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Abstract: Purpose: We aimed to investigate the correlations between the expression of VEGF, PDGF-B, and their re-
ceptors (VEGFR2 and PDGFR-β) with pathologic stage or cell type in non-metastatic renal cell carcinoma. Materials 
and methods: VEGF, VEGFR2, PDGF-B, and PDGFR-β protein expression were evaluated immunohistochemically in 
prospectively collected 1,423 tumour samples obtained during radical or partial nephrectomy at a tertiary referral 
center. Intensity of expression was quantified on a scale of 0 to 3, and was compared among renal cell carcinoma 
cell types. Results: The study cohort consisted of 1,091 patients, of mean age 54 years, including 968 (88.7%) with 
clear cell, 82 (7.5%) with papillary, 31 (2.8%) with chromophobe, 4 (0.4%) with unclassified, and 6 (0.5%) with other 
types of renal cell carcinoma. VEGF expression increased with higher T and N stage and Fuhrman nuclear grade. 
PDGFR-β expression was highest in clear cell renal cell carcinoma, whereas VEGF and PDGF-B expression were 
highest in papillary renal cell carcinoma. After adjusting for T stage and Fuhrman nuclear grade using multivariate 
logistic regression analysis, VEGF (OR = 3.57, P < 0.001), VEGFR2 (OR = 1.82, P = 0.017), and PDGF-B (OR = 2.46, 
P = 0.019) expression were significantly greater in papillary than in clear cell type. Conclusions: Our results indicate 
that the cytoplasmic expression of VEGF, VEGFR2, PDGF-B, and PDGFR-β in RCC tumour cells is different in various 
pathologic stage and cell type. Notably, VEGF and PDGF-B expression are higher in papillary than in clear cell renal 
cell carcinoma. Further studies using quantitative measurement of proangiogenic factors in tumour cell are needed. 
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Introduction

The American Cancer Society has estimated 
that, during 2012, 64,770 patients were newly 
diagnosed with kidney cancer, constituting 
3.9% of all cancer patients, and that over 
13,000 patients died of this disease in the U.S. 
[1]. In Korea, 3,435 individuals were newly 
diagnosed with kidney cancer (1.7%) in 2009. 
RCC is the most common type of kidney cancer 
in adults. RCC is heterogeneous, with each his-
tological cell type having different genetics, 
biology, and clinical behaviour [2]. Based on 
these characteristics, RCC has been divided 
into several subtypes, including clear cell RCC, 
papillary RCC, chromophobe RCC, collecting 
duct RCC, and MITF/TFE family translocation 

carcinoma [3]. Until recently, RCC was the most 
lethal urologic cancer, with approximately 40% 
of patients ultimately dying of disease progres-
sion [4]. Thus, it is of great concern to elucidate 
the molecular biology of each RCC subtype. 

Hypoxia, resulting from tumour growth beyond 
a critical size, has been found to regulate a 
complex cascade of genes, including the proan-
giogenic growth factors VEGF and PDGF [5]. 
VEGF and its receptors play a pivotal role in 
physiologic and pathologic angiogenesis, which 
is essential for tumour progression and the 
development of metastasis [6]. PDGF is a 
growth factor extensively involved in multi-
dimensional cellular dynamics and in tumori-
genesis [7]. Molecules directed against VEGF/
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seven agents have been approved by the U.S. 
FDA for the treatment of advanced RCC, includ-
ing the small molecule tyrosine kinase inhibi-
tors sunitinib, sorafenib, pazopanib, temsiroli-
mus, everolimus, and axitinib, and the 
monoclonal antibody bevacizumab, in combina-
tion with interferon-α [8, 9].

VEGF and its receptors have been associated 
with RCC tumour stage and survival, with differ-
ent RCC types having different expression pat-
terns of VEGF and VEGF receptor mRNAs [10]. It 
is unclear, however, whether the expression of 
these tumour molecules differ according to 
RCC cell types in patients with non-metastatic 
disease. We have therefore evaluated the cor-
relations between the expression of VEGF, 
PDGF-B, and their receptors (VEGFR2 and 
PDGFR-β) with pathologic stage or cellular clas-
sification in patients with non-metastatic RCC.

Materials and methods

Patients and tumours

Tumour samples were collected from surgical 
specimens of patients, who underwent radical 
or partial nephrectomy for RCC between 
January, 2008, and March, 2012. All patients 
underwent a physical examination, chest radi-
ography, and CT, with tumours staged accord-
ing to the 2010 TNM classification system and 
histopathologically graded according to Skinner 
et al., based on worst grade. RCC type was clas-
sified according to the 2004 WHO classification 
[11]. The report was prepared following the 
guidelines of the Institutional Review Board of 
Asan Medical Center (IRB No. S2013-1479- 
0001).

Immunohistochemistry

IHC of the tumour tissue samples was per-
formed by using the autoimmunostainer 
Ventana XT (Roche, CA, USA) with Optiview Dab 
Detection Kit (Roche, CA, USA) according to the 
manufacturer’s instructions and using the 
reagents supplied with the kit. Formalin-fixed, 
paraffin-embedded sections of 4 μm were 
mounted on silanized charged slides and 
allowed to dry for 10 min at room temperature, 
followed by 20 min in an incubator at 65 C. 
Then, sections were performed by Heat Induced 
Epitope Retrieval (Cell Conditionning 1) for 24 
min and incubated for 16 min with antibodies 
to VEGF (anti-Mouse, dilution 1:500; Phar- 
mingen, NJ, USA), VEGFR2 (anti-Rabbit, dilution 

Table 1. Patients’ demographic and tumour-
specific characteristics

N (%)
Age (years: mean ± SD) (%)
    < 40
    40-49
    50-59
    60-69
    ≥ 70

54.81 ± 0.36
129 (11.8)
229 (21.0)
334 (30.6)
259 (23.7)
140 (12.8)

Sex
    Male 781 (71.6)
    Female 310 (28.4)
BMI, kg/m2 (514 patients)
    Underweight (< 18.5) 10 (1.9)
    Acceptable (18.5 < 23) 137 (26.7)
    Increased risk (23 < 27.5) 273 (53.1)
    High risk (≥ 27.5) 94 (18.3)
Operative method (n = 466)
    Open 216 (46.3)
    Pure laparoscopic 94 (20.1)
    HALS 59 (12.6)
    Robot-assisted laparoscopic 97 (20.8)
    Radical 233 (48.9)
    Partial 243 (51.0)
Tumour size (cm: mean ± SD) 4.37 ± 2.94
T stage (pT)
    T1a 621 (57.4)
    T1b 250 (23.1)
    T2a 57 (5.3)
    T2b 59 (5.5)
    T3a 88 (8.1)
    T3b	 4 (0.4)
    T3c 0 (0.0)
    T4 2 (0.2)
N stage (pN)
    N0 198 (18.4)
    N1
    Nx

14 (1.30)
879 (80.2)

Cell type
    Clear cell 968 (88.7)
    Papillary, type 1 60 (5.5)
    Papillary, type 2 22 (2.0)
    Chromophobe 31 (2.8)
    Unclassified 4 (0.4)
    Multilocular cystic 1 (0.1)
    Xp11 translocation 3 (0.3)
    Others 2 (0.1)
Abbreviations: HALS = hand assisted laparoscopic sur-
gery; SD = standard deviation.

PDGF protein and VEGF/PDGF receptor signal-
ing are available for RCC treatment. To date, 
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1:100; Cell Signaling Technology, MA, USA), 
PDGF-B (anti-Rabbit, dilution 1:400; Bioworld, 
MN, USA), and PDGFR-β (anti-Rabbit, dilution 
1:200; Eptomics, CA, USA) in the autoimmu-
nostainer. All sections were counterstained 
with haematoxylin. Tumour sections with docu-
mented positivity were used as positive con-
trols. Negative controls included omitting the 
primary antibody and replacing the primary 
antibody with an irrelevant antibody. 

Assessment of expression

IHC results were independently evaluated by 
two specialised pathologists, blinded to each 
patient’s clinical data. A semiquantitative scor-
ing system was used, based on staining inten-
sity (0, negative; 1, weak; 2, intermediate; 3, 
strong), which was corresponded to the per-
centage of positive stained cells (0, 0%; 1, < 
25% positive; 2, 26-50% positive; 3, ≥ 50% 
positive). A score ≥ 1 represented a positive 
immunohistochemical identification of a 
marker. 

Statistical analysis

Correlations between protein expression and 
oncologic parameters, especially the patholog-
ic classification according to RCC cell, were 
analysed statistically using the Mann-Whitney 

U, Kruskal-Wallis, and Spearman rank correla-
tion tests. Logistic regression was used for mul-
tivariate analysis. All statistical tests were two-
sided, with the level of significance set at 0.05. 

Results

A total of 1,423 patients diagnosed with RCC 
underwent radical or partial nephrectomy dur-
ing the study period. After excluding 292 
patients with pathologically proven tumours 
other than RCC or 50 with metastasis, 1,091 
patients of mean age 54.8 years were involved 
in the analysis. Patients’ demographic and 
tumour-specific characteristics are listed in 
Table 1. Of these samples, 79.6%, 62.4%, 
45.0%, and 42.4% were positive for VEGF, 
VEGFR2, PDGF-B, and PDGFR-β, respectively 
(Figure 1). 

Cell type and immunohistochemical staining 
intensity

Of the 1,091 patients, 962 (88.8%) had clear 
cell, 60 (5.5%) had papillary type 1, 20 (2.0%) 
had papillary type 2, 31 (2.9%) had chromo-
phobe, 4 (0.3%) had unclassified, and 6 (0.5%) 
had other types of RCC. The representative IHC 
results of VEGF and VEGFR2 in clear cell, papil-
lary, and chromophobe RCC are shown in Figure 

Figure 1. Distribution of staining intensity in each staining of (A) VEGF, (B) VEGFR2, (C) PDGF-B, and (D) PDGFR-β.
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Figure 2. Representative immunohistochemical localization of VEGF, and VEGFR2 in clear cell, papillary, and chro-
mophobe renal cell carcinoma. Expression of VEGF is localized to cellular membrane and cytoplasm of tumour 
cells and vascular smooth muscle cells (A, C, E, G) (× 200). Expression of VEGFR2 is more prominent in cellular 
membrane than in cytoplasm of tumour cells (B, D, F, H) (× 200). VEGF = vascular endothelial growth factor type 
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Figure 3. Broken line graph shows that the intensity of immunohistochemical 
staining of VEGF, VEGFR2, PDGF-B, PDGFR-β are different according to the 
cell type of renal cell carcinoma: A. Staining intensity for VEGF was lower in 
chromophobe than in papillary types 1 and 2 but was similar to that in clear 
cell RCC; B. VEGFR2; C. PDGF-B; D. PDGFR-β staining was higher in clear cell 
and papillary type 1 than in papillary type 2 or chromophobe RCC.

are shown in Figure 3. The 
staining intensities of VEGF (P 
< 0.001), VEGFR2 (P = 0.010), 
and PDGF-B (P < 0.001) were 
each significantly greater in 
papillary type 1 than in clear 
cell RCC (Table 2), although 
their mean tumour sizes were 
similar (4.27 cm vs. 4.90 cm, 
P = 0.280). Although the group 
with papillary type 2 RCC 
included a higher percentage 
of patients with T3 or higher 
stage, the differences in distri-
bution of stage by cell types 
were not statistically signifi-
cant (P = 0.053, Fisher’s exact 
test). In patients with higher 
pathologic stage (pT3 or 
more), the differences in stain-
ing intensity between clear 
cell and papillary type 1 were 
more obvious (Figure 3). 
Staining intensity for VEGF 
was lower in chromophobe 
than in papillary types 1 (P = 
0.002) and 2 (P = 0.041) but 
was similar to that in clear cell 
(P = 0.697) RCC. PDGFR-β 
staining was higher in clear 
cell and papillary type 1 than 
in papillary type 2 or chromo-
phobe RCC.

Fuhrman’s nuclear grade and 
immunohistochemical stain-
ing intensity

Fuhrman’s nuclear grade was 
associated with VEGF, 
VEGFR2, and PDGFR-β expres-
sion in clear cell RCC (Figure 
4). VEGF expression was high-
er in clear cell RCCs of 
Fuhrman’s grade 4 than in 
grades 1 or 2, and VEGFR-2 
expression was higher in 
grades 3 (P < 0.001) and 4 (P 

2, VEGFR2 = vascular endothelial growth factor receptor type 2, CRCC = clear cell renal cell carcinoma, PRCC1 = 
papillary renal cell carcinoma type 1, PRCC2 = papillary renal cell carcinoma type 2, ChRCC = chromophobe renal 
cell carcinoma.

2. The mean staining intensities of VEGF, 
VEGFR2, PDGF-B, and PDGFR-β in clear cell, 
papillary types 1 and 2, and chromophobe RCC 

= 0.040) than in grade 2. Although PDGF-B 
expression did not differ significantly by nuclear 
grade, PDGFR-β expression was significantly 
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Table 2. Expression of VEGF2, VEGFR2, PDGF-B, and PDGFR-β in different cellular subtypes of RCC
VEGF2 P  

value
VEGFR2 P  

value
PDGF-B P  

value
PDGFR-β P  

valueWeak Strong Weak Strong Weak Strong Weak Strong
Cell type, n (%) < 0.001 0.166 < 0.001 0.002

    Clear cell 340 (35.3) 622 (64.7) 532 (55.3) 430 (44.7) 747 (77.7) 215 (22.3) 646 (67.2) 316 (32.8)

    Papillary 9 (11.3) 71 (88.8) 34 (42.5) 46 (54.5) 44 (55.0) 36 (45.0) 58 (72.5) 22 (27.5)

    Chromophobe 14 (45.2) 17 (54.8) 16 (51.6) 15 (48.4) 22 (71.0) 9 (29.0) 28 (90.3) 3 (9.7)

    Others 1 (10.0) 9 (90.0) 5 (50.0) 5 (50.0) 8 (80.0) 2 (20.0) 10 (100.0) 0 (0.0)
Abbreviations: VEGF2 = vascular endothelial growth factor type 2; VEGFR2 = vascular endothelial growth factor receptor type.

lower in grades 3 (P = 0.003) and 4 (P < 0.001) 
than in grade 2. Expression was not associated 
with nuclear grade in papillary RCC types 1 and 
2, except that only VEGFR2 staining was higher 
in grade 4 than in grade 2 papillary RCC type 2 
(P = 0.030). 

Immunohistochemical staining intensity after 
adjusting for confounders

Only VEGF expression was significantly higher 
as T or N stage increased. After adjusting the T 
stage and Fuhrman nuclear grade using multi-
variate logistic regression analysis, papillary 
RCC showed significantly stronger expression 
of VEGF (OR = 3.57, 95% CI 1.74-7.32, P < 
0.001), VEGFR2 (OR = 1.82, 95% CI 1.11-2.99, 
P = 0.017), and PDGF-β (OR = 2.46, 95% CI 
1.49-4.06, P = 0.019) compared to clear cell 
RCC.

Discussion

Among the five major subtypes of RCC, clear 
cell, papillary types 1 and 2, chromophobe, col-

in other RCC cell types. Moreover, few studies 
have assayed VEGF staining by IHC and corre-
lated the results with clinicopathological find-
ings and different RCC subtypes [14]. These 
results showed that VEGF/VEGFR2 and 
PDGF-B/PDGFR-β expression are significantly 
associated with pathological stage or histo-
pathological tumour cell type in patients with 
non-metastatic RCC. Notably, this study 
involved the largest number of prospectively 
collected pathologic specimens to date to 
assess differences in VEGF/VEGFR2 and 
PDGF-B/PDGFR-β staining by IHC in RCCs other 
than clear cell and papillary in a single centre. 

We found that the levels of expression of VEGF, 
VEGFR2, and PDGF-β protein were lower in 
clear cell than in papillary RCC. Previous stud-
ies comparing VEGF expression according to 
RCC cell type have yielded conflicting results. 
For example, the expression of VEGF and 
VEGFR1 mRNA was reported lower in papillary 
than in clear cell RCC [15], whereas a subse-
quent study from the same group showed high-
er VEGF mRNA levels in clear cell than in papil-

lecting duct, and 
unclassified, clear 
cell is the most fre-
quent [2]. Clear cell 
RCCs are highly vas-
cular tumours, with 
high expression of 
VEGF, VEGFR, and 
PDGFR [12]. Altho- 
ugh VEGF and PDGF 
are proangiogenic 
growth factors beli- 
eved to play critical 
roles in the develop-
ment and progres-
sion of clear cell 
RCCs [13], less is 
known about the 
expression of pro-
angiogenic factors 

Figure 4. Fuhrman’s nuclear grading and staining intensity in each staining of VEGF, VEG-
FR2, PDGF-B, PDGFR-β in clear cell renal cell carcinoma. VEGF expression was higher 
in clear cell RCCs of Fuhrman’s grade 4 than in grades 1 or 2, and VEGFR-2 expression 
was higher in grades 3 and 4 than in grade 2. Although PDGF-B expression did not differ 
significantly by nuclear grade, PDGFR-β expression was significantly lower in grades 3 and 
4 than in grade 2.
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lary RCC, with only marginal significance (P = 
0.050). Moreover, the sample size was relative-
ly small, and protein expression was not 
assessed. Other studies reported no apparent 
correlation between VEGF expression pattern 
and histological grade or type [14, 16]. Our find-
ings are in good agreement with those of an 
earlier study, which reported that VEGF protein 
expression, as assessed by IHC, was signifi-
cantly lower in patients with clear cell than pap-
illary RCC (P < 0.010), but did not differ between 
clear cell and other RCC subtypes [17]. 
Interestingly, 77.4-95.5% of our samples were 
positive for VEGF, compared with 12.5-28.6% 
of samples in the previous study. 

VEGF is a proangiogenic factor associated with 
the cascade of hypoxia inducible tumour growth 
[5]. Generally, RCCs are characterised as hav-
ing abundant blood vessels, with extensive 
haemorrhage, necrosis, and tumour thrombi 
associated with angiogenic activity [18]. VEGF 
is a potent promoter of tumour angiogenesis, 
with VEGF mRNA and protein levels higher in 
RCC than in normal kidney cortex [16, 19]. We 
expected that VEGF expression would be ele-
vated in clear cell RCCs with VHL mutations, 
despite normal oxygenation conditions. VHL 
mutations are rarely observed in papillary and 
chromophobe RCCs. However, we found VEGF 
and PDGF-B expression were higher in papillary 
than in other RCC subtypes, whereas tumour 
size did not differ in clear cell and papillary 
RCCs. This result indicates that VEGF expres-
sion could be promoted without relating to 
hypoxia or VHL mutated pathways. 

We assayed only one of the three structurally 
related VEGF receptors, VEGFR2. Although 
VEGFR1 plays a role in tumour progression and 
binds VEGFA with at least 10-fold higher-affinity 
than does VEGFR2, VEGFR1 is expressed at low 
levels in RCC [20]. The expression of VEGFR3 in 
tumour cells is unclear [21], although this 
receptor and its ligands are involved in tumour 
lymphangiogenesis rather than angiogenesis 
[22]. VEGFR2 is  the major mediator of VEGFA-
driven responses in endothelial cells and a piv-
otal signal transducer during both physiologic 
and pathologic angiogenesis [23]. Moreover, 
VEGFR2 expression is significantly upregulated 
in the vascular endothelium of most common 
human solid tumours [20]. 

The PDGF family consists of four different iso-
forms: PDGF-A, -B, -C, and -D. PDGF receptors 

are dimers consisting of two different receptor 
chains (PDGFR-α and -β) [24]. PDGF-A and -B 
and PDGFR-α and -β are expressed in postnatal 
human and rodent kidneys [25], and PDGFR-β, 
but not PDGFR-α, has been reported to be 
expressed in epithelial cells of human glomeru-
li [26]. PDGFR-β is expressed in glomerular 
parietal epithelial cells, vascular smooth mus-
cle cells, and the interstitium of healthy human 
kidneys [26, 27]. In experimental renal disease 
models, PDGF-B is mainly overexpressed in the 
glomeruli, arterial, and tubular cell [28]. 
Therefore, staining for only PDGF-B and 
PDGFR-β, not for the other isoforms, may be 
sufficient to assess expression of this protein 
family in renal epithelial tumours. 

PDGFR-β is one of the molecular markers, 
along with alpha smooth muscle actin, non-
muscle myosin, tropomyosin, desmin, nestin, 
and aminopeptidase A, frequently used to iden-
tify pericytes [29], which reinforce vascular 
structure and regulate microvascular blood 
flow. Mature endothelial cells secrete PDGF-B, 
which binds to and activates of PDGFR-β recep-
tors expressed on the surface of pericyte pro-
genitors, promoting their proliferation and 
migration. This mechanism leads to pericyte 
coverage of early endothelial tubes. The syner-
gistic effects of anti-endothelial and anti-peri-
cytic molecules may make pericytes targets in 
anti-cancer treatment. We found that PDGF-B 
staining was stronger in papillary type 1 than in 
clear cell or chromophobe RCC, whereas 
PDGFR-β expression was higher in clear cell 
and papillary type 1 than in papillary type 2 and 
chromophobe RCC, but did not different in clear 
cell and papillary type 1. These findings sug-
gest that pericyte proliferation may be greater 
in papillary type 1, especially since vascularity 
is lower in papillary than in clear cell RCC. 

This study had several limitations. Although we 
analysed protein expression by IHC, we did not 
utilise quantitative methods, such as quantita-
tive RT-PCR or ELISA of cytosolic extracts. 
However, the expression of individual isoforms 
of a protein may not correlate with mRNA 
expression, because mRNA and protein expres-
sion may be regulated by different control 
mechanisms [30]. For example, a significant 
correlation between VEGF165 mRNA and protein 
was observed in only 17% of lung adenocarci-
nomas [30]. Second, the follow-up period in our 
patients was insufficient for analysis of surviv-
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al. We included samples from patients, who 
underwent radical or partial nephrectomy 
between January, 2008, and March, 2012. 
Thus, the median follow-up duration was 2.9 
years and the maximum was only 5 years. 
Moreover, 80.5% of these patients had early 
stage disease (pT1). Longer term follow-up of 
these patients may yield correlations between 
the expression of VEGF, VEGFR2, PDGF-B, and 
PDGFR-β and patient survival. Despite these 
limitations, we think this study is valuable 
because it is the largest prospective study to 
date to analyse VEGF/VEGFR2 and PDGF-B/
PDGFR-β expression by IHC in RCCs other than 
clear cell and papillary types. 

Conclusions

IHC showed that the cytoplasmic expression of 
VEGF, VEGFR, PDGF-B, and PDGFR-β in tumour 
cells was dependent on the pathologic stage 
and cellular type of RCC. VEGF and PDGF-B 
expression were higher in papillary than in 
other RCC cell types. These findings should be 
considered when designing new treatment 
strategies targeting angiogenesis in patients 
with papillary RCC.
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