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SAZETAK

Uvod: Poslednjih decenija raste stopa javljanja tumora bubreznih celija (engl. re-
nal cell tumors - RCT) i njima uzrokovanih smrtnih ishoda. lako karcinomi bubrez-
nih Celija (engl. renal cell carcinoma — RCC) predstavljaju samo 2% svih karcinoma,
ovi tumori spadaju u prvih deset uzro¢nika smrti medu karcinomima u Evropi.
Cilj: Kako je poznato da neuralni celijski adhezioni molekul (engl. neural cell ad-
hesion molecule, NCAM) i receptor 1 za fibroblastni faktor rasta (engl. fibroblast
growth factor receptor 1, FGFRT) stupaju u interakcije na povr3ini celijske mem-
brane, kao i da se mogu eksprimirati i na drugim celijskim lokalizacijama, odlucili
smo da ispitamo potencijalni uticaj razliitih obrazaca njihove koekspresije na
klinicko-patoloske karakteristike tumora bubrega.

Materijal i metode: Analizirano je 100 tumora bubrega, dijagnostikovanih na
Institutu za Patologiju Medicinskog fakulteta Univerziteta u Beogradu. Imuno-
histohemijska analiza uradena je na plo¢icama tkivnog mikroniza, koris¢enjem
NCAM (1:50, klon123(3.D5) i FGFRT (1:100, klon M19B2) antitela. Klinicke i pa-
tohistoloske karakteristike tumora bubrega ispitane su u odnosu na prisustvo i
lokalizaciju koekspresije NCAM i FGFRT molekula.

Rezultati: Koekspresija NCAM i FGFRT molekula u tumorima bubrega uocena je
u citoplazmi i na membrani, ali ovi obrasci ne zavise od patohistoloskog tipa tu-
mora. Svaki tumor u ¢ijem jedru je uocena FGFRT imunopozitivnost pokazivao je i
membransku pozitivnost na oba ispitivana molekula. Primeceno je da sa poveca-
njem T stadijuma raste ucestalost koekspresije NCAM i FGFRT molekula, ali nalaz
nije bio statisticki znacajan.

Zakljucak: Membranska koekspresija nije uocena ni kod jednog benignog tumo-
ra, uprkos prisustvu citoplazmatske koekspresije. Postoji mogucnost i da pojava
FGFR molekula u jedru indukuje pojavu membranske koekspresije.
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ABSTRACT

Introduction: The incidence of renal cell tumors (RCT) and the deaths caused
by them has been increasing in recent decades. Although renal cell carcinomas
(RCCs) represent only 2% of all cancers, these tumors are among the top ten caus-
es of death in Europe, when cancers are concerned.

Aim: Asitis known that the neural cell adhesion molecule (NCAM) and fibroblast
growth factor receptor 1 (FGFRT) interact on the surface of the cell membrane
and can also be expressed in other cellular localizations, we decided to examine
the potential influence of different patterns of their co-expression on the clinical
and pathological characteristics of renal tumors.

Material and methods: A total of 100 renal tumors, diagnosed at the Institute
of Pathology, Faculty of Medicine, University of Belgrade, were analyzed. Immu-
nohistochemical analysis was performed on tissue microarray slides, using NCAM
(1:50, clone123C3.D5) and FGFR1 (1:100, clone M19B2) antibodies. Clinical and
pathohistological characteristics of renal tumors were examined in relation to
the presence and localization of the co-expression of NCAM and FGFRT molecules.
Results: Co-expression of NCAM and FGFRT molecules in renal tumors was ob-
served in the cytoplasm and on the membrane, however, these patterns did not
depend on the pathohistological type of tumor. Each tumor in which FGFRT im-
munopositivity was observed in the nucleus also showed membranous positivity
for both tested molecules. It was observed that the frequency of co-expression
of NCAM and FGFR1 molecules increased with increasing T stage, but the finding
was not statistically significant.

Conclusion: Membranous co-expression was not observed in any benign tumor,
despite the presence of cytoplasmic co-expression. There is also a possibility that the
presence of FGFRin the nucleus induces the occurrence of membranous co-expression.
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uvoD

Tokom poslednje tri decenije, incidencija tumora bu-
brega je u stalnom porastu u Evropi, SAD-u i Australiji
[1,2]. U adultnoj populaciji, karcinomi bubrega ¢ine 2%
svih karcinoma [3], a naj¢esdi je karcinom bubreznih
Celija (engl. renal cell carcinoma, RCC), koji ima najve-
¢i mortalitet medu karcinomima urogenitalnog siste-
ma [4]. Izdvaja se nekoliko patohistoloskih podtipova,
medu kojima postoje razlike u morfologiji, genetici,
poreklu i bioloskom ponasanju. Ubedljivo je najc¢esi
svetlocelijski (80 — 90%) karcinom, za kojim slede papi-
larni, hromofobni i karcinom sabirnih kanali¢a [5]. lako
su medu tumorima bubreznih ¢elija naj¢esci karcino-
mi, postoje i benigni tumori poznati kao onkocitomi
[6]. Godisnje se Sirom sveta dijagnostikuje oko 270.000
novih slu¢ajeva RCC-a godisnje, a oko 116.000 pacije-
nata umire [1,2]. S obzirom na ¢injenicu da ovi tumo-
ri retko pokazuju rane znake bolesti (Sto rezultira
visokom proporcijom pacijenata sa metastazama),
kao i da se karakterisu raznolikim klinickim manife-
stacijama, visokom rezistencijom na radioterapiju i
hemioterapiju [7], sprovedena su mnoga klini¢ko-pa-
toloska ispitivanja u cilju otkrivanja potencijalnih
biomarkera, kako bi se omogucdila rana dijagnostika
i imunomodulacija u cilju inhibicije tumorskog rasta.

Neuralni ¢elijski adhezioni molekul (engl. neural cell
adhesion molecule, NCAM) je transmembranski protein,
eksprimiran u mnogim tkivima tokom organogeneze.
Znacajnu ulogu tokom embrionalnog razvoja ostvaru-
je ne samo u nervnom, misi¢cnom, neuroektodermal-
nom i neuroendokrinom tkivu, ve¢ i u organima dru-
gacijeg porekla, uklju¢ujuci i bubrege, igrajudi vaznu
ulogu u procesu mezenhimno-epitelne transformacije
(MET), migracije i proliferacije [8]. U adultnom bubre-
gu, NCAM je prisutan samo u retkim intersticijumskim
c¢elijama [9], kao i u bubreznim neoplazmmama [10].

Receptor za fibroblastni faktor rasta (engl. fibroblast
growth factor receptor, FGFR) pripada familiji tirozin-ki-
naznih receptora, znacajnih za celijsku proliferaciju i
migraciju, diferencijaciju, apoptozu, epitelno-mezen-
himnu transformaciju (EMT) i kancerogenezu [11-14].
FGFR receptori mogu biti aktivirani i nekim transmem-
branskim molekulima, uklju¢uju¢i NCAM [15]. Inte-
rakcije ova dva molekula opisane su u nervnom [16] i
ne-nervnom tkivu [17], ali i u tumorima [18].

Osim podataka da svaki od ova dva molekula uce-
stvuje u procesima migracije, proliferacije i procesi-
ma epitelno-mezenhimne transformacije (EMT), koji
dovode do transformacije normalne epitelne celije u
neoplasti¢nu celiju mezenhimalnih karakteristika, po-
stoje podaci i o njihovoj interakciji, kao faktoru koji po-
spesuje invazivni potencijal pojedinih karcinoma [19].
Interakcija NCAM i FGFR molekula, njihova ekspresija u

INTRODUCTION

Over the past three decades, the incidence of renal tu-
mors has been steadily increasing in Europe, USA, and
Australia [1,2]. In the adult population, kidney cancers
account for 2% of all cancers [3], with the most com-
mon one being renal cell carcinoma (RCC), which has
the highest mortality among urogenital system can-
cers [4]. There are several pathohistological subtypes,
among which there are differences in morphology, ge-
netics, origin, and biological behavior. Clear cell carci-
noma is by far the most common (80% — 90%) type, fol-
lowed by papillary, chromophobe, and collecting duct
carcinoma [5]. Although the most common renal cell
tumors are carcinomas, there are also benign tumors
known as oncocytomas [6]. About 270,000 new cases
of RCC are diagnosed annually worldwide, and about
116,000 patients die [1,2]. Given the fact that these tu-
mors rarely show early signs of disease (resulting in a
high proportion of patients with metastases), as well as
the fact that they are characterized by diverse clinical
manifestations and increased resistance to radiother-
apy and chemotherapy [7], many clinical and patho-
logical examinations have been conducted for the pur-
pose of discovering potential biomarkers and enabling
early diagnosis and immunomodulation with the aim
of inhibiting tumor growth.

Neural cell adhesion molecule (NCAM) is a trans-
membrane protein expressed in many tissues during
organogenesis. It plays a significant role during em-
bryonic development, not only in nerve, muscle, neu-
roectodermal and neuroendocrine tissue, but also in
organs of different origin, including kidneys, with an
important role in the process of mesenchymal-epithe-
lial transformation (MET), migration and proliferation
[8]. In the adult kidney, NCAM is present only in rare
interstitial cells [9], as well as in renal neoplasms [10].

The fibroblast growth factor receptor (FGFR) be-
longs to the family of tyrosine-kinase receptors, im-
portant for cell proliferation and migration, differen-
tiation, apoptosis, epithelial-mesenchymal transition
(EMT) and carcinogenesis [11-14]. FGFR receptors can
also be activated by some transmembrane molecules,
including NCAM [15]. The interactions between these
two molecules have been described in nervous [16]
and non-nervous tissue [17], but also in tumors [18].

Apart from data supporting the fact that each of
these two molecules participates in the processes of
migration, proliferation, as well as processes of epi-
thelial-mesenchymal transition (EMT), leading to the
transformation of a normal epithelial cell into a neo-
plastic cell with mesenchymal characteristics, there
are also data on their interaction as a factor enhancing
the invasive potential of certain carcinoma [19]. The
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proliferisu¢im tumorskim ¢elijama i metastazama razli-
¢itih tumora, ali i opisana ekspresija u bubreznim neo-
plazmama, ¢ini ove molekule, kao povrsinske markere,
pogodnim za uspostavljanje dijagnoze, ali i potencijal-
nom metom za primenu novih terapijskih modaliteta
[20 - 28].

Kako je poznato da NCAM i FGFR stupaju u inte-
rakcije na povrsini ¢elijske membrane, odlucili smo da
ispitamo potencijalni uticaj razli¢itih obrazaca njihove
koekspresije na klinicko-patoloske karakteristike tu-
mora bubreznih ¢elija.

MATERIJALI | METODE
Uzorci tkiva za analizu i tkivni mikroniz

Iz parafinskih kalupa tkiva tumora bubrega, dijagno-
stikovanih u periodu 2010 - 2013. godine na Institu-
tu za patologiju Medicinskog fakulteta Univerziteta u
Beogradu, uzeti su cilindri tkiva za pravljenje tkivnog
mikroniza. Uzorkovanje je radeno koris¢enjem Suplje
medicinske igle prec¢nika 0,6 mm, iz parafinskih kalupa
tumora bubreznih ¢elija. 1z svakog kalupa su uzeta tri
tkivna cilindra koja su zatim ubacena u parafinski blok
i precizno rasporedena u obliku niza. Pomoc¢u mikro-
toma, parafanski kalupi tkivnog mikroniza su seceni
na ise¢ke debljine 5 um i postavljani na mikroskopske
plocice, koje su dalje koris¢ene za imunohistohemijsku
analizu.

Uzorci tumorskog tkiva su dobijeni iz 100 tumora
bubrega, medu kojima je bilo 69 svetlocelijskih RCC-a,
12 papilarnih RCC-a, 7 hromofobnih RCC-a, 5 multilo-
kularnih cisti¢nih RCC-a, dva karcinoma Belinijevih sa-
birnih kanali¢a, kao i 5 onkocitoma.

Imunohistohemija

Imunohistohemija je uradena na ploc¢icama tkivnih mi-
kronizova. Nakon deparafinizacije u ksilolu i hidrataci-
je, plocice su ubacene u citratni pufer (pH 6,0) i izlozene
mikrotalasima u trajanju od 20 min na 400 W. Bloka-
da peroksidazne aktivnosti je izvrSena sa 1% govedim
serumskim albuminom (engl. bovine serum albumin
- BSA). Nakon ekstrakcije antigena, uradena je inkuba-
cija sa primarnim antitelima NCAM (1:50, klon 123C3.
D5, LabVision, USA) i FGFR1 (1:100, klon M19B2, Abcam,
USA) u trajanju od jednog sata. EnVision™ (DAKO, Dan-
ska) je kori$¢en za vizuelizaciju antigen-antitelo reak-
cije sa 3,3'-diaminobenzidinom (DAB) i sledstvenim
kontrastiranjem sa hemalaunom (Merc, USA). Nega-
tivne kontrole su dobijene izostavljanjem primarnog
antitela. Plocice su pregledane upotrebom BX53 sve-
tlosnog mikroskopa sa DP12CCD kamerom (Olympus,
Nemacka).

interaction between NCAM and FGFR molecules, their
expression in proliferating tumor cells and metastases
of various tumors, but also the described expression
in renal neoplasms, makes these molecules, as surface
markers, suitable for establishing a diagnosis, but also
makes them a potential target for the application of
new therapeutic modalities [20 - 28].

As NCAM and FGFR are known to interact on the
surface of the cell membrane, we decided to investi-
gate the potential impact of different patterns of their
co-expression on the clinicopathological characteris-
tics of renal cell tumors.

MATERIALS AND METHODS

Tissue samples for analysis and tissue microar-
ray

Sample cylinders of tissue were taken from paraffin
molds of renal tumor tissue, diagnosed in the period
2010 - 2013 at the Institute of Pathology of the Fac-
ulty of Medicine, University of Belgrade, for making a
tissue microarray. Sampling was performed from par-
affin molds of renal cell tumors with a hollow needle
(0.6 mm in diameter). Three tissue cylinders were taken
from each mold, which were then embedded in a par-
affin block and precisely arranged in an array. Using a
microtome, tissue microarray paraffin molds were cut
into 5 um thick sections and mounted on microscope
slides, which were further used for immunohistochem-
ical analysis.

Tumor tissue samples were obtained from 100 re-
nal tumors, among which there were 69 clear cell RCCs,
12 papillary RCCs, 7 chromophobe RCCs, 5 multilocular
cystic RCCs, two Bellini duct carcinomas, and 5 onco-
cytomas.

Immunohistochemistry

Immunohistochemistry was performed on tissue mi-
croarray slides. After deparaffinization in xylene and
hydration, the slides were placed in a citrate buffer (pH
6.0) and exposed to microwaves for 20 min, at 400 W.
Peroxidase activity was blocked with 1% bovine serum
albumin (BSA). After antigen extraction, incubation
with primary NCAM antibodies (1:50, clone 123C3.D5,
LabVision, USA) and FGFR1 (1:100, clone M19B2, Ab-
cam, USA) was performed for one hour. EnVisionTM
(DAKO, Denmark) was used to visualize the antigen-an-
tibody reaction with 3,3’-diaminobenzidine (DAB) and
subsequent contrast with hemalaun (Mertz, USA).
Negative controls were obtained by excluding the
primary antibody. Plates were examined using a BX53
light microscope with a DP12CCD camera (Olympus,
Germany).
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Statisticka analiza

Statisti¢ka analiza je izvrSena upotrebom IBM SPSS sof-
tvera, verzije 20.0. Koris¢eni su x2 test, FiSerov test, Stu-
dentov t test, Men-Vitnijev U test, Kruskal-Valisov test
i ANOVA test, a vrednost p < 0,05 je smatrana statistic-
ki znacajnom. Demografske, klini¢cke i patohistoloske
karakteristike tumora bubrega (pol pacijenta, veli¢ina
tumora, tip tumora, nuklearni gradus i TNM stadijum
bolesti) ispitane su u odnosu na prisustvo i lokalizaciju
koekspresije NCAM i FGFR1 molekula.

REZULTATI

Analiziraju¢i 100 tumora, od ¢ega je 68 pripadalo pa-
cijentima muskog, a 32 Zenskog pola, istovremenu
ekspresiju NCAM i FGFRT molekula smo zabelezili u 77
tumora (87,8%).

NCAM molekul je uoc¢en na membrani i u citosolu,
dok je FGFRT uz ove lokalizacije obuhvatio i jedarnu
distribuciju.

Kod vecine patohistoloskih tipova, u¢estalost koek-
spresije je bila u rasponu 80% - 100%, dok je od dva
karcinoma Belinijevih sabirnih kanali¢a, samo jedan
pokazivao istovremenu ekspresiju NCAM i FGFRT mo-
lekula (Tabela 1).

Primetili smo da je porast javljanja koekspresije pratila
porast nuklearnog gradusa, iako nije bilo statisticke zna-
¢ajnosti, kao i da su svi tumori sa najvisim nuklearnim gra-
dusom istovremeno eksprimirali ove molekule (Tabela 1).
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Slika 1. Prikaz membranske koekspresije NCAM (A) i FGFRT (B) molekula u
svetlocelijskom RCC-u i citoplazmatske imunoreaktivnosti oba molekula u
onkocitomu (C— NCAM, D — FGFRT)

Statistical analysis

Statistical analysis was performed using IBM SPSS soft-
ware, version 20.0.The x2 test, Fisher's test, Student's t test,
Mann-Whitney U test, Kruskal-Wallis test, and the ANOVA
test were used, and a value of p < 0.05 was considered sta-
tistically significant. Demographic, clinical and pathohis-
tological characteristics of renal tumors (patient gender,
tumor size, tumor type, nuclear grade, and TNM stage of
the disease) were examined in relation to the presence
and localization of the co-expression of NCAM and FGFR1.

RESULTS

The analysis of 100 tumors, of which 68 were found in
male patients and 32 in female patients, we recorded
the simultaneous expression of NCAM and FGFR1 in 77
tumors (87.8%).

The NCAM molecule was observed on the mem-
brane and in the cytosol, while FGFR1 included nuclear
distribution in addition to these localizations.

In most pathohistological types, the frequency of
co-expression was in the 80% — 100% range, while of
the two Bellini duct carcinomas, only one showed si-
multaneous expression of NCAM and FGFR1 (Table 1).

We observed that the increase in the occurrence of
co-expression followed the increase in nuclear grade,
although without statistical significance, and that all
tumors with the highest nuclear grade simultaneously
expressed these molecules (Table 1).
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Figure 1. Representation of membrane co-expression of NCAM (A) and FGFR1
(B) molecules in clear cell RCC and of cytoplasmic immunoreactivity of both
molecules in oncocytoma (C— NCAM, D — FGFR1)
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Tabela 1. Patohistoloske karakteristike tumora bubrega u odnosu na prisustvo FGFRT-NCAM koekspresije

Table 1. Pathohistological characteristics of renal tumors in relation to the presence of FGFRT-NCAM co-expression

Svetlocelijski RCC/ Clear cell RCC 9(15%) 51 (85%)
Papilarni RCC, niski gradus / Papillary RCC, low grade 0(0.0%) 2(100.0%)
Papilarni RCC, visoki gradus / Papillary RCC, high grade 0(0%) 9(100%)
T;i :et:::::o/r Multilokularni cistiéni RCC/ Multilocular cystic RCC 1(20%) 4(80%) 0.383
Hromofobni RCC/ Chromophobe RCC 0(0.0%) 6 (100.0%)
Karcinom Belinijevih sabirnih kanali¢a / Bellini duct carcinoma 1(50%) 1(50%)
Onkocitom / Oncocytoma 0(0.0%) 5(100.0%)
NGI 1(14.3%) 6 (85.7%)
Nuklearni gradus/ ¢ 6 (15.4%) 33 (84.6%)
Nuclear grade 0.821
(NG) NG 4(12.9%) 27 (87.1%)
NG IV 0(0%) 5(100%)
T 7(22.6%) 24(77.4%)
T stadijum / T2 2(22.2%) 7(77.8%) 01
Tstage 13 1(3.1%) 31(96.9%)
T4 0(0.0%) 1(100%)
N stadijum / NO 0(0.0%) 8(100%) 000
Nstage N1 0(0.0%) 2(100.0%)
M stadijum / MO 0(0.0%) 1(100.0%) o
Mstage M1 0(0.0%) 2(100.0%)

n — broj sluajeva; NO — bez regionalnih metastaza; N1 — sa regionalnim
metastazama; M0 — bez sistemskih metastaza; M1 — sa sistemskim metastazama

Sa povecanjem T stadijuma uocen je porast ucesta-
losti istovremene ekspresije NCAM i FGFRT molekula u
tumorima bubrega. Medu tumorima visih stadijuma
(T3 iT4), samo jedan tumor nije pokazao koekspresiju,
dok koekspresije nije bilo u 22,9% tumora u stadijumi-
ma T1 i T2. Medutim, nije bilo statisti¢ki znacajne razli-
ke (Tabela 1).

Bududi da nam podaci o nodalnim i sistemskim
metastazama za veci broj uzoraka nisu bili dostupni,
nismo bili u prilici da ispitamo odnos njihovog posto-
janja i prisustva koekspresije. Ipak, uocili smo da su
medu tumorima o kojima smo dobili ove podatke, svi
tumori sa metastazama, kao i svi tumori bez metastaza,
pokazali koekspresiju (Tabela 1).

Prisustvo membranske ekspresije i NCAM i FGFR1
molekula zapazili smo kod svega 59% tumora, pri ¢emu
je ona bila vrlo varijabilna u odnosu na patohistoloski
tip tumora. Ni kod jednog tumora medu karcinomi-

n — number of cases; NO — without regional metastases; N1 — with regional
metastases; MO — without systemic metastases; M1 — with systemic metastases

With an increasing T stage, an increase in the fre-
quency of simultaneous expression of NCAM and
FGFR1 in renal tumors was observed. Among high
stage tumors (T3 and T4), only one tumor showed
no co-expression, while co-expression was absent in
22.9% of T1 and T2 stage tumors. However, there was
no statistically significant difference (Table 1).

Since data on nodal and systemic metastases for a
larger number of samples were not available to us, we
were unable to examine the relationship between their
occurrence and the presence of co-expression. Howev-
er, we observed that among the tumors for which we
had obtained this data, all tumors with metastases, as
well as all tumors without metastases, showed co-ex-
pression (Table 1).

We observed the presence of membranous expres-
sion of both NCAM and FGFR1 in only 59% of tumors,
with great variations depending on the pathohistolog-
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Tabela 2. Patohistoloske karakteristike tumora bubrega u odnosu na lokalizaciju FGFR1-NCAM koekspresije

Table 2. Pathohistological characteristics of renal tumors in relation to the presence of FGFRT-NCAM co-expression

Svetlocelijski RCC/ Clear cell RCC 24 (40%) 36 (60%)
Papilarni RCC, niski gradus / Papillary RCC, low grade 1(50.0%) 1(50.0%)
Papilarni RCC, visoki gradus / Papillary RCC, high grade 3(33.3%) 6 (66.7%)
Tip tumora/ Multilokularni cistiéni RCC / Multilocular cystic RCC 1(20%) 4(100%) 0372
Typeaftumor = i ofobni RCC / Ghromophobe RCC 2(28.6%) 5 (71.4%)
rs;gzlsnTaBelinijevih sabirnih kanalica / Bellini duct 2(100%) 0(0%)
Onkocitom / Oncocytoma 3(75%) 1(25%)
NG| 2(28.6%) 5(71.4%)
Nuklearni gradus/ g 14(35.9%) 25 (64.1%)
Nuclear grade 0.854
(NG) NG I 14 (43.8%) 18 (56.3%)
NG IV 2 (40%) 3(60%)
T 15 (48.4%) 16 (51.6%)
T stadijum / T2 4 (44.4%) 5 (56.6%) 0638
Tstage T3 12 (36.4%) 21(63.6%)
T4 0(0%) 1(100%)
N stadijum / NO 2(22.2%) 7(77.8%) 000
Nstage NT 0(0%) 2(100%)
Mstadijum/ MO 0(0%) 1(100%) i
M stage M1 0(0%) 2(100%)

n — broj slucajeva; NO — bez regionalnih metastaza; N1 — sa regionalnim
metastazama; MO — bez sistemskih metastaza; M1 — sa sistemskim metastazama

ma sabirnih kanali¢a nismo uocili membransku koek-
spresiju, dok je medu onkocitomima ona bila prisutna
samo kod jednog pacijenta, a kod svih ostalih tipova
je koekspresija bila prisutna sa ucestalos¢u ve¢om od
50%, kao $to je prikazano u Tabeli 2. Na Slici 1 prikazani
su razlic¢iti obrasci NCAM i FGFR1 ekspresije.

Nije uolena povezanost nuklearnog gradusa i
membranske koekspresije, ali je primeéeno da je po-
rast T stadijuma pratilo i povecanje procenta tumora
koji su na membranama imali oba molekula, iako nije
bilo statisticki znacajne razlike (Tabela 2).

Ispitivanjem povezanosti veli¢ine tumora i lokali-
zacije NCAM i FGFR1 koekspresije, ustanovljeno je da
su tumori bubrega bez membranske koekspresije bili
prose¢no nesto manje velic¢ine (6,3 £ 2,7) od onih koji
su imali membransku pozitivnost (6,9 + 4,3), p = 0,390.

n — number of cases; NO — without regional metastases; N1 — with regional
metastases; M0 — without systemic metastases; M1 — with systemic metastases

ical type of the tumor. We did not observe membra-
nous co-expression in any tumor among the collecting
duct carcinomas, while among oncocytomas it was
present in only one patient, whereas in all other types
of tumors, co-expression was present with a frequency
greater than 50%, as shown in Table 2. Figure 1 shows
different patterns of NCAM and FGFR1 expression.

No association between nuclear grade and mem-
branous co-expression was observed, but it was noted
that the increase in T stage was followed by an increase
in the percentage of tumors that had both molecules
on the membranes, although there was no statistically
significant difference (Table 2).

The examination of the relationship between tu-
mor size and localization of NCAM and FGFR1 co-ex-
pression showed that renal tumors without membra-
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Analizom lokalizacije ekspresije svakog od ova dva
molekula, uvideli smo da imaju veoma sli¢nu distribu-
ciju. Tumori sa membranskom ekspresijom NCAM mo-
lekula su u 83% slucajeva na membranama eksprimira-
lii FGFR1, dok je ekspresiju FGFRT molekula na mem-
brani pratila i membranska ekspresija NCAM molekula
u 86% slucajeva. Zanimljivo je da su svi tumori u Cijem
smo jedru nasli FGFRT molekule imali i FGFR1 i NCAM
molekule na povrsini membrane.

DISKUSLJA

Karcinogeneza je viSestepeni proces koji cesto kulmi-
nira invazijom tumorskih ¢elija u okolno tkivo i u krvne
sudove, na taj nacin doprinoseci njihovoj diseminaciji
i u udaljena tkiva. Otkrivanje molekularnih interakcija
koje omogucavaju inicijaciju i progresiju ovog proce-
sa u mnogome bi olaksalo definisanje klju¢nih karika,
koje bi mogle biti meta ciljnog terapijskog delovanja.

DZimbo i saradnici su otkrili da NCAM u razli¢itim
tumorskim celijama indukuje stvaranje proteina koji
onemogucava pripajanje tumorskih celija za matriks
i bazalnu membranu [29]. Ovi autori su jednom delu
eksperimentalnih Zivotinja preneli tumorske ¢celije
koje su eksprimirale taj protein, dok su drugom delu
preneli ¢elije koje nisu posedovale ovaj protein. Broj zi-
votinja kod kojih se tumor razvio nakon prenosenja je
kod prve grupe bio zna¢ajno manji od broja Zivotinja
u drugoj grupi. Ovi rezultati ukazuju na to da NCAM,
posredstvom drugog proteina za ¢iju je ekspresiju od-
govoran, negativno uti¢e na procese klju¢ne za Sirenje
malignog procesa.

S druge strane, postoje podaci koji ukazuju na to
da agresivnost neuroblastoma i neuroendokrinih tu-
mora raste s javljanjem NCAM proteina [30,31]. Ovakvi,
naizgled suprotstavljeni rezultati, navode na ideju da
za procenu bioloskog ponasanja tumora mozda nije
korisno ispitivanje nezavisne ekspresije ovog mole-
kula, ve¢ da su znacajni i drugi molekuli sa kojima on
stupa u razli¢ite interakcije koje dovode do stimulacije
ili inhibicije razlicitih procesa. Tako je uo¢eno da se ko-
lokalizacija NCAM molekula i aldehid dehidrogenaze 1
(ALDH1) u blastemskoj komponenti Vilmsovog tumora
javlja u 33% slucajeva, a utvrdeno je da ovakav imuno-
morfoloski profil znacajno uti¢e na pojavu metastaza,
recidiva bolesti i smrti pacijenata, kao i da determini-
Se odgovor na ifosfamide-carboplatin-etoposide (ICE)
protokol hemoterapije [22]. U svojoj studiji, Jang i Lu
su pokazali da koekspresija CCND1 i FGFRT molekula
postoji kod karcinoma pluca, kao i da FGFRT promo-
vise EMT [21]. Ispitivanjem ¢elija pleuropulmonalnog
blastoma, Sukrun i Golan su primetili da tretiranjem
anti-NCAM imunokonjugatom dolazi do supresije rasta
tumorskih ¢elija u ovom tumoru [23]. Egbivi i Kokl su u

nous co-expression were, on average, slightly smaller
in size (6.3 £+ 2.7) than those with membranous positiv-
ity (6.9 + 4.3), p=0.390.

By analyzing the localization of the expression of
each of these two molecules, we saw that they had
very similar distribution. Tumors with membranous ex-
pression of NCAM also expressed FGFR1 on the mem-
branes in 83% of cases, while the expression of FGFR1
on the membrane was accompanied by membranous
expression of NCAM in 86% of the cases. It is interest-
ing that all tumors in whose nucleus we found FGFR1
molecules, had both FGFR1 and NCAM molecules on
the membrane surface.

DISCUSSION

Carcinogenesis is a multistage process that often cul-
minates in the invasion of tumor cells into the sur-
rounding tissue and blood vessels, thus contributing
to their dissemination to distant tissues. The discovery
of molecular interactions that enable the initiation and
progression of this process would greatly facilitate the
defining of key links, which could be the focus of tar-
geted treatment.

Jimbo et al. found that NCAM in various tumor cells
induces the production of a protein that prevents the
attachment of tumor cells to the matrix and the base-
ment membrane [29]. These authors transferred tumor
cells expressing this protein to one group of experi-
mental animals, while they transferred cells that did
not possess this protein to the other group of exper-
imental animals. The number of animals developing
tumors after transfer was significantly lower in the first
group than in the second group. These results indicate
that NCAM, via another protein whose expression it is
responsible for, has a negative effect on the processes
crucial for the dissemination of the malignant process.

On the other hand, there are data indicating that
the aggressiveness of neuroblastoma and neuroendo-
crine tumors increases with the presence of the NCAM
protein [30,31]. These seemingly contradictory results
indicate that for the assessment of the biological be-
havior of tumors it may not be useful to examine the
independent expression of this molecule, but that oth-
er molecules, with which NCAM enters into various in-
teractions that lead to the stimulation or inhibition of
various processes, are also important. Thus, it was ob-
served that the colocalization of the NCAM molecule
and aldehyde dehydrogenase 1 (ALDH1) in the blaste-
ma component of Wilms’tumor occurs in 33% of cases,
and it was found that this immunomorphological pro-
file significantly affects the occurrence of metastases,
disease recurrence, and patient death, as well as that
it determines the response to the ifosfamide-carbo-
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svojoj studiji primetili da je povecana ekspresija FGFR1
molekula medu astrocitomima u pedijatrijskoj popula-
ciji bila povezana sa uzrastom, lokacijom i gradusom
tumora, dok je membranska ekspresija pFGFRT mole-
kula bila povezana sa stepenom maligniteta i gradu-
som tumora [27].

Poznato je da FGFR1 u neinvazivnim tumorima sti-
mulise rast i proliferaciju, dok u invazivnim tumorima
stimuliSe i proces migracije [32]. Interakcije izmedu
FGFR1 i NCAM molekula opisane su prvi put u neuroni-
ma [16], a kasnije su opisane i u drugim tkivima [17,18].
Pokazano je da interakcija izmedu ova dva molekula
na membrani fibroblasta stimuliSe migraciju ovih celija
[28], dok je studija izvedena na eksperimentalnim celij-
skim kulturama epitelijalnog karcinoma jajnika ukazala
na to da aktivacija FGFRT molekula NCAM molekulom
povecava invazivnost tumorskih ¢elija [19].

Ispitujudi uticaj interakcija ova dva molekula na in-
vazivnost karcinoma jajnika, Kolombo i Kalavaro su in-
dukovali ekspresiju NCAM proteina u ¢€elijskim linijama
koje su eksprimirale FGFR1, sto je dovelo do transfor-
misanja indolentnog karcinoma u invazivni. Medutim,
indukcija ekspresije NCAM proteina modifikovanog
tako da ne poseduje FGFRT vezuju¢i domen, nije uti-
cala na ponasanje karcinoma [33], ¢ime je pokazano
da su interakcije ova dva molekula, koje su do sada
opisivane samo na povrsini Celijske membrane, vazne
za agresivnost tumora. Pored mnogobrojnih karcino-
ma, u nasoj studiji je koekspresija NCAM i FGFRT mo-
lekula detektovana i u svim onkocitomima. Medutim,
obrazac ove koekspresije u benignim tumorima je bio
iskljucivo sa citoplazmatskom lokalizacijom. Stoga bi-
smo mogli reci da je, uprkos prisustvu oba molekula, u
onkocitomima njihova interakcija izostala, jer je mem-
branska imunopozitivnost bila iskljucivo karakteristika
malignih tumora porekla bubreznih celija.

Kolombo i Kalavaro su takode otkrili da je koekspre-
sija NCAM i FGFR1 molekula bila najizrazenija na Celija-
ma lokalizovanim na samoj periferiji tumora. Shvatili
su to kao podatak koji govori u prilog hipotezi da ko-
ekspresija ovih molekula stimuliSe migraciju i adheziju,
procese klju¢ne za metastaziranje tumora. lako su kod
najveceg broja pacijenata u nasoj studiji nedostajale
informacije o prisustvu regionalnih i sistemskih me-
tastaza tumora bubrega, ipak, analiziraju¢i dostupne
podatke nismo uocili povezanost izmedu postojanja
metastaza i membranske koekspresije NCAM i FGFR1
molekula. Imajuci u vidu znacaj dimenzija tumora u
odredivanju stadijuma bolesti [34], mogli bismo pret-
postaviti da je membranska koekspresija NCAM i FGFR1
molekula imunomorfoloski supstrat lokalnog tumor-
skog rasta. Tako je porast ucestalosti membranske ko-
ekspresije ispitivanih proteina pratio porast T stadiju-

platin-etoposide (ICE) chemotherapy protocol [22]. In
their study, Yang and Lu showed that co-expression of
CCND1 and FGFR1 molecules exists in lung cancer, and
that FGFR1 promotes EMT [21]. Examining pleuropul-
monary blastoma cells, Shukrun and Golan observed
that treatment with anti-NCAM immunoconjugate
suppresses the growth of tumor cells in this tumor [23].
In their study, Egbivwie and Cockle observed that in-
creased expression of FGFR1 among astrocytomas in
the pediatric population was associated with age, lo-
cation, and tumor grade, while membrane expression
of pFGFR1 was associated with malignancy and tumor
grade [27].

It is known that in non-invasive tumors FGFR1
stimulates growth and proliferation, while in invasive
tumors it also stimulates the process of migration [32].
Interactions between FGFR1 and NCAM molecules
were described for the first time in neurons [16], and
were later described in other tissues [17,18]. It has been
shown that the interaction between these two mole-
cules on the membrane of fibroblasts stimulates the
migration of these cells [28], while a study performed
on experimental cell cultures of epithelial ovarian can-
cer indicated that the activation of the FGFR1 molecule
by the NCAM molecule increases the invasiveness of
tumor cells [19].

Examining the influence of the interaction be-
tween these two molecules on the invasiveness of
ovarian cancer, Colombo and Callavaro induced the
expression of the NCAM protein in cell lines express-
ing FGFR1, which led to the transformation of indolent
cancer to invasive carcinoma. However, the induction
of the expression of the NCAM protein, modified so
that it does not possess the FGFR1 binding domain,
did not affect the behavior of the cancer [33], thus
showing that the interactions between these two mol-
ecules, which have been described thus far only on the
surface of the cell membrane, are significant for tumor
aggressiveness. In our study, in addition to numerous
cancers, co-expression of NCAM and FGFR1 was also
detected in all oncocytomas. However, the pattern of
this co-expression in benign tumors was exclusively
linked to cytoplasmic localization. Therefore, we could
say that, despite the presence of both molecules, their
interaction was absent in oncocytomas, because mem-
brane immunopositivity was exclusively a characteris-
tic of malignant tumors of renal cell origin.

Colombo and Callavaro also found that the co-ex-
pression of NCAM and FGFR1 was most pronounced in
cells located at the very periphery of the tumor. They
understood this to speak in favor of the hypothesis
that the co-expression of these molecules stimulates
migration and adhesion, processes crucial for tumor

354

Decembar 2023. | Volumen 4/ Broj 4 | SRPski MEDICINSKI CASOPIS LEKARSKE KOMORE



EKSPRESIJA NCAM | FGFRT MOLEKULA | NJIHOV UTICAJ NA BIOLOSKO PONASANJE KARCINOMA BUBREZNIH CELIJA

Filipovi¢|l. et al.

POSSIBLE IMPACT OF NCAM AND FGFRT MOLECULE EXPRESSION PATTERNS ON THE BIOLOGICAL BEHAVIOR OF RENAL CELL CARCINOMA

ma tumora bubrega, $to bi moglo indirektno da ukaze
na vecu sklonost NCAM-FGFR1 pozitivnih tumora ka
metastaziranju, buduci da je TNM klasifikacija tumora
vazna, ne samo prilikom donosenja odluke o terapij-
skom pristupu, ve¢ ima uticaj i na prognozu bolesti i
ukazuje na mogucnost metastaziranja [35].

Studija koju su sproveli Ronkainen i saradnici na
razli¢itim patohistoloskim tipovima RCC-a, ukljucujudi
svetlocelijski, papilarni i hromofobni karcinom, ispiti-
vala je ekspresiju NCAM molekula, pri ¢emu nije uoce-
na korelacija izmedu NCAM ekspresije i tipa, gradusa
ili stadijuma tumora [10]. Cinjenica da u ovoj studiji
nije izuCavana istovremena ekspresija drugih moleku-
la, koji bi mogli da stupaju u interakcije sa NCAM-om u
procesima bitnim za napredovanje tumora, mogla bi
da objasni prividno neslaganje zaklju¢aka ovog istrazi-
vanja i nasih rezultata.

Danijel i saradnici su izneli tvrdnju da su NCAM po-
zitivni tumori agresivniji i da ce$¢e metastaziraju u ner-
vna i neuroendokrina - NCAM pozitivna tkiva, poput
nadbubrezne Zlezde i centralnog nervnog sistema. Oni
su opisali membransku ekspresiju u svetlocelijskom, ali
ne i u papirilarnom i hromofobnom RCC-u [36]. Mi smo,
s druge strane, u vecini tumora istih patohistoloskih ti-
pova, uocili ne samo samostalnu NCAM ekspresiju, vec
i koekspresiju sa FGFR1 molekulom.

Kereste$ i Bunstra su odavno ukazali na potencijalni
znacaj nuklearne lokalizacije razlicitih receptora za fak-
tore rasta. Ukazali su na ¢injenicu da prisustvo recep-
tora i njihovih liganada u jedru dovodi do porasta pro-
liferacije [37]. Cioni i Grous su, radeéi na karcinomima
dojke, otkrili da je granzim B odgovoran za dospevanje
FGFR1 u jedro ¢elije i da njegovim blokiranjem izostaje
efekat aktivacije FGFRT molekula na proliferaciju, kao i
to da FGFRT moze da deluje kao transkripcioni faktor za
neke gene odgovorne za proliferaciju [38]. Svi tumori
bubrega u &ijim smo jedrima detektovali FGFRT mole-
kul pokazali su koekspresiju FGFRT i NCAM molekula na
membrani. S obzirom na podatke o tome da FGFRT de-
luje kao transkripcioni faktor za neke gene, ne moze-
mo iskljuciti mogucnost da je membranska ekspresija
NCAM proteina rezultat ovakvog vida aktivnosti FGFR1
molekula, ali to zahteva dodatna ispitivanja. Takode,
nije isklju¢eno da je ekspresija FGFRT molekula u jedru
odgovorna za napredovanje karcinoma bubrega, kao
to je pokazano u tumorima dojke, mehanizmom koji
ne podrazumeva interakcije sa NCAM proteinom [39].

Ispitivanja razli¢itih molekularnih interakcija u
patologiji tumora imaju za cilj definisanje klju¢nih
procesa vaznih u inicijaciji i progresiji rasta tumora,
sposobnosti invazije u okolna tkiva i metastaziranju
tumora. Nedavno je otkriveno da sintetska supstanca
PD173074, koja predstavlja potentni FGFRT inhibitor,

metastases. For the majority of patients in our study
information on the presence of regional and systemic
metastases of renal tumors was lacking. However, an-
alyzing the available data, we did not observe an asso-
ciation between the presence of metastases and mem-
branous co-expression of NCAM and FGFR1. Bearing
in mind the importance of tumor size in determining
the stage of disease [34], we could assume that mem-
branous co-expression of NCAM and FGFR1 is an im-
munomorphological substrate of local tumor growth.
Thus, the increase in the frequency of membranous
co-expression of the analyzed proteins was accom-
panied by an increase in the T stage of renal tumors,
which could indirectly indicate a greater propensity
of NCAM-FGFR1 positive tumors to metastasize, since
the TNM classification of tumors is important, not only
when deciding on a therapeutic approach, but it also
has an impact on the prognosis of the disease and in-
dicates the possibility of metastasis [35].

A study by Ronkainen et al. performed on different
pathohistological types of RCC, including clear cell,
papillary and chromophobe carcinoma, examined the
expression of NCAM molecules. In this study, no cor-
relation was observed between NCAM expression and
tumor type, grade or stage [10]. The fact that the simul-
taneous expression of other molecules, which could in-
teract with NCAM in processes essential for tumor pro-
gression, was not examined in this study could explain
the apparent discrepancy between the conclusions of
this study and our results.

Daniel et al. claimed that NCAM-positive tumors
are more aggressive and that they more often metas-
tasize to nervous and neuroendocrine — NCAM-posi-
tive tissues, such as the adrenal gland and the central
nervous system. They described membranous expres-
sion in clear cell but not in papillary and chromophobe
RCCs [36]. On the other hand, in most tumors of the
same pathohistological types, we observed not only
independent NCAM expression, but also co-expression
with FGFR1.

Keresztes and Boonstra pointed out long ago the
potential importance of the nuclear localization of dif-
ferent growth factor receptors. They highlighted the
fact that the nuclear presence of receptors and their
ligands leads to an increase in proliferation [37]. Chioni
and Grose, working on breast cancers, discovered that
granzyme B is responsible for the delivery of FGFR1 to
the cell nucleus and that blocking it eliminates the ef-
fect of FGFR1 activation on proliferation, as well as that
FGFR1 can act as a transcription factor for some genes
responsible for proliferation [38]. All renal tumors in
whose nuclei we detected FGFR1 showed co-expres-
sion of FGFR1 and NCAM molecules on the membrane.
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sprecava proliferaciju tumorskih celija i indukuje pro-
menu njihove morfologije putem indukcije mezenhi-
mno-epitelne transformacije, redukujuci invazivnost
i rast tumora [40,41]. S obzirom na iznete zakljucke o
uticaju interakcije NCAM i FGFR1 molekula, u daljim
istrazivanjima moglo bi se otvoriti pitanje mogu¢nosti
primene FGFR1 inhibitora (PD173074) u cilju usporava-
nja lokalnog rasta tumora bubrega i redukcije njego-
vog invazivnog potencijala.

ZAKLJUCAK

Moguce je da samo membranska koekspresija NCAM i
FGFR1 molekula imaju uticaja na agresivnije biolosko
ponasanje tumora, uti¢udi tako i na stadijum bolesti,
te je samo ovakav obrazac koekspresije znacajan za
procenu njihove bioloske aktivnosti, koja nije uo¢ena
ni kod jednog benignog tumora, uprkos prisustvu ci-
toplazmatske koekspresije. Postoji mogucnost da je
kod manjeg broja pacijenata fenomen membranske
NCAM-FGFR1 koekspresije rezultat prisustva FGFRI
molekula u jedru tumorskih ¢elija. Potrebno je sprove-
sti dalja ispitivanja, na ve¢em broju pacijenata, kako bi
se detaljno ispitao znacaj koekspresije NCAM i FGFR1
molekula kod pacijenata sa tumorima bubrega.

Sukob interesa: Nije prijavljen.
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