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Abstract: Neural cell adhesion molecule (NCAM) and fibroblast growth factor receptor (FGFR) have a role in epithe-
lial-mesenchymal transformation during tumor genesis. Interplay between both molecules activates FGFR signaling 
and it could be responsible for tumor development. Renal epithelial tumors were analyzed for FGFR1 and NCAM 
coexpression by immunohistochemistry and for colocalization of these molecules on the particular tumor cells by 
triple immunofluorescence. Detection of NCAM isoforms in renal tumors was evaluated by RT-PCR. Applying immu-
nohistochemistry we revealed that the majority of analyzed renal neoplasms, including renal cell carcinoma (RCC) 
and oncocytoma coexpressed NCAM and FGFR1. Triple immunofluorescent technique confirmed that both markers 
are commonly colocalized on the same tumor cells. Interestingly, it seemed that different position of NCAM and 
FGFR1 expression on renal tumor cells is related to renal tumor type or grade: exclusively membranous FGFR1/
NCAM expression occurred in low grade clear cell RCC (cRCC); cytoplasmatic and membranous expression was 
present in high grade cRCC and other RCC types; oncocytoma showed only cytoplasmatic staining of both markers. 
NCAM-140 and NCAM-120 were detected in almost all analyzed renal neoplasms. Expression of both molecules on 
different cell compartments in various kidney tumors indicated that NCAM/FGFR1 interaction could play distinct 
roles in renal tumor genesis.

Keywords: NCAM, FGFR1, coexpression, colocalization, renal tumors

Introduction

Kidney cancers represent about 2% of all can-
cers. The most common form of renal neo-
plasms, with highest mortality rate of the geni-
tourinary cancers in adults is renal cell 
carcinoma (RCC) [1]. RCC is comprised of sev-
eral histological cell types; each type has differ-
ences in origin, genetics, morphology and 
behavior [2]. A better understanding of tumor 
molecular pathways that lead to tumor appear-
ance and growth may help in the development 
of new strategies for the early detection and 
treatment of renal carcinoma.

Neural cell adhesion molecule (NCAM, CD56), a 
member of a large family of cell-surface glyco-
proteins, plays a major role during development 
and controls various functions in the nervous 
system [3]. NCAM has been expressed in vari-
ous tumors of neuroendocrine and neuroecto-

dermal differentiation [4]. In kidney, NCAM is 
widely expressed during development [5], also 
on rare interstitial cells in adults [6] and on 
renal tumors [7-10]. Thus, in kidney NCAM has a 
multiple role in mesenchymal-epithelial trans-
formation, migration, proliferation and epitheli-
al-mesenchymal transformation, but the pre-
cise molecular signaling mechanisms have not 
been defined yet.

Fibroblast growth factor receptors (FGFRs) are 
a family of four tyrosine kinase receptors and 
can be activated by their cognate ligands [11] 
and by cell adhesion molecules such as NCAM 
[12]. FGFR play multifunctional roles in cell pro-
liferation and migration, differentiation, apopto-
sis, survival, epithelial-mesenchymal transfor-
mation and tumorigenesis [13-16].

Interaction of these two molecules has been 
shown in neural [17], non-neural [18] and some 
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tumor cells [19]. In non-neural cells, such as 
fibroblast and epithelial cells, FGFR1 and NCAM 
interaction induced specific set of biochemical 
events, responsible for cell migration [20]. 
NCAM localized in membrane compartments 
outside lipid rafts binds and stimulates FGFR 
through its fibronectin type III (F3) domains and 
activates MAPK signaling pathways [21, 22].

In tumors, as it has been recently published, 
interaction between FGFR and NCAM promotes 
development of ovarian cancer [22], while in 
pancreatic tumors NCAM modulates tumor-cell 
adhesion to matrix through FGFR signaling [19].

Independent studies of NCAM and of FGFR 
revealed that both molecules are involved in 
cell processes such as cell migration, prolifera-
tion, epithelial-mesenchymal transformation, 
events that transform normal epithelial cell to 
mesenchymal tumor cell [15, 22]. It has been 
also shown that NCAM and FGFR together 
could promote invasive potential of epithelial 
tumors [22]. Separate expression of NCAM [7, 
10] and of FGFR1 [23] has been already 
described in renal tumors. So far, there has 
been no study that compares expression of 
both markers on human kidney tumor tissues. 
Assuming that similar NCAM/FGFR1 interac-
tion could promote development of renal 
tumors, in the present study for the first time 
coexpression of NCAM and FGFR1 in human 
renal neoplasms was evaluated. Furthermore, 
applying triple immunofluorescent labeling, 
colocalization of NCAM and FGFR1 on same 
tumor cell in tumor tissue has been investigat-
ed. In addition, presence of NCAM isoforms 
120 and 140 kDa was investigated in renal 
tumor tissues using RT-PCR analyses.

Material and methods

Renal tissues and antibodies

Renal cell carcinoma (RCC) tissue was obtained 
from 49 patients undergoing nephrectomy, 
after informed consent of the patients. Normal 
renal tissue was obtained from 4 different 
healthy kidney donors that were not transplant-
ed. The local ethic committee approved this 
study (reference number: 29/VI-7). One piece 
of each sample was put in 4% buffered formalin 
for routine histopathology diagnostic and 
immunohistochemistry staining. The second 
part of the tissue was put into cell culture medi-

um RPMI 1640 (PAA Laboratories, GmbH, 
Austria) immediately after removal, snap-frozen 
in liquid nitrogen, while third part was con-
served in RNAlater (Qiagen Ltd., Germany), a 
RNA stabilization reagent, for subsequent effi-
cient RT-PCR analysis, both samples were 
stored at -80°C until further analysis.

Monoclonal mouse antibodies: NCAM, clone 
123C3.D5 (Thermo Scientific, USA), specific for 
fibronectin type 3 (F3) domain (4) and FGFR1, 
clone M19B2 (Abcam, USA) which recognizes 
both α and β isoforms of FGFR1 protein, were 
used for immunoperoxidase staining. For triple 
immunofluorescent labeling, rabbit monoclonal 
antibody NCAM, clone EP2567Y, (Epitomics, 
USA) corresponding to residues near the 
C-terminus of human NCAM together with 
FGFR1 antibody was applied.

Immunoperoxidase staining

Tumor sections (5 µm thick) were deparaf-
finized and dehydrated. For antigen retrieval 
citrate buffer (pH 6.0, 20 minutes in micro-
wave) was used. Primary antibodies NCAM/ 
123C3.D5 (ready to use) and FGFR1 (dilution 
1:100) were incubated for 1 hour. Sections 
were then treated with EnVisionTM Detection 
System (DAKO, Germany), using 3,3’-diamino-
benzidine or 3-amino-9-ethylcarbazole as sub-
strate and counterstained with hematoxylin. 
Negative controls were performed by omitting 
the first antibody and stained by the EnVisionTM 
method. Two pathologists (J.M.L. and J.V.) 
reviewed all slides of presence (+) or absence 
(-) of FGFR1 and NCAM expression on tumor 
samples. The slides were evaluated using the 
light microscope BX53 with DP12-CCD camera 
(Olympus, Germany).

Triple immunofluorescence labeling

Five µm-thick cryostat sections were treated as 
is was previously described [24]. In brief: after 
fixation the slides were incubated for 1 hour at 
room temperature with rabbit monoclonal anti-
body against NCAM (diluted 1:500), followed by 
Cy3-conjugated goat anti-rabbit antibody (dilut-
ed 1:2000; Dianova). Then, the mouse mono-
clonal antibody against FGFR1 (diluted 1:100) 
was added followed by goat anti-mouse IgG-
Alexa 488 (diluted 1:1000, Invitrogen). The cell 
nuclei were identified by counterstaining with 
4,6-diamino-2-phenylindolyl-dihydrochloride 
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(DAPI; 1 µg/ml). Negative controls were per-
formed in all experiments by omitting the first 
antibodies. Sections were mounted with Fluoro 

try (presence or absence of NCAM and FGFR1 
expression) were statistically correlated with 
different clinic-pathological parameters (sex, 

Table 1. Summary of the clinicopathological features, FGFR1 and NCAM 
expression in RCC
Case
no. Age Sex Tumor

size (cm)#
Nuclear
Grade Stage FGFR1 NCAM FGFR1/NCAM

coexpression
Clear cell RCC
1 61 F 6 1 pT2NxMx + - no
2 39 M 3.5 1 pT2NxMx + + yes
3 58 M 4 1 pT1aNxMx + + yes
4 87 F 2.5 1 pT3aNxMx - - no
5 71 M 5.5 1 pT3aNxMx + + yes
6 54 M 10 2 pT3bNoMx + + yes
7 64 M 9 2 pT3aNxMx + + yes
8 46 F 12 2 pT3aNxMx - - no
9 58 M 6 3 pT1bNxMx + + yes
10 74 F 5 3 pT3aNxMx + + yes
11 44 M 7 3 pT1bNxMx + + yes
12 36 M 9 3 pT4N2M1 + - no
13 60 F 13.5 4 pT3aNoMx + + yes
14 75 F 8 4 pT3aNxMx + + yes
15 57 F 8 4 pT3N2Mx + + yes
16 64 M 8 4 pT3aNxMx + + yes
Multilocular cystic RCC
1 47 M 4 1 pT1aNxMx - - no
2 34 M 4.5 1 pT1bNxMx - - no
3 44 F 6 2 pT1bNxMx + + yes
Papillary RCC
1 62 M 4.2 1, type I pT3aNxMx + + yes
2 59 M 3 1, type II pT3aNxMx + + yes
3 59 M 6 1, type II pT3NxMx - - no
4 55 M 4.5 2, type II pT1bNxMx + + yes
5 59 M 3.5 2, type II pT1aNxMx + + yes
6 47 M 4 2, type II pT1aNxMx - - no
7 59 M 3.5 2, type II pT1aNxMx + + yes
8 50 M 1.5 2, type II pT1aNxMx + + yes
9 55 M 4.5 3, type II pT3aNxMx + + yes
10 65 M NK 3, type I pT3bNxMx + + yes
11 56 M 10 3, type II pT3aNxMx + + yes
12 48 M 12 4, type II pT3aNxMx + + yes
Chromophobe RCC
1 43 M NK 1 NK + - no
2 39 F 5 2 pT1bNxMx + - no
3 60 M 2 2 pT1aNxMx + + yes
4 70 F 1.5 2 pT1aNxMx + + yes
5 61 M 7 2 pT1bNxMx + + yes
# - the biggest tumor diameter, RCC - renal cell carcinoma, FGFR1 - fibroblast growth factor 
receptor 1, NCAM - neural cell adhesion molecule, NK - not known.

Preserve Reagent (Ca- 
lboichem). All slides 
were analyzed on epi-
fluorescence micros-
copy with F-View-CCD 
camera (Olympus, Ger- 
many). Digital pictures 
from every fluoresce- 
nce channel were 
taken and superim-
posed for the specific 
antibody staining, us- 
ing the software Ana- 
lySIS from Soft Ima- 
ging Systems (Oly- 
mpus). Fluorescence 
green signal repre-
sents FGFR1 expres-
sion and red signal 
NCAM expression; whi- 
le yellow to orange sig-
nal on merge revealed 
colocalization on the 
single cell.

Colocalization of FG- 
FR1 and NCAM on 
same tumor cell was 
assessed by number 
of positive cells with 
respect to the total 
quantity of cells asse- 
ssed by DAPI nuclear 
staining, expressed 
on four-value discrete 
scale (scores 0, 1, 2 
and 3): 0 - no FGFR1+/
NCAM+ tumor cells; 1 - 
less than 30% FG- 
FR1+/NCAM+ cells; 2 - 
30 to 60% FGFR1+/
NCAM+ cells; 3 - more 
than 60% FGFR1+/
NCAM+ cells. Coloca- 
lization was quantified 
by the consensus of 
two observers (J.M.L. 
and S.C.).

Statistical analysis

Results evaluated by 
immunohistochemis-
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tumor size, histological type etc., listed in Table 
1) using standard Fisher’s exact test in cases of 
low expected frequencies. A p-value<0.05 was 
considered to indicate statistical significance. 
All analyses were conducted in SPSS 15 (IBM).

Isolation of RNA and RT-PCR

Qiagen RNeasy-Kit (Qiagen) was used for total 
RNA isolation. After DNA digestion with DNaseI 
for 20 minutes at 25°C, 1 µg of total RNA was 
reverse-transcribed with 0.5 µg of oligo (dT) 
12-18 using SuperScript III First-Strand kit 
(Invitrogen). Specially designed primers for 
RT-PCR amplification of NCAM-120 (forward: 
5’-GAACCTGATCAAGCAGGATGACGG-3’, reverse: 
5’-CTAACAGAGCAAAAGAAGAGTC-3’, NCBI ac- 
cession number NM_001076682.2) and 
NCAM-140 (forward: 5’-GTCCTGCTCCTGGTG- 
GTTGTG-3’, reverse: 5’-CCTTCTCGGGCTCCGTC- 
AGT-3’, NCBI accession number NM_000615.5) 
were used. The β-actin (forward: 5’-TCAGAA-
GGATTCCTATGTGGGC-3’, reverse: 5’-CCATCACG- 
ATGCCAGTGGTA-3’, NCBI accession number 
NM_001101.3) was amplified as the internal 
control. Amplification product was run on a 2% 
agarose gel and stained with ethidium bromide 
to monitor for specificity.

Results

Analysis of the expression of FGFR1 and NCAM 
was performed using specimens from 49 renal 
tumor patients (29 males, 20 females), the 
mean age was 53.9 years (range 34-87). In the 
present study there were analyzed: 16 clear 
cell RCC (cRCC), 12 papillary RCC (pRCC), 5 
chromophobe RCC (chRCC) and 3 multilocular 
cystic RCC (mcRCC), as well as 9 oncocytoma, 
2 collecting duct carcinoma, one cortical fibro-
ma, one metanephric adenoma. Detailed clini-
cal and pathological information was available 
for all RCC cases, included histological sub-
types, tumor size, nuclear grade (NG) and TNM 
staging (Table 1).

Control normal kidney tissue staining

In all analyzed normal tissue cryostat samples 
stained with monoclonal rabbit antibodies 

clone EP2567Y revealed exclusively strong 
staining on rare interstitial cells and on some 
glomerular cells, while paraffinе sections 
stained with monoclonal mouse antibody clone 
123C3.D5 was detected weakly on some tubu-
lar cells in addition to rare interstitial cells. In 
paraffin and cryostat samples FGFR1 was pres-
ent on some tubular epithelial cells and smooth 
muscles of blood vessel.

Coexpression of FGFR1 and NCAM in RCC 
obtained by immunohistochemistry

Total number of RCC cases analyzed in our 
study was 36. From all analyzed RCC cases 30 
(83.3%) had expression of FGFR1, whereas the 
expression of NCAM was observed in 26 
(72.2%) cases. Coexpression of FGFR1 and 
NCAM was detected in 26 (72.2%) cases. All 
NCAM positive cases were usually FGFR1 posi-
tive. Lack of both molecules was found in 6 
(16.6%) cases. Immunohistochemistry showed 
that staining pattern could be membranous 
and/or cytoplasmatic of NCAM and FGFR1, 
thus percentage of positive cells with coexpres-
sion of both molecules was evaluated only by 
triple immunofluorescent technique. In positive 
RCC cases expression of FGFR1 and NCAM has 
been detected in the majority of tumor cells. 
Intensity of staining was variable from case to 
case and it was not assessed.

Sixteen analyzed cRCC cases revealed FGFR1 
expression in 14 (87.5%) and NCAM expression 
in 12 (75%) cases. Coexpression was present 
in 12 (75%) cases, since all NCAM positive 
cases were also FGFR1 positive (Table 1). 
Interestingly, FGFR1 and NCAM expression in 
cRCC with lower NG (I and II) was usually mem-
branous and uniformly spread on the cell sur-
face (Figure 1A, 1B, 1E and 1F), while higher 
NG (III and IV) had predominantly cytoplasmic 
in addition to membranous expression of these 
markers (Figure 1C, 1D, 1G and 1H). Three 
cases of mcRCC were also studied. Only one 
case of mcRCC had uniform membranous 
staining of FGFR1 and NCAM, whereas the 
absence of FGFR1 and NCAM was noticed in 2 
samples (Table 1).

Figure 1. Coexpression of FGFR1 and NCAM in clear cell RCC. Lower NG had exclusively membranous expression of 
FGFR1 (A, B) and NCAM (E, F). In contrast, higher NG showed cytoplasmatic expression of FGFR1 (C, D) and NCAM 
(G, H) in addition to membranous; magnification 400x. Abbreviations: NG - nuclear grade.
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In 12 pRCC cases, 10 (83.3%) had coexpres-
sion of FGFR1 and NCAM. Two pRCC, with NG I 
and II lacked both molecules (Table 1). In con-
trast to cRCC, expression of FGFR1 and NCAM 
in pRCC appeared to be mainly cytoplasmatic 
regardless to NG (Figure 2). All 5 chRCC cases 

expressed FGFR1, while weak NCAM expres-
sion was observed in 3 cases (Figure 3A and 
3B) with predominantly cytoplasmatic staining.

Statistical analysis of the data obtained by 
immunohistochemistry showed that coexpres-

Figure 2. Coexpression of FGFR1 and NCAM in papillary RCC. FGFR1 (A-C) and NCAM (D-F) showed dominant cyto-
plasmatic expression in addition to membranous in all nuclear grades; magnification 400x.
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Figure 3. Immunohistochemistry and immuno-
fluorescent staining pattern in chromophobe 
RCC and in oncocytoma. Chromophobe RCC 
showed mainly cytoplasmatic and membra-
nous FGFR1 expression (A), while NCAM (B) 
had weak predominantly cytoplasmatic pat-
tern in these RCC. In oncocytoma both meth-
ods revealed clearly cytoplasmatic expression 
of FGFR1 (C, E) and NCAM (D, F). Colocaliza-
tion of FGFR1 and NCAM in oncocytoma, yel-
low to orange merge, (G) Magnification 400x, 
cell nuclei blue, stained with DAPI.
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Figure 4. Colocalization of FGFR1 and NCAM in clear cell and papillary RCC. Lower NG tumors (I-II) had colocaliza-
tion score between 0 and 2 (C, F). In tumors with higher NG (III-IV) colocalization score was 3 (I, L, O). Legend: cRCC 
- clear cell RCC, pRCC - papillary RCC, NG - nuclear grade, green - FGFR1, red - NCAM, yellow to orange - merge of 
FGFR1 and NCAM, blue - nuclei stained with DAPI.

sion of FGFR1 and NCAM in RCC was present 
regardless of histological type and all other 

clinicopathological data listed in Table 1 
(p<0.05).
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FGFR1/NCAM colocalization in RCC detected 
by triple immunofluorescence

Results obtained by triple immunofluorescent 
staining clearly showed colocalization of FGFR1 
and NCAM, i.e. expression of both markers on 
single renal tumor cell (Figure 4, merged pho-
tos). By triple immunofluorescent technique, 
NCAM positive cells better corresponded to 
FGFR1 positive cells in comparison to immuno-
histochemical staining where FGFR1 was usu-
ally stronger than NCAM (compare Figures 1-3 
to Figure 4). Using this technique, it was much 
easier to see that cancer cells of RCC with high-
er NG, in addition to cytoplasmatic, had aggre-
gated membranous FGFR/NCAM colocalization 
(Figure 4I, 4L and 4O, white arrows). The semi-
quantitative approach showed that number of 
FGFR1+/NCAM+ RCC cells was increasing with 

cytoplasmatic expression of FGFR1 and NCAM 
in 9 oncocytoma cases (Table 2).

Absence of FGFR1 and NCAM expression was 
found in one case of cortical fibroma and in two 
samples of collecting duct carcinoma, while 
single case of metanephric adenoma showed 
expression of FGFR1 and NCAM.

Presence of NCAM 120 and 140 isoforms in 
renal neoplasms

Five different tumor types, which had FGFR1 
and NCAM expression by immunomorphology, 
were studied for NCAM 120 and 140 mRNA. All 
analyzed RCC cases: cRCC, pRCC, chRCC, as 
well as two benign tumors, oncocytoma and 
metanephric adenoma, revealed presence of 
NCAM 140 (Figure 5A). NCAM 120 was present 
only in chRCC and in both benign renal neo-
plasms (Figure 5B). Two RCC cases, cRCC and 
pRCC, were negative for NCAM 120.

Discussion

In the present study, we described for the first 
time coexpression of FGFR1 and NCAM in dif-
ferent renal tumors. Coexpression of these two 
markers was analyzed by immunohistochemis-
try in cRCC, pRCC and chRCC, in collecting duct 
carcinoma, oncocytomas and few other malig-
nant and benign renal neoplasms. Coexpression 
of both molecules was detected in the majority 
of studied renal tumors and moreover, colocal-
ization of these molecules on the same renal 
tumor cells was revealed by triple immunofluo-
rescent technique.

Table 2. Summary of the clinicopathological features, FGFR1 
and NCAM expression in oncocytoma

Case 
no. Age Sex Tumor 

size (cm)#
FGFR1 cyto-
plasmatic

NCAM cyto-
plasmatic

FGFR1/NCAM
coexpression

1 61 F 2.0 + + Yes
2 43 F 2.3 + + Yes
3 51 F 2.5 + + Yes
4 60 F 3.5 + + Yes
5 53 M 4.0 + + Yes
6 57 F 6.0 + + Yes
7 59 F 6.5 + + Yes
8 81 F 8.0 + + Yes
9 69 M 9.5 + + Yes
# - the biggest tumor diameter, FGFR1 - fibroblast growth factor receptor 1, 
NCAM - neural cell adhesion molecule.

nuclear grade in cRCC and pRCC, 
since the majority of cases with 
lower NG (I-II) had colocalization 
score 0-2 (Figure 4A-F), while in 
high NG RCC (III-IV) colocalization 
score was 3, meaning that more 
than 60% of tumor cells had 
FGFR1 and NCAM expressed on 
the same tumor cell (Figure 4G-O).

FGFR1 and NCAM expression 
in oncocytoma and other renal 
neoplasms

Both techniques - immunohisto-
chemistry (Figure 3C and 3D) and 
immunofluorescence (Figure 3E- 
G) - clearly revealed exclusive 

Figure 5. RT-PCR expression of NCAM 140 (A) and 
120 (B) isoforms in various renal neoplasms. Leg-
end: line 1 - metanephric adenoma, line 2 - onco-
cytoma, line 3 - chromophobe RCC, line 4 - papillary 
RCC, line 5 - clear cell RCC.
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First functional interaction between FGFR1 and 
NCAM has been reported in neurons [17]. 
Thereafter, interplay between these two mole-
cules in different non-neural cells was reported 
indicating that interaction of NCAM with FGFR 
results in stimulation of FGFR signaling in vari-
ous cell types [18, 19]. It has been shown that 
NCAM-mediated activation of FGFR leads to 
different cellular responses [21]. Recent publi-
cation on experimental cell cultures showed 
that NCAM-dependent FGFR signaling pro-
motes cell migration and invasion in epithelial 
ovarian carcinoma [22]. The mechanism of 
FGFR1 activation by NCAM is not well clarified. 
In particular, FGFR membrane-proximal Ig3 
module is known to bind to NCAM membrane-
proximal F3(2) module [12]. Also further analy-
ses showed that FGFR Ig2 module is involved in 
direct binding to the F3(1-2) domains of NCAM 
and that Ig2 module has two binding sites for 
NCAM [20]. Several speculative models for the 
molecular mechanisms of NCAM interplay with 
FGFR1 were formulated based on this data [12, 
20].

We used triple labeled immunofluorescent 
technique to determine whether NCAM and 
FGFR1 were present on same tumor cells. Thus, 
colocalization of NCAM and FGFR1 on the same 
renal tumor cells detected by triple staining 
could indicate that functional interplay between 
NCAM and FGFR1 could occur in renal tumor 
tissues. Nevertheless, semi-quantitative analy-
sis of triple immunofluorescence showed that 
number of FGFR1+/NCAM+ cells was increased 
with nuclear grade in cRCC and pRCC suggest-
ing that NCAM/FGFR1 interaction may be relat-
ed and lead to aggressive behavior of these 
tumors.

In our study, staining pattern of NCAM expres-
sion was usually similar to the FGFR1 in differ-
ent RCC types. Lower grade RCC (I-II) had uni-
formly membranous expression of NCAM and 
FGFR1. Thus, we could say that membranous 
expression of both molecules in lower grade 
RCCs could fit to “Kochoyan’s model” [20] sug-
gesting that when NCAM is not involved in cell 
adhesion between two neighboring cells, mole-
cules are uniformly spread on cell membrane, 
and FGFR molecules do not bind significantly to 
NCAM. In these cases FGFR and NCAM mole-
cules do not interact with each other, suggest-
ing that this model could be the key for low 
aggressive potential of these RCC. Our results 

are somehow in concordance with recently 
obtained data based on human ovarian carci-
noma cell lines. In this study, ovarian carcino-
ma cell line which prominently express FGFRs 
were transfected with NCAM without F3(2) 
module (NCAM-ΔF2). In vitro experiments 
showed that cells with NCAM-ΔF2 failed to pro-
mote cell migration and invasion. Also, same 
cell line in mice formed tumors with smooth 
margins within the ovary, indicating that 
absence of NCAM/FGFR interaction is respon-
sible for poorly invasive potential of developed 
tumor [22].

However, cRCC with higher NG (III-IV) and all 
pRCC (NG I-IV) in addition to membranous had 
cytoplasmatic expression of both markers, 
while in chRCC membranous and cytoplasmat-
ic expression of FGFR1 was followed by weak 
mainly cytoplasmatic NCAM expression. 
Interestingly, triple immunofluorescent tech-
nique in RCC with high nuclear grade showed 
aggregated colocalized expression on cell 
membrane of both molecules (Figure 4G-O). 
Thus, we found that expression of FGFR1 and 
NCAM in tumor cells with higher nuclear grade 
leads to accumulation of both molecules in 
cytoplasm and on membrane. Previous data 
show that when NCAM is involved in cell-cell 
adhesion, NCAMs may aggregate/accumulate 
themselves forming cis-dimers. These dimers 
via trans-homophilic bindings mediated cell-
cell adhesion making so-called “zipper” forma-
tions [25], presumed aggregation of NCAMs 
lead to subsequent aggregation of FGFR mole-
cules [20]. Thus, Kochoyan et al proposed a 
second model of NCAM/FGFR interaction: 
FGFR is expected to bind to and becomes acti-
vated by NCAMs only when NCAM is clustered 
through a trans-homophilic binding mechanism 
[20]. It might be that this model could be 
applied to RCCs with high nuclear grade, sug-
gesting that aggregations of NCAM and FGFR1 
on cell membrane could activate NCAM/FGFR1 
interplay which is then responsible for migra-
tion and invasive potential of these RCCs. Study 
on ovarian carcinoma mentioned above [22], 
also pointed to crucial role of NCAM/FGFR 
interaction in aggressive tumor behavior. Same 
cell lines were now transfected with full-length 
NCAM. Thus, cells which now had F3(2) domain 
which is necessary for FGFR binding to NCAM 
showed migrations and invasion of tumor cells 
in vitro and in vivo experiments [22], conform-
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ing the role of NCAM/FGFR interaction in 
aggressive tumor behavior.

Our results considering oncocytoma and meta-
nephric adenoma, showed exclusively cytoplas-
matic colocalization of FGFR1 and NCAM. Since 
in both benign renal tumors no membranous 
staining was detected, it seems that membra-
nous expression is crucial event for NCAM and 
FGFR1 interplay leading to tumor invasiveness 
while the lack of NCAM/FGFR1 membranous 
expression is characteristic of renal benign 
tumors. In the present study NCAM expression 
was detected in less number of RCC in com-
parison to FGFR1. Expression of NCAM in renal 
tumors was also evaluated previously [7, 10]. 
Daniel et al detected membranous NCAM 
expression in cRCC only, and no staining in 
pRCC and chRCC. They claim that NCAM 
expressing tumors behave aggressively and 
metastasize preferentially to NCAM-expressing 
organs like CNS and adrenal gland [10]. Other, 
recently published data on NCAM expression in 
RCC, revealed cytoplasmatic NCAM staining 
not only in cRCC but also in pRCC and chRCC, 
and they did not find any association between 
NCAM expression and histological RCC type, 
nuclear grade or stage [7]. It remains unclear, 
why cited studies [7, 10] had presented differ-
ent staining pattern knowing that in both stud-
ies monoclonal antibody for NCAM (CD56, 
Novocastra) which recognized external domain 
of NCAM molecule had been used. On the other 
hand, in our study we revealed both staining 
patterns, membranous and cytoplasmatic, 
using monoclonal NCAM antibody specific for 
external (F3) domain. Lower grade tumors (I 
and II) cRCC and mcRCC had membranous, 
while high grade cRCC, all pRCC, chRCC in addi-
tion to membranous had also cytoplasmatic 
pattern. Thus, switch from NCAM negative to 
NCAM positive RCC could be a crucial event for 
tumor aggressiveness and invasiveness, as it 
was shown in the experiments by Lehembre et 
al [21], which clarified the importance of NCAM 
expression for epithelial mesenchymal transi-
tion in the development and progression of epi-
thelial tumors.

In our study, NCAM expression was detected by 
RT-PCR and immunostaining. NCAM-140 was 
present in all analyzed malignant and benign 
renal neoplasms. NCAM-140 plays role in 
growth cones and axon shafts of developing 
neurons and modulates cell adhesion, neuron 

growth and cell motility [26]. Recent study 
showed that NCAM-140, which has transmem-
brane domain, was expressed on various 
human malignancies, inducing antiapoptotic/
proliferative pathways and specifically phos-
phorylated calcium-dependent kinases that are 
relevant for tumorigenesis [7]. However, NCAM-
120, which does not have transmembrane 
domain, was present only in chRCC, oncocyto-
ma and metanephric adenoma. Functions of 
these two isoforms still have not been cleared 
up in renal neoplasms and remain to be further 
investigated.

FGFR1 was present in great number of all ana-
lyzed renal neoplasms. Actually, FGFR1 was 
present in high percentage of RCC, correspond-
ing to recently published data which showed 
expression of FGFR1 in 98% of primary RCC 
[23]. Interestingly, FGFR1 regulates different 
processes in invasive and non-invasive urothe-
lial carcinomas in cell culture experiments. 
FGFR1 expression in non-invasive urothelial 
carcinoma promotes proliferation and survival, 
while in invasive urothelial carcinoma FGFR1 
mediates invasion [27]. We clearly revealed by 
immunohistochemistry and by precise immuno-
fluorescent technique on cryostat sections vari-
able FGFR1 expressions on different cell com-
partments: membranous in lower grade mcRCC 
and cRCC (NG I-II); cytoplasmatic in addition to 
membranous in higher grade cRCC (NG III-IV), 
and in all pRCC and chRCC; cytoplasmatic in all 
oncocytomas. Thus, variable FGFR1 expression 
on various renal tumors could indicate different 
role of FGFR1 signaling in these tumors.

This study for the first time showed that most of 
analyzed renal tumors coexpressed NCAM and 
FGFR1 and moreover colocalization of both 
markers on same tumor cell. Coexpression of 
NCAM and FGFR1 is not related to histological 
type, origin, size, stage and nuclear grade. 
Localization of NCAM and FGFR1 expression in 
different cell compartments in various renal 
tumors suggest that NCAM/FGFR1 interaction 
possibly has multipurpose and different func-
tion in tumor oncogenesis in kidney.
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