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Background: Vascular endothelial growth factor (VEGF) has an essential role in tumor metastasis by inducing the construction of 
abnormal blood vessels. Epidermal growth factor receptor (EGFR) is involved in different parts of cancer growth such as tumor initiation, 
angiogenesis and metastasis.
Objectives: The aim of this study was to evaluate the expression of VEGF and EGFR in ovarian cancer in southern Iran and to assess the 
correlation between expression of these two markers and patients’ age, tumor stage, and grade.
Patients and Methods: In this cross-sectional study, 50 paraffin blocks of serous ovarian adenocarcinomas and 50 paraffin-embedded 
specimens from control individuals operated for reasons other than malignancy were immunohistochemically stained using anti-
human VEGF and EGFR antibodies.
Results: A significant difference in the frequency of positive expression of VEGF was observed in ovarian cancer patients (25.0%) compared 
with the control group (8.0%) (P = 0.023). A significant difference between EGFR expression in patients (56.8%) and controls (24.0%) was also 
obtained (P = 0.001). No significant correlation between VEGF and EGFR expression and patients’ age, tumor grade and stage were detected 
(P > 0.05).
Conclusions: The significant increase in both VEGF and EGFR in the patients with ovarian cancer compared to healthy individuals could 
have prognostic value. Identifying these markers may be useful for chemopreventive and chemotherapeutic strategies for patients with 
serous ovarian cancer.

Keywords: Vascular Endothelial Growth Factor A; Ovarian Cancer; Endothelial Growth Factor Receptor; Angiogenic Factor

Copyright © 2015, Iranian Journal of Cancer Prevention. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCom-
mercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial us-
ages, provided the original work is properly cited.

1. Background
Ovarian cancer is the sixth most common cause of di-

agnosed cancer among women in the world and the sec-
ond most common gynecologic malignancy in females 
(1, 2). Despite recent developments in the management of 
ovarian cancer, it is still the most lethal female reproduc-
tive system tumor due to the lack of early warning signs 
and effective screening tools (3). Therefore, when cancer 
is diagnosed, it has often developed to an advanced stage. 
Although the ovarian cancer incidence in Iran is lower 
than US and Europe, it is still a great matter of concern for 
health organizations (4, 5). Recently, many studies have 
been directed toward improving the prognosis of ovar-
ian cancer including screening tests for early stage tu-
mors using both imaging methods and tumor markers. 
Abundant molecular agents from samples taken from 
clinically diagnosed ovarian cancer patients have dem-

onstrated potential as diagnostic markers, but few have 
been used in preclinical evaluations and screening (6, 7).

The ability of tumors to form new blood-vessels has been 
a major focus of cancer research over the past few decades. 
The vascular endothelial growth factor (VEGF) family of 
growth factors and their receptors form an important 
pathway in signaling tumor angiogenesis. The prognostic 
significance of VEGF expression has been studied in many 
types of cancers such as cervical, gastric and lung cancers 
(8, 9). VEGF also plays an important role in tumor metas-
tasis by inducing the construction of abnormal blood 
vessels (10). Advanced degrees of tumor angiogenesis and 
VEGF expression in ovarian cancer are associated with a 
poor prognosis. Regarding the vital role of VEGF in pro-
moting different cancers, its signaling pathway has been 
considered to be an attractive target for cancer therapy 
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(11). It has been shown that VEGF blockage normalizes tu-
mor vessels and increases oxygen and chemotherapeutic 
agents' delivery into malignant tissues (10).

The epithelial growth factor receptor (EGFR) family of 
tyrosine kinase receptors is another target which has 
been considered for cancer immunotherapy. EGFR is one 
of four members of the human epidermal receptor (HER) 
which has been demonstrated to have physiologic and 
also oncogenic roles in a number of malignancies (12). Dif-
ferent pathways of EGFR take part as proto-oncogenes in 
several cancers such as gastrointestinal, oral and breast 
cancers (13). EGFR is over-expressed in up to 60% of ovar-
ian epithelial malignancies (14) and its activation is asso-
ciated with increased malignant tumor phenotype and 
poor patient prognosis (15). Since EGFR is involved in dif-
ferent parts of cancer growth such as tumor initiation, 
angiogenesis and metastasis, it represents an attractive 
target for therapeutic interventions (14, 15).

It has been shown that some factors including genetics 
are important in tumor gene expression and formation 
especially in breast and ovarian cancers (16). There was no 
information about the expression of these two markers in 
Iranian patients with ovarian cancer. The objective of this 
study was to evaluate the expression of VEGF and EGFR in 
patients with ovarian cancer referred to hospitals of the 
Shiraz University of Medical Sciences as reference hospi-
tals in southern Iran in comparison with normal healthy 
patients using immunohistochemistry (IHC) techniques. 
The correlation between these markers and patients’ age, 
tumor stages, and grades were also investigated.

2. Objectives
The aim of this study was to evaluate the expression of 

VEGF and EGFR in ovarian cancer in southern Iran and to 
assess the correlation between expression of these two 
markers and patients’ age, tumor stage, and grade.

3. Patients and Methods

3.1. Study Population
In this cross-sectional study, 50 patients with serous 

ovarian adenocarcinomas who underwent surgical re-
section and 50 cases operated for reasons other than 
malignancies, as a control group, were selected. All cases 
were referred to the Shiraz University of Medical Science 
hospitals during the years 2010 - 2014. Written informed 
consent was obtained from all patients and controls after 
approval of the study by the ethical committee of Shiraz 
University of Medical Sciences. One archival paraffin-
embedded tissue block from each case was included. 
Inclusion criteria for the patients were confirmed cases 
of serous ovarian adenocarcinomas staging based on 
international federation of obstetrics and gynecology 
(FIGO) (stages I - IV) and, for the control group, no history 
of malignancy or autoimmune disease in the individuals 

and their immediate relatives. The tumor grading was 
performed according to the three-tiered world health or-
ganization (WHO) criteria (17). The control group was age 
matched with the patients.

3.2. Immunohistochemistry
The paraffin embedded blocks were fixed in 10% natu-

ral buffered formalin solution for 24 hours and placed 
at 60°C, in an oven, for 20 minutes before dewaxing. 
Hot slides were deparaffinized in xylene and rehydrated 
through graded alcohol. After washing with distilled 
water and phosphate buffered saline PBS, the slides 
were immersed in methanol containing 10% hydrogen 
peroxide for 4 - 5 minutes in a dark place at room tem-
perature to block endogenous peroxidase activity. Fol-
lowing washing with PBS, the slides were placed in hot 
Tris-EDTA buffer (95°C, pH = 9) to obtain a more vigorous 
antigen retrieval procedure. Tissue nonspecific binding 
sites were blocked by goat serum (diluted 1:10 in PBS) for 
20 minutes to reduce the background. The sections were 
then incubated with primary antibody (mouse monoclo-
nal anti-VEGF or anti-EGFR) (Dako, Denmark) for 1 hour 
at room temperature. After washing with PBS, secondary 
antibody (polyclonal goat anti-mouse horseradish per-
oxidase conjugated antibody) (Dako, Denmark) was add-
ed and the slides were placed in a humid chamber and 
incubated for 30 minutes. The samples were exposed to 
diaminobenzidine as a chromogen for 5 minutes, slight-
ly counterstained with hematoxylin (for 5 - 7 minutes), 
dehydrated through graded alcohol and mounted with 
mounting media.

Formalin-fixed normal human bladder tissue was used as 
a positive control for VEGF and sections of small intestine 
were used as a positive control for EGFR. Negative control 
slides were prepared by omitting the primary antibody.

For the analysis of VEGF and EGFR immunostaining, all 
slides were observed by two pathologists who were blind-
ed to the clinical outcome of the patients. Discordant cas-
es were reevaluated by two pathologists simultaneously. 
IHC expression of VEGF and EGFR was considered positive 
whenever at least 10% of the cells were stained, as previ-
ously described (8, 18-20).

3.3. Statistical Analysis
The relationship of VEGF and EGFR to various clinico-

pathologic factors was evaluated using the Fisher’s Exact 
and Chi-square tests by SPSS software version 20. The P 
value for statistical significance was defined as P < 0.05.

4. Results
Patients’ ages in the ovarian cancer group ranged from 28 

- 69 years (median 53 years) and the age range of the control 
group was 31 - 65 years (median 51 years). VEGF and EGFR 
expression analysis was performed on 48 and 44 tumor 
specimens, respectively, after excluding cases with insuffi-
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cient documentation. Clinicopathologic characteristics of 
patients and control individuals are summarized in Table 1.

The statistical analysis showed a significant difference 
between VEGF expression in patients with ovarian cancer 
(25.0%) and control group (8.0%) (P = 0.023). There was 
also a significant difference between EGFR expression in 
patients (56.8%) and the controls (24.0%) (P = 0.001) (Table 
2, Figures 1 and 2). The IHC positive staining for VEGF and 
EGFR are shown in Figures 3 and 4.

No significant differences in VEGF (P = 0.402) or EGFR 
(P = 0.406) expression at different stages was obtained 
(Table 1). The stages I and II were considered early stage 
and stages III and IV as late stage. Positive immunostain-

ing for VEGF was found in 33.3% of early stage and 20.0% 
of late stage tumors. The expression of EGFR was more 
frequent in late stage tumors (62.1%) than in early stage 
tumors (46.7%). Differences between VEGF and EGFR ex-
pressions in the early and late stages were not statisti-
cally significant (P > 0.05) (Table 3).

Compared to well differentiated tumors (17.6%), a high-
er percentage of moderately (30.8%) and poorly (27.8%) dif-
ferentiated tumors showed positive expression of VEGF. 
EGFR expression was positive in 68.8% of well differenti-
ated, 41.7% of moderately, and 56.2% of poorly differenti-
ated tumors. VEGF and EGFR expression did not correlate 
with tumor grade and patients’ age (P > 0.05) (Table 1).

Table 1. VEGF and EGFR Expression and Clinicopathologic Variables in Patients With Serous Ovarian Carcinoma and Control a,b

Group VEGF EGFR
Patients (n = 48) Controls (n = 50) P Value Patients (n = 44) Controls (n = 50) P Value

Age, y 52.7 ± 8.5 50.4 ± 9.1 0.204 52.5 ± 8.5 50.4 ± 9.1 0.229

Age group 1.00 0.761

≤ 53 25 (52.3) 23 (52.1)

> 53 23 (47.7) 21 (47.9)

FIGO stage 0.402 0.406

I 14 (29.2) 11 (25)

II 4 (8.3) 4 (9.1)

III 19 (39.6) 19 (43.2)

IV 11 (22.9) 10 (22.7)

Histologic grade 0.672 0.358

Well differentiated 17 (35.4) 16 (36.4)

Moderately differentiated 13 (27.1) 12 (27.3)

Poorly differentiated 18 (37.5) 16 (36.4)
a  Abbreviations: EGFR, epidermal growth factor receptor; FIGO, international federation of obstetrics and gynecology; VEGF, vascular endothelial 
growth factor.
b  Values are presented as No. (%) or mean ± SD.

Table 2. VEGF and EGFR Expression in Patients With Serous Ovarian Carcinoma and Control Individuals a,b

Group VEGF (n = 48) EGFR (n = 44)

Positive Negative Positive Negative

FIGO Stage

I 4 (28.6) 10 (71.4) 6 (54.5) 5 (45.5)

II 2 (50) 2 (50) 1 (25) 3 (75)

III 5 (26.3) 14 (73.7) 13 (68.4) 6 (31.6)

IV 1 (9.1) 10 (90.9) 5 (50) 5 (50)

Histologic Grade

Well differentiated 3 (17.6) 14 (82.4) 11 (68.8) 5 (31.2)

Moderately differentiated 4 (30.8) 9 (69.2) 5 (41.7) 7 (58.3)

Poorly differentiated 5 (27.8) 13 (72.2) 9 (56.2) 7 (43.8)

Total patients 12 (25) 36 (75) 25 (56.8) 19 (43.2)

Controls 4 (8) 46 (92) 12 (24) 38 (76)

P value 0.023 0.001
a  Abbreviations: EGFR, epidermal growth factor receptor; FIGO, international federation of obstetrics and gynecology; VEGF, vascular endothelial 
growth factor.
b  Values are presented as No. (%) or mean ± SD.
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Figure 1. Vascular Endothelial Growth Factor Expression Was Observed 
More Frequently in the Patients With Serous Ovarian Carcinoma (P < 0.05)
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Figure 2. Epidermal Growth Factor Receptor Expression Was Observed 
More Frequently in the Patients With Serous Ovarian Carcinoma (P < 0.05)

Figure 3. Immunohistochemical Staining for Vascular Endothelial 
Growth Factor (VEGF) in Serous Ovarian Carcinoma Tissue Showing Posi-
tive Expression of VEGF

Figure 4. Immunohistochemical Staining for Epidermal Growth Factor 
Receptor (EGFR) in Serous Ovarian Carcinoma Tissue Showing Positive 
Expression of EGFR

Table 3. VEGF and EGFR Expression in Early Stage (Stages I and II) and Late Stage (Stages III and IV) of Ovarian Cancer

Group VEGF (n=48) EGFR (n=44)
Positive (n = 12) Negative (n = 36) Positive (n = 25) Negative (n = 19)

Early stage 6 (33.3) 12 (66.7) 7 (46.7) 8 (53.3)

Late stage 6 (20.0) 24 (80.0) 18 (62.1) 11 (37.9)

P value 0.325 0.357

5. Discussion
Our results revealed significantly more frequent expres-

sion of VEGF and EGFR in the ovarian carcinoma than in 
the control group. No association between these markers 
and patients’ age, tumor stages, and grades were found.

VEGF as an angiogenic factor plays a critical role in tumor 
angiogenesis and neovascularization (21). The clinicopath-
ologic and prognostic value of VEGF in ovarian cancer has 
been investigated in different studies. Many of these stud-

ies confirmed that intratumoral VEGF is overexpressed in 
ovarian cancer and it could be considered to be a prognos-
tic factor. However, the association between VEGF expres-
sion and other prognostic factors including tumor stage 
and grade has been shown some controversies. Findings 
of a study performed by Shen et al. (22) showed more fre-
quent expression of VEGF in ovarian adenocarcinoma than 
in borderline and benign tumors. They found a significant, 
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strongly-positive VEGF expression in late stage and high 
grade tumors. Some other studies also showed that VEGF 
overexpression is related to advanced tumor stages in pa-
tients with ovarian cancer (23, 24). However, there are some 
reports that failed to identify a significant association be-
tween VEGF and clinicopathologic factors (25-27). Duncan 
et al. (26) showed that high VEGF expression was related 
to a shorter survival. But they did not find any association 
between VEGF expression and patients’ age, tumor stage 
and grade. Similar results are reported by Siddiqui et al. 
(27). Consistent with these results, our study revealed posi-
tive expression of VEGF at a significantly higher frequency 
in ovarian tumor specimens relative to the control group. 
No association between VEGF expression and age, tumor 
stage and grade was found. Although it was not statistical-
ly significant, we observed positive expression of VEGF in 
a higher percentage of early stage tumors (33.3%) than late 
stage tumors (20%). High expression of VEGF in early stage 
disease has been reported in some tumors (28-30). In the 
other study (29) researchers showed that protein and gene 
expression levels of VEGF is higher in early stage patients 
of prostate cancer. They concluded that VEGF, as an angio-
genic isoform, is overexpressed in early stages while in 
advanced stages of disease the lymphangiogenic isoform 
VEGF-D is up-regulated. In a study by Paley et al. (30) it was 
illustrated that elevated VEGF expression in early stages of 
ovarian cancer is related to a worse prognosis. Findings of 
a meta-analysis showed that intratumoral overexpression 
of VEGF is a significant prognostic factor in early stages, 
but not in late stages of ovarian cancer (31).

The correlation of EGFR expression level with aggres-
sive phenotypes, metastasis and poor prognosis of solid 
tumors including breast, gastric and colorectal carcino-
ma has been reported in several studies (32-34). Several 
anti-EGFR therapeutics are currently approved by the US 
Food and Drug Administration for treatment of various 
tumor types, including tyrosine kinase inhibitors (TKIs) 
such as lapatinib and erlotinib and monoclonal antibod-
ies such as cetuximab and panitumumab (35). Overex-
pression of EGFR in ovarian tumors has also been report-
ed. In a study by Brustmann (36), EGFR was expressed in 
64% of the ovarian serous carcinomas while serous cyst-
adenomas and serous borderline ovarian tumors did 
not show any EGFR immunoreactivity. Significant strong 
EGFR expression was observed in higher grades tumors. 
Psyrri et al. (37) found a significant association between 
EGFR overexpression and decreased survival in ovarian 
cancer patients. However EGFR expression did not cor-
relate with any clinicopathologic variables, including 
age, tumor grade and stage. The results of a study per-
formed on patients with advanced ovarian tumors could 
not confirm the prognostic significance of EGFR and its 
association with clinical parameters (38). Several studies 
have investigated protein expression, gene amplifica-
tion, and mutations of EGFR in ovarian cancer. Lassus et 
al. (39), showed that EGFR amplification and overexpres-
sion is related to patients’ age, high tumor grade, and 

poor prognosis. No mutations in the EGFR gene were 
observed. They suggested that EGFR amplification has a 
greater prognostic value than EGFR protein overexpres-
sion. It also has been shown that EGFR protein expres-
sion is related to its gene amplification in primary ovar-
ian tumors (40). Despite the rare frequency of EGFR gene 
mutations in ovarian cancer (39, 40) Tanaka et al. (41) 
reported high frequency of EGFR mutations in Japanese 
ovarian cancer patients which might suggest the effect 
of ethnicity. They also found a correlation between EGFR 
gene mutations and histological types, but not FIGO 
stage or 5 years survival. In our study, EGFR protein was 
detectable in 56.8% of ovarian cancer patients and 24.0% 
of control individuals. A significant difference between 
these two groups was obtained. Consistent with the re-
sults of the previous studies (37, 38) we could not find 
any association between EGFR expression and age, histo-
logic grade, and FIGO stage. However, we observed EGFR 
expression in the majority (62.1%) of late stage patients.

Our study revealed positive expression of VEGF and 
EGFR at a significant frequency in patients with serous 
ovarian adenocarcinomas. This is the first study that has 
evaluated the expression of these markers in Iranian pa-
tients. Identifying VEGF and EGFR could have clinical sig-
nificance and may be useful for targeted therapy in ovar-
ian cancer patients sensitive to VEGF and EGFR inhibitors. 
However larger scale investigation with more samples 
at different stages and grades can support the results of 
present study.
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