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Introduction

Epithelial ovarian cancer is a common gyna-
ecological malignancy. Its incidence rate is the 
third highest among other gynaecological mali-
gnancies, following cervical cancer and endome-
trial cancer. Furthermore, ovarian cancer is asso-
ciated with the highest mortality, mostly because 
clinical symptoms are not manifested clearly du-
ring the early stages of cancer. When manifested, 
the cancer is usually spread into the abdominal 
cavity and may even cause pleural effusions. Be-
cause of delayed diagnosis, the 5-year survival 
rate of these patients is very low1. 

At present, ovarian cancer markers, such as 
CA125 and CEA, are used for cancer screening2. 
Their diagnostic value is not sufficient, though, 
and more precise markers are needed to diagnose 
ovarian cancer, and determine its metastasization 
or recurrence.

Cancers develop because of inactivation of tu-
mor suppressor genes, activation of proto-onco-
genes, or because of modulation of apoptosis-re-
lated genes. These processes lead to an imbalance 
between cell proliferation, differentiation, and 
apoptosis3. Some of these genes hold potential as 
future markers for ovarian cancer.

Located on the chromosome 10, the phospha-
tase and tensin homolog (PTEN) is the first iden-
tified tumor suppressor gene with phosphorylase 
activity that is closely related to tumor develop-
ment. PTEN expression is absent or reduced in 
many cancers or precancerous lesions4. 

The hypoxia-inducible factor (HIF)-1α is the 
transcription factor activated by hypoxic stress. 
This transcription factor regulates a panel of 
downstream genes, including the vascular en-
dothelial growth factor (VEGF). HIF-1α has been 
documented as a contributor to the cancer deve-
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lopment and occurrence5. The aforementioned 
downstream target gene VEGF is a mitogen for 
vascular endothelial cells. Cancer cells are known 
to secrete high levels of VEGF, thereby promo-
ting tumor angiogenesis and production of tumor 
stroma6. 

These three factors have been associated by 
previous studies. Thus it was found that, in ga-
stric cancer, PTEN negatively regulates HIF-lα 
through the PI3K/AKT/FARP signalling pathway, 
leading to decreased expression of VEGF7. There 
are no similar findings about ovarian cancer. It is 
possible that PTEN, HIF-lα, or VEGF can be use-
ful as markers of ovarian cancer.

The aim of this study was to evaluate a po-
tential association between PTEN, HIF-1α, and 
VEGF, and clinicopathological characteristics 
and prognosis of patients with ovarian cancer.

Patients and Methods

Patients’ Specimens
Seventy-six tissue specimens were obtained 

from patients with primary ovarian cancer who 
had been admitted from October 2007 to Sep-
tember 2010 to our hospital. The study was ap-
proved by the Ethical Committee of the Fourth 
Hospital of Hebei Medical University. In addition, 
we procured specimens from 21 patients with ute-
rine fibroids; these specimens were used as nor-
mal ovarian tissue controls. Control patients had 
undergone hysterosalpingo-oophorectomy in the 
same time period as patients with ovarian cancer. 

Patients with ovarian cancer patients had a me-
dian age of 52.9 years (range 32 to 72 years; 34 pa-
tients ≤ 50 years old and 42 patients >50 years old). 
None of these patients had received radiotherapy 
or chemotherapy before the operation, and their 
clinical and pathological files were complete. All 
patients were followed up until September 2015. 
Among them, there were 34 cases of serous cysta-
denocarcinoma, 24 cases of mucinous cystadeno-
carcinoma, and 18 cases of endometrial carcinoma. 
Furthermore, 26 specimens represented well diffe-
rentiated cancer, whereas 50 specimens were from 
moderately or poorly differentiated ovarian cancer. 

Patients were staged according to the Interna-
tional Federation of Gynecology and Obstetrics 
(FIGO) 2000 staging system. The histopatholo-
gical grade of the cancer was determined by the 
World Health Organization (WHO) classification 
standard. Thirty-eight cases were in stages I and 
II, and the remaining 38 cases in stages III and 

IV of the disease. There were 40 cases presenting 
with lymph node metastasis, and 36 cases with no 
lymph node metastasis. 

Immunohistochemistry
Rabbit anti-human monoclonal VEGF and 

HIF-1α antibodies, rabbit anti-human PTEN 
polyclonal antibody, PV-6001 detection reagents, 
and DAB kit were purchased from Beijing Zhon-
gshan Jinqiao Reagent Co., Ltd (Beijing, China).

The specimens were fixed in 10% formalin, em-
bedded in 5 μm sections of paraffin, processed by 
conventional dewaxing to water, and further soa-
ked for 5 min in a 3% hydrogen peroxide solution 
at room temperature to eliminate endogenous pe-
roxidase activity. Anti-PTEN, HIF-1α, and VEGF 
antibodies were added, and slides were incubated 
overnight at 4°C. This was followed by three wa-
shes with phosphate-buffered saline, each wash 
going for 2 min. Then, the PV-6001 reagent was 
added, and slides were incubated at 37°C for 15-
20 min, with three more washes afterwards. The 
slides were finally stained with DAB for approxi-
mately 5 min to achieve the desired staining in-
tensity, which was verified under a microscope. 
The stain was removed with distilled water, and 
the slides were counterstained with hematoxylin, 
dehydrated, cleared in xylene, sealed with neutral 
gum, and observed under a light microscope.

As per literature recommendations8, five fields 
were randomly selected from each section at high 
magnification. A semi-quantitative analysis was 
carried out to rank the slides based on staining in-
tensity and number of positive cells. The staining 
intensity was ranked as cells with no color (0 poin-
ts), cells stained pale yellow (1 point), cells stained 
yellow-brown (2 points), or cells stained brown (3 
points). The number of positive cells was ranked 
as 0 points (positive cells constituting <10% of to-
tal cells), 1 point (10-49% positive cells), 2 points 
(50-74% positive cells), and 3 points (≥75% positive 
cells). These two scores were combined. The thre-
shold was 2 points (i.e. scores 0-2 were considered 
negative, and >2 were considered positive).

Statistical Analysis
All statistical analyses were performed using 

the SPSS13.0 (SPSS Inc., Chicago, USA) stati-
stical software. Qualitative data were analyzed 
using the chi-square test. The Kaplan-Meier 
method was used to explore the correlations 
among expressions of PTEN, HIF-1α, and VEGF. 
The difference in survival curves was evaluated 
by a log-rank test. The Cox regression model was 
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used for multivariate analysis. The p < 0.05 was 
considered statistically significant.

Results

Expressions of PTEN, HIF-1α, and VEGF 
in Ovarian Cancer and Normal Ovarian 
Tissue

PTEN was primarily expressed in the cyto-
plasm, HIF-1α in the cytoplasm or nucleus, and 
VEGF in the cytoplasm or cytomembrane (Figu-
re 1). The percentages of specimens positive for 
PTEN, HIF-1α, and VEGF were, respectively, 
100, 0, and 14.29% in normal ovarian tissue spe-
cimens, and 36.84, 60.53, and 68.42% in speci-
mens of ovarian cancer tissue (p < 0.01, ovarian 
tissue vs. normal tissue). 

Relationships Between PTEN, HIF-1α, 
and VEGF Expressions, and 
Clinicopathological Parameters 
in Ovarian Cancer Tissue

Expression of PTEN in ovarian cancer tissue 
was associated with clinical stage or differentia-
tion degree, but not with histological type, age, or 
lymph node metastasization (Table I). Furthermo-
re, PTEN expression levels were higher in stages 
I/II than in stages III/IV, as well as in G1 stage 
vs. G2/G3 stage (Table I). These differences were 
statistically significant (Table I).

About HIF-1α and VEGF, their expressions 
were associated with clinical stage, differentia-
tion degree, and lymph node metastasization, 
but not with histological type or age (Table I). 
In contrast to PTEN, HIF-1α and VEGF expres-
sion levels were higher in stages III/IV vs. sta-
ges I/II (Table I), and in G2/G3 stage vs. G1 
stage (Table I). Also, expressions of both these 
proteins were higher in specimens with lymph 
node metastases, compared with specimens wi-
thout lymph node metastasization (Table I). As 
with PTEN, these differences reached statisti-
cal significance (Table I).

Correlations Among PTEN, HIF-1α 
and VEGF Expressions in Ovarian 
Cancer Tissue

The occurrence of ovarian cancer is a result of 
a concerted effect of multiple genes9. Therefore, 
we assumed that expressions of the three genes 
of interest might be related to each other. To test 
for this association, a Spearman rank correlation 
analysis was performed (Table II). We observed 
that PTEN expression was negatively correlated 
to HIF-1α or VEGF expressions (Table II), while 
HIF-1α expression was positively correlated with 
VEGF expression (Table II). 

Figure 1. Positive expression of PTEN, HIF-1α, and VEGF 
in ovarian cancer tissue. A. PTEN; B. HIF-1α; C. VEGF. 
Magnification ×400.
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Association Between PTEN, HIF-1α and 
VEGF Expressions, and Clinical Progno-
sis in Patients with Ovarian Cancer 

Here we analyzed the association between 
PTEN, HIF-1α, and VEGF expression levels, and 
clinical prognosis in patients with ovarian cancer. 
This association was probed by the Kaplan-Meier 
method and log-rank test. Our analyses indicate 
that the overall survival of patients with positive 
PTEN expression was significantly longer than 
that of patients with negative PTEN expression 
(Table III; Figure 2A). In contrast, positive expres-
sion levels of HIF-1α or VEGF were associated 
with markedly shorter overall patient survival 
(Table III; Figure 2B and 2C). The aforementio-
ned associations were statistically significant.

In addition, the survival benefit was observed in 
patients with lower clinical stage (p = 0.001), bet-
ter differentiation degree (p = 0.022), and without 
lymph node metastasization (p = 0.009).

Multivariate Analysis of Prognostic 
Factors

To further explore the prognostic factors in 
ovarian cancer, the factors with statistical signifi-
cance in the Kaplan-Meier survival analysis were 
subjected to a multivariate Cox survival analysis. 
The latter analysis revealed that differentiation 
degree and expression levels of HIF-1α and PTEN 
were dependent predictors of prognosis of ovarian 
cancer, whereas VEGF expression, clinical stage, 
and lymph node metastasization were indepen-
dent prognostic factors (Table IV).

Discussion

Cancer is a polygenic disease, whose occur-
rence and development involve multiple pathways 
and numerous genes10. Combined detection of se-
veral markers of ovarian cancer can provide more 

Table I. Expressions of PTEN, HIF-1α, and VEGF, and clinicopathological parameters in 76 specimens of ovarian cancer. 

                     PTEN                       HIF-1α                        VEGF
Parameters No. Positive (%) p Positive (%) p Positive (%) p

Histological type 
  Serous 34  14 (41.18) 0.633  18 (52.94) 0.389  21 (61.76) 0.367 
  Mucinous  24  9 (37.50)   17 (70.83)  19 (79.17) 
  Endometrial  18  5 (27.78)   11 (61.11)  12 (66.67) 
Age
  ≤50 34  13 (38.24) 0.821 22 (64.71) 0.502  25 (73.53) 0.389 
  >50 42  15 (35.71)  24 (57.14)  27 (64.29) 
Clinical stage
  I/II 38 19 (50.00)  0.017 18 (47.37) 0.019  21 (55.26) 0.014 
  III/IV 38 9 (23.68)   28 (73.68)  31 (81.58) 
Differentiation degree
  G1 26 15 (57.69) 0.007  10 (38.46) 0.005  13 (50.00) 0.013 
  G2/G3 50 13 (26.00)  36 (72.00)  39 (78.00) 
Lymph node metastases
  Negative 36 16 (44.44)  0.192  17 (47.22) 0.024  20 (55.56) 0.022 
  Positive 40 12 (30.00)   29 (72.50)  32 (80.00) 

Table II. Relationship among expression levels of PTEN, HIF-1α, and VEGF.  

  PTEN HIF-1α VEGF

PTEN Correlation coefficient 1.000 -0.276 -0.244
 p (2-tailed)  0.016 0.034
 N 76 76 76
HIF-1α Correlation coefficient -0.276 1.000 0.320
 p (2-tailed) 0.016  0.005
 N 76 76 76
VEGF Correlation coefficient -0.244 0.320 1.000
 p (2-tailed) 0.034 0.005 
 N 76 76 76
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tion degree of ovarian cancer and PTEN pro-
tein expression levels, which is also consistent 
with previous reports21. Thereby, absent or low 
expression of PTEN may be a marker of ovarian 
cancer. In addition, PTEN protein expression 
was associated with the clinical stage, but not 
with lymph node metastases. It can be specula-
ted that gene deletion may be a late event in the 
pathogenesis of ovarian cancer and, therefore, 
may occur on a specific stage of cancer. 

HIF-1α plays an important role in cancer cell 
metabolism, angiogenesis, and metastasization; 
its expression is regulated by multiple factors22. 
HIF-1α is expressed in most cancers, and its 
expression is associated with proliferation, in-
vasion, and metastasization. The high HIF-1α 
expression is most commonly associated with 
poor prognosis23,24, as has been shown in colon, 
breast, and pancreatic cancers25-27. In our work, 
expression of HIF-1α was markedly higher in 
ovarian cancer than in normal ovarian tissue. 
Other studies demonstrated similar findings28. 
This suggests that HIF-1α could be used as an 
early diagnostic marker for ovarian cancer scre-
ening. HIF-1α was overexpressed at advanced 
clinical stages, in poorly differentiated ovarian 
cancer and patients with lymph node metastases. 
Therefore, high expression levels of HIF-1α may 
serve as a prognostic marker in ovarian cancer.

information about underlying mechanisms of can-
cer proliferation, invasion, and metastasization11. 

One of candidate markers is PTEN. It is a re-
cently discovered tumor suppressor gene that 
regulates cell cycle, induces apoptosis in tumor 
cells, and inhibits their growth, invasion, and 
metastasization12. PTEN inhibits proliferation of 
cancer cells by activating the FAK pathway, sup-
presses cancer cell growth by negatively regula-
ting the MAPK pathway, and induces cancer cell 
apoptosis by suppressing the PI3K pathway13. 
Genetic abnormalities of PTEN gene (mutation, 
heterozygous loss, hypermethylation, micro-
satellite instability, transcription modification) 
lead to a “silencing” of gene expression14. Fur-
thermore, low PTEN expression on protein level 
plays a role in the progression of prostate cancer, 
endometrial cancer, and ovarian cancer15-17. Loss 
of heterozygosity in PTEN was reported in as 
high as 45% of primary ovarian malignancies. 
Abnormal PTEN gene leads to diminished levels 
of this protein in the cell18. Our findings showed 
that PTEN protein expression in ovarian cancer 
was significantly lower than that in normal ova-
rian tissues, indicating that down-regulation of 
PTEN protein is closely associated with progres-
sion of ovarian cancer, which is consistent with 
previous reports19,20. Furthermore, we observed 
a negative relationship between the differentia-

Table III. Analysis of prognostic value of proteins of interest in ovarian cancer patients.

Factors Cases Survival Survival rate1 (%) Median overall survival (months) p2

PTEN
 Negative 48 9 18.75 26.33  0.008
 Positive 28 12 42.86 43.27 
HIF-1α
 Negative 30 13 43.33 48.13  0.003
 Positive 46 8 17.39 25.90 
VEGF
 Negative 24 10 41.67 51.80  0.005
 Positive 52 11 21.15 24.30 

Footnote: 15-year survival rate; 2log-rank test.

Table IV. Independent prognostic factors for overall survival in patients with ovarian cancer.

Determinants Wald p RR 95% CI

VEGF expression 4.960 0.026 2.016 1.088-3.737
Clinical stage 10.117 0.001 2.456 1.412-4.271
Lymph node metastasis 7.696 0.006 2.180 1.257-3.780

Footnote: RR, relative risk; CI, confidence interval.



Expression levels of PTEN, HIF-1α, and VEGF as prognostic factors in ovarian cancer

2601

VEGF is a vascular growth factor that promotes 
the growth of vascular endothelial cells29. It can 
also promote proliferation of vascular endothe-
lial cells, improve vascular permeability, modu-
late the extracellular matrix, induce angiogene-
sis, and promote tumor growth and metastases. 
Moreover, VEGF has an impact on proliferation 
and apoptosis of tumor cells30,31. Increased VEGF 
expression promotes proliferation of tumor cells, 
and accelerates invasion and metastasis of tumor 
cells. Generally, VEGF is overexpressed in mali-
gnant tumors and vascular endothelial cells32. In 
our study, VEGF expression levels positively cor-
related with clinical stage, differentiation degree, 
and lymph node metastasis. These observations 
indicate that VEGF expression is increased in the 
process of tumor growth, which leads to the for-
mation of blood vessels, the appearance of a large 
number of structural and functional abnormalities 
in tumor blood vessels, and the promotion of tu-
mor progression and metastases. Notably, VEGF 
expression was also observed in normal ovarian 
tissues in our research, although this expression 
was not strongly positive. Indeed, expression le-
vels of VEGF were significantly lower in normal 
ovarian tissue than in ovarian cancer specimens, 
which is consistent with literature reports33. The-
se results suggest that VEGF plays an important 
role in the progression of ovarian cancer and is 
closely related to malignancy, invasion, and me-
tastasis. Therefore, detection of VEGF expression 
could be used as a clinical indicator of the clinical 
stage of ovarian cancer.

Despite many reports being published on 
expression levels of PTEN, HIF-lα, and VEGF in 
various cancers, the observations have not been 
consistent. By inducing the expression of VEGF 
and glycolysis-related enzymes, HIF-1α can in-
crease the supply of blood, oxygen, and energy 
to the tumor, and attenuate hypoxia34. In our stu-
dy, HIF-lα expression was positively correlated 
with VEGF expression, similar to previous publi-
cations35. PTEN inhibits expression of HIF-lα36. 
Therefore, loss of PTEN gene upregulates HIF-1α 
expression and activates the P13K/Akt pathway 
to induce VEGF expression and tumor angioge-
nesis37,38. Not surprisingly, PTEN was negatively 
correlated with both HIF-lα and VEGF in our 
study. Other investigators reported that deletion 
of PTEN gene increases HIF-lα expression37, sup-
porting the role of PTEN as a negative regulator 
of carcinogenesis.

Our univariate and multivariate survival 
analyses demonstrated that positive expressions 

Figure 2. Association between overall survival of patients 
with positive expression PTEN, HIF-1α, and VEGF probed 
by the Kaplan-Meier method and log-rank test. A. PTEN; B. 
HIF-1α; C. VEGF.
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of PTEN, HIF-lα, and VEGF were prognostic 
factors in ovarian cancer patients, with VEGF 
expression also being an independent progno-
stic factor. Low expression of PTEN and high 
expressions of HIF-lα and VEGF were associa-
ted with poor prognosis and significantly lower 
survival rate. 

Conclusions

PTEN, HIF-lα and VEGF were found to be 
prognostic markers in ovarian cancer, with VEGF 
also being as an independent prognostic factor. 
Combined detection of expression levels of PTEN, 
HIF-lα, and VEGF may be useful for determina-
tion of the degree of malignancy, metastasis, and 
prognosis of ovarian cancer.
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