE OT MX aHAJIOTOB Y TIOKUJIBIX TAIIMEHTOB. IIPOBe/IEHO MOJIEKYJISIPHOE
poHINPOBAaHUE OIyXOJiel 56 MAalEHTOB MOJIOXKE 45 JIET C UCIIOJIb30BAHUEM METOZA IIBEICKUX HCCIIe/IoBaTeIel U3
yauBepcuteTa Lund, BriepBble ajaiTHPOBaHA MOJIEKY/IApHAs KiaccupUKaI¥s TPy uceaemaoBaTesieii Lund ¢ mpumene-
HHEM UMMYyHO(DEHOTUIIUPOBAHUS K KOTOPTE MOJIOZBIX AIIMEHTOB U IIPOJAEMOHCTPUPOBAHA YeTKas BOCIIPOU3BOIUMOCTh
MOJIEKYJISIPHBIX TIOJTUIIOB YPOTETHATBHBIX KAPIIHOM, BCTPEUYAOIIHUXCS B MOKUIION IPYIIE MAI[EeHTOB.

BBIsABJIEHO, UTO Y MOJIOZIBIX TTAIIIEHTOB IOCTOBEPHO MPe0bJIaiaeT ypOTeTMOMO00HBIH A TOATHIT paKa MOYEBOTO Iy3bI-
pa (78 %, p = 0.005), KOTOPBIH acCOUUPYeETCs ¢ paHHEH aTOJIOTUYECKOH CTaiuel, 61arONPUATHBIM IIPOTHO30M U HaW-
JIy4iiell BBKHBAeMOCThI0. BHYTpH ypOTEeHOIOT06HOTO TOATHIIA BhIZIeJIEH CHelUbUUeCKUl BAPUAHT OMyX0JHu (Tak Ha-
3piBaeMbiit CK5/6+/p16+) (7 %), oToinyaomuiics 1o UMMyHODEHOTUITHIECKUM U KITHHUYECKUM IIPU3HAKaM, UMEIOIIHHI
TEHJIEHIIUIO K 00Jiee arpecCUBHOMY OHOJIOTMUECKOMY MTOBEIEHUIO W, BEPOSITHO, OTPAXKAIOIIUH APYTOH MyTh MPOTPECCHHU
YaCTH YPOTETHATIbHBIX KAPIIMHOM B OTJIMYHE OT MTOKUJIbIX MAaIlieHTOB. YacToTa HeOIarOnPUATHBIX ITO/ITUIIOB (YPOTETHO-
11o100HBIN B, TeHOMHO-HECTaOUIbHBIH, 6a3a/IbHBIN/ TUIOCKOKJIETOUHO-T0I00HBIHN, Me3eHXUMAaIbHO-TI0ZI00HBIN) B MOJIO-
JIOH TpyIIiie cocTaBuia He 6osiee 6 %; OTMEUEHO UX MOSIBJIEHHE y TAIIMEHTOB CTaplie 30 JIET ¢ 3aBUCUMOCTbHIO, ITPOTIOPIU-
OHAJILHOU BO3pACTY.

BeInoJIHEHHOE MOJIEKYJIAPHOE MPOQUINPOBAaHUE PaKa MOUEBOTO Iy3bIPsI Y MOJIO/IBIX MAIMEHTOB II0KAa3aJI0 IMarHO-
CTUYECKYI0 3HAYHMMOCTh, BO3MOXKHOCTh ITPOTHOCTUYECKOU CTPATH(UKAIMOHHON OIEHKHU U, CJIEJIOBATEIBHO, IPAKTHYE-
CKYIO 11€71eC000Pa3HOCTb.

Karoueswte caosa: PaK MOYEBOTO IIYy3bIPA, MOJIEKYJIAPHBIE IIOATUIIBI, UMMYHOTHCTOXUMUSA, MOJIOAbIE ITIAITUEHTHI.

ABSTRACT

Urothelial carcinomas in young patients are characterized by specific clinical and morphological and genetic features
in contrast to their counterparts in elderly patients. Molecular profiling of tumors in 56 patients under 45 years has been
performed using the method of Swedish researchers from the Lund University, the molecular classification of the Lund
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group of researchers using immunophenotyping has been adapted to the cohort of young patients for the first time and
clear reproducibility of urothelial carcinoma molecular subtypes occurring in the elderly group of patients has been dem-
onstrated.

The urothelial-like A subtype of bladder cancer (78%, p = 0.005), which is associated with an early pathological stage,
a favorable prognosis, and the best survival rate, was found to significantly predominate in young patients. Within the
urothelial-like subtype, a specific tumor variant (so-called CK5/6+/p16+) (7%) was identified, differing in immunopheno-
typic and clinical features, tending to a more aggressive biological behavior and probably reflecting a different progres-
sion pathway of some urothelial carcinomas in contrast to the elderly patients. The frequency of adverse subtypes (uro-
thelial-like B, genomically unstable, basal/squamous cell-like, mesenchymal-like) in the young group was not more than
6%; their occurrence in patients over 30 years of age with an age-proportional dependence was noted.

The performed molecular profiling of bladder cancer in young patients showed its diagnostic significance, possibility

of prognostic stratification and, therefore, reasonable practicality.

Keywords: bladder cancer, molecular subtypes, immunohistochemistry, young patients.

BBEJEHUE

VYporenuanbHble KapIIUHOMBI MOUEBOTO ITY3BIPS
(YKMII) — 31O reTeporeHHOe 3a00J1€eBaHUE, B OCHO-
Be KOTOPOTO JIesKAT pa3INIHble MOJIEKY/IAPHBIE IIyTH
KaHIleporeHesa, YTo N03BoJisgeT AudepeHupoBaTh
MOJIEKYJISIPHBIE TIOATHUIIBI STHX OIYXOJIEU CO CHEIU-
(pryeckuMu KIMHUKO-MOPMOIOTHIECKUMU U IIPO-
THOCTHYECKUMHU XapakTepuctukamu [1-5]. Hecmo-
TP HAa TO, YTO BO3PACTHAS TUIIOTE3A U KIIMHIIECKOE
[IOBeJIEHUE PaKa MOYEBOTO IIy3bIPs Bee ellle 00CyK-
JTaeTCsl, OIYXOJIM Y MOJIOZIBIX TAI[IEHTOB UMEIOT Te-
HeTUYecKre 0COOEHHOCTU II0 CPAaBHEHUIO C MX aHa-
JIOTaMU Y HMOKWIBIX MAIlUEHTOB, YTO OTPa’KaeTcs B
ux OrosiornueckoM rnosefieHuu. [1o TaHHBIM HEKOTO-
PBIX aBTOPOB OILYXOJIH Y MOJIO/IBIX ITAITIEHTOB XapakK-
TEpU3YIOTCS HU3KOM YaCTOTOM MyTaluil TeHOB
FGFR3, TP53, mOCTaTOYHON T€HOMHOM CTabWIHHO-
cThi0, marueHTsl ¢ YKMII umeroT 61aronpusTHBIN
IIPOTHO3 BBIKUBAEMOCTH, HU3KYIO YACTOTY PeIuu-
BOB, 9TU OIIyXOJIU YaIlle BCETO IOBEPXHOCTHHIE U
HU3KOH CTENEeHN 3JI0KauecTBeHHOCTH [6—8]. Ipyrue
aBTOPBI COOOIAIOT, YTO IIOBEPXHOCTHBIE KapIIMHO-
MBI Y MOJIOJIBIX TTAIIEHTOB Yallle PelUIUBUPYIOT [9].

B nocnennee necAarwierne HaKOIIeHA HHOPMA-
U1 OTHOCHUTEIBHO MOJIEKYJISIPHOTO IIPO(UINPOBA-
HUSL YPOTEJHAJIbHBIX KApPIUHOM U IPEIJIONKEHBI
passuuHble KIaccHu(pUKAIMOHHBIE CHUCTEMBI, OXBa-
THIBAIOI[e B IIEPBYI0 O4Yepesb  MBIIIETHO-
WHBa3UBHbBIE OMyX0JH [1—3, 10—14]. B MupoBoii Ha-
VYHOU JIUTEPATYPE CYIIECTBYET 4 CUCTEMBI KJIACCH-
(ukanuit MOJIEKyJISIPHBIX MOATUIIOB paKa MOYEBOTO
my3bips [15]: TCGA — Atiac reHoma paka, Lund —
Yausepcurera Jlynna, UNC — Yuusepcurera Ce-
Bepuoii Kaposuust 1 MD Anderson — PakoBoro
neHTpa Aazepcona (puc. 1) [2, 3, 10, 11, 16]. YueHbIe
IIPUIILTN K COTJIAIIIEHUIO O CYIIECTBOBAHUH 2 OCHOB-
HBIX MOJIEKYJIIPHBIX KaTErOpUi KapIuHOM: 6a3aib-
HOU U JIOMUHAJIBbHOU, B 3aBUCUMOCTH OT Ipeobsia-
Jamomel skcnpeccuu AuddepeHIPOBOYHBIX Te-

INTRODUCTION

Urothelial carcinomas of the bladder (UCB) are a
heterogeneous disease based on different molecular
pathways of carcinogenesis, which allows differenti-
ating molecular subtypes of these tumors with spe-
cific clinical and morphological and prognostic char-
acteristics [1—5]. Although the age hypothesis and
clinical behavior of bladder cancer is still under de-
bate, tumors in young patients have genetic features
compared to their counterparts in older patients,
which are reflected in their biological behavior. Ac-
cording to some authors, tumors in young patients
are characterized by low frequency of FGFR3, TR53
genes mutations, sufficient genomically stable, pa-
tients with UCB have a favorable survival rate, low
recurrence rate, these tumors are often superficial
and low degree of malignancy [6—8]. Other authors
report that superficial carcinomas recur more fre-
quently in young patients [9].

In the last decade, information regarding mo-
lecular profiling of urothelial carcinomas has been
accumulated and various classification systems
have been proposed, covering primarily muscle-in-
vasive tumors [1—3, 10—14]. In the world scientific
literature, there are 4 systems of classification of
molecular subtypes of bladder cancer [15]: TCGA —
Cancer Genome Atlas, Lund — the Lund University,
UNC — the University of North Carolina and MD
Anderson — the Anderson Cancer Center (Fig. 1) [2,
3, 10, 11, 16]. Scientists have agreed on the existence
of 2 main molecular categories of carcinomas: basal
and luminal, depending on the predominant ex-
pression of differentiation genes. The MD Ander-
son system additionally distinguishes an intermedi-
ate “p53-like” subtype containing both basal and
luminal features. In TCGA, a neuronal subtype is
distinguished. A group of researchers from the
Lund University have subclassified a group of lumi-
nal tumors based on differences in expression levels
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Lund
JIIOMUHaIbHBII Bagasnbubrii/ HeiiposHJ0KpUHO-
. IJIOCKOKJIETOUHBII MO/I00HBIH
Luminal . , .
Basal/squamous cell-like Neuroendocrine-like
Yporennonoqo6HbIH T'eHOMHO-HECTaOMIIBLHBIN | | basanbHbIH/MI0CKOKIETOYHBIH
Urothelial-like Genomically unstable Basal/squamous cell-like
A B C T eHOMHO-HECTAGHIBHEL BazasbHbrii/ TUTOCKOKTICTOUHBIE
Genomically unstable HH(bHHprHpOB.aHH.HH
Basal/squamous cell-like infiltrated
T'eHOMHO-HeCTaOUIbHBIN .
" MeseHXuMaIbHO-II0A00HBII
MHOWIBTPUPOBAHHBIN L Mesenchvmal-like
Genomically unstable infiltrated y
TCGA
o N BazanpHbIil/ Heii .
rounHa b mtocKoweTow effporatonpi
Basal/squamous cell-like
JIIOMUAHAIBHBIA T an . JIIOMUHAJIbHBIA
o MU H bHbIN "
AU PHBII Luminal MHOUIBTPUPOBAHHBIN
Luminal papillary Luminal infiltrated
UNC MD Anderson
JIrOMUHAIBHBIH BazanbHBII JIIOMAHAIBHBIA P53-I107I00HBIH BazaynbHbII
Luminal Basal Luminal p53-like Basal
BazanpHbII Kiaymna-HU3KHUH
Basal Claudin-low

Puc. 1. CxemMa MOJIEKYJIAPHON TAKCOHOMHUU PaKa MOUYEBOTO My3bIPs
(Lund — Lund Research group, Yausepcurer JIyaaa (IllBerust); TCGA — ATac reHOMa paka;
UNC — Yuusepcuret CesepHoit Kaposimasr; MD Anderson — PakoBsiit ieHTp AH/iepcoHa [17]
Fig. 1. Diagram of molecular taxonomy of bladder cancer
(Lund — the Lund Research group, the Lund University (Sweden); TCGA — the Cancer Genome Atlas;
UNC — the University of North Carolina; MD Anderson — the Anderson Cancer Center [17]

HOB. Cucrema MD Anderson [IOIOJIHUTEIBLHO BBIJiE-
JISIET TIPOMEIKYTOUHBIH «P53-II0I0OHBIM» ITOATHII,
cozieprKauil U 6a3aybHble, U JIIOMUHAJIBHBIE TTPU-
sHaku. B TCGA BbiessieTcss HEUPOHAIbHBINA IO/~
tun. ['pynma wucciaenoBaresieli U3 YHHUBEPCHUTETA
Jlyana cybkimaccudunupoBaia TPyIny JTIOMUHATb-
HBIX OIIyXOJIeH Ha OCHOBAHUM PA3JIMUHUI YPOBHEH
SKCIIPECCUU TE€HOB, PETYJUPYIONIUX KJIETOUHBIH
UK, HA 2 TOJITUTA: YPOTeIUonoaooHbid (Ypo) u
reHOMHO-HecTaOWIbHBIH. B Gostee mo3gumx paboTax
OHHU TTOIPA3/IEIUIIN IEPBBIH U3 HUX HA YPOA, YPOAT
(mporpeccust YpoA), YpoB, orTsinuaroruii 60siee BbI-
pakeHHOU 6a3aJBHO-IIJIOCKOKJIETOUHOH audde-
peHIUpPOBKOH, 1 YpoC, UMeNnil HEKOTOPOE CXO/I-

of genes regulating the cell cycle into 2 subtypes:
urothelial-like (Uro) and genomically unstable. In
later works, they subdivided the former into UroA,
UroAp (UroA progression), UroB, distinguished by
more pronounced basal-squamous cell differentia-
tion, and UroC, which has some similarity to the
genomically unstable in gene expression. A group of
Lund scientists also proposed a technique for sub-
classifying molecular subtypes of bladder cancer
using immunohistochemical methods, showing suf-
ficiently high concordance between mRNA expres-
sion and surrogate immunohistochemical markers
to determine major subtypes. It should be noted
that this classification has been worked out on a co-
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CTBO C T€EHOMHO-HECTAOWIbHBIM IO SKCIIPECCHH Te-
HOB. Taxoke rpyniia yueHsix JIyH/a ipejio»kuiia Me-
TOAMKY CYyOKJIacCU(MUKAIINN MOJIEKYJISIPHBIX TTO/ITH-
IIOB paKa MOYEBOTO ITy3bIPs C TOMOIIBI0 MMMYHOTH-
CTOXUMUYECKOTO METO/Ia, IT0KA3aB IOCTATOYHO BHI-
COKYI0 KOHKODJAHTHOCTh MEXKAy OKCIIpeccuei
MPHK u cypporarHbIMu MMMYyHOTHUCTOXUMHUYECKH-
MM MapKepaMH JUIsl YCTAaHOBJIEHUS OCHOBHBIX IIOJ[-
TunoB. Cyie/lyeT OTMETHUTD, YTO JJAHHAA KJIacCHpUKa-
us1 0TpabaThIBAIaCh HA KOTOPTE ITOKIJIBIX ITAITEH-
ToB. Cpemu 6a3abHO-TUIOCKOKJIETOUHOU TPYIIIBI
OIIyXOJIeH TaKKe BBIZIEJIEHBI CeIu(pUIecKre Mojie-
KyJISIpHBIE TIOJITUIIBI PA3HBIMU T'PYIIIAMHU HCCIIEN0-
Batesel. Tak, yueHole YHuBepcurera CeBepHoit Ka-
POJIMHBI BBIJIEJIAIOT TaK HAa3bIBAEMBIH KJIAYIUH-
HU3KWH MOATHUI HA OCHOBAHUU HU3KOHN SKCIIPECCHH
KJIQyZANHOB, CPABHUTEJIBHO BBICOKOM 3KCIIPECCHH
UMMYHHBIX MapKepoB U aMIUTU(QUKAIUK TeHa
EGFR. Cucrema Jlynzaa BeizenseT cpeau 6a3aabHO-
IJIOCKOKJIETOYHOTO KJjlacTepa 0aszasbHble/IIIOCKO-
KJIETOUHble MHQUIBTPUPOBAHHBIE OIYXOJIHU, OTJIU-
Jauecs 3HAYUTEIbHON SKCIIpecCrell NMMYHHBIX
MapkepoB. Takke sTa cucremMa OTBesa MECTO UL
Me3eHXUMAaJIbHO-TI0/TOOHOTO TIOJITUIA, XapaKTepHu-
3YIOIIETOCSI  BBICOKOM  JKCIpeccuell  MapKepoB
SIIUTETNAIHPHO-ME3eHXUMAaJIBHOTO I1epexo/ia.
Yposnorunueckuit Koncencyc 2019 T., CyMMUPOBaB
JIaHHble aHAJIM3a Pa3HBIX TPYII HCCIIeZOBATENeNH,
IPUHSUI IIECTh MOJIEKYJISIPDHBIX TIOATUIIOB CPeu
MBIIIEYHO-UHBA3UBHBIX ~ YPOTEJIMAJIBHBIX — KapIh-
HOM — JIIOMHUHAIBHBIN HATWLIAPHBIN, JTIIOMHHAb-
HBIA HecHeru(PUUHBIN, JIIOMUHAIBHBIA HECTAOWITb-
HBIH, «C IpeobIalaHueM CTPOMBI», Oa3aIbHBIH/TLI0-
CKOKJIETOUHBI W HEHPOSHIOKPUHO-TIOA00HBIN [15,
17]. Bpuio OTMeueHO, UTO JaHHAA KIaCCHPUKAIUA
KOPPEJIUPYET ¢ KaXKABIM MOJIEKYJISIPHBIM ITOATUIIOM
HWCXOIHBIX KJIACCU(PUKAMMOHHBIX crucreM. OImyxoym
JIIOMUHAQIBHOTO KJIACTEPA, BKJIIOYAIOIITE TP OATH-
na (JIIOMUHAJIBHBIN HNATWULSIPHBIA, JIIOMUHATBHBIN
Hecrelu(UIHBIA U JIIOMUHAJIBHBIA HECTAOUIbHBIN),
CBEPXIKCIIPECCUPYIOT CHUTHATYPBI  YPOTETHAIBHOH
b depeHITIPOBKY, UTO COTJIACYETCA C TAKCOHOMUEN
yporesinonono6Horo noaruia Lund. Hamporus, ory-
X0JI1 0a3aIbHOTO/TIJIOCKOKJIETOYHOTO W HEHPOIH/IO-
KPUHOIIOJJOOHOTO  TIOZITHUIIOB CBEPXJKCIIPECCUPYIOT
0azaybHbIE U HEHPOIHIOKPUHHBIE MaPKEPBI COOTBET-
ctBeHHO. [lomumo uddepeHITUPOBKU ypOTEus,
OTIyXOJTH JIIOMUHAJIBHOTO KJIACTEPa Pa3/IMYAIOTCS 110
JIPYTUM MOJIEKYJIIPHBIMY IPU3HAKAMU: OILyXOJIH JIFO-
MHUHQIBHOTO NAMJUIIPHOTO ITO/ATHIIA, Yallle HEMHBa-
3UBHBIE, ACCOIMUPOBAHbBI C TPAHCKPUIIIIMOHHOU aK-
tuBHOCTHI0O FGFR3; B slroMuHasIbHOM HeceruuITy-
poBaHHOM TOATHIIE TIpeobsasiaeT WHOUIBTPAIHA
CTPOMBI, B OCHOBHOM (uOpO6IacTaMu; JIIOMUHAb-

hort of elderly patients. Among the basal/squamous
cell group of tumors, specific molecular subtypes
have also been identified by different groups of re-
searchers. For example, scientists at the University
of North Carolina distinguish the so-called claudin-
low subtype on the basis of low claudin expression,
relatively high expression of immune markers, and
EGFR gene amplification. The Lund’s system dis-
tinguishes basal and squamous cell infiltrated tu-
mors, which are characterized by significant ex-
pression of immune markers, among the basal/
squamous cell cluster. Furthermore, this system
has reserved a place for the mesenchymal-like sub-
type characterized by high expression of epithelial-
mesenchymal transition markers.

The 2019 Urology Consensus, summarizing
data from analyses by different groups of research-
ers, adopted six molecular subtypes among mus-
cle-invasive urothelial carcinomas — a luminal
papillary one, a luminal nonspecified one, a lumi-
nal unstable one, a strom-rich one, a basal/squa-
mous-cell one, and a neuroendocrine-like one [15,
17]. It was noted that this classification correlated
with each molecular subtype of the original classi-
fication systems. Luminal cluster tumors including
three subtypes (luminal papillary, luminal non-
specified, and luminal unstable) overexpress uro-
thelial differentiation signatures, which is consis-
tent with the taxonomy of the urothelial-like Lund
subtype. In contrast, tumors of the basal/squa-
mous cell and neuroendocrine-like subtypes over-
express basal and neuroendocrine markers respec-
tively. In addition to urothelial differentiation, lu-
minal cluster tumors differ in other molecular fea-
tures: luminal papillary subtype tumors, more of-
ten noninvasive, are associated with FGFR3 tran-
scriptional activity; the luminal nonspecified sub-
type is dominated by stromal infiltration, mainly
by fibroblasts; the luminal unstable subtype is
characterized by increased expression of cell cycle
genes. Stroma-rich tumors demonstrate an inter-
mediate level of urothelial differentiation and
mainly overexpression of smooth muscle, endothe-
lial, and myofibroblastic markers.

Now, despite the obvious informativeness for on-
cology, the implementation of molecular classifica-
tions into routine use has been being hampered due
to the complexity and high cost of the mRNA expres-
sion evaluation. Nevertheless, several researchers
have attempted to adapt surrogate immunohisto-
chemical markers for molecular profiling of bladder
cancer.
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HBIN HeCTaOWJIbHBIH ITOATUIT XapaKTEPU3YETCs TOBbBI-
[IEHHOH SKCIIPECCUEN FeHOB KJIETOYHOTO ITuKIIa. Omy-
X0Ju ¢ TpeobiazaHueM CTpoMbl (stroma-rich) me-
MOHCTPHUPYIOT IPOMEXKYTOUHBIH YPOBEHBb YPOTEJIU-
abHOU AU dEPEHITMPOBKH 1, B OCHOBHOM, CBEPXJK-
CIIPECCUI0 TJIAIKOMBIIIIEYHBIX, JHAOTEIUABHBIX H
MHOMUOPOOIACTHIECKUX MAPKEPOB.

B Hacrosee BpeMs, HECMOTPs HA OYEBUIHYIO
nHGOPMATUBHOCTH JIJIs OHKOJIOTUH, BHEJIDEHUE MO-
JIEKYJIIPHBIX KJIACCU(MUKAINN B PyTUHHYIO ITPAKTH-
Ky TOPMO3UTCS HM3-32 CJIOKHOCTH U JOPOTOBU3BHBI
MeTonuku oneHku skcnpeccun MPHK. Tem He me-
Hee PAJIOM HCCIJIeIOBATeNIeH PeINPUHATHI IOIBIT-
KU aJlaliTalliy CyppPOraTHBIX NMMYHOTHCTOXUMUYe-
CKHX MapKePOB JIJIsI MOJIEKYJIIPHOTO ITPO(UIUPOBa-
HUS paKa MOYEBOTO IIy3bIps.

[TprHUMAas BO BHHMaHHe pe3yJbTaThl IIPOBe-
JIEHHBIX UCCJIEZIOBAHUH MOJKUJIBIX MMAITIEHTOB U BO3-
PpacTHYIO THIIOTE3y paKa MOYEBOTO ITy3bIPsI, B HAIIIEM
HCCIeIOBAHUH MBI IPUMEHUIN METO/, MOJIEKYJISP-
Horo npoduaupoanus Lund paka MOYeBOTO ITy3bI-
PA ¢ UCIIOJIB30BAHUEM CYPPOTaTHBIX UMMYHOTHCTO-
XUMUYECKUX MapKepOB U IPEANPHHSUIN IOIBITKY
aJanTUPOBATh €0 K MOJIOZIOH TPYIIIe MAIEHTOB.

IHEJIb NCCJIEJOBAHUA

Kimmauko-mopdosornueckoe 000CHOBaHHE MO-
JIEKYJISIPHOTO MMPO(UINPOBAHUSA PaKa MOYEBOTO IIy-
3BIps Y MOJIOZABIX ITAIIUEHTOB.

MATEPUAJIbI 1 METO/AbI

Obwas xapaxmepucmuka nayueHmos U KAuHu-
Ko-mopgonoauueckue oavHvle. [IpoBesIeHO peTpo-
CIIEKTUBHOE (2010—2019 TIT.) HCCJIEJIOBAHUE Ollepa-
IIMOHHOTO MaTepHuaJa, IoJy4eHHOTO IIPU TPAHCype-
TPaJIbHOU PE3EKINU U PATUKATIBHON IUCTIKCTOMUM
y 56 MaIueHTOB MOJIOKE 45 JIET C YPOTETHATIbHBIMU
KapIHHOMAaMH MOYEBOTO IIy3bIPs U3 TPEX IPOPUIb-
HbIX JieueOHBIX yupexaenuii (Caukt-IlerepOypr-
CKUU KJIMHHUYECKUH HAyYHO-IIPAKTUYECKUH IEHTP
CHEIUATM3UPOBAHHBIX BUIOB MEIUIIMHCKON TIOMO-
mu  (OHKOJIOTHYECKHUU), TOPOJCKON OHKOJIOTHYe-
ckuii gucnancep r. Cankr-Iletepbypra, TopoacKoi
OHKOJIOTUYECKUH AucnaHcep r. FiBaHoBo) (Tabur. 1).

HcenemyeMyto rpyIiny ObLIO PeIieHO pas/iesUuTh
Ha TPHU BO3PACTHBIE HOATPYIIIBI /I CTATHCTHIECKO-
r0 aHa/IN3a: MOATPYIIa 20—29 JieT (cpefHee 3HaUe-
HHe 27.1 Tofa) BKJIYaa 10 manueHTos (18 %); mox-
rpynna 30-39 Jier (cpemHee 3HaueHHWE 34.6 r07a)
BKJIIOUa/Ia 30 ManueHtoB (53 %); moArpymmna 40—
44 ronma (cpemHee 3HAUEHUE 42.0 TO/A) BKIIOUAIA
16 marueHToB (29 %). CpeHee BO3pACTHOE 3HAUEHUE
B ucciaenyeMol rpymme 35.5 roxa. CooTHOIeHUe
MY>KUHWH U JKEHIIUH 3 : 1. B Kask/10M oryxosieBoM 00-

Taking into account the results of the conducted
studies of elderly patients and the age hypothesis of
bladder cancer, in our study we applied the Lund
method of molecular profiling of bladder cancer us-
ing surrogate immunohistochemical markers and
made an attempt to adapt it to a young group of pa-
tients.

AIM OF THE RESEARCH

A clinical and morphological rationale for molec-
ular profiling of bladder cancer in young patients.

MATERIALS AND METHODS

General characteristics of patients and clinical
and morphological data. A retrospective (2010-—
2019) study of the operative material obtained dur-
ing transurethral resection and radical cystectomy in
56 patients under 45 years of age with urothelial car-
cinomas of the bladder from three specialized medi-
cal institutions (the St. Petersburg Clinical Scientific
and Practical Center for Specialized Types of Medical
Care (Oncologic), the City Clinical Oncological
Health Center (St. Petersburg), the City Oncological
Health Center (Ivanovo)) has been performed
(Table 1).

It has been decided to divide the study group into
three age subgroups for statistical analysis: the 20—
29 years subgroup (average value 27.1 years) includ-
ed 10 patients (18%); the 30—39 years subgroup (av-
erage value 34.6 years) included 30 patients (53%);
the 40—44 years subgroup (average value 42.0 years)
has included 16 patients (29%). The average age in
the study group was 35.5 years. Male to female ratio
is 3 : 1. The following morphological features have
been assessed in each tumor specimen: histological
pattern, invasion pattern, degree of malignancy, in
situ component, and pathological stage. The distri-
bution of patients according to tumor stage and de-
gree of malignancy is shown in Fig. 2. Most of the
cases of low-grade non-muscle invasive carcinomas
had urothelial morphology, and in the 20—29 years
old subgroup, all tumors had this morphology and
were non-muscle invasive. Invasive tumors were de-
tected in subgroups of age 30—39 years (7 cases) and
40—44 years (7 cases); in these subgroups, tumors
showed different histological differentiation (urothe-
lial with squamous cell differentiation, with signet
ring cells, glandular structures, and low-differentiat-
ed and undifferentiated types, including rhabdoid,
chondroid differentiation). A catamnesis was avail-
able in 49 patients and has included a period of 5 to
84 months, a median of 36 months (average value
37.6 £ 2.9 months). In the 20—29 years subgroup,
local relapse occurred in 1 case (2%) 24 months after

86

Journal homepage: http://jsms.ngmu.ru



Meshcheryakov LA. et al. / Journal of Siberian Medical Sciences 3 (2021) 82—104

8% — umomyu)
8T — OHIOFEUIL]

C — S9x

¢ —eyf

9% — ON

95/¢ 9§ /11 9g — 1LOH

IT — umowyun

1T — OHIJ9EEUIH

T—eyf

T —Sox

¥ —OoN

91/T 91/S ¥ — 1oy

€1 — umowyup
€T — OHLOENOH

(6) S — [erEIOIN-UON
(6) § — mangIrenroLodAoHq
(3) T — s[[o0 SuL1 19USIS YUM [BI[PUI0I()

(3) T — MIWBMIAIA MINI9HIMEoHLOdSI O NI9HAIeUIRLOd (pro s1eak
(TT) 9 — UONRNIUSISYIP [[99 snowenbs 1M [eray101N g)r1—tid G-G6¢ —o3e
(Mo (8)1—¢1d a8e1aaR) 10T,

— poMgodunnHodapPu HOHEOWREND 00 UITHILRUILRLOA (8) T — paxIN (9)€—zg1d (erox §-G¢
(84) v¥ — [ereyoIn (9€) 12 — ySig (o) —r11d — Loedeod

(84) Vv — nianarrenrarod g (e9) e —mo1 (0L)ovr—erd  (Se/SL)ti/eh (001) 9§ wuuHIadd) o2a0g

(L) ¥ — (snosuago1010y Surpnjour) [RIPYI0IN-UON
(L) ¥ — (1anHa10do1aa 91r0Uh WOL €) UIIHAIeUIRLOdAoH

(9) € — uonenuUAILYIp [[99 snowrenbs YIM [RI[PYIOI) (@)1 —*t1d
9 e (@)r—¢1d (pro s1eak 0°ct)
— pogodunnHodapPul HOHEOWREND 00 UITHILBULRLOd £ (8) T — poxIN (¥)e—ze1d Yr—ob o8y
(91) 6 — [RIPYIOLN (91) 6 — Y31 (9 €—11d (exo1 0'gh)
(91) 6 — urgHAaIrenIdLOd £ ()9 —mo1  (91)6 —erd (v/Se) e/t (62) o1 errox ty—ob

(2) T — [BI[EI0IN-UON

(8) T — mgHaIrenIrdLodAoq

(2) T — S[[e0 SuLI 19USIS M [BI[PYI0IN)

() T — MIWBMISIN MWIIHIUEOHLOdRI O MIIHAIeHLRL0d £
(¥) T — uonenuaIajIp [0 snourenbs YIIMm [eI[SI10I)

T —Sox F)e (po s1eak 9'1E)
1 —e]f — noxgodunHodoPul HOHEOWREND 00 UITHILBUILRLOA £ (@) 1—21d 6¢—0€ 93y
9T — ON (SY) 9T — [erpepOIN (S1) 6 — ySIH ()9 —r11d (ero1 9v¢)
o€/t 0g/S 9T — IdH (SY) 9z — manqrenioLod £ (8¢) 1 —mo1 (ob) €z —erd (91/9€) 6/18 (€9) o€ Iarr 6€—0€
(3) T — UONRNUAIDHIP [[99 snowrenbs [3M [eI[PYI0I)
¥ — umowyun (@)1 (pro s1eaf 1°£2)
¥ — onidegeno — yoxgodultHodaPur HOHEOWREND 00 MIIHIIBUIRLOd 6c—0t 93y
9 —ON (91) 6 — [RIPYIOLN (%) € — yStg F)e—r11d (eXoa11°L3)
or/o or/t 9 — IdH (91) 6 — urgHAIrenIdLOd £ (€r)L—mo1  (S1)g—eld (S/€n) €/L (gr) ot 191 62—0¢T
%) (onfea a3eI10AR)
0.
sosels TR T fnuenb — opers) (%) A&anuenb (%) orewsy (%) seseo  sdnoa3qns a8y
e osdepy PLHOHOMNON (%) &nuenb — urened [eor3o[oisiy Jowmy, : o) OE-10M —o8eis I d  /o[ewl :Iepusy  JO IeqUINN (oMHOhRHE
M9eRLd  dUHIRJ (%) 09-1r0M — UIOXATI0 HAOLLRII HIIOShUIOOLOM, ] (96) o8- (%) og-1rox (%) UIDIOHXK  (9) 99BhAID 99HIadd)
NJ1S Ul SUBUIRH] - — (9pel1nH) UIOOHHIE P
RAR) — purerd Id /HOMONKAW O[] 049-1r0} [qunAdiron
-109hEBNOLE IHIIALY) °
slHIdRdEOg

s1iown] Jo ejep [edrsojoydiow pue [eorul pue spuanied Jo sonsuLioRIRy) T J[qR],
HUAIrOXAIIO 9I9HHBY 9MMI9hUIOL0(PdON-0MUHHIN U d0LHUIIRN euLondaredey °T eIUIrQR],

87

Journal homepage: http://jsms.ngmu.ru



Mewepsxos H.A. u dp. / Journal of Siberian Medical Sciences 3 (2021) 82—104

A

9% 100 —

20—29 JieT / years 30—39 JieT / years

9% 100

75
75 - 72

25

20—29 JieT / years 30—39 JieT / years

B Ta
B
[] T2
E T3
B T4

40—44 ronia / years

[0 High-grade
B Low-grade

[] Mixed (low/high)

40—44 ronia / years

Puc. 2. PacnipeziesieHne onyxoJield o craguu (A) U cTerneHu 3J10KkauecTBeHHOCTH (B)
Fig. 2. Distribution of tumors by stage (A) and degree of malignancy (B)

Ppasiie OIEHUBAINCH CIIEAYIONTHE MOP(hOJIOTUIECKHE
[IPU3HAKHU: I'MCTOJIOTHYECKUH [IATTEPH, IaTTEPH HH-
Ba3UH, CTEIIEHb 3JI0KA4eCTBEHHOCTH, HaInuue in situ
KOMITOHEHTA, IIaTOJIOTHYeCKas CTaausa. Pacrpenaesre-
HYE MAIUEeHTOB 110 CTAUU OIYXOJIM U CTEIIEHH 3JI10-
KauyeCTBEHHOCTH IIPUBEIEHO Ha PUC. 2. BOJIBIIMHCTBO
CJIydaeB MBIIIEYHO-HEMHBA3UBHBIX KAPIIUHOM HU3-
KOH CTEIleHH 3JI0KaYECTBEHHOCTH HUMEJIH YPOTEJIH-
aJIbHYI0 MOP(OJIOrHIo, MPUYEM B IOATPYIIE 20—
20 JIeT BCE OIyXOJIM UMEJIH TaKylo MOP(OJIOTHIO U
ObLIM  MBIIIEYHO-HEMHBA3UBHBIMYA. VIHBa3UBHbIE

diagnosis without evidence of metastasis (follow-up
period amounted 5 to 48 months, the average value
was 25.2 + 5.3 months, the median was 24 months).
In the subgroup of age 30—39 years, 5 patients have
had local relapse (follow-up period 8—49 months),
one of them registered progression in the form of
lung metastasis (follow-up period 5-49 months). In
the 40—44 years subgroup, local relapses have oc-
curred in 5 patients (follow-up period 5—60 months);
two patients from this subgroup have been diag-
nosed with metastases (follow-up period 24-60
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OIIyXOJIY BBISABJIAIN B MOATPYIIAX 30—39 JieT (7 ciy-
yaeB) U 40—44 roza (7 cjiydaeB); B 3THX HOATPYIIIAX
OTIYXOJIU JIEMOHCTPUPOBAIN PA3TUUYHYIO THUCTOJIOTH-
yeckylo auddepeHIupoBKy (YPOTEJHATBHYIO CO
CKBaMO3HOU u(HepeHITuPOBKOM, C IEPCTHEBUTHBI-
MU KJIETKaMHU, TJIAH/Y/IIPHBIMU CTPYKTYPaMH, a TaK-
’ke Hu3Koud depeHIpoBaHHble U HeiupdepeHn-
pPOBaHHBIE THUIIBI, BKJIIOYAIOIIHE PAOIOUIHYIO, XOH-
npousHyio auddepeHIupoBky). Katamues 661 /10-
CTYIIEH Y 49 MAIMEHTOB U BKJIIOYUAJI IEPUOJ OT 5 /10 84
Mec, MeziiaHa 36 mec (cpemHee 3HaueHHe 37.6 + 2.9
Mec). B moxrpymnme 20-29 JjieT MECTHBIH PEIUUB
HMMeJT MeCTO B 1 cirydae (2 %) yepes 24 Mec IocJIe o-
CTaHOBKH JIMarHO3a 6e3 MPHU3HAKOB MeTacTa3upOBa-
Hus (repuo HabTIoeHus 5—48 Mec, cpeiHee 3HaUe-
HUE 25.2 + 5.3 Mec, MeJinaHa 24 Mec). B moarpyrmrme
30—39 JIET Y 5 MAIMEHTOB CIIYYUJICS MECTHBIA pely-
nuB (nepuoy Habio/IeHusT 8—49 Mec), Y OJTHOTO U3
HUX 3aPETUCTPUPOBAHO IPOTPECCHPOBAHUE B BHUE
MeTacTasa B JIETKOM (Tiepro/1 HabJIIo/IeHUs 5—49 MeC).
B moarpytie 40—44 rojia MECTHBIE PEITUIUBBI HUMEJTH
MecTo y 5 TanueHToB (mepuoy; HaOII0AeHus
5—60 Mec); Yy IBOUX HAIUEHTOB U3 3TOU MOATPYIIIIHI
JIMaTHOCTHUPOBAHBI MeTacTa3bl (Iepuoy HabJIr0/IeHH
24—-60 Mec, cpeiHee 3HaUeHNe 42 + 18 Mec, MeJlnaHa
42 Mec), y OZTHOTO U3 HUX — C JIETAJIbHBIM HCXO/IOM.

Bce MukpoImpenapaThl, OKpaleHHbIe TeMaTOKCH-
JIMHOM ¥ 503WHOM, OBLTH MMPOCMOTPEHBI U COOTBET-
CTBYIOIIMM 00Opa3oM olieHeHbl. CTeleHb 3JI0Kade-
CTBEHHOCTH W IIATOJIOTUYECKass CTaAMsA OIpemesis-
JIUCH B COOTBETCTBHU ¢ Kiaccupukanueid TNM 8-ro
mepecMorpa [18].

HmmyHogeHomunuposaHue u 0ONOAHUMEAbHbLe
Mmemoobt uccaredosaHusl. VIMMYHOTHCTOXMMHUYECKOE
HCCJIEZIOBAaHUE ITPOBOAWIOCH HA HMMYyHOCTEHHEpe
Ventana BenchMark XT 110 06IIeIIpHHATOR METOIUKE
Ha JernapadWHU3UPOBAHHBIX Cpe3ax TOJIIUHOM
3—5 MKM, PaCIOJIO’KEHHBIX Ha IOJIOKUTEJIHHO 3apsi-
JKEHHBIX CTEKJIaX, COTJIACHO MTPOTOKOIaM (pUPM-IIPO-
u3Bojuresied. [IpuMeHeHa MOATHII-CHEIU(pIIECKast
MaHeJIb aHTUTEJ, PEKOMEH/IOBaHHAsI HCCIIe/I0BATE IS
mu Lund Bladder Cancer Research Group, xoropast
BrTrouasia 22 anruresa: CCNB1 (Y106; 1: 400, Abcam,
Cambridge, England), CCND1 (SP4; 1 : 200, Cell
Marque, Rocklin, CA), CDKN2A/p16 (E6H4; RTU,
Ventana, Oro Valley, AZ), E2F3 (PG30; 1 : 200,
Abcam), HER2/neu (4B5; RTU, Ventana), EPCAM
(Moc-31; 1 : 150, Cell Marque), FGFR3 (Bo; 1 : 125,
Santa Cruz Biotechnology), FOXA1 (2F83; 1: 200, Cell
Marque), GATA3 (L50-823; 1 : 200, Cell Marque),
KRT5/6 (D5/16B4; 1 : 200, Cell Marque), KRT14
(LLoo2; 1 : 150, Innovative Diagnostik-System),
KRT20 (Ks20.8; 1 : 200, Cell Marque), RB1 (4Hz;
1 : 800, Cell Signalling Technology), SYP (MRQ40;
1: 200, Cell Marque), TP63 (DAK-p63; 1 : 200, Dako),

months, with average value 42 + 18 months, median
42 months), one of them with a fatal outcome.

All hematoxylin and eosin stained microslides
have been reviewed and evaluated accordingly. The
degree of malignancy and pathological stage have
been determined according to the 8% edition of the
TNM classification [18].

Immunophenotyping and additional research
methods. Immunohistochemistry has been per-
formed on a Ventana BenchMark XT immunostain-
er according to the standard technique on deparaf-
finized sections 3—5 um thick placed on positively
charged glasses, according to the protocols of manu-
facturing companies. A specific antibody panel rec-
ommended by the Lund Bladder Cancer Research
Group has been used, which included 22 antibodies:
CCNB1 (Y106; 1 : 400, Abcam, Cambridge, Eng-
land), CCND1 (SP4; 1 : 200, Cell Marque, Rocklin,
CA), CDKN2A/p16 (E6H4; RTU, Ventana, Oro Val-
ley, AZ), E2F3 (PG30; 1 : 200, Abcam), HER2/neu
(4B5; RTU, Ventana), EPCAM (Moc-31; 1 : 150, Cell
Marque), FGFR3 (B9; 1 : 125, Santa Cruz Biotech-
nology), FOXA1 (2F83; 1 : 200, Cell Marque),
GATA3 (L50-823; 1 : 200, Cell Marque), KRT5/6
(D5/16B4; 1 : 200, Cell Marque), KRT14 (LL0o02;
1 : 150, Innovative Diagnostik-System), KRT20
(Ks20.8; 1 : 200, Cell Marque), RB1 (4H1; 1 : 800,
Cell Signalling Technology), SYP (MRQ40; 1 : 200,
Cell Marque), TP63 (DAK-p63; 1 : 200, Dako),
UPK3 (AU-1; 1: 50, Cell Marque), Ki67 (SP6; 1: 200,
Spring), EGFR (5B7; RTU, Ventana), E-cadherin
(GMo16; 1 : 200, Cell Marque), ZEB2 (E-11; 1 : 50,
Santa Cruz Biotechnology), CD44 (MRQ13; 1 : 300,
Cell Marque), VIM (Vo9; 1 : 200, GeneMed). The
evaluation of positive and negative controls has met
the requirements.

The method of immunohistochemical evaluation
of tumors was used according to the Lund Group re-
searchers with the assessment of each tumor speci-
men according to two criteria: staining intensity and
percentage of positive cells. Tumor cell score (TCS)
and percentage of positive cells (frac.) have been cal-
culated for each marker.

To assess HER2 status, the dual in situ hybridiza-
tion method has been used — chromogenic (Ventana
Dual ISH Her2 DNP, CHR17 DIG probes on the
BenchMark XT platform) and fluorescent using the
ZytoLight SPEC ERBB2/CEN 17 Dual Color Probe
(ZytoVision GmbH) in the ThermoBrite System (Ab-
bott) automated hybridizer.

Statistical methods. Statistical tests have been
performed in the SigmaPlot 12.5 statistical calcula-
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UPK3 (AU-1; 1 : 50, Cell Marque), Ki67 (SP6; 1 : 200,
Spring), EGFR (5B7; RTU, Ventana), E-cadherin
(GMo16; 1 : 200, Cell Marque), ZEB2 (E-11; 1 : 50,
Santa Cruz Biotechnology), CD44 (MRQ13; 1 : 300,
Cell Marque), VIM (Vo; 1 : 200, GeneMed). Ouenka
TOJIOZKUTEILHOTO M OTPULIATEIHHOTO KOHTPOJIEH CO-
OTBETCTBOBaJIa TPEOOBAHMSM.

Meroauka HMMYHOTUCTOXUMHYECKOH OIIEHKU
OIIyXOJIEH KCIIOJIb30BaHA COTJIACHO JIAHHBIM HCCIIE-
JoBaresied rpynibl Lund ¢ o1leHKOH KasK/I0T0 OIyX0-
JieBOoro oOpasma o JBYM KPHUTEPUSIM: WHTEHCHB-
HOCTh OKDAIIMBAHKUSA ¥ IPOLEHT II0JIOKUTETbHBIX
KJIETOK. J[JIsl KasK/[0T0 MapKepa IPOU3BOAIIICS IO/~
cuer G6asuta omyxosieBbix KaeTok (TCS) u mporeHTa
IOJIOKUTEILHBIX K1eToK (frac.).

s onenkn HER2-craTyca mpuMeHsics ABOMHON
MeTOJi THUOpUM3AlUKM In Situ — XPOMOTEHHBIH
(Ventana Dual ISH Her2 DNP, CHR17 DIG probes Ha
mwiatdopme BenchMark XT) u dityopeciieHTHbIT ¢ Hc-
mosib3oBanueM 3oH71a ZytoLight SPEC ERBB2/CEN 17
Dual Color Probe (ZytoVision GmbH) B aBTOMaTHYe-
cxoMm rubpuzaiizepe ThermoBrite System (Abbott).

Cmamucmuueckue memoobt. CTaTUCTUUYECKHE Te-
CThI OBUTH BBITIOJTHEHBI B IIPOTPaMMe JIJIs CTATHCTH-
yeckux Beruncienuil SigmaPlot 12.5. KauecTBeHHbIE
MIPU3HAKY aHAJTU3UPOBAJINCH C BBIYUCIEHHEM TOYHO-
ro kpurepus ®Puiepa, KOTOPBIH OBLI HCIIOIB30BAH
UL TIPOBEPKU PA3JINYUl B KATETOPUAIBHBIX TAHHBIX
C KPUTHYECKUM YPOBHEM 3HAYUMOCTH P < 0.05. Cra-
THUCTHYECKasl 3HAUUMOCTb PA3/IMUUM 110 3HAUEHUSIM
TCS u frac. onieHHBaIaCh HElTAPAMETPUUECKHUM METO-
oM ¢ ucnoab3oBanreM Mann-Whitney U-test. Jlist
OIIEHKH KJIMHUYECKOTO MCXO/a TPOBOIUJICS aHAIU3
Kaplan-Meier 1 aHaau3 NOPONOPIMOHAIBHBIX PH-
ckoB — perpeccust Cox ¢ yiorapuMUYeCKUM PaHTO-
BbIM kputepuem (Logrank test). Bee 3Hauenwus: 6pu1H
JTaHbI KaK CPE/THIE + CTaHAAPTHbIE OIIUOKHU.

PE3YJIBTATDBI 1 OBCYXKIEHUE

[TpoBeneno paszenpHOE (1A KOKIOH U3 Tpex
BO3PACTHBIX MOJTPYII) UMMYHODEHOTUIIHPOBAHIE
56 cIIy4aeB ypOTEIHATbHBIX KAPIIMHOM Y IIAI[UEHTOB
MOJIOXKE 45 JIeT B COOTBETCTBHUU C ONMCAHHOU METO-
nukoi Lund u kiaccudunupoBaHbl MOJIEKYIIPHBIE
TIO/ITUIIBI OITyXOJIEH.

Ypomeauonodoonwtit noomun

Mopdosornyecku OIMyXOJIH XapaKTePU30BAIKUCH
KJIaCCUUYECKOH YPOTEeTHATIbHON MOp(QOJIOTHEH, Yatie
MaNWUIAPHOTO CTPOEHUA HU3KOU CTEIEHU 3JI0Kave-
CTBEHHOCTU. IMMYHOTHCTOXUMUYECKU OHU DKCITPEC-
CUPOBJI MapKephl ypoTenaabHOU auddepeHm-
poBku. KJIMHUYECKH OITyX0JIU ATOTO THIIA UMeJTH O1a-
TOIPUATHBIH IIPOTHO3, a MAIUEHTHI IEMOHCTPHPOBA-
JIV HAaWJIYYIIYI0 BEKUBAEMOCTH C HEOOJIBIITIMU pa3-

tion program. The qualitative signs have been ana-
lyzed by calculating Fisher’s exact test, which was
used to check for differences in categorical data with
a critical level of significance p < 0.05. Statistical sig-
nificance of differences in TCS and frac. values have
been assessed by a nonparametric method using the
Mann-Whitney U-test. The Kaplan-Meier analysis
and proportional hazards analysis — Cox regression
with Logrank test have been performed to assess the
clinical outcome. All values were given as average +
standard errors.

RESULTS AND DISCUSSION

A separate (for each of the three age subgroups)
immunophenotyping of 56 cases of urothelial carci-
nomas in patients younger than 45 years old has
been performed according to the described Lund ap-
proach and molecular tumor subtypes have been
classified.

Urothelial-like subtype

Morphologically, the tumors have been charac-
terized by classical urothelial morphology, more of-
ten with a papillary structure of low-grade malignan-
c¢y. Immunohistochemically they have expressed
some markers of an urothelial differentiation. Clini-
cally, the tumors of this type have had a favorable
prognosis, and patients have demonstrated the best
survival rate with little variation among the addition-
ally identified subtypes within the urothelial cluster
[19]. The latest revision of the Lund molecular clas-
sification subdivides the urothelial-like subtype into
four additional (UroA, UroAp, UroB, UroC) with
some molecular-genetic and immunohistochemical
differences.

The Urothelial-like A subtype. In 44 cases (78%),
the tumors have demonstrated classic papillary uro-
thelial morphology, most of them have been non-
muscle invasive (84%), of low-grade malignancy
(77%). The catamnesis has been available in 38 cas-
es, with a follow-up period of 5—-84 months. The re-
lapses have occurred in 5 cases (12%) during the
follow-up period of 8—60 months, one of which has
ended lethally, which was not associated with any
disease progression. The tumors have exhibited a
weak expression of CCB1 (TCS 0.04) with a strong
to moderate expression of CCD1 (TCS 2.4),
FOXA1(TCS 2), p63 (TCS 0.9), RB1 (frac. 0.9) com-
bined with low levels of E2F3 (frac. 0.05), p16
(TCS 0.3). In addition, expression of markers char-
acteristic of normal urothelial differentiation has
been observed: CK5/6 (TCS 0.3) in the cells of the
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A

Puc. 3. llanwuisspHas ypoTeananbHas kKapiuHoma low-grade (A) (okpacka reMaTOKCUIIMHOM U D03UHOM,
yBesimueHue (YB.) X10) U IMMYHOIIPO(dIIIb ypoTenauomnoiooHoro A nmogruna (B)
Fig. 3. A low-grade papillary urothelial carcinoma (A) (hematoxylin and eosin staining, magnification (mag.) x10)
and an immunoprofile of the urothelial-like A subtype (B)

JIMYUSIMU CPEU JTOTIOJTHUTEIHHO BbBIZIEIEHHBIX TIO7-
TUIIOB BHYTPU ypOTeIuasbHOro Kiacrepa [19]. ITo-
CJIEHSAS PENAKIVA MOJIEKYJIIPHON Kilaccu(UKaIimu
Lund nozpaszesnsier ypoTeInonoao0HbIN MOATHIT HA
YyeThIpe JONOJHUTETBHBIX (YpoA, YpoAm, VYpoB,
VpoC) ¢ HEKOTOPHIMHU MOJIEKY/IIPHO-TEHETUYECKUMU
Y UMMYHOTUCTOXUMUYECKUMU OTITHUUSIMU.
Ypomeauonodobmwiii A noomun. B 44 ciaydasx
(78 %) omyxoJyu IeMOHCTPHUPOBAIHN KJIACCHUUECKYTO
MaNWUIAPHYI0 YPOTEIUATbHYI0 MOPQOJIOTHI0, B
GOJIBIIIMHCTBE CBOEM OBLIM MBIIIEYHO-HEHHBAZUB-
HBIMH (84 %), HU3KOMU CTEIEeHH 3JI0KaYeCTBEHHOCTH
(77 %). KatamHe3 ObUT OCTYIIEH B 38 ciydasx, me-
puon HaboAeHus 5—84 Mec. PenuauBbI UMeIN Me-
cto B 5 ciydasax (12 %) 3a mepuon HaOJrOeHUs
8—-60 Mec, OINH U3 KOTOPBIX 3aKOHYHJICS JIETAJIBHO,
YTO HE CBSA3AHO C MPOTPeccUpoBaHUEM 3aboJieBa-
HusA. OIyXoJu IEMOHCTPUPOBAJIU CIa0yI0 DKCIIpec-
cuto CCB1 (TCS 0.04) mpu BbIpa)KEHHOU W YMEPeH-
Hott akcmpeccuu CCD1 (TCS 2.4), FOXA1(TCS 2),
p63 (TCS 0.9), RB1 (frac. 0.9) B coueTaHWU C HU3KUM
ypoBaeMm E2F3 (frac. 0.05), p16 (TCS 0.3). Kpome
TOTO, HAOJII0/]a/Iach SKCIPECCUST MapKepOB, Xapak-
TepHBIX /1A AU PepeHINPOBKI HOPMaJIBHOTO YPO-

basal and suprabasal urothelial layers, CK20 (TCS
0.1) in the cells of the surface urothelial layers
(Fig. 3). According to the Lund classification, this
group has been categorized as the urothelial-like A
subtype, which was fully consistent with a similar
subtype in elderly patients. It is noteworthy that all
tumors in patients under 30 years of age have be-
longed to this subtype. From a clinical point of view,
the tumors of the urothelial-like A subtype have
proceeded favorably, and patients have showed the
best survival rate (5-year survival rate amounted to
60%).

The Urothelial-like B subtype. A small cluster of
tumors (2; 4%) with typical urothelial morphology
and urothelial phenotype (FOXA1+, GATA3+), char-
acterized by more pronounced expression of basal
markers CK14 in cells of basal and parabasal urothe-
lial layers, heterogeneous or diffuse CK5/6 expres-
sion in cells of basal, parabasal and intermediate
urothelial layers, diffuse pronounced expression of
CK20 and FGFR3 (Fig. 4).

This subtype has had a less favorable prognosis
compared to the urothelial-like A subtype (5-year
survival rate has been about 20%). The catamnesis
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Puc. 4. [lanwuisapHas yporenuaibHas kapiuHoma high-grade (A) (okpacka reMaTOKCHIITHOM U 303HHOM, YB. X10)
¥ UMMYHOIIPO(Ih ypoTeanonoo6Horo B moaTuma (B)
Fig. 4. A high-grade papillary urothelial carcinoma (A) (hematoxylin and eosin staining, mag. x10)
and an immunoprofile of urothelial-like B subtype (B)

tenusi: CK5/6 (TCS 0.3) B xiieTkax 6a3aJIbHOTO U Cy-
npabasanpHoro cyoes yporenusi, CK20 (TCS 0.1) B
KJIETKaxX MMOBEPXHOCTHBIX CJI0€B ypoTenus (puc. 3).
Ilo knaccudukanmuu Lund 3Ty rpynmy oTHeCIH K
ypomeauonodobHomy A TOATHUILY, YTO MOTHOCTHIO
COOTBETCTBOBAJIO AHAJIOTUYHOMY IIOJTHUITY Y ITOXKHU-
JIBIX MAITUEHTOB. [IpuMeyaTeIbHO, YTO BCE OILYXOJIU
y MAaIEHTOB /10 30 JIET OTHOCKJINCH K JAHHOMY IIO/I-
tuiy. KIMHHYEeCKH OIyX0JIi YPOTEJIHOI0A00HOTO A
MIOATHIIA TPOTEKATH OJIATONPUATHO, a MAI[UEHThI
MMOKA3bIBAIM HAWJIYUINYIO BBIKUBAEMOCTh (5-J1€T-
HAS BPKUBAEMOCTD COCTaBUiIa 60 %).
Ypomeauonodobmuviii B nodmun. Hebosbiioi
KJIaCTeP OIyXOoJieH (2; 4 %) C TATUYHOU YPOTETHATb-
HOH Mopdosoruell U ypoTeauanibHbiM (HEHOTUIIOM
(FOXA1+, GATA3+), oTmyatoniuiicss 60siee BbIpa-
JKeHHOU DKcrIpeccrell 6a3anpHbIX MapkepoB CKi4 B
KJIeTKaxX 6a3ajbHOTO ¥ MMapaba3aabHOTO CJIOEB YPO-
TeJINsA, TeTeporeHHOH i n1uddy3HOoM sKcnpeccueit
CK5/6 B wierkax 06asajapbHOTO, MmapabazajabHOTO H
MIPOMEKYTOYHOTO CJI0EB ypoTtesus, uddy3HOI BbI-
paxkennoii sxcpeccueit CK20 u FGFR3 (puc. 4).

data has showed multiple relapses in one case (fol-
low-up period of 60 months), in the second case no
relapses have been registered (follow-up period of
36 months).

SK5/6+/p16+ subtype. A small group of tumors
(4; 7%) with a statistically significant level of squa-
mous differentiation has been identified within the
urothelial subtype. In most of the tumors, the CK5/6
expression has been revealed not only in basal but
also in intermediate urothelial layers (TCS 0.8), and
there has been also CK14 expression in single cells of
basal layer (TCS 0.03) (Fig. 5), which has been ab-
sent in the tumors of the urothelial-like A subtype. In
contrast to the urothelial-like A subtype, the expres-
sion level of p16 has been significantly higher (TCS
2.0). In addition, a rather high level of E2F3 overex-
pression has been detected (frac. 0.15). High-grade
malignancy tumors have prevailed (3; 75%), non-
muscle invasive — 2 (50%), muscle-invasive — 2
(50%). Duration of catamnesis for all patients was
7—36 months. It should be noted that there have
been frequent relapses (3; 75%) between 7 and 24
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JTaHHBIN [TO/ITUI OTINYAJICS MeHee OJIarOIpUsT-
HBIM IPOTHO30M B CPABHEHUU C YPOTETHOTIOA00HBIM
A moatunom (5-JIeTHSSI BBDKHUBAEMOCTh COCTaBIJIA
OKOJIO 20 %). JlaHHbIE KaTaMHe3a [I0Ka3aJId B OZTHOM
CJTydae MHOXKeCTBEHHbIE PellUIUBHI (T1epro/1 HabJTio-
JleHUs 60 Mec), BO BTOPOM CJIy4yae PEUINBEI He 3a-
peructpupoBansl (epuoj HabI0AeHUA 36 Mec).

CK5/6+ p16+ noomun. BHyTpu ypoTeIUaIbHOTO
IIOATHIIA BbIieJIeHa HeOOJIbINas TPYIIA OIMyXOJei
(457 %) co craTUCTUYECKH 3HAYMMBIM YPOBHEM ILIIO-
CKOKJIETOUHOU b depeHITUPOBKH. B 60bIITNHCTBE
omyxosieir skcupeccuss CK5/6 ompenensanace He
TOJIBKO B 6a3a/IbHBIX, HO U IIPOMEKYTOUHBIX CJIOSAX
yporenus (TCS 0.8), a Takke oTMedaIach SKCIIpec-
cusa CK14 B eITMHUYHBIX KJIETKaX 0GA3JIBHOTO CJIOS
(TCS 0.03) (puc. 5), 4TO OTCYTCTBOBAJIO B OITyXOJIAX
yporenuonofo6Horo A noarumna. B oimune ot ypo-
TeJINONOI00HOTO A MOATHIA, YPOBEHDb DKCIIPECCUU
p16 6611 cymectBenHo Boite (TCS 2.0). Kpome Toro,
BBISIBJIEH JIOCTATOYHO BBICOKMH YpPOBEHb CBEPXIK-
cupeccun E2F3 (frac. 0.15). IIpeobiaaganu omnyxosiu
BBICOKOH CTelleHH 3JI0KauecTBeHHOCTU (3; 75 %),
MBIIIIEYHO-HEMHBA3UBHBIE — 2 (50 %), MBIIIIEUYHO-
WHBa3uBHBIE — 2 (50 %). KaTaMHecTHUeCKU OXBade-
HBI BCE MAI[UEHTHI C JIOCTYITHBIM IIEPUO/IOM HAOJIIO-
neHust 7—36 mec. OTMeUYeHBI YacThle PEIUAUBHI (3;
75 %) B iepuo 7—24 mec. [1oo6HbIE UMMYHO(EHO-

months. Similar immunophenotypic features have
been not found in any of the molecular subtypes of
the tumors in elderly patients. For this reason, this
group has been identified conventionally for statisti-
cal analysis and named by the immunophenotype

CK5/6+/p16+.

Genomically unstable subtype

In the subgroup of age 40—44, there has been
one (2%) high-grade muscle-invasive tumor with
an immunoprofile other than the urothelial sub-
type. The tumor did not have classical urothelial
morphology and was characterized by a heteroge-
neous structure: there were foci of a squamous and
glandular differentiation (Fig. 6). Accordingly, the
immunoprofile was also heterogeneous: very low
expression of CCD1 (TCS 0.01-0.1), FOXA1 (TCS in
the squamous cell component 0, in the glandular
component 1.5), FGFR3 (frac. 0.1), p63 (frac. 0.05—
1.0), absence of RB1 expression against overexpres-
sion of E2F3 (frac. 0.3—0.6), p16 (TCS in the squa-
mous cell component 1.8, in the glandular compo-
nent 3.0), CK20 (TCS in the glandular component
2.7, in the squamous cell component 0). In addi-
tion, molecular genetic testing has revealed ampli-
fication of the HER2/neu gene. No recurrences or
metastases have been detected during the 24-month

Puc. 5. [lanwuisipHas ypotesnaabHas kapiipmaoma high-grade (A) (oxpacka reMaTOKCHTHHOM U 303UHOM, VB. X10)
U1 UMMyHOIIpod b yporeauononobHoro moaruna CK5/6+/p16+ (B)
Fig. 5. A high-grade papillary urothelial carcinoma (A) (hematoxylin and eosin staining, mag. x10)
and an immunoprofile of the CK5/6+/p16+ urothelial-like subtype (B)
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THIIUYECKHE TPU3HAKY He OOHAPYKEHbI HU B OJTHOM
M3 MOJIEKYJISIPHBIX [TOTUIIOB OIYXOJIEN V MOMKHUIIBIX
manueHToB. I10 ATO MPUYHHE /IS CTATUCTUYECKOTO
aHaJIM3a 3Ta TPyIna ObUIa BbIIEJIEHA YCJIOBHO U Ha-
3BaHa 1o ummMmyHodenoruiy «CK5/6+/p16+».

I'enomHo-HecmMabuabHbLt nOdMun

B moarpymnme 40-44 roma umesnach oxHa (2 %)
MBIIIIEYHO-UHBA3UBHAS OITyX0JIb BBICOKOM CTEIEHU
3JI0KAYECTBEHHOCTH € HMMYHOIPOGUIEM, OTIHY-
HBIM OT YPOTEJUaTbHOTO nmoaTumna. OmyxoJb He nMe-
Jla KJIACCHYECKYIO YPOTEJHAIbHYI0 MOP()OIOTHIO U
XapaKTepU30BaJIaCh TE€TEPOTEHHOCTHI0 CTPOEHMUS:
BCTPEYAIMCh OYard IUIOCKOKJIETOYHOM U IKEJIe3U-
croii nuddepennupoBku (puc. 6). COOTBETCTBEHHO,
MMMYHOIIPOWIb TakKe ObUI HEOIHODPOIHBIM:

follow-up. According to the Lund classification,
this group has been classified as the genomically
unstable subtype, fully reproducible in comparison
with the group of elderly patients. This prognosti-
cally unfavorable group of tumors has been charac-
terized by a high rate of progression and aggressive
course.

Basal/squamous cell-like subtype

Three cases (5%) of high-grade, deeply invasive
urothelial carcinomas have showed a marked squa-
mous phenotype: high expression level of CK5/6
(TCS 2.7) and CKi14 (TCS 2.4) with a low GATA3
(TCS 0.3) level. The FOXA1 (TCS 0) expression has
been absent as well. The tumors have been charac-
terized by an aggressive course: two of them have

Puc. 6. YporenuanpHas kapiuHoma high-grade ¢ yuactkamu reteporeHHOro crpoeHust (OKpacka reMaTOKCHJIMHOM
¥ D03UHOM, YB. X20: A — O4aru keje3uctoi aubdepeHIupoBK; B — ouaru miocKokIeToUHOU TudbepeHInPOBK)
1 UMMYyHOTIPOdHIb TeHOMHO-HecTabuibHOoro roaTumna (C)

Fig. 6. A high-grade urothelial carcinoma with areas of heterogeneous structure (hematoxylin and eosin staining,
mag. x20: A — foci of glandular differentiation; B — foci of squamous differentiation)
and an immunoprofile of the genomically unstable subtype (C)
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OueHb HHUBKHHI ypoBeHb skcrpeccuun CCD1 (TCS
0.01-0.1), FOXA1 (TCS B IJI0OCKOKJIETOYHOM KOMIIO-
HeHTe O, B Keje3uctoM 1.5), FGFR3 (frac. 0.1), p63
(frac. 0.05—1.0), orcyrcrBue skcipeccur RB1 Ha
done cBepxskcnpeccuu E2F3 (frac. 0.3—0.6), p16
(TCS B IJIOCKOKJIETOUHOM KOMIIOHEHTE 1.8, B KeJie-
3ucroM 3.0), CK20 (TCS B xejie3ucToOM KOMIIOHEHTE
2.7, B IUIOCKOKJIETOYHOM 0). B nomosHenue k aTomy
IIpU  MOJIEKYJISIPHO-TEHETUYECKOM HCCJIeIOBAHUH
BBIsABJIEHA aMIUTnduKanus rena HER2/neu. B teue-
HUe 24 Mec HAOJIOZIeHUsI PEIUINBOB U METACTa30B
He obHapy»xkeHo. [To kiaccudukaruu Lund aTa rpym-
I1a OTHECEHA K 2eHOMHO-HeCmabuabHOMY TOATHILY,
IIOJTHOCTBIO BOCIIPOM3BO/IIMOMY B CPaBHEHUU C I10-
JKIJION rpymmoi. JlaHHast MpOTHOCTUYECKH HebJiaro-
[IpUATHASA TPYMIA OIMyXOJeH OTINYaIach BBICOKOM
YacTOTOH MPOTPECCUU U aTPECCUBHBIM TeUeHUEM.

Fa3aavbblil/naockoKkAemouHo-

Nnodoo6HbBLL nodmun

B Tpex ciyuasnx (5 %) rryb0ko MHBa3UBHBIX YPO-
TeJINAJIbHBIX KAPIIUHOM BBICOKOU CTEIIEHH 3JI0Kaue-
CTBEHHOCTH BBISIBJIEH BBIDAYKEHHBIA CKBaMO3HBIN
denorumn: BbicOKUN ypoBeHb 3kcupeccuu CKs5/6
(TCS 2.7) u CKi4 (TCS 2.4) npu HU3KOM ypOBHE
GATA3 (TCS 0.3). Tak:xe OTCyTCTBOBaJIa SKCIIPECCUS
FOXA1 (TCS 0). Omyxonu XapakTepu30BaJIKCh
arpecCHBHBIM TEUEHUEM: JIBe U3 HUX ObLIU TIIyOOKO
uHBasuBHbIMHU (pT3a, pT4), omHa — craguu pT2.
Mopdosornyecku Bce OIyXOJU HUMEJU XapaKTep-
HYIO IUIOCKOKJIETOUHYIO T dHepeHInpoBKy (puc. 7).
KatamHe3 ObL1 ©3BECTEH B IBYX CJIy4asx (Iiepuos Ha-
GrofieHnst 60 Mec). PenuiuB oTMeUeH B OJTHOM CIIy-

been deeply invasive (pT3a, pT4), one has been in
the pT2 stage. Morphologically, all tumors have had
a characteristic squamous cell differentiation (Fig. 7).
The catamnesis has been known in two cases (with a
follow-up period of 60 months). A relapse has been
noted in one case. According to the Lund classifica-
tion, this subtype has correlated completely with a
similar, prognostically unfavorable one in elderly pa-
tients.

Mesenchymal-like subtype

In one (2%) case of a high-grade muscle-invasive
tumor, there was a pronounced morphological poly-
morphism with a combination of predominant spin-
dle cell, chondroid, glandular, and focal squamous
cell histological patterns (Fig. 8). Immunohisto-
chemically, the tumor has showed a pronounced ex-
pression of vimentin with a weak expression of the
other markers. This case, referred to the mesenchy-
mal-like subtype, has been fully reproducible in a
group of young patients and has been characterized
by a recurrent course (follow-up period of 5 months)
and a poor prognosis.

The distribution of tumors by molecular sub-
types in the age subgroups of young patients is
shown in Fig. 9. In the subgroup under 30 years of
age, the tumors have been of the urothelial A sub-
type only, in the early pathological stage (pTa, pT1).
In the subgroup of age 30—39, the urothelial-like A
subtype have also prevailed, but other subtypes
have appeared, such as the urothelial-like CK5/6+/
p16+ subtype (10%), as well as a small percentage of
the urothelial-like B and basal/squamous cell-like

Puc. 7. YporenuanpHas kapuuaoMa high-grade ¢ BeIpaskeHHOM IIOCKOKIETOUHOU tuddepeHIpoBKoH (A) (Okpacka
reMaTOKCHJIMHOM U 303UHOM, YB. X10) ¥ UMMYHOIIPODHIH 6a3a/IbHOT0/ IJIOCKOKJIETOUHO-T10/100HO0TO TI0/rTHIIA (B)
Fig. 7. A high-grade urothelial carcinoma with marked squamous cell differentiation (A) (hematoxylin and eosin staining,
mag. x10) and an immunoprofile of the basal/squamous cell-like subtype (B)
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qae. [To kiraccudukanuu Lund TaHHBIA TOATHII II0JI-
HOCTBI0 KOPPEJIMPOBAJ C aHAJIOTUYHBIM, ITIPOTHOCTU-
YecKH HeOIarOmpUsTHBIM V MMOKIIBIX MTaI[HEHTOB.

MeszeHxumaabHO-No0oOHBIIL nodmun

B oxHOM (2 %) HAOJIIOAEHUH MBIIIIEYHO-UHBA3UB-
HOU OIIYXOJIH BBICOKOU CTEITeHH 3JI0KAUECTBEHHOCTH
YCTAaHOBJIEH BBIPAYKEHHBIA MOPQOJIOTHYECKUH I10-
JTUMOPDU3M ¢ coueTaHHEM ITpe0bJIaIaroIero Bepe-
TEHOKJIETOYHOTO, XOHJ/IDOH/THOTO, JKEJIE3HCTOTO U
0YaroBO-IIJIOCKOKJIETOYHOTO T'MCTOJIOTUYECKHX IaT-
TepHOB (puc. 8). UMMyHOTHCTOXUMUYECKH OIyXOJIb
MPOIEMOHCTPUPOBAJIA BBIPAYKEHHYIO DKCIIPECCHUIO
BUMEHTHHA NPU CIab0H SKCIIPECCUU OCTAIHHBIX
MapKepoB. JATOT CJIydyall, OTHECEHHBIH K Me3eHXU-
MAAbHO-NO00OHOMY TIOATHUITY, OBLT IOJTHOCTHIO BOC-
MMPOM3BOJUM B TPYIIIE MOJIOJBIX MAIMEHTOB M Xa-
PaKTEPU30BAJICA PENUAUBUPYIOIIUM TeueHueM (1re-
puo/ HAOJTIOIEHUs 5 M€eC) B Xy/IIIUM IIPOTHO30M.

Pacripeniesienye omyxosieid 1O MOJIEKYJISIPHBIM
MTOAITUIIAM B BO3PACTHBIX MTOATPYIIIIAX MOJIOJbIX Ma-
[IMEHTOB ITOKa3aHO Ha PUC. 9. B moarpymiie 710 30 et
OIYXO0JIA OBUIM TOJIBKO YPOTEJIHOMO0OHOTO A O/~
THIIA, HA paHHEeH maTtosoruyeckoii craauu (pTa,

subtypes. In patients older than 40 years old, in ad-
dition to those already mentioned, genomically un-
stable and mesenchymal-like subtypes have been
detected.

The Kaplan-Meier analysis

of the recurrence-free survival

When evaluating the recurrence-free survival
rate, the urothelial-like A subtype showed the best
prognosis in young patients (p = 0.022) compared to
the other subtypes, we have analyzed between them
because of the small sample of patients. The so-called
urothelial-like CK5/6+/p16+ subtype that we had
identified, has showed a slightly less favorable prog-
nosis in contrast to the urothelial subtype (p = 0.057)
(Fig. 10).

In our study we have applied the Lund molecular
profiling method using an immunohistochemical
method to a cohort of young patients [20]. Based on
the above mentioned methodology, bladder tumors
in most cases can be divided into four subtypes: uro-
thelial-like, genomically unstable, basal/squamous
cell-like, and mesenchymal-like. As mentioned
above, the age-related hypothesis and clinical beha-
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Puc. 8. Kapriunoma high-grade ¢ yuactkamu reteporeHHOro crpoeHust (OKpacka reMaTOKCHJIMHOM M H031HOM:
A — ouaru jkeJIe3UCTOH, IVIOCKOKJIETOYHO! U BEPETEHOKJIETOUHOH /T depeHITTPOBKH, YB. X10;
B — ouaru xoH1pouiHOM i PePEeHITUPOBKH, YB. X20) U UMMYHOIIPOGUIIb Me3eHXUMAIbHO-110/100H0TO TTorTra (C)
Fig. 8. A high-grade carcinoma with areas of heterogeneous structure (hematoxylin and eosin staining;:
A — foci of glandular, squamous cell, and spindle cell differentiation, mag. x10; B — foci of chondroid differentiation,
mag. x20) and an immunoprofile of mesenchymal-like subtype (C)
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Puc. 9. Pacipe/iesieHrie MOJIEKY/ISIPHBIX TIOATUIIOB YPOTEIHAIBHBIX KAPIUHOM B BO3PACTHBIX ITO/[IPYIIIAX
MOJIOZIBIX TTAIUEHTOB (IUMPHI CIIpaBa OT MOJIEKYJISIPHOTO TIOZTHIIA — /IOJISI STOTO MOTHIIA)
Fig. 9. A distribution of molecular subtypes of urothelial carcinomas in the age subgroups of young patients
(figures to the right of the molecular subtype are the proportion of that subtype)

pT1). B moarpymme 30—39 JIeT Tak:Ke ITPEBATPOBATT
YPOTETNONOOOHBIN A TOITUT, OJHAKO MOSBUINCH
JIDyTH€e TIOATHUIIbI, TAKWE KaK YPOTEJTHOIOI00HBIN
CK5/6+/p16+ noxrun (10 %), a Tak:ke HeOOTBIIION
MPOIIEHT ypoTenunonoobnoro B u 6asanbHOTO/
IUIOCKOKJIETOUHO-TIOJJTOOHOTO TOATHUIIA. Y MallueH-
TOB CTapIIle 40 JIeT, IOMHUMO YK€ Ha3BaHHbIX, BbISAB-
JISLTUCh TEHOMHO-HECTa0MJIbHBIN U ME3eHXUMAaJIbHO-
HOLOOHBIN ITOATHIIBI.

AHaaus 6e3peuudusHoil 8bicCusaemocmu

Kaplan-Meier

IIpu oneHKe O€3perUINBHOA BBIKUBAEMOCTH
HAWJIYyYIIUH TPOTHO3 Y MOJIOBIX MAI[EHTOB ITOKa-
3aJ1 yporennonofobHbi A moxatumn (p = 0.022) B
CpPaBHEHHMH C APYTUMH TMOATUIIAMH, KOTOPbIE MbI
aHAJU3UPOBATIN BMECTE M3-32 MaJIOK BHIOOPKHM IMa-
[IUEHTOB. BhIIe/IeHHBIM HAMY TaK Ha3bIBAEMBIH ypO-
tesinono1obubri CK5/6+/p16+ MoATUII TTOKA3aT He-
CKOJIPKO MeHee 0JIarONMPUATHBIN POTHO3 B OTJIUYHE
OT ypOTeIUaIBbHOTO nojitumna (p = 0.057) (puc. 10).

B Hairem mcciieZJoBaHUY MbI IIPUMEHWIA METO/T
MOJIEKYJISIpHOTO mpodumupoBanus Lund ¢ ucmoas-
30BAaHHEM HMMYHOTHCTOXMMUUYECKOTO MeTo/Ja Ha
KOrOopTe MOJIOJBIX marueHToB [20]. Ha ocHOBe BBI-
[IeyKa3aHHOW METOAUKH OIYXOJIH MOYEBOTO ITy3bIPsI
B OOJIBIIIMTHCTBE CJIyYaeB MOKHO IOAPABJIEUTh Ha
YeThIpe IOATHUIIA: YPOTEIHOMOA00HBIA, T€HOMHO-
HeCcTaOWIbHBIA, 0Oa3aIbHBIHN/IIOCKOKIETOYHO-TI0-
JIOOHBIH U Me3eHXHUMAaJIBbHO-IOJIOOHBIH. Kak yike

vior of bladder cancer have still been being under
discussion. Some researchers report that the clinical
course and prognosis of tumors in young patients is
similar to that in older patients, while others report a
higher survival rate, a favorable course, but a risk of
recurrence of superficial urothelial carcinomas in
young patients [19, 21, 22]. In general, the urothelial
carcinomas in young patients have genetic features
reflected in their biological behavior [23]. A number
of authors indicate that these tumors are character-
ized by genomically stable [6, 7]. Some authors con-
sider the low frequency of the FGFR3 and TP53 mu-
tations, which play a crucial role in oncogenesis in
the majority of elderly patients, to be a feature [8].
Contradictory data regarding genetic factors, clinical
outcome, and prognosis of early urothelial bladder
cancer may be due to the lack of consensus on a clear
definition of the young group of patients within the
group of individuals younger than 20 and 45 years
[23—-29].

This study has included an analysis of patients
from 20 to 45 years of age according to the World
Health Organization guidelines. In addition, the
sample of young patients has been subdivided into
three age subgroups for statistical analysis. Our re-
sults show that all Ta stage tumors and the majority
of the T1 stage tumors had the phenotype of the uro-
thelial-like A subtype. We have not identified any
other molecular subtypes other than urothelial-like
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VKa3bIBAJIOCh BBIIIIE, BO3PACTHAS THUIIOTE3a U KJIUHU-
YecKoe IMOBEeJIeHHE PaKa MOYEBOTO ITy3bIps BCE ellfe
obcyxaerca. HekoTopble HccaemoBaTes I coo0Ia-
0T, YTO KJIMHUYECKOE TeUeHUE U IIPOTHO3 OMyX0oJIeH
YV MOJIOJIBIX TIAITHEHTOB aHAJIOTUYHBI TAKOBBIM Yy TI0-
JKWJIBIX, TOT/IA KaK APYTHE TOBOPAT O O0Jiee BHICOKOU
BBIKMBAEMOCTH, 0JIaTOMIPUSATHOM TEUEHHHU, HO PHCKE
PEelUUBUPOBAHUS IOBEPXHOCTHBIX YPOTETHATHHBIX
KapIIMHOM Y MOJIOZbIX IAIIMEHTOB [19, 21, 22]. B 1e-
JIOM yPOTEeIHaTbHbIE KAPIIUHOMBI Y MOJIOABIX TAIIK-
€HTOB MMEIOT reHeTHUeCKHue 0COOEHHOCTH, OTpaskKa-
IoIHecs Ha MX OMOJIOrHYecKoM nosegennu [23]. Psan
aBTOPOB YKa3bIBAET, UTO JIJIST JAHHBIX OIyXOJeH xa-
pakTepHa reHOMHas cTabwiIbHOCTH [6, 7]. HekoTo-
pble aBTOPBI CIUTAIOT 0COOEHHOCTHIO HU3KYIO YaCTO-
Ty myTtarui reHoB FGFR3 u TP53, KOTOpble UTPAIOT
PEIIAIIyI0 POJIb B OHKOTEHe3e Y OOJIBIITMHCTBA I0-
JKIIBIX manueHToB [8]. IIpoTHBOpeunBhbIE TaHHBIE
OTHOCHUTEJIPHO TeHEeTUUEeCKHUX (haKTOPOB, KIMHUYE-
CKOT'O MCXO7]a U IPOTHO3a PAHHETO YPOTEIUATILHOTO
paka MOYEBOro Iy3bIpsi, BO3MOXKHO, OOBICHAIOTCS
OTCYTCTBHEM €IMHOTO MHEHUSI O YETKOM BBIZIEJIEHUH
«MOJIOJTOH TPYIIIIBI» MAIUEHTOB B MPe/ieiaX TPYIIITbI
JIAI] MOJIOKE 20 U 45 JjeT [23—29].

IIpoBe/ieHHOE HCCIIEIOBAHIE BKIIOUAIO aHATIU3
MMAIEeHTOB OT 20 JI0 45 JIET B COOTBETCTBUH C PEKO-
meHzanuamMu BO3. IIpu 5TOM IONOJHUTENBHO BBI-
OOpKa MOJIOJIBIX MAIIMEHTOB MTOAPa3AesaIach Ha TPU
BO3paCTHBIE MOJITPYIIIIBI JIJISI CTATUCTUYECKOTO aHa-

A in non-invasive tumors, in contrast to the data of
G. Sjodahl et al. in elderly patients [3, 30]. This as-
pect seems to reflect the hypothesis that tumors in
young patients constitute a more genomically stable
group [6, 7, 23]. In the urothelial cluster, we have
identified a small group of tumors (7%) with immu-
nophenotypic features atypical for the urothelial-like
A subtype: a higher level of the squamous cell differ-
entiation, a marked expression of p16 protein, a
higher level of E2F3 and Ki67 expression, and an ab-
errant expression of CK20. The molecular profile has
been similar to the genomically unstable subtype, on
the one hand, and to the basal/squamous cell-like
subtype, on the other, but it has showed typical fea-
tures of the urothelial subtype. We have not found a
similar expression profile in the Lund’s studies in a
cohort of elderly patients and, following the Lund’s
recommendation that molecular subtypes can only
be identified based on mRNA expression, we have
analyzed this group separately under the notation of
the urothelial-like CK5/6+/p16+ subtype. The pa-
tients with urothelial-like A subtype carcinomas
have showed a more favorable survival prognosis
compared to the urothelial-like CK5/6+/p16+ sub-
type (p = 0.057). The p16 protein is known to be an
early marker of malignant transformation as it plays
an important role in cell cycle regulation and acts as
a tumor suppressor. The urothelial carcinomas clas-

98

Journal homepage: http://jsms.ngmu.ru



Meshcheryakov LA. et al. / Journal of Siberian Medical Sciences 3 (2021) 82—104

sm3a. Hamm pesysibTaThl TOKa3bIBAIOT, UTO BCE OITY-
xosu craguu Ta u 60BIIUHCTBO cTaguu T1 umenu
¢eHOTHIT ypOTETUOMOAOOHOTO A ToATHUIIA. MBI HE
BBISIBUIM B HEMHBA3UBHBIX OITYXOJISIX IPYTUX MOJIEe-
KYJISIPHBIX IIOATHUIIOB, KPOMeE YPOTEJIHOIIOT00OHOTO0 A,
B omyure ot JaHHbiX G. Sjodahl et al. y moxxumabix
MManueHToB [3, 30]. ATOT acmexT, Mo-BUAUMOMY, OT-
pa’kaeT rUIIOTE3y O TOM, UTO OITyXOJIU Y MOJIOJIBIX CO-
CTaBJISIOT O60JIe€ TEHOMHO-CTa0UJIbHYIO IpyIIIy [6, 7,
23]. B ypoTesmmasbHOM KjacTepe MbI BBISBHJIU He-
GOJIBIIIYIO TPYIIIY OIMyXoJiel (7 %) ¢ HETUITMYHBIMHU
JUISL YPOTETNOTIOA00HOTO A TIOATUIIA TMMYHO(EHO-
THUIUYECKUMHU NPU3HAKaMU: 0oJiee BBICOKHH ypO-
BEHb TJIOCKOKJIETOUHOM auddepeHIIPOBKY, BhIpa-
JKEeHHas dKcIpeccus 6esika p16, 60Jiee BBICOKHUU yPo-
BeHb skcrpeccun E2F3, Ki67, a Takke abeppaHTHas
skcrpeccuss CK20. MosiekynsspHbIH TPOGUIb, €
OZTHOU CTOPOHBI, CXOXK C T€HOMHO-HECTaOWIHHBIM
MOITUIIOM, C JIPyTOH — C 0a3aJIbHBIM/IIOCKOKJIE-
TOYHO-TIOIOOHBIM, HO NPU 3TOM JEMOHCTPUPOBAI
TUIIUYHbIE MPU3HAKU YPOTEIUATHHOTO IOATHIIA.
Mps1 He OOHAPYKUJIH TTOAOOHBIN TPODUIb DKCITpec-
cuu B uccsieioBanuax Lund B KOropre MOKUJIBIX -
[MEHTOB H, COTJIaCHO pexoMeHnanusam Lund o Tom,
YTO MOJIEKYJISIPHBIE TIOJITUIIBI MOTYT OBITH H/IEHTH-
¢uUpoBaHbI TOJIFKO Ha OCHOBe 3Kcrpeccud MPHK,
[IPOAHAJIN3UPOBATIA 3Ty TPYHOIY OTAEIBHO TIIOJ,
VCJIOBHBIM O0O3HAYEHHUEM «YPOTEIHUONONO0HBIN
CK5/6+/p16+ moaTui». [TaniueHTsI ¢ KapIIMHOMaMH
YPOTEINONOAOOHOTO A mOATHIA IMOKaszatn Oosee
6J1arONPUATHBIN TPOTHO3 BBI?KMBAEMOCTH I10 CPaB-
HeHUo ¢ yporenuononobusiM CK5/6+/p16+ moaTu-
oM (p = 0.057). I3BecTHO, uTO 6€JI0K P16 SABIsSETCS
PaHHUM MapKepOM 3JI0KaU4eCTBEHHOU TpaHcdopma-
MY, TIOCKOJIbKY UTPAET BAKHYIO POJIb B PETYJIAIIIHI
KJIETOYHOTO IIUKJIA U IEUCTBYET KaK CYIIPeCccop OIy-
XOJIH. YPOTeUaIbHbIE KapIIUHOMBI, KJIaCCU(pUITU-
pyeMble KaK ypOTeJINOOA00HBIH HOATHUII, YaCTO Te-
PSIIOT BKCIPECCHUI0 P16 H3-3a CrerudUuuecKou s
MOATUIIA yTpaThl TeHa. JTO OBUIO IOKA3aHO
G. Sjodahl Ha KorOpTE MOKUJIBIX TAITUEHTOB [20]. Y
MIAIIEHTOB CTAPIIIE 45 JIET IPU MOJIEKYJIIPHOM IIPO-
(GUIMPOBaHUYM YPOTEJHAJIBHBIX KaPIUHOM MBI OT-
MeuaJIi aHAJIOTHUYHbIE Pe3yJbTaThl. TeM He MeHee
S.R. Williamson et al. mogrBepawn, uro aabrepa-
nus reHa CDKN2A/p16 B onyXoJAX y MOJIOJBIX Ia-
[IMEHTOB BCTpedaeTcs: peako [8]. B Hamrei koropre
cydaeB ObLIO BBISBJIEHO YBEJIUYEHUE JKCIIPECCHH
Oenka p16 B coueTaHuH ¢ OoJiee BBICOKUM YPOBHEM
IUIOCKOKJIETOUHOU T PepeHITUPOBKY, Tposude-
paTUBHOM aKTUBHOCTH U 3Kcnpeccuu E2F3 B ciryua-
SIX MBIIIEYHO-HEMHBA3UBHBIX KapIIMHOM BBICOKOU
CTENIeHU THUCTOJIOTUYECKOH B3JI0KaYeCTBEHHOCTH C
0o0IMMY TIPU3HAKAMHU YPOTEJHAJIBHOTO KJacTepa.

sified as the urothelial-like subtype often lose p16 ex-
pression due to the subtype-specific gene loss. This
has been shown by G. Sjodahl in a cohort of elderly
patients [20]. In patients over 45 years of age, we
have determined similar results in molecular profil-
ing of the urothelial carcinomas. However, S.R. Wil-
liamson et al. confirmed that the CDKN2A/p16 gene
alteration in tumors in young patients is rare [8]. In
our cohort, we have found an increased p16 protein
expression in combination with a higher levels of
squamous cell differentiation, a proliferative activity,
and an E2F3 expression in cases of non-muscle inva-
sive carcinomas of a high histological malignancy
with common urothelial cluster features. It can be
assumed that there is another pathway of urothelial
carcinoma progression in young patients — through
an MAPK signal activation, which promotes an epi-
thelial-mesenchymal transition, and this, theoreti-
cally, leads to an increase in the p16 expression [31].
Some researchers have reported that an increased
p16 expression in tumors, including urothelial mus-
cle-invasive carcinomas, is associated with aggres-
sive subtypes, and in certain clinical situations, an
increased p16 expression may be an important prog-
nostic and predictive marker [32—34]. Another ex-
planation for the increase in the p16 expression may
be related to a squamous cell differentiation. In the
literature, there are indications that about 33% of
urothelial carcinomas with the squamous cell differ-
entiation show the p16 expression without any evi-
dence of the human papillomavirus infection [35].
However, a biological significance of this aspect is
unclear.

The frequency of, so-called, aggressive subtypes
of urothelial carcinomas of the bladder (genomically
unstable, basal/squamous cell-like, mesenchymal-
like) in our cohort has been low (not more than 6%)
in contrast to the cohort of older patients in the
Lund’s study, in which this frequency had exceeded
50%.

Dividing the young patient group into three age
subgroups has revealed some differences in the dis-
tribution of molecular subtypes. All tumors in pa-
tients younger than 30 years old have been clearly
classified in the urothelial-like A subtype, have had
papillary urothelial morphology and have been asso-
ciated with the best prognosis for recurrence-free
survival. Statistically more aggressive subtypes (ge-
nomically unstable, basal/squamous cell-like, mes-
enchymal-like) have been detected only in patients
older than 40 years. These data suggest that their
frequency increases with age and is probably related
to the accumulation of mutational burden [36].
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MO’KHO MPEANOJIOKUTh, YTO CYIIECTBYET JIPYTOH
IyTh IPOTPECCHPOBAHUS yPOTETUATBHBIX KapIH-
HOM Yy MOJIOABIX IMAI[EHTOB — 4Yepe3 aKTHUBAIIUIO
MAPK-curHasa, 4To CIIOCOOCTBYET SIUTEIUATBLHO-
Me3eHXUMAaJIbHOMY II€PEXO/Y, U 3TO, TEOPETUIECKH,
MIPUBOAUT K YBEJIMUEHUIO SKcmpeccuu p16 [31]. He-
KOTOpPBIE KCCIIEZIOBATENIN COODIIAIOT, YTO yBeJIHYe-
HHE HKCIIPECCUH P16 B OIYXOJIH, B TOM YHCJIE B ypO-
TeJIMAJIbHBIX MbIIIEUHO-HEMHBA3UBHBIX KapI[UHO-
MaX, CBSI3aHO C arpPeCCUBHBIMH IOATUIIAMU, U B
ONpeIE/IEHHON KJIMHUYECKON CUTYaI[dW IOBBIIIE-
HUE BKCIIPECCUU P16 MOKET OBITH BaKHBIM IIPOTHO-
CTHYECKUM W TPEIUKTUBHBIM MapKepoM [32-34].
Jlpyroe oOBbsICHEHHE POCTa SKCIPECCHU P16 MOKET
OBITh CBSI3aHO C ILJIOCKOKJIETOUHOU AuddepeHmu-
POBKOH. B Jureparype ecTb ykazaHWSA Ha TO, YTO
OKOJIO 33 % ypOTeIHaIbHBIX KapIMHOM C IIJIOCKO-
KkJIeTouHod uddepeHITUPOBKON JIEMOHCTPUPYIOT
SKCIIpeccHio p16 6e3 MPU3HAKOB IMOPAMKEHUS BUPY-
COM ITaIIMJIIOMBI uejtoBeka [35]. OpHako OMoI0ru-
YecKasi 3HAUMMOCTD 3TOTO acIleKTa HesiCHA.

YacroTa Tak Ha3bIBA€MbBIX arpeCCUBHBIX IOJITH-
0B YPOTEJTUAJIBHBIX KAPIIMHOM MOYEBOTO ITy3bIPs
(reHOMHO-HECTaOWIbHBIN, 6a3abHBIHN/IITOCKOKIIE-
TOYHO-IIO/IOOHBIA, ME3EeHXMMAaJIbHO-IIOIOOHBIN) B
Halel koropre ObL1a HU3KOU (He 601ee 6 %) B OTIIH-
Yrie OT KOTOPTHI MOKIIBIX TAIIUEHTOB B HCCIE0BA-
Huu Lund, B KOTOPOIi 3Ta YacToTa IpeBbIiiana 50 %.

Pasjienenre MoJ10/10¥ TPYIIIBI TAITUEHTOB HA TPHU
BO3pACTHbBIE TOATPYIIBI BBISIBUJIO HEKOTOPHIE pas-
JIMYUsl B pacIpesieJIeHUU MOJIEKYJISIPHBIX TTO/ITHIIOB.
Bce oryxos1 y marniieHToB MOJIOKe 30 JIET ObLIH YeT-
KO KJIacCU(pUIMPOBATNCH B YPOTEIHUOMOMOOHBIH A
TIO/ITHII, UMEJIH TAMMIJUIPHYIO YPOTETHATBHYIO MOP-
oJtoruIo ¥ acCONMUPOBAIUCH C HAWIYYIIIUM IIPO-
THO30M B OTHOIIIEHUH OE3PEIUIMBHON BhIKMBAEMO-
ctu. Cratuctudecku 0oJiee arpecCHBHBIE TTOATHITBI
(reHOMHO-HeCTaOWIbHBIA, 0a3aIbHbBIH/ILJIOCKOKJIE-
TOYHO-TIOAOOHBIA, ME3EHXUMAIBLHO-II0I00HBIIN) ObI-
JIU BBISIBJIEHBI TOJIBKO V MAIUEHTOB CTapIlle 40 JeT.
ITU JIaHHBIE CBUJIETETBCTBYIOT O TOM, UTO YaCTOTA MX
VBEJTUYUBAETCS ¢ BO3PACTOM U, BEPOSITHO, CBSI3aHA C
HaKOIUIEHWEM MYyTAI[UOHHOHN Harpy3ku [36].

3AK/IIOYEHUE

Pe3yspTaThl MPOBEZIEHHOTO UCCIEAOBAHUA MIPO-
JIeMOHCTPUPOBAJIN /JOCTATOYHO XOPOIIYI0 BOCIIPO-
HU3BOJMMOCTb OCHOBHBIX MOJIEKYJIAPHBIX IOATHIIOB
paka MOYEeBOro Iy3bIPs, BCTPEUAIOIIUXCA Y MOXKHU-
JIBIX MAIlMEeHTOB. BliepBhle ajlanTUpoBaHa MOJIEKY-
JIsIpHAs MMATOJIOTUYecKas KaccuUKanusa Ha OCHO-
BE COOTBETCTBYIOIEN MaHEIU aHTUTE B PEAAKIIUHU
rpymnsl uccienoBaTesniedl Lund Kk Koropre MOJIObIX
[IallEeHTOB. YCTAHOBJIEHO, UTO Y MAI[EeHTOB MOJIO-

CONCLUSION

The results of this study have demonstrated a
fairly good reproducibility of the main molecular
subtypes of bladder cancer occurring in elderly pa-
tients. For the first time, the molecular pathological
classification based on the corresponding antibody
panel by the Lund Research Group has been adapt-
ed to the cohort of young patients. The urothelial-
like A subtype of bladder cancer has been found to
be significantly predominate in young patients
(78%, p = 0.005). This aspect suggests a high ge-
nomically stability of tumors in young patients.
Urothelial carcinomas in young patients are at an
early pathological stage (pTa, pT1), characterized by
a more favorable course, a low stage of malignancy
compared to those in the older patient cohort.
Among the urothelial carcinomas of young age a
specific variant of cancer — urothelial-like CK5/6+/
p16+, combining immunohistochemical features of
basal/squamous-like and genomically unstable sub-
types, tending to a more aggressive course and
probably reflecting a different way of progression of
some urothelial carcinomas at young age in contrast
to bladder cancer of older patients, was revealed for
the first time. According to our data, aggressive mo-
lecular subtypes, such as urothelial-like B, basal/
squamous cell-like, genomically unstable, and mes-
enchymal-like, appear in patients over 30 years of
age, and their frequency increases with age. The
performed molecular profiling of bladder cancer in
young patients showed its diagnostic significance,
possibility of prognostic stratification and, there-
fore, reasonable practicality.
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JIOTO BO3PACTa JIOCTOBEPHO IPe06JIa/iaeT ypOTeIHno-
TOOOHBIN A TIOJITUI paka MOYEBOTO Iy3bIps (78 %,
P = 0.005). ATOT aCIeKT MO3BOJISAET MIPEIIOIOKUTD
BBICOKYIO0 T€HOMHYIO CTabUJIBHOCTD OITyXOJIEH Y MO-
JIOABIX TAIUEHTOB. YPOTEJTHATbHbIE KAPIUHOMBI Y
[AIMEeHTOB MOJIO/IOTO BO3PACTAa HAXOMATCSA HA PaH-
Hell matosiormyeckou craauu (pTa, pT1), xapakre-
pusyioTcsi 6osiee OGJIATONPUSATHBIM TeUueHUEM, HU3-
KOU CTEMEHBIO 3JT0KAYECTBEHHOCTH 110 CPABHEHUIO C
TAKOBBIMHU B BO3PACTHOW KOropre mnanueHToB. Cpe-
JI1 YPOTETUAIIbHBIX KAPIIMHOM Y JIUI] MOJIOZIOTO BO3-
pacra BIIEpBBIE BBISIBJIEH CIIEU(DUIECKUI BapUAHT
paka — yporenuononobusiii CK5/6+/p16+, couera-
IOIUA HUMMYHOTHCTOXMMUYECKUE WpPU3HAKU 0Oa-
3aJIPHOTO,/ TIIOCKOKJIETOYHO-II0I0OHOTO ¥ TEHOMHO-
HeCTaOMJIbHOTO IOATHUIIOB, UMEIOIUN TEH/IEHIIUIO K
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boJiee arpecCBHOMY TE€UYEHHIO M, BEPOSITHO, OTpa-
JKQIONUH WHOU MyTh IPOTPECCUH YaCTU YpPOTEIH-
aJIbHBIX KaPIIMHOM B MOJIOJIOM BO3PaCTe, B OTJIUUHE
OT paKa MOYEBOTO ITy3bIPsi BO3PACTHBIX MAIEHTOB.
ITo HAIIUM JAQHHBIM arpecCUBHBIE MOJIEKYJISIPHBIE
MTOITUTIBI, TAKKE KaK YPOTEIUOMOA00HbBIH B, 6a3ain-
HBIH / TJTIOCKOKJIETOYHO-TIOI00HBIA, T€eHOMHO-HECTa-
OMJIbHBIM, ME3€HXUMAJIbHO-II0I00HBIN, OSBJIAIOT-
¢s y TIAaIIUEHTOB cTapiie 30 JIeT, a UX YaCTOTa YBeJIH-
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YHMBAETCS C BO3PACTOM. BBIIOJTHEHHOE MOJIEKYJIAP-
HOe TPoGUINPOBAHIE PaKa MOYEBOTO IIy3BIPS Y MO-
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