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Relevance. The modern approach to prognostication of the course of renal carcinoma requires identification of the bio-
logical markers, which determine the key properties of the tumor in particular cases. The purpose of this study is to clarify
the nature of expression of the molecules connected with the phenotype of the cancer stem cell (CD133, N-cadherin),
TGF-a growth factor for tubular epithelium, and carboanhydrase IX (CA-IX) - one of the key molecules connected with
VHL by the molecular way of carcinogenesis in cases of renal cancer. Materials and methods. We studied 61 observations
of renal cell carcinoma (RCC). The immunohystochemical examination was based on a panel of antibodies, which in-
cluded antibodies to TGF-a (Abcam), N-cadgerin (M3613 clone; Dako), CD133 (Prominin-1, Biorbyt), carboanhydrase
IX (CAIX; NCL-L-CAIX, Leica Biosystems). The degree of the markers' expression was evaluated by a semiquantitative
method depending on the content of the positive-reaction cells in the tumor. The differences between the compared
groups were identified through the use of the Mann-Whitney U test and the chi-squared test. Results. Expression of
TGF-a was found in 36 observations (59%) of RCC. TGF-a was most frequently present in the papillary (100%) and the
clear-cell (55.9%) versions, and only rarely in chromophobic carcinoma (23.1%). A connection was found between the
expression level of this marker and the neoplastic differentiation degree (p < 0.05). Expression of N-cadgerin was met in
38 observations (62.3%), CD133 occurred in 37 observations of renal carcinoma (60.6%). N-cadgerin and CD133 were
found in the clear-cell and the papillary versions of RCC. There was a connection between the expression of N-cadgerin in
the tumor and its invasive potential (p < 0.05). A higher occurrence rate of CD133 expression was recorded in the patients
with metastatic forms of RCC, and also in cases of sarcomatoid transformation of the tumor (p < 0.05). Expression of
carboanhydrase IX (CA-IX) occurred in 35 observations (57.4%). It was found in the clear-cell version of RCC. In cases of
symptomatic RCC, expression of CA-IX was more frequently met (p < 0.05). There was a consistent association between
the expression of CA-IX and the tumor size, stage and invasive potential.
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©& Axmyanvrocmy. COBpeMeHHBIT IIOAXOJ, K IPOTHO3MPOBAHMIO TeYeHMs paka II0YKM TpebyeT IOMCKa 6MoIornde-
CKIX MapKepoB, OIpefe/IA0NINX KToueBble CBOVICTBA OIIYXO/IY Y KOHKpeTHOro naiuenTa. Ileav uccnedosanus — ore-
HUTb 0COOEHHOCTI 9KCIIPECCUY MOJIEKYTT, CBA3aHHBIX C PeHOTUIIOM pakoBoli cTBonoBol KneTky (CD133, N-kagrepus),
TGF-a — ¢axTopa pocra [/ anuTenys KaHanplieB u Kap6oanruppassl IX (CA-IX) — ogHOI 13 KIHOYeBBIX MOTIEKYII,
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cBsA3aHHbIX ¢ VHL-MO/MeKy/IApHBIM ITyTeM KaHIleporeHe3a Ipu pake nouku. Mamepuanvt u memoovt. IIpoananmusupo-
BaHO 61 HabmoieHMe oYeyHO-KIeTouHoro paka (ITKP). JIna MMMYyHOIMCTOXMMIYECKOTO MCCIeROBaHY UCTIONb30BaTIN
HaHeNTb aHTUTeN, BKmovyaouyo antutena K TGF-a (Abcam), N-kagrepuny (xmoH M3613; Dako), CD133 (Prominin-1,
Biorbyt), kap6oanruppase IX (CAIX; NCL-L-CAIX, Leica Biosystems). BeipaskeHHOCTD 9KCIIpeccui MapKepoB OLjeHuBa-
7ach TIOTYKONMMYEeCTBEHHBIM METONOM B 3aBUCUMOCTH OT COJePKAaHNA KJIETOK C IIO3UTUBHOI peakiiyei B omyxomn. s
BBIABJIEHMA Pa3/Indnii MeKIy CpaBHMBaeMbIMI IPYIIIAMU UCIIONB30BA/IM HellapaMeTpUiecKuit KpuTtepuit ManHa - YuT-
Hu 1 Xu-kBagpar. Pesynvmamuvt. Sxcripeccuss TGF-a BcTperunacs B 36 Habmiofenusx (59 %) ITKP. Hanbonee wacto
TGF-a BeiABIsAnu Ipy manwuisipHoM (100 %) 1 cBeT/IOK/IETOYHOM BapuaHTax (55,9 %), penKo mpu XpoMooOHOM pake
(23,1 %). YcraHOB/IEHA CBA3b MEXAY YPOBHEM 9KCIIPECCUY 9TOTO MapKepa I CTeIeHbI0 AnuddepeHIpoBKy HOBOO6paso-
Baums (p < 0,05). Ixcrpeccust N-kagrepuna nmerna Mecto B 38 Habmonenmsix (62,3 %), CD133 — B 37 HabmofeHnsxX paka
noukn (60,6 %). IlpenmymectBenno N-kaprepus n CD133 BBLABIIANN IIPK CBETIOK/ICTOYHOM Y IAIVJIIAPHOM BapyaH-
tax [TKP. O6Hapy»eHa cBA3b MeXy 9KCIIpeccyell B onyxonu N-KaJrepuHa U ee MHBa3UBHBIM IIOTeHLManoM (p < 0,05).
Bornee Bbicokas yacrora akcrpeccun CD133 oTmedena y 60mbpHbBIX ¢ MeTactatudeckumu ¢popmamu IIKP, a Taxoke npu
capkoMartousiHoit TpaHcdopmaryu onyxomu (p < 0,05). Ixcrpeccus kapdoanruapassl IX (CA-IX) ormeyeHa B 35 HabmI0-
menusx (57,4 %), npu ceernoknerouHoM BapuanTe IIKP. IIpu cumnromHoM ITKP mocToBepHO vale BCTpedanmach sKc-
npeccust CA-IX (p < 0,05). BeisiBnena goctoBepHas acconmanys Mexpy skcnpeccueit CA-IX u pasmepom omyxonu, ee
CTajiviell M MHBa3VBHBIM IOTEHIIMAIOM.

© Knrouesvie cnosa: odeqso-KeTOUHbII pak; mporHos; 6uomapkeper; CD133; N-kanrepun; TGF-anbpda, kapboaH-

rugpasa IX.

Renal cell carcinoma (RCC) remains a significant
health burden, accounting for nearly 3% of all malig-
nancies in the adult population. In recent decades, the
incidence of RCC has been increasing by 3% to 4% per
year. This growth is probably associated with the expan-
sion of methods of intravital kidney imaging, includ-
ing ultrasound, computed tomography, and magnetic
resonance imaging [1]. Despite the high prognostic
value of the existing diagnostic tools for assessing clini-
cal and histological features of the tumor, its stage, and
the degree of differentiation, they cannot accurately
predict the course of the disease in a particular patient
or the individual characteristics of RCC. Evaluating
tumor prognosis at different stages is also challenging.
The current approach to predicting the course of RCC
involves searching for new biological markers that allow
estimation of the most important characteristics of the
tumor, such as proliferative activity, resistance to apop-
tosis, invasion and metastasis ability, and suppression of
immune reactions [2].

The aim of this study was to evaluate the expression
of molecules associated with cancer stem cell pheno-
type (CD133, N-cadherin): transforming growth factor
(TGF)-a (growth factor for epithelial tubules) and car-
bonic anhydrase IX (CAIX), one of the key molecules
involved in von Hippel-Lindau (VHL)-associated car-
cinogenesis in RCC.

The study included 61 patients with RCC (35 cas-
es of clear cell RCC, 13 cases of type 1 papillary RCC,
and 13 cases of chromophobe RCC). We performed
morphological examination of tissue samples collec-

ted during radical nephrectomy. The specimens were
fixed in 10% buffered neutral formalin and embedded
in paraffin according to standard procedures. Histo-
logical slides were stained with hematoxylin and eosin.
The following antibodies were used for immunohisto-
chemical analysis: anti-TGF-a antibodies (TGF-a, di-
lution 1: 100; Abcam, Cambridge, United Kingdom),
anti-N-cadherin antibodies (N-cadherin, xmon M3613;
dilution 1: 50; Dako, Glostrup, Denmark), anti-CD133
antibodies (prominin-1 dilution 1: 200; Biorbyt, Cam-
bridge, United Kingdom), and anti-CAIX antibodies
(CAIX; NCL-L-CAIX, dilution 1:100; Leica Biosys-
tems, Hamburg, Germany). A semiquantitative method
was used to estimate the expression of immunohisto-
chemical markers: 0-no expression (in 0% of tumor
cells), 1-weak expression (in up to 10% of tumor cells),
2-moderate expression (in 11%-30% of tumor cells),
and 3-strong expression (in over 30% of tumor cells).
Additionally, we evaluated the location of positive
staining as membranous, cytoplasmic, or nuclear. Sta-
tistical analysis was performed with the Statistica 6.1
software package. Fisher’s exact test and Pearsons
X’ test were used to assess differences between binary
variables; continuous variables were compared by the
Mann-Whitney U test.

RESULTS

TGF-«

TGF-a is a multifunctional regulatory peptide with
a wide range of effects related to cell growth and dif-
ferentiation. In the kidney, it stimulates proliferation
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of proximal tubule epithelial cells. The effects of TGF-a
are mediated through epidermal growth factor recep-
tors [3, 4].

TGF-a expression was observed in 36 RCC pa-
tients (59%). A positive TGF-a reaction was more com-
mon in clear cell (55.9%) (Fig. 1-3) and type 1 papillary
(100%) variants (Fig. 4), whereas it was less common
in chromophobe RCC (23.1%) (Fig. 5). Expression of
TGF-a was primarily detected in the tumor cell cyto-
plasm (59%), and less frequently along cell membranes
(32.8%). Analyzing the association between TGF-a ex-
pression and clinical characteristics of RSS, we found
that such factors as age, gender, body mass index, his-
tory of hypertension, RCC symptoms, and laboratory
signs of chronic kidney disease had no effect on TGF-a
expression. We found a correlation between the level of

TGF-a production and the degree of tumor differentia-
tion (x> = 6.816; p < 0.05) (Table 1).

N-cadherin

N-cadherin is a membrane protein of the cadherin
superfamily that is involved in the formation of calci-
um-dependent cell-cell contacts. A high level of N-cad-
herin expression is typical of embryonic mesoderm. Re-
cent studies demonstrated that N-cadherin can be used
as a marker of the epithelial-mesenchymal transition,
which has a crucial role in increasing tumor aggressive-
ness (invasion and metastasis) [5].

Expression of N-cadherin was observed in 38 pa-
tients (62.3%). It was detected significantly more fre-
quently in clear cell RCC (80%) (p < 0.0001) (Fig. 6) and
type 1 papillary RCC (76.9%) (p < 0.0001) (Fig. 7) than

Table 1

Correlation between TGF-a expression and morphological and prognostic characteristics of RCC

Tabnuya 1

Ceass Mexpay skcnpeccueit TGF-o, MopdomormaeckumMn u IporHoCTMYeCKMMI XapaKTePUCTUKAMU IIOYE€THO-

KI€TOYHOTO paKa

Histological type
Characteristic Clear cell Type 1 papillary Chromophobe Total v
No expression| Expression [No expression| Expression [No expression| Expression
detected detected detected detected detected detected
Size of the primary tumor
<4 cm 2 3 0 8 3 1 17
4-7 cm 6 9 0 3 3 2 23
>7 cm 7 8 0 2 4 0 21
Total 15 20 0 13 10 3 61 P2>.309.(9)5
Tumor stage (T)
Tla 2 6 0 8 3 1 20
T1b 1 1 0 2 1 1 6
T2 0 0 0 0 1 0 1
T3a 11 10 0 3 4 1 29
T3b 1 3 0 0 1 0 5
Total 15 20 0 13 10 3 61 p5>'008.(3)5
Invasion into the tissue and blood vessels of the renal sinus, renal vein, and its branches
Yes 11 10 0 3 4 1 29
No 4 10 0 10 6 2 32
Total 15 20 0 13 10 3 61 p2>.6(iZ)5
Presence of regional lymphogenous metastases
Yes 1 0 0 0 0 0 1
No 14 20 0 13 10 3 60
Total 15 20 0 13 10 3 61 p1>.4(i?)5
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Table 1 (continued) / Oxonuanue mabn. 1
Histological type
Clear cell Type 1 papillar Chromophobe
Characteristic Ype ~ papTaly P Total X
No expression| Expression [No expression| Expression [No expression| Expression
detected detected detected detected detected detected
No 13 19 0 11 10 3 56
0.002
Total 15 20 0 13 10 3 61 > 005
Degree of differentiation (Fuhrman's nuclear grading)
G, (grade 1-2) 1 6 0 6 1 1 15
G, (grade 2-3) 11 11 0 4 8 2 36
G; (grade 3-4) 3 3 0 3 1 0 10
6.816
Total 15 20 0 13 10 3 61 <005
Presence of sarcomatoid and rhabdoid transformation
Yes 3 3 0 2 1 0 9
No 12 17 0 11 9 3 52
0.052
Total 15 20 0 13 10 3 61 p>0.05
Presence of coagulative necrosis foci in the tumor
Yes 2 1 0 4 1 0 8
No 13 19 0 9 9 3 53
0.024
Total 15 20 0 13 10 3 61 p>005

in the chromophobe variant, which had no expression
of this marker. N-cadherin was primarily located in the
cell membrane (75%), and sometimes in the cytoplasm
(35.4%). Analyzing possible correlations between the
expression of N-cadherin and clinical characteristics of
RCC, we found that patients suffering from chronic kid-
ney disease (glomerular filtration rate [GFR] < 60) were
more likely to express N-cadherin (x* = 5.67; p < 0.05).
We also analyzed the main morphological characteris-
tics of RCC that have a prognostic value (Table 2) and
found that N-cadherin production in a tumor was cor-
related with its invasive potential (x* = 6.486; p < 0.05).

CD133

CD133 (prominin-1) is a transmembrane glyco-
protein expressed in hematopoietic stem cells [6]. This
protein has recently been used as a marker of cancer

stem cells. Hypoxia and activation of hypoxia-inducible
factor (HIF)-1a can induce proliferation of CD133-pos-
itive cells. The level of CD133 production may vary de-
pending on the condition of the surrounding cells [7].

CD133 was expressed in 37 patients (60.6%).
CD133-positive cells were more frequently detected
in clear cell RCC (80%) (Fig. 8 and 9) and papillary
RCC (69.2%) (Fig. 10), whereas patients with chromo-
phobe cancer had no CD133 expression. The marker
was primarily located in the cytoplasm (60.6%), and less
frequently in the cell membrane (44.3%).

We found an association between the patient's age
and CD133 expression (x* = 17.467; p < 0.01): strong
expression was more frequent among young patients.
The mean age of patients with strong CD133 expres-
sion was 56.3 + 5.4 years, whereas patients with no
CD133 expression were significantly older (mean age
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Table 2

Correlation between N-cadherin expression and morphological and prognostic characteristics of RCC
Tabnuya 2

CBasp MEXOy SKCHPCCCI/Ieﬁ N—Kanrepmna, MOp(l)OHOI‘I/I‘IeCKI/IMI/I U IPOTHOCTUYECKUMMU XapaKTEPUCTUKAMU I10-
YE€YHO-KI€TOYHOI'O paKa

Histological type
Clear cell Type 1 papillary Chromophobe
Characteristic No ex- . No ex- . No ex- . Total X
pression Expression pression Expression pression Expression de-
detected detected detected detected detected tected
Size of the primary tumor
<4 cm 1 3 3 6 4 0 17
4-7 cm 3 11 0 3 6 0 23
>7 cm 3 14 0 1 3 0 21
Total 7 28 3 10 13 0 61 , oy
Tumor stage (T)
Tla 1 7 3 5 4 0 20
T1b 0 0 2 1 0
T2 0 0 0 0 0 0 0
T3a 5 17 0 3 6 0 31
T3b 1 3 0 0 2 0 6
Total 7 28 3 10 13 0 61 , L
Invasion into the tissue and blood vessels of the renal sinus, renal vein, and its branches
Yes 1 12 0 7 3 0 23
No 6 16 3 3 10 0 38
Total 7 28 0 10 13 0 61 p6<.4(?_%5
Presence of regional lymphogenous metastases
Yes 0 1 0 0 0 0 1
No 7 27 3 10 13 0 60
Total 7 28 3 10 13 0 61 p0>'4g_%5
Presence of distant lymphogenous and hematogenous metastases
Yes 1 3 0 2 0 0 6
No 6 25 3 8 13 0 55
Total 7 28 3 10 13 0 61 P‘l‘%&
Degree of differentiation (Fuhrman's nuclear grading)
G, (grade 1-2) 1 7 2 4 1 0 15
G, (grade 2-3) 6 19 1 3 11 0 40
G; (grade 3-4) 0 2 0 3 1 0 6
Total 7 28 3 10 13 0 61 p2>-8(}f) 5
Presence of sarcomatoid and rhabdoid transformation
Yes 2 4 0 2 1 0 9
No 5 24 3 8 12 0 52
Total 7 28 3 10 13 0 61 p0>.0(i)3.% 5
Presence of coagulative necrosis foci in the tumor
Yes 1 2 0 4 1 0 9
No 6 26 3 6 12 0 52
Total 7 28 3 10 13 0 61 p0>.0g.% 5

& UROLOGICHESKIE VEDOMOSTI 2017 Vol7 No4 ISSN 2225-9074



10

ORIGINAL PAPERS

64.8 + 2.21 years, p = 0.014). The correlation was ob-
served for both membranous and cytoplasmic expres-
sion. A significant association was found between the
level of CD133 production and the risk of decreased
GFR in the early postoperative period (x*=4.155;
p <0.05). The frequency of CD133 expression was
higher in individuals with metastatic forms of RCC.
Moreover, we found a significant correlation between
CD133 expression in tumor cells and the probability
of sarcomatoid transformation (x> =6.480; p < 0.05)
(Table 3).

CAIX

CAIX is an HIF-la-regulated transmembrane pro-
tein that is associated with tumor growth, aggressive
tumor phenotype, and poor prognosis in clear cell RCC

[8]. CAIX is believed to be involved in the regulation of
intracellular and extracellular pH levels in response to
hypoxia in tumor tissue.

CAIX expression was observed in 35 patients
(57.4%), primarily in individuals with clear cell RCC
(97.1%) (Fig. 11 and 12). One patient with chromo-
phobe RCC had a weak focal reaction with anti-CAIX
antibodies; patients with the papillary type of tumor had
no CAIX expression. Patients with symptomatic RCC
were more likely to have CAIX expression (x* = 6.213;
p < 0.05). We also found a significant association be-
tween the level of CAIX expression and tumor size
(x> =7.710; p < 0.05), stage (x> = 8.535; p < 0.05), and
invasive potential (x> = 5.111; p < 0.05). No correlation
between the degree of differentiation and the level of
CAIX production was observed (Table 4).

Table 3

Correlation between CD133 expression and morphological and prognostic characteristics of RCC

Tabnuya 3

Cea3b Mexxay skcrpeccueit CD133, MmopdonornyeckuMu u IpOrHoCTUYECKUMM XapaKTepUCTUKaMM MOYEYHO-

KJI€TOYHOTO paKa

Histological type
Clear cell Type 1 papillary Chromophobe
Characteristic Total x
No expres- | Expression | No expres- | Expression | No expres- | Expression
sion detected| detected |sion detected| detected [sion detected| detected
Size of the primary tumor

<4 cm 1 4 3 4 17

4-7 cm 5 10 0 3 5 23

>7 cm 1 14 1 1 4 21
Total 7 28 4 9 13 0 61 p5>.8(}.(())5

Tumor stage (T)

Tla 1 7 3 5 4 0 20

T1b 0 2 0 2 2 0 6

T2 0 0 0 0 1 0 1

T3a 5 16 1 2 6 0 30

T3b 1 3 0 0 0 0 4
Total 7 28 4 9 13 0 61 p0>'3g.%5

Invasion into the tissue and blood vessels of the renal sinus, renal vein, and its branches

Yes 5 16 1 2 5 0 29

No 2 12 3 7 8 0 32
Total 7 28 4 9 13 0 61 » O;Og.% 5

Presence of regional lymphogenous metastases

Yes 1 0 0 0 0 0 1

No 6 28 4 9 13 0 60
Total 7 28 4 9 13 0 61 » 1;553 5
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Table 3 (continued) / Oxonuanue ma6s. 3

Histological type
Characteristic Clear cell Type 1 papillary Chromophobe Total "
No expres- | Expression | No expres- | Expression | No expres- | Expression
sion detected| detected |[sion detected| detected [sion detected| detected
No 5 28 2 9 13 0 57
6.599
Total 7 28 4 9 13 0 61 P < 0.05
Degree of differentiation (Fuhrman's nuclear grading)
G, (grade 1-2) 1 7 1 5 1 15
G, (grade 2-3) 5 16 2 2 11 36
G; (grade 3-4) 1 5 1 2 1 10
4.431
Total 7 28 4 9 13 0 61 > 005
Presence of sarcomatoid and rhabdoid transformation
Yes 1 5 1 1 1 0 9
No 6 23 3 8 12 0 52
6.480
Total 7 28 4 9 13 0 61 <005
Presence of coagulative necrosis foci in the tumor
Yes 1 2 2 2 1 0 8
No 6 26 2 7 12 53
0.438
Total 7 28 4 9 13 0 61 p > 0.05
DISCUSSION pressed by the VHL protein. A number of authors dem-

Our study demonstrated that the levels of TGF-a, N-
cadherin, CD133, and CAIX expression differ among
various RCC histological subtypes, which reflects the
different molecular pathways underlying their devel-
opment. The CAIX protein was detected only in clear
cell tumors, whereas N-cadherin and CD133 were ex-
pressed in both clear cell and type 1 papillary RCC and
were absent in chromophobe tumors. Our results are in
agreement with previous investigations. Knebelmann
et al. (2009) found that TGF-a expression can be sup-

onstrated increased TGF-a production in clear cell and
papillary RCC compared with normal tissue [9, 10].
They also showed that this protein is likely to be among
the factors inducing cancer development in the early
stages. The absence of TGF-a in the chromophobe vari-
ant of RCC is probably responsible for the low malig-
nant potential of these tumors and their poor vascu-
larization [11]. Expression of N-cadherin in clear cell
RCC was studied by Markovic-Lipkovski et al. (2001),
Shimazui et al. (2006), and Behnes et al. (2012) [12-14].

Table 4

Correlation between CAIX expression and morphological and prognostic characteristics of RCC

Tabnuya 4

Ceasp Mexay skcnpeccueit CA-IX, Mmopgonornyeckumu 1 NporHoCTUYEeCKMMY XapaKTepUCTMKaMM MOYeYHO-

KJI€TOYHOIO paKa

Histological type
Clear cell Type 1 papillary Chromophobe
Characteristic Total x
No ex- E . N . E . No ex- E .
ression | EXpression | No expression xpression | oo Gon | EXpression
getec ted detected detected detected detected detected
Size of the primary tumor
<4 cm 0 5 4 0 8 0 17
4-7 cm 14 3 0 4 1 23
>7 cm 0 15 6 0 0 0 21
7.710
Total 1 34 13 0 12 1 61 p<0.05
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Table 4 (continued) / Oxonuanue mabn. 4

Histological type
Clear cell Type 1 papillary Chromophobe
Characteristic No ex- ' . ' No ex- ' Total 1
. Expression | No expression | Expression . Expression
PIEssIon | - 4ot cted detected detected Pression | getected
detected detected
Tumor stage (T)
T1b 0 2 2 0 2 0 6
T2 0 0 0 0 1 0 1
T3a 0 22 3 0 5 1 31
T3b 1 2 0 0 0 0 3
Total 1 34 13 0 12 1 61 p8<.5§f)5
Invasion into the tissue and blood vessels of the renal sinus, renal vein, and its branches
Yes 0 21 3 0 5 0 29
No 1 13 10 0 7 1 32
Total 1 34 13 0 12 1 61 p5<.1(}.1)5
Presence of regional lymphogenous metastases
Yes 0 1 0 0 0 0 1
No 1 33 13 0 12 1 60
Total 1 34 13 0 12 1 61 » ();75;5
Presence of distant lymphogenous and hematogenous metastases
Yes 0 3 2 0 0 0 5
No 1 31 11 0 12 1 56
Total 1 34 13 0 12 1 61 » 0>.7(§.£(3)5
Degree of differentiation (Fuhrman's nuclear grading)
G, (grade 1-2) 0 8 6 0 1 0 15
G, (grade 2-3) 1 20 4 0 10 1 36
G; (grade 3-4) 0 6 3 0 1 0 10
Total 1 34 13 0 12 1 61 p();lg.?).”)
Presence of sarcomatoid and rhabdoid transformation
Yes 0 6 2 0 1 0 9
No 1 28 11 0 11 1 52
Total 1 34 13 0 12 0 61 » 0>'3g.?)5
Presence of coagulative necrosis foci in the tumor
Yes 0 3 4 0 1 0 8
No 1 31 9 0 11 1 53
Total 1 34 13 0 12 1 61 » 1;4(?.%5

Histogenetic correlations between these markers and can provide valuable information for screening and
various forms of RCC allow them to be used in mor- monitoring of RCC.

phological differential diagnosis. Furthermore, detec- The involvement of the molecules assessed in this
tion of these proteins in biological fluids (blood, urine) study in various molecular pathways of RCC deve-
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Fig. 1. Moderately differentiated renal cell
carcinoma (RCC) (clear cell variant), nuclear
grade 2. Pronounced focal positive cytoplasmic
reaction with anti-transforming growth factor

(TGF)-a antibodies

Puc. 1. Ymepenno auddepeHurpoBanHblii mo-
4eYHO-KJIETOUYHBIA paK (CBET/IOKJIETOUHbIH Ba-
pHaHT), siIepHbIi HHAEKC 2. BoiparkeHHasi ouaro-
Basl MMO3UTHBHAsH LIMTOIIA3MaTHUECKas peaKLst
c autu-TGF-a-aHtuTes10M

Fig. 4. Highly differentiated renal cell carcinoma
(RCC) (type 1 papillary variant). Diffuse positive
cytoplasmic and membranous reaction with anti-
transiorming growth factor (TGF)-a antibodies

Puc.4. BoicokonnddepeHinpoBattbiii  Mo-
YeYHO-KJIETOUHbIH pak (Manu/uisipHblii  Bapu-
auT nepsoro Tuna). uddysHas nosurusHast
uuTonasMatuiyeckasi U MeMmOpaHHasl peakiust
¢ antu-TGF-a-anturesnom

T ;
Fig. 7. Moderately differentiated renal cell car-
cinoma (RCC) (type 1 papillary variant), nuclear
grade 2. Diffuse positive membranous reaction
with anti-N-cadherin antibodies

Puc. 7. YmepeHHo mucdepeHLpOBaHHbBIH 110-
YeYHO-KJIETOUHbIA paK (Manu/isipHbli BapuaHT
nepBoro tuna), syiepHbiii nuaeke 2. dudoysnas
MO3UTHBHAsI MeMOpaHHasi peakuusi ¢ aHTH-N-
KajirepuH-aHTUTEI0M

Fig. 2. Moderately differentiated renal cell
carcinoma (RCC) (clear cell variant), nuclear
grade 2—3. Pronounced diffuse positive cyto-
plasmic reaction with anti-transforming growth
factor (TGF)-a antibodies

Puc. 2. Ymepenno nudepeHunpoBaHHblil 110-
YeYHO-KJIETOUYHbI! paK (CBETJOK/IETOUHBIH Ba-
puaHT), siaepHbiil uHueKe 2—3. BeipaxeHHas
i py3Hasl Mo3UTHBHAST LUTOIIA3MaTHYeCKas!
peakuusi ¢ antu-TGF-0-anturesnom

] k. ol

/ LT R e
Fig. 5. Moderately differentiated renal cell carci-
noma (RCC) (chromophobe variant). Focal posi-

tive cytoplasmic reaction with anti-transforming
growth factor (TGF)-a antibodies

Puc. 5. YmepeHHo nuddepeHIpoBaHHbIA M0~
YeYHO-KJIETOUHbIH paK (XpoMO(OOHBI BapHaHT).
OuaroBasi MO3UTHBHAsI LMTOIIA3MATHYECKAsT Pe-
akuust ¢ antu-TGF-a-anturesnom

carcinoma (RCC) (clear cell variant), nuclear
grade 2. Pronounced focal positive cytoplas-
mic reaction with anti-CD133-antibodies

Puc. 8. VYmepenHo auddepeHLnpOBaHHBII
MOYEUHO-KJIETOUHBIA pPaK (CBETJIOKIETOUHBI
BapuaHT), siepHbIi uHAeKC 2. BobipakeHHasi
oyaroBasi TMO3UTHBHAsI LHUTOMJa3MaTHUECKasT
peakuust ¢ antu-CD133-anturenom

Fig. 3. Poorly differentiated renal cell carcino-
ma (RCC) (clear cell variant) with sarcomatoid
transformation. Pronounced diffuse positive
cytoplasmic reaction anti-transforming growth
factor (TGF)-a antibodies

Puc. 3. HuskoanddepenuupoBanHblii noyeyto-
KJIETOUHBIH paK (CBETJIOK/JETOUYHbI BapHaHT)
¢ capkoMatouHOi TpaHcdopmalmeit. Boipa-
JKeHHas M dy3Hast MO3UTHBHAs LIUTON/Ia3MaTH -
yeckasi peakuust ¢ antu-TGF-a-aHtuTes0m

Fig. 6. Poorly differentiated renal cell carcinoma
(RCC) (clear cell variant), nuclear grade 3. Pro-
nounced diffuse positive membranous reaction
with anti-N-cadherin antibodies

Puc. 6. Husko muddepeHinpoBaHHblil MoueuHo-
KJIETOUHBIH pak (CBETJIOKJIETOUHbIN BapHaHT),
slepHblil uHaeKe 3. Beipaxennast auddysnas
MO3UTHBHAsI MeMOpaHHasl peakuust ¢ aHTH-N-
KajirepHH-aHTHTEI0M

Fig. 9. Poorly differentiated renal cell carcino-
ma (RCC) (clear cell variant) with sarcomatoid
transformation, nuclear grade 3. Pronounced
positive cytoplasmic reaction with anti-CD133
antibodies

Puc. 9. Husko mdepeHippoBatbiii nouey-
HO-KJIETOUHBIH paK (CBETJIOK/IETOUHbI BAPHAHT)
C CapKOMaToWaHOH TpaHchopMaled, sIepHbIi
uneKe 3. BblpakeHHasi O3UTHBHAST LIUTOMIA3-
MaTHuecKast peakitysi ¢ antu-CD133-anturenom
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Fig. 10. Moderately differentiated renal cell
carcinoma (RCC) (type | papillary variant),
nuclear grade 2—3. Pronounced positive
cytoplasmic reaction with anti-CD133 an-
tibodies

Puc. 10. VYmepenno auddepenunpobaHtHblii
MOYEUHO-KJIETOUHBIH paK (ManHJUISIPHBINA BapH-
aHT MepBOTO THMA ), sAEPHBIA HHAEKC 2—3. Bbi-
paxkKeHHasi MO3WTHBHAs LMTOIJIa3MaTHUeCKast
peakuust ¢ antu-CD133-anturenom

Fig. 11. Moderately differentiated renal cell car-
cinoma (RCC) (clear cell variant, usual struc-
ture), nuclear grade 1—2. Pronounced positive
membranous reaction with anti-carbonic anhy-
drase IX (CAIX) antibodies

Puc. 11.  Ywmepenno nuddepeHIHpOBAHHbIH
MOYEUHO-KJIETOUHBIH  paK  (CBETJIOK/JIETOUHbI
BapHaHT, K/IacCHYECKOe CTPOEHHE), siepHbIi
uHueke | —2. BripaxkeHHasi MO3WUTHBHAs MeM-
GpaHHasi peakisi ¢ aHTH-KapGoaHruapasa-1X-

Fig. 12. Moderately differentiated renal cell
carcinoma (RCC) (clear cell variant, tubulo-
papillary structure), nuclear grade 1—2. Posi-
tive membranous and cytoplasmic reaction with
anti-carbonic anhydrase-1X (CAIX) antibodies

Puc. 12.  Ymepenno muddepeHIHpoBaHHbINA
MOYEYHO-KJIETOUHBIH  PaK (CBETJIOK/IETOUHBIH
BapuaHT,  TyGyJonanuispHoe  CTPOeHHe ),
siepHblid ungeke 1—2. [TosutuBHast MeMOpaH-
Hasi U UMTOMJIa3MaTHYECKasi peakilusl ¢ aHTH-

AHTUTEJIOM

lopment and progression determines their prognostic
value. N-cadherin was shown to be involved in transen-
dothelial migration of cancer cells, which is an important
step in metastasis [5]. Increased production of this marker
is associated with a poor prognosis of RCC [12, 15, 16].

Costa et al. (2012) demonstrated that nearly 50% of
RCCs have CD133 expression. Zhang et al. (2013) ob-
served CD133 expression in 21% of RCC cases. Some
authors suggest that high CD133 expression can be a fa-
vorable prognostic factor [16-19]. However, Feng et al.
(2014) found that patients with an increased serum
level of CD133 mRNA have a high risk of recurrence
and metastasis [20]. CD133-positive cells in RCC are
assumed to be a source of differentiated malignant cells
and support tumor growth [21].

High CAIX expression is associated with favor-
able prognosis in localized and metastatic RCC [22].
The level of CAIX expression is inversely proportional
to the risk of metastasis (p = 0.036). Patients with high
CAIX expression had better survival, even after adjust-
ment for such factors as T stage, Fuhrman grade, and
overall patient condition (p < 0.005) [23]. Low CAIX
expression (<85%) was associated with unfavorable
outcomes in patients with metastatic RCC (OR3.10;
p < 0.001), even after adjustment for clinical and patho-
logical factors (OR4.76; p < 0.001) [24]. Ingles et al.
(2016) also demonstrated that tumors with low levels
of CAIX expression have a worse prognosis (high risk
of recurrence and poor cancer-specific and overall sur-
vival) [25].

Our findings suggest high prognostic values for
TGF-a, N-cadherin, CD133, and CAIX. We found

kap6oanrunpasa-1X-anturesom

a correlation between TGF-a expression and the de-
gree of tumor differentiation; expression of N-cad-
herin, CD133, and CAIX; and metastatic potential
of the tumor. Thus, the markers can be used for in-
dividual prognosis of the disease course as well as for
estimating the risk of cancer progression in each par-
ticular patient.

CONCLUSION

Expression of TGF-a is significantly more common
in type 1 papillary and clear cell RCC than in chro-
mophobe cancer. A statistically significant associa-
tion was found between the level of TGF-a expression
and the degree of tumor differentiation. N-cadherin
was expressed in type 1 papillary and clear cell RCC,
whereas the chromophobe variant had no expres-
sion of this marker. A correlation between N-cadherin
production and stage 3 and 4 chronic kidney disease
was established. Invasive forms of RCC demonstrated
N-cadherin expression significantly more frequently.
CD133 expression was detected in type 1 papillary
and clear cell RCC, whereas the chromophobe variants
lacked this marker. CD133-expressing tumor cells are
more typical of younger patients. A significant associa-
tion was found between the level of CD133 expression
and the risk of decreased GFR in the early postopera-
tive period. Metastatic forms of RCC are more likely to
have CD133-positive tumor cells: there is a correlation
between the positivity of the reaction and the probabil-
ity of sarcomatoid transformation. Expression of CAIX
is typical of clear cell RCC. The level of CAIX expres-
sion was significantly associated with tumor size, stage,
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and invasive potential. Patients with symptomatic RCC
were more likely to express CAIX than those without
symptomatic RCC.
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