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Abstract
Angiogenesis seems to be an early event that is associated with disease progression in cervical intraepithelial
neoplasia (CIN). The aim of this study was to describe and analyze VEGF-A expression in CIN 3 and invasive
cervical carcinoma, in tumor cells and stromal cells. This study comprised three groups: Group 1: 53 cases with CIN
3; Group 2: 24 cases with both CIN 3 and invasive carcinoma components; Group 3: 36 cases with invasive
carcinoma. Protein expression was investigated in tumor and stromal cells by immunohistochemistry. Statistical
analysis was carried out, considering the mean percentage of immunopositive cells. VEGF-A expression was higher
in stromal cells in cases of invasive carcinoma (Group 3) than in CIN 3 cases (Group 1) and this difference was
statistically significant. VEGF-A expression showed a borderline association between stromal cells in invasive
carcinoma (Group 3) and invasive carcinoma associated with CIN 3 (Group 2). The mean percentage of cells
expressing VEGF-A was significantly higher in tumor cells in CIN 3 than in stromal cells in CIN 3 (Group 1). The
progression of CIN 3 to invasive carcinoma seems be determined by complex interactions between tumor and
stromal cells. These findings reinforce the evidence of the role of stromal cells in tumor invasiveness.

Keywords: Angiogenesis inducers; VEGF-A; Uterine cervical
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Introduction
Cervical cancer is the third most common cancer in women
worldwide and more than 85% of the global burden occurs in
developing countries [1]. Cervical cancer develops from a
precancerous lesion referred to as cervical intraepithelial neoplasia
(CIN) [2]. Invasion of cervical squamous cell carcinoma begins at the
basal cell layer in a field of high-grade cervical intraepithelial neoplasia
(CIN 3) [3].
Angiogenesis is the formation of neovasculature from preexisting
blood vessels. It is crucial for normal body development and growth.
Tumor angiogenesis has been extensively investigated in many human
neoplastic conditions. Vascular endothelial growth factor (VEGF) is a
potent mitogen responsible for the induction of angiogenesis [4,5]. The
vascular endothelial growth factor (VEGF) family is comprised of
highly conserved secreted glycoproteins that regulate vasculogenesis,
hematopoiesis, angiogenesis, lymphangiogenesis and vascular
permeability. Four VEGF members have been currently identified and
the most important member is VEGF-A (termed VEGF). Other family
members are VEGF-B, VEGF-C and VEGF-D. While VEGF-A and
VEGF-B are mainly involved in hemangiogenesis, VEGF-C and its
close homolog VEGF-D primarily take part in lymphatic vessel growth
[6]. In several types of carcinoma, including cervical cancer, a high
expression of VEGF has been associated with disease progression and
poor outcome [7].
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Histologic analysis of premalignant, noninvasive lesions, arising in a
variety of organs, has revealed the early tripping of the “angiogenic
switch” [4,7]. In several types of carcinoma, including cervical cancer, a
high VEGF expression has been associated with disease progression,
leading to poor patient outcome [8-12]. The term “angiogenic switch”
refers to a time-restricted event during tumor progression where the
balance between proangiogenic and antiangiogenic factors tilts
towards a proangiogenic outcome, resulting in the transition from
dormant avascularized hyperplasia to outgrowing vascularized tumor
and eventually to malignant tumor progression [7]. It has been
indicated that a switch from a lymphangiogenic phenotype towards a
hemangiogenic phenotype occurs with invasion, and disease
progression in cervical neoplasia. The key molecule involved in this
process is VEGF-A, which acts mainly as a potent mitogen on blood
endothelial cells via the receptor tyrosine kinase VEGFR-2 [8]. Some
studies have reported VEGF expression in premalignant lesions of the
uterine cervix [10-12]. Based on clinical and experimental evidence, it
was demonstrated that angiogenesis precedes overt tumor formation
during chemically induced carcinogenesis [4,13].
Under normal physiological conditions, the stroma acts as an
important barrier to epithelial cell transformation. Nevertheless, the
stromal compartment undergoes changes in response to emerging
epithelial lesions. This compartment has a key role in cancer initiation
and progression, including the recruitment of new stromal cells that
provide factors involved in cell growth and matrix remodeling [14].
Angiogenesis in cervical carcinogenesis seems to be an early event that
occurs in premalignant changes of the cervix. It is associated with
disease progression and may serve as a prognostic indicator of cervical
squamous cell carcinoma [4]. A better understanding of the angiogenic
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mechanism by which CIN 3 acquires the ability to invade the cervical
stroma provides opportunities, e.g. interference with initial tumor
development by blocking the “angiogenic switch” which precedes the
progression to invasive cancer [8].
Therefore, the aim of this study was to describe and analyze the
expression of VEGF-A in CIN 3 and invasive carcinoma of the cervix,
in tumor cells and stromal cells.

Materials and Methods
Ethics statement
All tissue samples were collected for histologic examination and
diagnostic purposes and were thoroughly anonymized for the use in
this study. The Institutional Review Board waived the need for written
informed consent from the participants. This study was approved by
the State University of Campinas Ethics Committee (Approval No.
858/2007 - November 11th, 2007). The manuscript’s guarantor affirms
that this manuscript is an honest, accurate, and transparent account of
the study being reported; that no important aspects of the study have
been omitted; and that any discrepancies from the study as planned
have been explained [15].

Patients and samples: Case selection
This comparative observational study of women with cervical
neoplasia consisted of three groups. The first group comprised 53 cases
of histologic diagnosis of unique CIN 3 (Group 1), the second group
comprised 24 cases with both components: CIN 3 (Group 2) and
invasive carcinoma (Group 2) and the third group was composed of 36
cases with a histologic diagnosis of invasive carcinoma (Group 3). The
study design was constructed assuming that pure CIN 3 (Group 1),
CIN 3 associated with invasive carcinoma (Group 2) and pure cervical
invasive carcinoma (Group 3) represent progressive steps from CIN 3
to invasive carcinoma.

Primary antibodies used for this study were polyclonal mouse
antihuman VEGF (DaKo). The working dilutions of primary
antibodies against VEGF-A were 1:100. Sections were rinsed with PBS
for 15 min and incubated for 1 h with the secondary antibody
(biotinylated goat anti-mouse and rabbit immunoglobulin G
secondary antibody; Dako). The sections were then incubated with
streptavidin-peroxidase complex, using 3,3'-diaminobenzidine as a
chromogen. Sections were counterstained with Mayer's hematoxylin.
Specificity of the immunohistochemical reactions was checked by
omitting the primary antibody.
The methodology for interpretation of immunostaining sections
consisted in the following steps:
1 - Identification of representative regions of lesions selected
according to group (CIN 3, invasive carcinoma and underlying stromal
lesion). Selection criteria for these representative regions were: image
sharpness, areas of higher intensity of cellular immunoreaction, a
similar proportion of stromal and tumor regions in the same picture,
with the exclusion of necrotic regions. Stromal regions with a high
concentration of inflammatory cells were excluded.
2 - Images were captured in these regions under a magnification of
400X. In groups of CIN 3 and invasive carcinoma, from one to eight
pictures were taken. In Group 2 which included cases of invasive cell
carcinoma associated with CIN 3, pictures were taken separately.
3 - Selection of one photograph per lesion and its underlying stroma
was made for quantitative and qualitative analysis of the
immunohistochemical reaction.

Cases were selected from records of pathology reports obtained
from women consecutively managed in the Women’s Hospital, State
University of Campinas, Brazil, between 2002 and 2008. Hematoxilineosin paraffin-embedded sections were reviewed and the best
representative sample was identified considering tumor tissue and
underlying stroma. Specimens were obtained by cervical punch
biopsies, conizations or hysterectomies. Despite some limitations of
immunohistochemistry analysis of stromal cells, this tissue
compartment was analyzed because evidence shows that the stroma
plays a relevant role in cervical cancer progression.

Imunohistochemistry assay
VEGF-A expression was investigated in paraffin-embedded sections
using the avidin-biotinperoxidase complex method. Paraffin sections
(5 μm thick) were deparaffinized and immersed in 3% hydrogen
peroxidase in methanol to block endogenous peroxidase activity. Next,
an antigen retrieval procedure was performed by immersing the slides
in 10 mM citrate buffer (pH 6.0) and autoclaving these slides at 121˚C
for 10 min. After washing in PBS, the tissue sections were preblocked
using 10% normal goat serum for 15 min. The protocol for the Dako
LSAB 2 peroxidase kit (Dako, Kyoto, Japan) was followed. The sections
were incubated overnight with primary antibodies in a humidity
chamber at 4°C.
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Figure 1: Percentage of tumor and stromal cells expressing VEGF-A.
A: Invasive carcinoma (Group 3): tumor cells: 61,8%, stromal cells:
75,7%; B: CIN 3 (Group 1): tumor cells: 70,2%, stromal cells: 53,9%;
C: Invasive carcinoma compartment (Group 2): tumor cells: 91,3%,
stromal cells: 96,7%; D: CIN 3 compartment (Group 2): tumor cells:
65,9%, stromal cells: 60,9%.
4 - Calculation of total cell number and number of immunostained
cells (stromal cells and tumor cells, separately) was made by two
observers using morphometric software (Image Pro Plus®, version 6.3,
Olympus) (Figure 1). To assess the percentage of immunostained cells,
at least 1,000 tumor cells and stromal cells per case were counted.
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Statistical analysis

Results

Statistical analysis was carried out, considering the percentages of
immunopositive tumor cells and stromal cells within each group and
between diagnostic groups. The CIN 3 and invasive carcinoma
components from group 2 were analyzed separately. Analyses of the
percentages of tumor cells and stromal cells between two diagnostic
groups were carried out using the Mann-Whitney and Wilcoxon
Signed Rank tests. A comparison of the mean percentage of tumor cells
and stromal cells within each diagnostic group was made by using the
paired t-test. The reason for this was because although the percentages
of immunopositive tumor cells and stromal cells did not show a
normal distribution, the differences between them were normally
distributed. Differences were considered significant when p value was
less than 0.05.

VEGF-A expression was observed in the cytoplasm of tumor cells
and surrounding stroma in all analyzed cases. The mean percentage of
cells expressing VEGF-A was significantly higher (p=0.0030) in tumor
cells (mean=54.1%; SD=25.9) than in stromal cells (mean=43.7%;
SD=26.1) in cases diagnosed as CIN 3 (Group 1) (Table 1). In invasive
carcinoma (Group 3), the mean percentage of cells expressing VEGF-A
was higher in stromal cells than in tumor cells (mean=48.1%;
SD=28.8), but the difference was not statistically significant (p=0.0840)
(Table 1). There was no statistically significant difference between the
mean percentage of cells expressing VEGF-A in both tumor cells and
stromal cells in CIN 3 and invasive carcinoma components from
Group 2 (Table 1).

CIN 3 (Group 1)
Cells

n

Mean

SD

Min.

Q1

Median

Q3

Max.

p-value

Tumor

53

54.1

25.9

5.6

35.6

54.2

76.7

97.9

0.0030

Stromal

53

43.7

26.1

2.5

20.2

40.1

59.8

98.5

Tumor

24

53.0

29.5

1.0

26.1

59.4

71.3

96.2

Stromal

24

50.8

25.6

1.4

34.6

49.5

69.2

94.6

CIN 3 (Group 2)
0.7218

Invasive Carcinoma (Group 2)
Tumor

24

45.9

28.8

1.3

20.3

48.8

65.9

96.1

Stromal

24

42.8

27.4

0.2

23.6

38.7

62.3

96.7

0.6080

Invasive Carcinoma (Group 3)
Tumor

36

48.1

28.8

0.7

21.1

45.1

69.4

97.1

Stromal

36

56.5

23.5

3.6

43.3

59.1

72.2

96.4

0.0840

Table 1: Comparison of mean percentages of tumor and stromal cells VEGF-A immunopositive in each diagnostic group.
The percentage of stromal cells expressing VEGF-A was significantly
higher (p=0.01) in invasive carcinoma (Group 3) than in CIN 3 (Group
1). The percentage of stromal cells expressing VEGF-A in invasive
carcinoma (Group 3) was higher than in the invasive carcinoma
component from Group 2, and this difference was statistically
significant (p=0.0573). There was no statistically significant difference
in the percentage of cells expressing VEGF-A in both tumor cells and
stromal cells among: a) CIN 3 and invasive carcinoma components in
Group 2, b) between CIN 3 (Group 1) and CIN 3 (Group 2) and c)
invasive carcinoma (Group 3) and invasive carcinoma component
(Group 2) (Figure 2).

Discussion
This study showed that VEGF-A expression is higher in tumor cells
than in stromal cells in CIN 3. However, in cervical cancer cases,
stromal cells show a higher VEGF-A expression than tumor cells.
Similarly, VEGF-A expression is higher in stromal cells in invasive
carcinoma than in CIN 3. All cancers contain a diverse population of
cells, including those harboring genetic mutations typically referred to
as “tumor” or “cancer” cells as well as other cell types that are activated
and/or recruited to the local microenvironment, e.g., fibroblasts, innate
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and adaptive immune cells, and cells that line blood and lymphatic
vessels. Reciprocal interactions between these responding “normal”
cells, their mediators, structural components of the ECM, and
genetically altered neoplastic cells regulate all aspects of tumorigenicity
[14].
There is increasing evidence to support the understanding that
tumor cells and stromal cells contribute to tumor mass formation and
characteristics [7,16]. Based on clinical and experimental research, it
has been demonstrated that tumor angiogenesis is dependent on
stromal cell action and precedes overt tumor formation during
chemically induced carcinogenesis [4,13].
High VEGF levels in the tumor microenvironment and consequent
activation of a signalling pathway stimulate the growth and migration
of lymphatic and blood endothelial cells, thereby promoting vascular
invasion by tumor cells [17]. Tumor vasculature is dependent not only
on endothelial cells but also other stromal cells, e.g. pericytes. Pericytes
are affected by factors secreted by tumor cells. There is a loose
association between tumor pericytes and endothelial cells which could
affect their survival, as well as contribute to the presence of
intercellular gap junctions or openings. These gaps could provide
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tumor cells with relatively easy access to the intravascular space
[18,19].
Inflammatory cells also regulate endothelial cell functions related to
tumor angiogenesis. Tumor cells are surrounded by an infiltrate of
inflammatory cells, lymphocytes, neutrophils, macrophages and mast
cells. These cells communicate through a complex network of

intercellular signaling pathways, mediated by surface adhesion
molecules, cytokines and VEGF expression. Therefore, inflammatory
cells cooperate and synergize not only with stromal cells, but also
malignant cells to stimulate endothelial cell proliferation and blood
vessel formation [4,20].

Figure 2: VEGF-A expression in Cervical Neoplasia. CIN 3: Cervical intraepithelial neoplasia grade 3; CA: Invasive carcinoma, G1 to G3:
Group 1 to Group 3, Min: minimum, Max: maximum, Q1: 1º percentile (25%), Q3: 3º percentile (75%). In CIN 3, VEGF-A expression was
higher in tumor cells than in stromal cells. In a comparison between invasive carcinoma and CIN 3, VEGF-A expression showed no change in
tumor cells, but increased significantly in stromal cells.

In cervical carcinogenesis, angiogenesis follows the current
understanding of this issue. Angiogenesis occurs in premalignant
changes of the cervix and is associated with disease progression [4,21].
Some studies have reported VEGF-A expression in the stage of
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premalignant lesions of the uterine cervix [10-12]. Hammes et al. [12]
showed that stromal VEGF expression was observed in 53.3% and
75.0% cases of CIN 3 and invasive carcinoma, respectively. According
to these authors, VEGF-A could be a factor in the development and
progression of CIN lesions and a potential molecular target for studies
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of cervical cancer prevention and treatment. Stepan et al. [22] observed
that VEGF-A is characteristic of cervical tumor angiogenesis in both
early and advanced tumor stages.
Limitations of this study were failure to use normal tissue as control
and the subjective nature of immunostaining in the evaluation of
histologic samples. Cancers are heterogeneous cellular entities whose
growth is dependent upon reciprocal interactions between genetically
altered “initiated” cells and the dynamic microenvironment in which
they live [14]. VEGF-A expression was higher in tumor cells than in
stromal cells. In a comparison between invasive carcinoma and CIN 3,
VEGF-A expression showed no change in tumor cells, but increased
significantly in stromal cells. The progression of CIN 3 to invasive
carcinoma seems be determined by complex interactions between
tumor and stromal cells. These findings reinforce the evidence of the
role of stromal cells in tumor invasiveness and can help in
understanding the prognosis of cervical neoplasia.
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