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Abstract 
Introduction: Angiogenesis plays an important role in the uncontrolled proliferation, invasion and metastasis of cancers. Increased 
microvessel density (MVD) is known to be associated with evolution and aggressiveness of the endometrial carcinoma (EC). The formation 
of new vessels depends on interactions between various hormones and growth factors. VEGF is one of the most known promoters of 
angiogenesis. Material and Methods: In this study, we intend to evaluate the relation between MVD, the VEGF expression, and the 
clinicopathologic factors in patients with endometrial carcinoma. Formalin-fixed, paraffin-embedded tissue from 54 patients with EC were 
included. MVD was assessed with anti-CD34 in most intense areas of neovascularization. A semiquantitative scoring system was used to 
asses the intensity and degree of staining of VEGF. Results: MVD counts of patients with G1 EC was lower than patients with G2 and G3 
EC. MVD counts of patients with stage I EC was lower as compared with stage II + III patients. There was no statistically significant 
difference between MVD counts in lymph node-negative and positive EC patients. The positive immunoreactions for VEGF were 
significantly more frequent in G1 EC in comparison to the patients with G2 + G3 EC. Conclusions: MVD and VEGF are important indicators 
of a poor prognosis in patients with endometrial carcinoma. 
Keywords: endometrial adenocarcinoma, angiogenesis, VEGF, CD34. 

 Introduction 

Angiogenesis consists in the formation of new blood 
vessels from proliferation of new capillary from pre-
existing vessels, playing a great role in the uncontrolled 
proliferation of cells, surviving of the malign cells, local 
as well as distance tumor invade. Increased microvessel 
density (MVD), indirect marker of intense tumor 
vascularization, is known to be associated both with 
evolution of disease and surviving. The formation of 
new vessels depends on the interaction between 
different hormones and growth factors. The endome-
trium expresses several growth factors involved in 
angiogenesis, including epidermal growth factor (EGF), 
transforming growth factor (TGF-β) and vascular 
endothelial growth factor (VEGF). VEGF is one of the 
most common promoters of angiogenesis, being expre-
ssed even by normal endometrium. As an angiogenetic 
factor, VEGF stimulates the proliferation of endothelial 
cells and also increases vascular permeability and protein 
extravasations.  

 Material and Methods 

In this study, we observed the relation between 
MVD, the expression of VEGF and clinical as well as 
morphological factors related to endometrial carcinoma. 
Patients’ charts were selected from the Hospital of 
Obstetrics and Gynecology “Salvator Vuia” Arad;  
we included 54 cases of endometrial carcinoma that 
were treated by total hysterectomy with bilateral annex-
ectomy. Lymphadenectomy was performed only in cases 
that had positive lymph nodules, diagnosed before 
surgery through abdominal computer tomography and 
lymphangiography. The mean age of patients was 57 
years with a minimum of 38 and maximum of 81 years.  

For the immunohistochemical evaluation of tumor 
angiogenesis we used monoclonal antibodies anti-
CD34, clone QBEnd10 (DAKO, Glostrup, Denmark), 
through LSAB technique. Sections of 4 µm were boiled 
for 20 minutes in retrieval solution at 95–990C and then 
treated with primary antibody, secondary antibody and 
with Streptavidin for 30 minutes. The visualization 
system used DAB and counterstaining was performed 
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with Hematoxylin. As positive control for CD34, we 
used a pyogenic granuloma, while for negative control 
we replaced primary antibody with buffer solution. 

We measured MVD by microscopically examination 
of sections from representative zones that had the 
biggest number of capillaries and venules according to 
the method described for the first time by Weidner N 
et al. After initial examination with a small objective 
(×100) and selection of zones with increased MVD,  
we counted the microvessels with an objective ×200. 
Immunoreactive endothelial cells and nests of endothe-
lial cells clearly separated by nearby microvessels were 
also counted, while the identification of vessel lumen 
was not necessary for the identification of a micro-
vessel. Micro-vascular density represents the medium 
number of vessels counted on five microscopic fields 
with an objective of ×200.  

In order to evaluate the expression of VEGF we  
used monoclonal antibody antihuman VEGF, clone 
VG1 using LSAB+ technique. Sections were pre-treated 
beforehand by boiling with Dako–Cytomation Target 
Retrieval solution pH 9 (DAKO) for 15 minutes. 
Primary antibody was applied in dilution 1:25 with  
an incubation period of one hour. The visualization 
system included DAB solution, counterstained with 
Hematoxylin.  

In order to describe intensity and immunostaining 
grade for VEGF we used a semi-quantitative score 
based on two parameters: percentage of positive cells 
and intensity of coloration. Those parameters were 
quantified by numbers from 1 to 3 as follows: 

▪ Intensity of staining: 
– 0=negative response; 
– 1=weak intensity; 
– 2=moderate intensity; 
– 3=strong intensity; 
▪ Percentage of positive cells: 
– 0=negative (0% immunopositive cells); 
– 1=positive immunoreaction in <25% of tumor 

cells cytoplasm; 
– 2= positive immunoreaction in 26–50% of tumor 

cells cytoplasm; 
– 3= positive immunoreaction in >50% of tumor 

cells cytoplasm. 
Final score was obtained by summing the two 

parameters, with the following interpretation for the 
immunohistochemical reaction: 

▪ a negative immunoreaction for a score between 0  
and 2; 

▪ a slightly positive immunoreaction for a score 
between 3 and 4; 

▪ a strongly positive immunoreaction for a score 
between 5 and 6. 

Statistical analysis was performed using the Epi 
3.2.2, OpenEpi 2.3 and Epi Info 6.04 and consisted in 
computing the frequency count and percentages for 
qualitative variables, the mean and standard deviation 
for quantitative variables. The comparison of the per-
centages and the means were performed using the chi-
square test and the unpaired Student t-test p-value <0.05 
was considered significant. 

 Results 

Quantification of intratumor micro-vascular 
density by immunoreaction with CD34 

Normal endometrium is histologically characterized 
by permanent vascular remodeling, main involving 
steroid-sensitive spiral arteries and subepithelial capillary 
plexus during the entire menstrual cycle. Angiogenesis 
is reduced during the menstrual phase followed by a 
rapid grow in the proliferative phase and then by a 
graduate decreasing until the end of the cycle.  

There was observed an intense tumor angiogenesis 
in the studied endometrial carcinoma with highest 
values for the invasion front. Inside the tumor stroma, 
among pseudo-glands or solid beaches there was a 
positive reaction for anti-CD34 of numerous micro-
vessels together with groups of endothelial cells 
(“hot spot”). MVD had variable values between 16 and 
138 with an average of 61.95, greater than compared to 
MVD of endometrial mucosa from proliferative stage 
(49.0). Vascular architecture appeared modified compa-
red to normal endometrial mucosa, with variable vessels 
regarding size, with irregular lumen, partially thronged 
and chaotically distributed (Figure 1). There were also 
present isolated endothelial cells CD34 positive or 
arranged in small groups without evident vascular lumen 
and “hot spots” without red cells (Figure 2). 

Our results showed that there is a significant statis-
tical difference between MVD according to patients’ 
age (p=0.0409 S, Table 1). 

Table 1 – Relation between MVD and clinico-
morphological prognostic factors of endometrial 
carcinoma 

 No. of 
cases 

Mean 
MVD 

Standard 
deviation

Normal histologic proliferative 
endometrium 10 49.00 10.20 

Endometrial carcinoma    
G1 24 59.63   6.79 
G2 21 64.36 14.87 
G3   9 62.95   8.87 

Stage I FIGO 26 59.90   7.11 
Stage II FIGO 17 65.93 15.28 
Stage III FIGO 11 61.95   8.71 

Negative lymph nodules 49 62.36 11.35 
Positive lymph nodules   5 57.88   4.76 

Age <60 years 35 63.00   4.99 
Age >61 years 19 59.90   5.55 

There is a strong correlation between the histological 
grade and MVD, the later one increasing as tumor 
differentiation grade decreases (Figures 3 and 4). The 
mean MVD counts of patients with well-differentiated 
G1 endometrial carcinoma (59.63) was significantly 
lower than patients with G2 (64.36) or G3 (62.95) 
(p=0.00159).  

Mean values of MVD quantified for patients in 
stage I FIGO (59.9) are smaller than those of patients in 
stage II FIGO (65.93) as well as stage III FIGO (61.95), 
with insignificant statistical difference (p=0.20039). 

There were differences between mean values for 
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MVD calculated on patients without lymph nodules 
metastases (62.36) as compared to cases with positive 

lymph nodules (57.88), but not statistically significant 
(p=0.3890). 

 

Figure 1 – Deeply modified vascular architecture in 
endometrioid carcinoma (CD34, DAB immunoreaction, 
ob. ×20). 

Figure 2 – Many microvessels and “hot spot” in the 
tumor invasion front (CD34, DAB immunoreaction, 
ob. ×20). 

 

Figure 3 – Endometrioid carcinoma, low grade (CD34, 
DAB immunoreaction, ob. ×10). 

Figure 4 – Endometrioid carcinoma, high grade (CD34, 
DAB immunoreaction, ob. ×20). 

 
Immunohistochemical expression of VEGF 

in endometrial carcinoma 
VEGF is expressed in the cytoplasm of normal 

endometrial cells, neoplasic ones, endothelial cells and 
stroma. 

Positive immunoreactions for VEGF showed a 
coloration of variable intensity inside epithelial tumor 
cells’ cytoplasm as well as focal for stromal cells 
(Figure 5). Inside the normal proliferate endometrium, 
there were negative VEGF immunoreactions (30% of 
cases), weekly positive (40% of cases) and intense 
positive (30%) (Table 2). In the endometrial carcinoma 
compared to normal endometrium, there were disco-
vered a higher percentage of positive immunoreactions 
for VEGF (88.88% of cases, p=0.278). 

Among clinical prognostic factors, we discovered 
that age does not influence the expression of VEGF 
(p=0.579). 

It exists a correlation between the tumor histological 
grade and the obtained VEGF score, but not statistically 
significant (p=0.467). The expression rate for VEGF 
was 83.34% in the well-differentiated endometrial 
carcinoma (Figure 6) and 93.33% in the moderately and 
poorly differentiated carcinoma (Figures 7 and 8). 

Table 2 – Correlation of VEGF with clinico-morpho-
logical prognostic factors 

Expression VEGF 
 No. of 

cases Negative  
n (%) 

Weak +  
n (%) 

Intense + 
n (%) 

Age <60 years
Age >61 years

35 
19 

5 
1 

4 
4 

26 
14 

Normal 
proliferative 

endometrium 
10 3 (30) 4 (40) 3 (30) 

Endometrial 
carcinoma 

Total 
G1 

G2 + G3 
Stage I 

Stage II + III 
Negative LN 
Positive LN 

 
 

54 
24 
30 
25 
29 
49 
  5 

 
 

6 (11.11) 
4 (16.67) 
2 (6.67) 

4 (16.00) 
2 (6.89) 

6 (12.24) 
0 (0.00) 

 
 

8 (14.81) 
4 (16.67) 
4 (13.33) 
3 (12.00) 
5 (17.24) 
6 (12.24) 
2 (40.00) 

 
 

40 (74.07) 
16 (66.67) 
24 (80.00) 
18 (72.00) 
22 (75.86) 
37 (75.51) 
  3 (60.00) 

The quantification of VEGF expression according to 
the stage of the disease shows slightly different values 
for stage I FIGO (84.0%) as compared to stage II and III 
FIGO (93.1%), not statistically significant (p=0.530). 

By comparing VEGF expression to the status of 
lymph nodules, we obtained positive VEGF reactions in 
87.75% of cases without metastasis together with all 



G. Guşet et al. 

 

680 

five cases with positive lymph nodules (small number of 
cases that could not be statistically interpreted).  

The analysis of correlation between MVD and the 
VEGF expression reveals that tumors with positive 
VEGF had a mean MVD value of 65.74, bigger than that 
of negative VEGF endometrial carcinoma (55.60), with 
a significant statistical difference (p=0.0352) (Table 3). 

Table 3 – Correlation between VEGF expression and 
mean MVD in endometrial carcinoma 

No. of cases VEGF 
expression 

Mean  
MVD 

Standard 
deviation 

48 positive 65.74 11.23 
6 negative 55.60 5.86 

 
 

Figure 5 – Positive VEGF immunoreaction in the 
tumor cells’ cytoplasm and focal in stromal cells (DAB, 
ob. ×40). 

Figure 6 – Positive VEGF immunoreaction in villo-
glandular carcinoma, FIGO grade 1 (DAB, ob. ×10). 

 

Figure 7 – Intensely positive VEGF immunoreaction 
in the cytoplasm of glandular cells of G3 endometrial 
adenocarcinoma (DAB, ob. ×40). 

Figure 8 – Immunohistochemical staining of VEGF in 
serous carcinoma, high grade (DAB, ob. ×10). 

 
 Discussion 

Angiogenesis is an essential phase in the uncon-
trolled cell proliferation, invasion and metastasis des-
cribed initially by Judah Folkman in 1969 consisting in 
the forming and remodelation of new vessels.  

Folkman J et al. (1971) quantified the number of 
tumoral vessels, endothelial cell hyperplasia and spe-
cific malign aspects of tumors on usual colored samples 
obtaining MAGS score which allows the classification 
of tumors in week or rich vascularized [1, 2].  

After 1980, the most applied method meant to 
describe angiogenesis, was introduced by Weidner N 
(“hot spot” method). This method is based on immuno-
histochemical identification of tumor vessels as well as 
their quantification by choosing samples with highest 
vascular density. The method is applied even nowadays 
and confirms reach vascularization of tumor tissues 
compared to normal tissues; the vascular micro-density 

obtained through this method represents an important 
prognostic factor in cancers [3]. 

Endometrium is a dynamic organ in which angio-
genesis develops naturally with the lowest expression 
during menstruation phase, followed by rapid growth at 
the beginning of the proliferative phase and then 
followed by gradual decrease to the end of the cycle [4]. 
Excessive angiogenesis is noticed in a variety of patho-
logical conditions such as endometriosis, hyperplasia of 
the endometrium and solid tumors [5, 6]. 

Even though studies demonstrate that MVD, as part 
of angiogenesis, represents an important prognostic 
factor in various malign tumors, including genital ones 
[7–9], in literature there are also contradictory data 
regarding the association between aggressiveness of 
endometrial carcinoma and MVD measured with the 
pan-endothelial markers [10–12]. 

Angiogenesis was quantified in our study by 



Expression of vascular endothelial growth factor (VEGF) and assessment of microvascular density with CD34… 

 

681

antibody CD34 and expressed through MVD. It was 
correlated to the tumor differentiate grade (as the 
histological grade decreases, the number of new vessels 
increases), respectively the stage of the disease (mean 
values for MVD are smaller in patients with stage I 
FIGO compared to stage II and III FIGO) as well as 
lymph nodules status. The differences between mean 
values of MVD were statistically significant only for the 
cases of appreciating the tumor histological grade 
(p=0.0159). 

The study performed by Erdem O et al. showed that 
[13] the mean value of MVD, quantified with anti-
CD34 were higher in the cases with carcinoma as 
compared to hyperplasia or normal proliferative endo-
metrium, though not statistically significant. MVD in 
endometrial carcinomas G2 and G3 was higher compared 
to G1, though comparing G2 and G3 with proliferative 
endometrium, hyperplasia and G1 carcinoma differences 
were not statistically significant. Referring to stadializa-
tion of endometrial carcinoma, MVD measured in stage 
II and III raised above values from stage I, but with no 
significant differences between tumors with high grade 
respectively low grade. There were no significant differ-
ences between MVD and lymph nodules status. 

Giatromanolaki A et al. performed a study on 121 
endometrial carcinomas and had proven that MVD and 
the expression of VEGF represent independent progno-
stic factors on patients with endometrial cancer [14]. 

In the majority of studies [15] regarding endometrial 
carcinoma, increased angiogenesis correlates with a 
modest prognosis. 

VEGF represents a mitogen for endothelial cells that 
induces the formation of lumen’s vessels and also in-
creases vascular permeability and protein extravasation 
[16]. The expression of VEGF on normal endometrium, 
detected in both glandular epithelium and stroma, is low 
during proliferative phase but increases during secretory 
phase reaching its maximum in the menstrual phase [4, 
17]. Zhang L et al. proved an intense VEGF expression 
in the basal layer of the endometrium rather than in the 
functional one [18]. In the stromal cells, the expression 
of VEGF is reduced compared to glandular epithelium 
cells and does not modify during menstrual cycle [19]. 
Some studies demonstrated the growth of VEGF under 
the influence of estradiol and progesterone [20–22] or 
even an increased expression as a result to their combi-
nation compared to individual administration [23]. 

Many studies sustain that there is an increased pro-
duction of VEGF in endometrial carcinoma and hyper-
plasia of the endometrium compared to normal endome-
trium; the VEGF expression contributes to the role of 
angiogenesis in the transition towards carcinoma. Still, 
there are contradictory results regarding prognostic rele-
vance of VEGF and its receptors in the evolution of 
endometrial carcinoma [24–26]. 

Our results show a correlation between the VEGF 
expression and the histological grade, the FIGO stage of 
the disease and the lymph nodules status, but with no 
statistical significance. The correlation between VEGF 
expression and MVD demonstrate statistical significant 
differences: MVD=65.74 in positive VEGF tumors, 
MVD=55.6 in negative VEGF tumors, p=0.0352S. 

Saito M et al. performed a study on 85 endometrial 
adenocarcinoma and obtained a significant VEGF expre-
ssion higher for well-differentiated tumors as well as 
moderately ones compared to those that were poorly 
differentiated [27]. It was reported that estrogen increa-
ses VEGF concentration [28], so this should imply that 
the expression of VEGF should be higher in well-
differentiated endometrial adenocarcinomas estrogen-
dependent. The results of this study suggest that the 
expression of angiogenic factors is different for endo-
metrial adenocarcinoma compared to normal endome-
trium, but those factors do not participate directly to the 
disease progression. 

There are several other studies in which expression 
of VEGF in endometrial tumors did not correlate to 
none of the previously studied histopatological variables: 
histological type, histological grade, the depth of the 
invasion and vascular invasion. VEGF expression corre-
lated to increased MVD in the invading tumor front 
[14]. Seki N et al. observed an increased level of VEGF 
that correlated significantly to rich vascularization of 
endometrial carcinomas [29]. In contradiction, accor-
ding to Fujisawa T et al., VEGF does not correlate with 
the number of microvessels from the endometrial carci-
noma [30]. 

 Conclusions 

Immunoreactions for CD34 antigen represent a good 
method to quantify angiogenesis in endometrial carcino-
ma. 

The MVD value from the front of tumor invasion 
presented a significant increase compared to normal 
proliferative endometrium (p<0.01). 

There was a significant correlation between MVD 
and histological grade, as intratumor vascularization 
increases ones the tumor is less differentiated. Increased 
MVD could reflect an advanced stage of endometrial 
carcinoma and that is why it can be considered an 
important prognostic marker for patients diagnosed with 
endometrial tumors. 

VEGF expression correlated with MVD, as positive 
VEGF tumors presented significantly high levels of 
MVD compared to negative VEGF cases. 
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