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Abstract
Introduction: Angiogenesis, the process leading to the
formation of new blood vessels from a preexisting vascular
network, is necessary for tumor growth, invasion, and
metastasis. Vascular endothelial growth factor (VEGF) is
one of the most potent angiogenic cytokines. Since blood
biomarkers are minimally invasive, relatively easy to evaluate,
we investigated the prognostic significance of plasma VEGF
in Breast cancer patients.
Methods: Preoperative plasma VEGF levels were determined
by enzyme-linked immunosorbant assay in 80 women with
breast cancer and in 80 normal female controls
Results: There was a significant (P<0.001) increase in
plasma VEGF level in breast cancer patients (Mean± SD
136.22±9.95) compared with controls(61.88±6.19). Our
study showed that increased plasma VEGF levels were
significantly associated with menopausal status, clinical stage
of disease and hormone receptor status.
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Conclusion: Since the increased plasma VEGF levels were
associated with menopausal status, clinical stage of disease and
hormone receptor status, it can be used a possible surrogate
pharmacodynamic marker for determining the optimal
biological dose of antibody drugs.
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Introduction
Following malignant transformation, tumor cells
and their surrounding stroma produce a variety of
growth factors and proteolytic enzymes, which induce
angiogenesis and matrix degradation to promote
tumor development. Out of several angiogenic factors
identified vascular endothelial growth factor (VEGF) has
been most strongly implicated in angiogenesis.1 Higher
VEGF mRNA levels have been found in invasive breast
carcinoma or DCIS, compared with benign or normal
breast tissue.2-5 High VEGF levels correlate with poor
prognosis and decreased overall survival for both nodepositive and node-negative breast cancer patients.6
The assessment of angiogenesis in breast cancer is of
importance as a key indicator of survival and response
to therapy.7 VEGF can be detected in the circulation
by enzyme linked immunosorbent assay (ELISA), and
measurement of their levels in the circulation might
provide a noninvasive and repeatable means of obtaining
information about tumour vascularity and response to
anti-angiogenic therapies.8
VEGF is a heparin-binding glycoprotein that is secreted
as a homodimer of 45Kda. VEGF, particularly VEGF-A,
increases vascular permeability, vasodilatation in
endothelial cells and can also stimulate cell migration9
and inhibit apoptosis.10 Atleast five isoforms of the
protein, composed of 121, 145, 165, 189, and 206 amino
acids, can be translated because of alternative VEGF
mRNA splicing.11 The 121 and 165 isoforms are soluble
and usually the predominant forms.12
Estrogen has been shown to modulate angiogenesis,
both under physiological and pathological conditions,
mainly via effects on endothelial cells. 13 In the
female reproductive tract, where angiogenesis is a
normal physiologic event, as well as in endometrial
and breast cancer, VEGF expression is regulated by
sex steroids. 14,15 Estradiol has been recognized as
angiogenic and estrogen effects may be mediated by
induction of VEGF.16 In our study also we have found a
positive correlation between ER expression and plasma
VEGF levels. But Helene et al reported that VEGF is
a target gene for ERα and ERβ in breast cancer cells;
it remains to be determined whether ERα and ERβ
expression in breast biopsies correlates with VEGF
expression and vascular density.17
Furthermore, an increase in circulating VEGF levels
has been observed in patients with breast cancer,.18,19
In a study, conducted by Guido et al20 have reported
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that Plasma VEGF can be used as a possible surrogate
pharmacodynamic marker for determining the optimal
biological dose of antibody drugs. High tissue VEGF levels
appear to correlate with poor prognosis and decreased
overall survival in node-positive and node-negative breast
cancer patients.21 Shahrokh et al22 (2004) reported that
plasma levels of VEGF increased incrementally in patients
with lymph node and skeletal metastases. Another study
conducted by Harold et al found out that lower levels
of baseline VEGF were associated with longer time to
progression.23 In our study the mean plasma VEGF
levels of the cancer patients were significantly elevated
compared with those of the controls (P < 0.001). VEGF
levels were elevated in patients with invasive cancer of
ductal carcinoma and estrogen receptor (ER)-positive
tumors..
Our findings suggest that plasma VEGF should
be considered as a tumor marker for breast cancer
progression, and inhibitors of angiogenesis should be
factored into the treatment protocol for patients who
demonstrate increase in plasma VEGF levels at any stage
of the disease.

MATERIALS AND METHODS
Patient Population
Histologically confirmed cases of Breast cancer
samples were obtained from 80 patients registered
(2008 July to 2009 August) in the Breast service unit
of Kidwai Memorial Institute of Oncology. Carcinomas
included 96% invasive ductal and 4% invasive lobular
types. Patient’s age, stage, grade, nodal status, estrogen
receptor(ER) and progesterone receptor(PR) status were
noted from the case files. Age matched (±5 years) healthy
female controls (80) were selected from patient relatives.
Plasma VEGF levels were determined in 80
patients using commercially available enzyme-linked
immunoassay (ELISA) designed to measure VEGF
levels (Quantikine,R&D Systems Minneapolis, MN).
The assay exhibits no significant cross-reactivity with
other angiogenesis factors and has a sensitivity of 9.0
pg/mL. Optical density was measured at 450 nm using
a microtitre plate reader (TECAN ELISA READER).
A standard curve (Figure 1) was prepared from 2000pg/
mL stock standard VEGF by serially diluting as 31.2,
62.5,125,250,500,1000 with assay buffer and sample
concentrations were determined.
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Fig.1 Standard Graph

Methods
ELISA
Aliquot 0.1mL per well of the 2000pg/mL, 1000pg/
mL, 500pg/mL, 250pg/mL, 125pg/mL, 62.5pg/mL,
31.2pg/mL human VEGF standard solutions into the
precoated 96-well plate. Add 0.1ml of the sample
diluent buffer into the control well (Zero well). Add
0.1mL of each properly diluted sample of human
sera, plasma, body fluids, tissue lysates or cell culture
supernatants to each empty well. Seal the plate with the
cover and incubate at RT for 2hrs. Remove the cover,
discard plate content and wash the plate three times
with wash buffer .Blot the plate onto paper towels or
other absorbent material. Add 0.1ml of biotinylated
anti-human VEGF antibody working solution into
each well and incubate the plate at RT for 2hrs. Wash
the plate three times with wash buffer. Discard the
washing buffer and blot the plate onto paper towels
or other absorbent material. Add 0.2mL of prepared
Substrate solution into each well and incubate the
plate at RT for 25min. Wash plate 3 with wash buffer,
and each time let washing buffer stay in the wells for
1-2 min. Discard the washing buffer and blot the plate
onto paper towels or other absorbent material. Add
0.2mL of prepared stop solution into each well. The
color changes into yellow immediately. Read the O.D.
absorbance at 450nm in a microplate reader within 30
min after adding the stop solution.
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Statistical Analysis
Descriptive statistical analysis has been carried out in
the present study. Results on continuous measurements
are presented on Mean ± SD (Min-Max) and results
on categorical measurements are presented in Number
(%). Significance is assessed at 5 % level of significance.
Student t test (two tailed, independent) was used to
find the significance of study parameters on continuous
scale between two groups Inter group analysis) on metric
parameters, Chi-square/ Fisher Exact test was used to find
the significance of study parameters on categorical scale
between two or more groups. ROC curve analysis was
performed to find the cut-off value VEGF –ELISA and
Diagnostic value.

RESULTS
The patient and disease characteristics of the patients
are seen in Table I. A preponderance of the patients were
postmenopausal and received no prior adjuvant therapy.
The median age of the patients was 45 years (range 25
-70 years). 31 patients were premenopausal, 49 patients
were postmenopausal. Clinically healthy individuals were
used as controls.
Baseline concentrations of plasma VEGF were elevated
(that is, > 118 pg/mL) in 61% (49) of the 80 evaluable
patients and 39% cases were having low levels of VEGF
(VEGF ≤ 118 pg/mL). The Mean and SD of cases were
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Table 1: Characteristic of patients
Group

Number of
patients (80)

< 40 years
40-55 years
>55 years

19(23.75%)
42(52.5%)
19(23.75%)

Premenopausal
Postmenopausal

31(38.75%)
49(61.25%)

Positive
Negative

48(60%)
32(40%)

I
II
III
IV

5(6.25%)
38(47.5%)
31(38.75%)
6(7.5%)

I
II
III

3(3.75%)
25(31.25%)
52(65%)

Estrogen
Receptor

Positive
Negative

41(51.25%)
39(48.75%)

Progesterone
Receptor

Positive
Negative

36(45%)
44(55%)

Prognostic factor
Age

Menopause
Nodes

Stage

Grade

Figure 2: ROC Curve

136.22±9.95 pg/mL and for controls were 61.88±6.19 pg/
mL. Statistical cut off was determined using ROC curve.
(Table 2 & Figure 2).

Plasma VEGF levels ranged from 36 to 537 pg/mL among
breast cancer patients and among controls a range of less
than minimum detectable level i.e. <9pg/mL to 132 pg/
mL were shown. Mean VEGF level is significantly elevated
in cases compared to control (t=8.468; P<0.001). The
values are shown in Table 3.

Table 2: Diagnostic performance of VEGF-ELISA in cancer patients
Sensitivity

95%CI

Specificity

95%CI

LR+

LR-

>112

63.75

52.2 - 74.2

88.75

79.7 - 94.7

5.67

0.41

>112.9

63.75

52.2 - 74.2

90

81.2 - 95.6

6.38

0.4

>114.67

63.75

52.2 - 74.2

91.25

82.8 - 96.4

7.29

0.4

>115.38

62.5

51.0 - 73.1

91.25

82.8 - 96.4

7.14

0.41

>115.79

61.25

49.7 - 71.9

91.25

82.8 - 96.4

7

0.42

>115.98

61.25

49.7 - 71.9

92.5

84.4 - 97.2

8.17

0.42

>116

61.25

49.7 - 71.9

95

87.7 - 98.6

12.25

0.41

>118 *

61.25

49.7 - 71.9

96.25

89.4 - 99.2

16.33

0.4

>118.59

60

48.4 - 70.8

96.25

89.4 - 99.2

16

0.42

>119

60

48.4 - 70.8

97.5

91.2 - 99.6

24

0.41

>120.62

57.5

45.9 - 68.5

97.5

91.2 - 99.6

23

0.44
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Table 3: Comparison ELISA values between controls
Cases

Controls

Min-Max

36.14-537.74

<min to 132.0

Mean± SD

136.22±9.95

61.88±6.19

Inference

Mean VEGF level is significantly elevated in cases
compared to control with t=8.468; P<0.001**

Values are Square root transformed for Stat analysis and back
transformed

Table 4 shows correlation between clinical variables with
plasma VEGF. Our study showed that increased plasma
VEGF levels were associated with menopausal status,
clinical stage of disease and hormone receptor status and
not associated with age, lymph nodal status and grade.
High VEGF levels were significantly associated with ER/
PR expression (p<0.001) and clinical stage of the disease
(p<0.005).
Table 4: Correlation of Clinical variables with VEGFELISA values
VEGFTotal
ELISA
Clinical variables number of
P value
patients <118 >118
Age in years
•

≤40

24

5

19

•

41-55

38

16

22

•

>55

18

10

8

0.062+

Pre

30

7

23

•

Post

50

24

26

0.028*

Nodes
•

Negative

32

14

18

•

Positive

48

17

31

0.454

Stage
•

Stage 0

2

1

1

•

Stage I

3

3

0

•

Stage II

38

19

19

•

Stage III

31

8

23

•

Stage IV

6

0

6

•

ER/PR positive

31

19

12

0.001**

•

ER/PR negative

34

9

25

0.053+

Grade
•

Grade 0

0

0

0

•

Grade I

3

2

1

•

Grade II

25

11

14

•

Grade III

52

18

34

80

31

49

0.458

t*118 is ROC cut-off

DISCUSSION
The active form of VEGF is a homodimer of 34–46
kDa, with alternative exon splicing producing five
different isoforms of 121,145 165, 189 and 206 amino
acids (monomeric size), the latter three of which have
heparin-binding activity.24-27 The VEGF 121 and VEGF
165 isoforms induce their angiogenic effects by binding
to the specific transmembrane tyrosine kinase receptors
KDR/Flk-1 and Flt-1, which are selectively expressed on
vascular endothelial cells28-29 Studies in patients with
breast,7 gastrointestinal,30 colorectal,8 and melanoma31
have shown that plasma free VEGF121/165 is increased
further on development of metastasis.
The ELISA kit used to detect VEGF in the plasma in
this study is specific for VEGF165 but will also detect
VEGF121. Thus, the detected levels are indicative of the
total circulating level of VEGF.

Menopausal status
•

ER/PR

0.005**
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The sensitivity of plasma VEGF in detecting any breast
cancer was 61.2%, and the specificity was 96% using a
VEGF level of 118 pg/ml as the cutoff value. With the use
of a highly sensitive enzyme immunoassay, we found that
most of the primary invasive breast cancers had detectable
concentrations of VEGF protein. Plasma VEGF levels
ranged from 36 to 537 pg/mL among breast cancer
patients and a range of less than minimum detectable
level i.e. <9pg/mL to 132 pg/mL among controls. Our
findings are similar to the result published by Rodreiguez
et al , who used a similar method for the detection of
plasma VEGF.
The authors found that increased plasma VEGF levels
were associated with menopausal status, clinical stage of
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disease and hormone receptor status and not associated
with age, lymph nodal status and grade. This finding
agrees with that of Nishimura et al.,32 who showed that
plasma VEGF levels are involved in angiogenesis in
postmenopausal patients. In another study,18 researchers
found a correlation between circulating levels of VEGF
and the stage of disease or tumor burden. However, the
cellular source and biological significance of circulating
levels of VEGF are not known.
High VEGF levels were significantly associated with ER/
PR expression ( p<0.001) and clinical stage of the disease
(p<0.005). Plasma VEGF was elevated in all TNM
stages compared with controls. Within each stage, the
plasma VEGF levels in ductal carcinomas and ER-positive
tumors were significantly elevated as compared with
those of controls. This finding agrees with that of Kamal
Herr et al, who showed that ER-positive tumors had
serum VEGF levels that were significantly elevated when
compared with those of controls. Estrogen has been shown
to modulate angiogenesis, both under physiological and
pathological conditions, mainly via effects on endothelial
cells. Moreover an estrogen-responsive element in the
gene for VEGF has been identified.6
The finding of highly elevated plasma VEGF levels in
patients with DCIS is of great interest. Indeed, in their
study of the expression of angiogenic factors in DCIS and
carcinoma, Brown et al.33 have shown that the formation
of vascular stroma with high levels of VEGF preceded
invasive stages. Thus, in the future, plasma VEGF may
be of use in the clinical scenario of equivocal cytological
or radiological findings in diagnosing DCIS.
Knowledge of the plasma level of VEGF might be helpful
in selecting individual patients who may benefit from
treatments with antiangiogenic agents combined with
conventionally used drugs.
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