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VEGF and COX-2 Expression in
Endometrial Carcinoma

AABBSSTTRRAACCTT  OObbjjeeccttiivvee::  Angiogenesis is a major factor in the development of solid tumors, such
as endometrial cancer. Vascular endothelial growth factor (VEGF) and cyclooxygenase-2 (COX-
2) are important cytokines that stimulate angiogenesis in vivo. The aim of the current study was
to determine VEGF and COX-2 expression in endometrial adenocarcinomas and to investigate
the relationship between these parameters and clinicopathologic parameters. MMaatteerriiaall  aanndd
MMeetthhooddss: Sections obtained from paraffin-embedded tissues in archive material of 23 patients who
were diagnosed with endometrial carcinoma were retrospectively evaluated. VEGF and COX-2 ex-
pression levels in tumor cells and surrounding stroma on the tumor samples were determined by
immunohistochemistry. RReessuullttss:: VEGF and COX-2 were expressed both in the cytoplasm of tumor
cells and in the stromal cells, but in a lower degree. There was a significant positive correlation be-
tween VEGF expressions of cancer cells and the stroma (r= 0.705, p< 0.01). A negative correlation
was found between histological grade of the tumor and VEGF expression of cancer cells (r= -0.622,
p= 0.002). A negative correlation was determined between myometrial invasion of the tumor and
COX-2 expression of cancer cells (r= -0.441, p= 0.035). CCoonncclluussiioonn:: Both VEGF and COX-2 were ex-
pressed by both tumor cells and stromal cells in endometrial cancer. While VEGF expression
showed a negative correlation with the tumor grade, COX-2 expression exhibited a negative cor-
relation with the myometrial invasion of the tumor. No correlation was determined between their
expressions and other clinicopathologic prognostic parameters.

KKeeyy  WWoorrddss::  Vascular endothelial growth factor A; cyclooxygenase-2; endometrial neoplasms; 
neovascularization, pathologic; immunohistochemistry

ÖÖZZEETT  AAmmaaçç::  Anjiyogenez, endometriyal kanser gibi solid tümörlerin gelişiminde önemli bir fak-
tördür. Vasküler endotelyal büyüme faktörü (VEGF) ve siklooksijenaz-2 (COX-2) in vivo ortamda
anjiyogenezi uyaran önemli sitokinlerdir. Bu çalışmanın amacı, endometriyal adenokarsinomlarda
VEGF ve COX-2 sunumlarının belirlenmesi ve bu parametrelerin klinikopatolojik parametrelerle ili-
şkisinin araştırılmasıdır. GGeerreeçç  vvee  YYöönntteemmlleerr:: Endometriyal karsinom tanısı almış 23 hastaya ait
arşiv materyalindeki parafine gömülü dokulardan alınan kesitler geriye dönük olarak değerlendirildi.
Tümör örneklerinde tümör hücreleri ve çevreleyen stromal dokuda VEGF ve COX-2 sunum dü-
zeyleri immünohistokimyasal olarak saptandı. BBuullgguullaarr:: VEGF ve COX-2’nin hem tümör hücrele-
rinin sitoplazmasında hem de daha düşük derecede olmak üzere tümör stromasındaki hücrelerde
sunulduğu görüldü. Kanser hücreleri ve stroma arasında VEGF sunumları açısından anlamlı bir po-
zitif ilişki vardı (r= 0,705, p< 0,01). Tümörün histolojik derecesi ve kanser hücrelerinin VEGF su-
numu arasında negatif bir ilişki bulundu (r= -0,622, p= 0,002). Tümörün miyometriyal invazyonu
ile kanser hücrelerinin COX-2 sunumu arasında negatif bir ilişki saptandı (r= -0,441, p= 0,035).
SSoonnuuçç::  Hem VEGF’nin hem de COX-2’nin endometriyal kanserde tümöral ve stromal hücreler ta-
rafından sunulduğu saptanmıştır. VEGF sunumu tümörün derecesi ile negatif bir ilişki gösterirken;
COX-2 sunumu tümörün miyometriyal invazyonu ile negatif bir ilişki sergilemiştir. Her iki gösterge-
nin, diğer klinikopatolojik prognostik parametreler ile aralarında herhangi bir ilişki saptanmamıştır.

AAnnaahhttaarr  KKeelliimmeelleerr:: Damar endoteli büyüme faktörü A; siklooksijenaz-2; endometriyal tümörler; 
neovaskülarizasyon, patolojik; immünohistokimya
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ndometrial cancer (EC) is the most common
cancer of the female genital tract and is esti-
mated to account for 39,080 new cases and

7,400 deaths in 2007.1 Angiogenesis is critical for the
continuous growth of tumors and the development
of metastases.2 The initiation of angiogenesis is
mainly regulated by the balance between proangio-
genic and antiangiogenic molecules and it is an early
and essential event in tumor development and pro-
gression.3,4 Angiogenesis in uterine endometrial can-
cers is complicated because the hormone depen-
dency in their growth also modifies the angiogenic
potential. Therefore, angiogenic potential in uterine
endometrial cancers must be thoroughly analyzed.

Vascular endothelial growth factor (VEGF),
also known as vascular permeability factor, is a mul-
tifunctional cytokine that has been reported to be
one of the most important growth factors that reg-
ulate vasculogenesis, hematopoiesis, and potently
stimulate angiogenesis lymphangiogenesis, and vas-
cular permeability in vivo.5,6 VEGF expression has
been observed in a variety of tumor cell lines and
in many types of human solid tumors.7-11

Moreover, current studies suggest a clinical
significance of Cyclooxygenase-2 (COX-2) expres-
sion in various malignancies. Recently, it has been
reported that COX-2 contributes to angiogenesis
involved in tumor growth and advancement of var-
ious tumors such as colon cancers,12 advanced ovar-
ian serous carcinomas,13 breast cancers,14 renal cell
carcinomas,15 and gastric cancers.16 Colon cancer
cells with overexpressed COX-2 co-express VEGF,
basic fibroblast growth factor (bFGF), transform-
ing growth factor (TGF)-β and platelet derived
growth factor (PDGF).12

However, to our knowledge, there are a few
data assessing the clinicopathologic relationship of
VEGF and COX-2 with EC. We aimed to deter-
mine VEGF and COX-2 expression in EC and its
relation to clinicopathologic implications in tumor
prognosis. 

MATERIAL AND METHODS
PATIENTS

We performed a retrospective study carried out on
paraffin-embedded samples obtained from 23 EC

patients who had undergone hysterectomy at the
Department of Obstetrics and Gynecology in our
hospital. EC was histologically graded by two
pathologists (FA and CT) according to the French
Fédération Internationale de Gynécologie et d’Ob-
stétrique (FIGO) grading system and was catego-
rized in 3 grades: Grade 1, ≤5% non-squamous,
non-morular growth pattern, Grade 2, 6-50% non-
squamous, non-morular growth pattern, and Grade
3, >50% non-squamous, non-morular growth pat-
tern. Bizaar nuclear atypia raised the grade by one
regardless of whether or not squamous or morular
growth pattern.17 Depth of myometrial invasion was
divided into 2 subsets: Stage IA, none or less than
half-thickness of myometrial invasion, Stage IB, in-
vasion equal to or exceeding half-thickness of my-
ometrium. Cervical invasion without stromal
involvement was classified as stage I. A tumor in-
vading the cervical stroma, but not extending be-
yond the uterus was classified as Stage II according
to the TNM and FIGO staging.18 The ages of patients
were between 32 and 81 years. The ages were clas-
sified into two groups; Group I 49≥ and Group 2 49<.

A total of 23 tumor tissues were analyzed.
Thirteen cases were grade 1, 7 cases were grade 2,
and 3 cases were grade 3. All cases were en-
dometrioid type and Stage I. Eighteen cases were
Stage IA and 5 were Stage IB. Seven patients were
≤49 years of age, namely in group 1 and 16 cases
were more than 49 years of age, namely in group 2. 

IMMUNOHISTOCHEMISTRY (IHC)

The streptavidin-biotin-peroxidase method was
used for immunohistochemical staining. For each
case of EC, representative blocks were selected.
Four micrometer-thick sections were cut and were
deparaffinized with xylene and ethanol. In both
cases of VEGF and COX-2 staining, to retrieve the
antigen, the deparaffinized slides were first heated
in a microwave oven for 20 minutes in 1 mM eth-
ylenediaminetetraaceticacid (EDTA) buffer (pH
8.0) for VEGF and in 10 mM citrate buffer (pH 6.0)
for COX-2, followed by cooling at room tempera-
ture for 20 minutes. and washing twice with phos-
phate buffered saline (PBS). All sections were
incubated with 30 mL/L hydrogen peroxide for 10
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minutes to inhibit endogenous peroxidase and then
were washed twice with PBS. After incubation
with ultra V Bloc, sections were treated with pri-
mary antibody at room temperature using mouse
monoclonal antibody against VEGF (Neomarkers,
Thermoscientific, UK) and rabbit polyclonal anti-
body against COX-2 (Neomarkers, Thermoscien-
tific, UK) for 30 and 20 minutes., respectively. The
dilution for both antibodies was 1:100. 

Sections were then incubated with biotiny-
lated goat anti-polyvalent and streptavidin peroxi-
dase each for 15 minutes at room temperature. The
color was developed with 3-amino-9- ethyl-car-
bazole (AEC) (Thermoscientific) for 15 minutes at
room temperature and the slides were counter-
stained with Mayer hematoxylin for 30 seconds. 

ASSESSMENT OF VEGF AND COX-2 STAINING

Immunohistochemical staining for VEGF and
COX-2 both in cancer cells and in the tumor
stroma was evaluated semi-quantitatively for each
case by two independent observers, one histologist
and one pathologist (AYGE, CT) in a blinded fash-
ion. When a disparity occurred between the final
staining grades determined by two observers, both
observers then re-evaluated the cases together in
order to come to a common decision.

For both molecular markers, cytoplasmic
staining was defined as positive in cancer cells. The
percentage of immunoreactive cells was estimated
using a score of 0-3 (0: 0-4% cells stained; 1: 5-29%
cells stained; 2: 30-59% cells stained; and 3: 60-
100% cells stained). The staining intensity was
scored as 0-3 (0, negative; 1, weak; 2, moderate; 3,
strong). Values for the quantity and staining inten-
sity scores were then multiplied giving results that
ranged from 0 to 9. In the stroma, we also used
staining percentage and intensity, and obtained
scores ranging from 0 to 9.

The expression levels of VEGF and COX-2
both in cancer cells and the stroma were reported
according to the following scoring criteria: grade 1
(score 0); grade 2 (scores 1 to 3); grade 3 (scores 4 to
6); grade 4 (scores 7 to 9).19,20 Staining grades for
both VEGF and COX-2 in cancer cells and tumor

stroma were correlated with clinical parameters
and with each other.

STATISTICAL ANALYSIS

Statistical analysis was performed by SPSS 11.0 for
Windows software. The immunohistochemical
data were reported as median (min-max) value. Bi-
variate correlation between variables was estimated
by Spearman’s correlation coefficients. A p value
<0.05 was considered significant.

RESULTS

VEGF EXPRESSION 

VEGF was expressed in the cytoplasm of sur-
face/epithelial cancer cells of EC in different stain-
ing grades with a median value of 3 (min:1-max:3).
Immunoreactivity was also present in the stroma
(Figure 1a), but at a lower degree with a median
value of 2 (min:1-max:3) (Table 1). VEGF was also
expressed in vascular endothelial cells. There was a
significant positive correlation between cancer cell
and stromal VEGF expressions (r= 0.705, p< 0.01). A
negative correlation was detected between the his-
tological grade of EC and VEGF expression of can-
cer cells (r= -0.622, p= 0.002). Thus, patients with
highly positive VEGF staining on cancer cells
showed significantly lower histological grades (Fig-
ures 1a,b,c). However, there was no correlation be-
tween VEGF levels and myometrial invasion or age. 

COX-2 EXPRESSION

Immunoreactivity was observed in the cytoplasm of
surface and epithelial cancer cells. The median value
of COX-2 staining grade was 4 (min:3-max:4),
namely strong immunostaining was observed for
COX-2 in cancer cells. On the other hand, COX-2
was also expressed in the stroma (Figure 2a), but at
a lower degree with a median value of 2 (min:1-

Molecular markers VEGF COX-2

Cancer Cells 3 (1-3) 4 (3-4)

Tumor Stroma 2 (1-3) 2 (1-3)

TABLE 1: The median (min-max) values of VEGF and
COX-2 expressions in cancer cells and the tumor stroma.

COX-2, Cyclooxygenase-2; VEGF, Vascular endothelial growth factor.
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FIGURE 1a: Mild immunostaining with vascular endothelial growth factor
(staining grade 2) in the stromal cells of endometrial carcinoma (x200).
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

FIGURE 1b: Strong immunostaining with vascular endothelial growth factor
(staining grade 4) in cancer cells of endometrial carcinoma with histologic
grade 1 (well-differentiated type)  (x200).
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

FIGURE 1c: No immunostaining with vascular endothelial growth factor
(staining grade 1) in cancer cells of endometrial carcinoma with histologic
grade 3 (poorly-differentiated type) (x100).
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

FIGURE 2a: Mild immunostaining with cyclooxygenase-2 (staining grade 2)
in the stromal cells of endometrial carcinoma (x200).
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

FIGURE 2b: Strong immunostaining with cyclooxygenase-2 (staining grade
4) in cancer cells of endometrial carcinoma with histologic grade 1 (well-dif-
ferentiated type) (x200).
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

FIGURE 2c: Strong immunostaining with cyclooxygenase-2 (staining 
grade 3) in cancer cells of endometrial carcinoma with histologic grade 3 (x200).
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)
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max: 3) (Table 1). Contrasting with VEGF expres-
sion, we did not determine any correlation of COX-
2 expression between cancer cells and the stroma.
COX-2 was also expressed in plasma cells. Lower
immunostaining of COX-2 was noticed in higher
histological grades only in several cases, and overall
no correlation was found between the histological
grade of EC and COX-2 expression of cancer cells, in
contrast with that of VEGF expression. Patients
with strong immunostaining for COX-2 also had
high histological grades (Figure 2b,c). Furthermore,
there was a negative correlation between myome-
trial invasion of the tumor and COX-2 expression of
cancer cells (r= -0.441, p= 0.035). No other correla-
tion was seen between COX-2 levels and age. 

DISCUSSION

The transition from the latent phase to the inva-
sive and metastatic phase of a cancer is linked to
what is called the angiogenic switch. It implies
complex cellular and molecular interactions be-
tween cancerous cells, endothelial cells and the
components of the extra-cellular matrix and namely
the existence of specific proteins secreted by the tu-
moral cells able to stimulate the proliferation of cap-
illary endothelial cells. Among them, VEGF, which
was found in different types of tumors has shown a
tumoral angiogenic activity in vitro and in vivo, and
thus is a privileged target for the control of angio-
genesis in an anti-tumoral goal.5,21,22

VEGF is an important endothelial cell mitogen
and is associated with aggressive tumor behavior
beyond increased angiogenesis. Besides, the angio-
genic factor VEGF is suggested to be an important
indicator of a poor prognosis in patients with EC.23

There are several different reports about the rela-
tionship between angiogenesis and VEGF, i.e.,
some reports suggest that co-expression of VEGF
and thymidine phosphorylase and/or platelet-de-
rived endothelial cell growth factor expression in
EC is necessary to promote angiogenesis.24,25 Actu-
ally, inhibiting angiogenesis is a promising strategy
to treat cancer and several other disorders, includ-
ing intraocular neovascular syndromes.26 

VEGF inhibitors have been recently approved
by the U.S. Food and Drug Administration for the

treatment of cancer.27 A recent study on esophageal
neoplasms suggested that VEGF might be a useful
prognostic factor in adjuvant therapy and angio-
genesis inhibitory treatment via VEGF was also
recommended.28

On the other hand, COX-2 is also recognized as
an angiogenic factor, which has been shown to in-
creased in various types of human cancers, suggesting
that overexpression of COX-2 correlates with car-
cinogenesis.29-31 COX-2 was found to be constantly
involved in the carcinogenesis and metastatic process
of some cancer types, i.e. colorectal cancer.32

These data prompted us to study the clinico-
pathologic implications of VEGF and COX-2 by
immunohistochemical analysis of their expressions
in resected uterine ECs. We measured their levels
both in cancer cells and in the tumor stroma. There
is growing evidence that the tumor stroma plays a
crucial role in tumorigenesis, and relationship be-
tween stromal and cancer cells, as a part of the an-
giogenic process, remains to be clarified. Actually,
in tumor development, the angiogenic switch is as-
sociated with the onset of expression and secretion
of angiogenic factors by cancer cells, following se-
cretion of growth factors by the stroma.33 This was
our starting point to evaluate VEGF and COX-2 ex-
pressions both in cancer cells and the tumor
stroma, and determine their possible correlations.

First, we found a positive correlation between
tumoral and stromal VEGF expressions. Thus, we
think that the cancer cell secretion of VEGF most
probably leads to a complex interplay with subse-
quent stromal secretion of VEGF and activation of
endothelial cell receptors, as previously reported.34

Therefore, VEGF may be an important cytokine in
the interaction between a diversity of stromal and
cancer cells. Many questions regarding the crosstalk
between stromal and cancer cells, as a part of the
angiogenic process, remains to be answered and
needs further investigations.35 On the other hand,
we did not determine any correlation between can-
cer cell and stromal COX-2 expressions. Interest-
ingly, in all cases, expression levels for COX-2 in
cancer cells were grade 3 or 4, namely strong im-
munostaining was seen for COX-2. That could have
affected the statistical correlation results. 
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Furthermore, patients with lower histologi-
cal grades showed highly strong immunostaining
for VEGF. Consistently, a recent study by
Mărgăritescu et al. had similar findings with VEGF
expression being reduced in poorly differentiated
oral squamous cell carcinoma compared to moder-
ate and well differentiated forms.36 Moreover,
VEGF expression at the invading tumor front was
4-10 times higher than in the deep tumor areas and
was significantly associated with poor prognosis,
particularly within stage I endometrial disease.37

Another study by Toyoki et al. showed that VEGF
and COX-2 expressions decreased with tumor de-
differentiation.38 In accordance with the results of
that study, we found that VEGF expression showed
a significant decline as the histological grade of the
tumor increased, namely it de-differentiated. On
the other hand, contrasting with that study we did
not find any correlation between histological grade
and COX-2. We conclude that the down-regulated
VEGF staining might reflect more appropriately
angiogenic potential with advancement. 

No correlation was seen between VEGF levels
and myometrial invasion and age in our study. In
contrast to our study results, Topolovec et al.
showed a significant association between VEGF ex-
pression and deep myometrial invasion.39 Al-
though it is hard to explain these conflicting
results, they may be due to wide variations in the
timing of the study related to the tumor stage or
tumor type as well as different methodologies,
and use of different antibodies and immunohis-
tochemical methods. Nevertheless, we conclude
that VEGF may contribute to the early process of
advancement via angiogenic activity regardless of
myometrial invasion.

Finally, no correlation was seen between COX-
2 levels and age in our study. Similar to our find-
ings, Li et al found no correlation between COX-2
and age.40 On the other hand, we found a negative
correlation between myometrial invasion of the
tumor and COX-2 expression of cancer cells, which
means that ECs in lower stage of myometrial inva-
sion show stronger COX-2 positivity compared to
higher stages. Contrasting to our finding, Fujiwaki
et al. reported that semi-quantitative COX-2 mRNA

levels did not correlate with any clinicopathologic
factor in EC, even with early status.41 Li et al. and
Ferrandina et al. also found no correlation of COX-
2 expression with myometrial invasion in EC.40,42

Actually, COX-2 expression is increased in various
tumor types such as gastric cancer43 and carcinoma
of the urinary bladder44 and its overexpression is
even associated with increased activity of the COX-
2 gene suggesting its involvement in tumor patho-
genesis. In this context, our study findings suggest
that overexpression of COX-2 may be more inti-
mately involved in the initial development of EC
and may play a significant role in tumor onset
rather than tumor invasion or progression.

CONCLUSION

In conclusion, the significant correlation between
high tumoral VEGF expression and early grades
confirms previous studies. VEGF might help an-
giogenesis in EC at an early stage in growth, before
myometrial invasion or metastasis. To strengthen
our findings, future prospective studies should ex-
plore the relation between VEGF, microvessel den-
sity, and survival or response to therapy (e.g.
antiangiogenic therapy). On the other hand, nega-
tive correlation between tumoral COX-2 expres-
sion and myometrial invasion suggests COX-2 may
be involved in the initial development of EC and
may play a role in tumor onset. Moreover, future
EC trials should consider lower-dose nonsteroidal
anti-inflammatory drugs in combination with
VEGF inhibitors. We emphasize here that tumor
growth and metastasis are not determined by can-
cer cells alone but also by a variety of stromal cells.
Because cancer cell targets are often elusive due to
mutations, most cells in the tumor stroma are ge-
netically more stable and may accordingly be of
greater interest for targeted therapies.
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