
Abstract. Many studies have reported elevated serum
concentrations of vascular endothelial growth factor (VEGF)
in patients with cancer and claimed that the measurement of
circulating VEGF is a surrogate marker of angiogenesis and/or
metastasis. To determine the value of VEGF measurement in
the diagnosis and prognosis of breast cancer, we measured
levels in women with and without breast cancer. Platelet-
depleted plasma VEGF levels were measured in premenopausal
women at four-day intervals across the menstrual cycle,
postmenopausal women and postmenopausal women who had
undergone hysterectomy. Platelet-depleted plasma VEGF was
also measured in pre- and postmenopausal women with early
breast cancer (EBC) and levels compared with intratumoral
levels, clinicopathological prognostic parameters and
microvessel density. Levels of VEGF were determined using
ELISA and immuno-histochemistry. Microvessel density was
determined by immunohistochemical CD34 staining. Plasma
VEGF in premenopausal women remained stable across the
menstrual cycle except for a peak between days 8 and 12.
VEGF levels in postmenopausal women were higher than in
premenopausal women unless postmenopausal women had
undergone hysterectomy. Amongst premenopausal women,
levels of VEGF were high in 22 EBC patients when compared
to normal premenopausal controls. No correlation was found
between plasma and intratumoral VEGF, clinicopathological
prognostic parameters or tumour microvessel density. The origin
of circulating VEGF differs between pre- and postmenopausal
women. Its measurement is unlikely to provide clinically useful
diagnostic and prognostic information in women with early and
advanced breast cancer.

Angiogenesis, the formation of new blood vessels from an
existing circulation, is a prerequisite for tumour growth and
metastasis (1-3). Vascular endothelial growth factor
(VEGF) is a potent angiogenic cytokine in normal tissues
and tumours (4-7) stimulating endothelial cell proliferation
in vitro and inducing angiogenesis in vivo (8-10). VEGF is
overexpressed in breast cancer tissue when compared to
normal breast tissue (11-13) and levels of VEGF in these
tissues correlate with disease-free and overall survival (14,
15). Moreover, levels of VEGF in breast cancer tissue
correlate with microvessel density, the current standard
measurement of tumoral angiogenesis (11, 16, 17).

A soluble form of VEGF (VEGF121) is detectable in the
circulation and studies have demonstrated elevated serum
levels of VEGF in patients with solid tumours including
uterine, ovarian, colorectal, lung and brain cancers (7, 18-
21) leading some to hypothesise that serum VEGF
measurement may have predictive value for the progression
of disease in patients with solid tumours. Circulating levels
of VEGF may represent a surrogate marker for
angiogenesis, aiding the decision process involved in the
targeting of chemotherapy.

VEGF is overexpressed in follicular fluid prior to
ovulation (22) and two studies have reported that serum
VEGF demonstrates a cyclical variation across the
menstrual cycle (23, 24) implying that levels of circulating
VEGF may, in normal women, be influenced by levels of
ovarian hormones.

Experimental analysis of circulating VEGF levels by
ELISA has revealed a wide discrepancy between levels in
serum and in plasma. This observed difference has recently
been explained by the discovery of large quantities of VEGF
in megakaryocytes and platelets (25). Moreover, serum
levels of VEGF correlate with platelet numbers (26) and
VEGF is released into the serum by activated platelets
following routine phlebotomy (27). Thus, it would seem
reasonable to analyse circulating VEGF levels in plasma
samples rather than serum. For this reason, this study
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focuses on VEGF levels in plasma which has been
immediately depleted of platelets following venesection. 

The source of circulating VEGF in normal women and
women with pre and postmenopausal breast cancer remains
unclear. We sought to determine the prognostic significance
and source of elevated VEGF levels in women with breast
cancer and to determine whether its measurement could be
used as a surrogate marker of angiogenesis. 

Materials and Methods

VEGF in platelet-depleted and platelet-rich plasma; effect of platelet
release on plasma VEGF concentration. Venous blood samples were
obtained from twelve healthy male (n=6) and female (n=6)
volunteers aged between 19 and 47 years. Each sample of venous
blood was separated into two citrated and one EDTA bottle. One
of the citrated tubes was immediately plunged into ice and taken
to the laboratory where the sample was centrifuged at 4ÆC for
twenty minutes at 3500 xg. The supernatant was removed and re-
centrifuged for 20 mins at 3500 xg at 4ÆC following which the
platelet-depleted plasma (PDP) was aliquoted and the last 0.5 ml
discarded. PDP was immediately frozen and stored at –70ÆC until
assay. The other citrated sample and the EDTA sample were
centrifuged at 1500 xg for 10 minutes, and the platelet-rich plasma
aliquoted and stored at –70ÆC until assay. A small aliquot of the
platelet-rich and platelet-depleted plasma was sent to the hospital
haematology laboratory for estimation of platelet concentration by
standard clinical laboratory methods.

Normal pre- and postmenopausal women. VEGF was measured in
PDP prepared as described above in nine premenopausal female
volunteers. Serum follicle stimulating hormone (FSH) and
luteinising hormone (LH) were also analysed using routine clinical
laboratory methods. Samples were collected on the first day of
menstruation and then at intervals of four days. In agreeing to
participate in the study, women were asked to disclose their normal
cycle length and regularity and women with cycle lengths longer
than 32 days or shorter than 26 days or those with irregular
menstruation were excluded from the study. The median age for
pre-menopausal women was 29 (range 22-43) years. Women were
deemed to have entered the luteal phase of the menstrual cycle
when FSH levels fell below 10 mIU/ml or following a LH surge.

PDP-VEGF was measured in 32 postmenopausal women.
Postmenopausal was defined as a period of not less than two years
since last menstruation. Twelve of these women had undergone
hysterectomy without salpingo-oophorectomy, whilst eight had
undergone hysterectomy with bilateral salpingo-oophorectomy.

Women with breast cancer. PDP VEGF was measured in ninety-one
women with stage T1 to T3 early breast cancer (EBC) immediately
prior to surgery. Twenty-two were premenopausal (median age 41
years, range 28-49) whilst 69 were postmenopausal (median age 68
years, range 48-83). Levels of VEGF were compared to normal
pre- and postmenopausal levels, known clinicopathological
prognostic features of the disease, intratumoral VEGF expression
and microvessel density. Microvessel density was assessed by an
independent pathologist following immunohisto-chemical staining
of the CD34 antigen in paraffin-embedded blocks of primary
tumour. 

A further 22 women with advanced breast cancer (assessed by
UICC criteria) had a single estimation of serum VEGF. Ethical
approval was obtained for this study from the South Manchester
Local Research Ethics Committee and all participants gave written
informed consent.

Analysis of VEGF.
Analysis of circulating levels by ELISA. VEGF was assayed by
commercial ELISA according to manufacturers instructions (R and
D systems, Oxon, UK). In duplicate, sample (100 Ìl) diluted with
100 Ìl of assay diluent was incubated with the capture antibody for
2 hours at room temperature. Following washing steps (x3), 200 Ìl
of detection antibody conjugate was added and the assay incubated
for 2 hours at room temperature. The plate was again washed (x3)
and the detection substrate added and incubated for 25 minutes at
room temperature. Stop solution (25 Ìl) was added and the optical
density read at 450 nm.

Semiquantification of intratumoral VEGF by immunocytochemistry.
Paraffin-embedded sections of 7 Ìm were stained for VEGF
protein. Slides were dewaxed in xylene and exogenous peroxidase
blocked with hydrogen peroxide mixed in methylated spirit for 30
minutes. Slides were pretreated with chymotrypsin (0.01% for 20
min) and rinsed in TBS. Non-specific binding was blocked by
immersing slides in rabbit serum for two hours. Mouse
monoclonal VEGF antibody (VEGF monoclonal. Calbiochem.
Poole, Dorset, UK) diluted to 1:50 with 1% bovine serum albumin
was added to each slide and the slides incubated at 4ÆC overnight.

Sections were washed with TBS and incubated with biotinylated
goat anti-mouse immunoglobulin antibodies and streptavidin-biotin
complex (DAKO, Copenhagen, Denmark). The slides were washed
in TBS followed by treatment with filtered 3,3 diaminobenzidine
tetrahydrochloride (DAB) chromogen solution for 15 min and the
nuclei counterstained with haematoxylin. Staining of tumours was
assessed by an independent pathologist by a technique previously
described (28). Tumours were assessed semi-quantitatively for the
number of tumour cells staining (0=0%; 1=<20%; 2=20-80%;
3=>80% and the density of stain (0=none; 1=weak; 2=moderate;
3=strong). The two assessment scores were multiplied to give a
total score between 0 and 9. 

Microvessel count: assessment of angiogenesis. Formalin-fixed and
paraffin-embedded tissues were cut into 5 Ìm-thick sections and
mounted on polylysine-coated slides. Sections were deparaffinized
by xylene and dehydrated by a graded series of ethanol. After
quenching the endogenous peroxidase activity with 0.3% H2O2 for
30 minutes, slides were microwaved for 10 minutes, then cooled to
room temperature for 20 minutes and incubated with 5% bovine
serum albumin for 30 minutes to block non-specific staining.
Duplicate sections were incubated overnight with the primary
specific biotinylated antibodies against CD34 (diluted to 1:100;
Serotec Ltd, Oxford, UK), followed by incubation with HRP-
conjugated streptavidin (1:100 dilution) for 20 minutes. Antibody
binding was visualized with 3,3-diaminobenzidine tetrahydro-
chloride, and sections were lightly counterstained with Mayer’s
hematoxylin (29). Microvessel density was quantified by light
microscopy without knowledge of patient details. The most vascular
areas in a tumour (hot-spots) were located at low magnification
and the vessels were counted using a Chalkley point eyepiece
graticule at x400 magnification (30). Any brown-staining EC or
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group of cells in contact with a spot in a graticule was counted as
an individual vessel. The mean of four Chalkley counts for each
tumour was calculated and used in statistical analysis. Microvessel
density was assessed without knowledge of plasma VEGF levels.

Statistical analysis. The median (M) and interquartile range (IQR)
were calculated for all sets of variables and all p-values were
derived using the Mann Whitney U-test for non-parametric data.
Correlations between variable data were calculated using the
Spearman correlation analysis. A p-value of less than or equal to
0.05 was taken as the level of statistical significance.

Results

VEGF in EDTA plasma, platelet-depleted plasma and platelet-
rich plasma (Figure 1). Median levels of VEGF in the twelve
healthy volunteers were 289 pg/ml (IQR=227-473) in platelet-
rich plasma compared to 38.1 pg/ml (IQR=25.2-47.3) in
platelet-depleted plasma (PDS) (p<0.001). VEGF was
detectable in eleven of twelve (91%) platelet-depleted plasma
samples compared to five of twelve (41.6%) EDTA plasma
samples (¯2=15.4, p=0.00043). The median level of VEGF
in EDTA plasma samples was 34.04 pg/ml (IQR 28.7-58.4).
No correlation was observed between levels in platelet-
depleted and platelet-rich plasma. Platelet counts of <4x109/l
were found in all platelet-depleted plasma samples.

VEGF in normal premenopausal and postmenopausal women.
Platelet-depleted plasma VEGF remained stable throughout
the menstrual cycle (M=30.4 pg/ml, IQR= 17.4-40.0) except
for a single peak (M=104.5 pg/ml, IQR=70.1-130.7) occurring
in mid-cycle (M=15 days, IQR=10-18 days) (p<0.001)
(Figure 2). There was no difference in levels between the
follicular (M= 31.4 pg/ml, IQR= 2l.5-78.9) and luteal (M=
35.26 pg/ml, IQR=22.75-55.67) phases of the menstrual cycle
(p=0.94). Higher levels of platelet-depleted plasma VEGF
were seen in normal post-menopausal (M=80.4 pg/ml,
IQR=47.7-197.1) women than in premenopausal women
(p=0.028) (Figure 3) but levels were lower in women who had
undergone hysterectomy (M=28.4 pg/ml, IQR=20.5-38.8)
(p<0.01 vs. normal post-menopausal controls). No difference
in VEGF levels was detected between women whose ovaries
were preserved after hysterectomy (median=29.7 pg/ml,
IQR=19.7-40.1) and those who had undergone oopherectomy
(median 27.44 pg/ml, IQR=22.3-39.0) 

Platelet-depleted plasma VEGF in women with early breast
cancer (Figure 4). Median levels of VEGF in women with
postmenopausal breast cancer (median=142.4 pg/ml,
IQR=100.1-210.2) were higher than normal postmenopausal
controls but the difference was not significant. For
menopausal women with early breast cancer who had
undergone hysterectomy (n= 27, median=98.4 pg/ml,
IQR=76.2-108.4) had lower levels of PDP VEGF than
women who had not (n=42, median=189.7 pg/ml,
IQR=143.78-224.9), (p<0.01). 

Approximately five times as much circulating VEGF was
seen in premenopausal women with early breast cancer
(M=157.1 pg/ml, IQR=128.8-197.58) compared with their
healthy premenopausal controls (median=38.1 pg/ml
IQR=25.2-47.3) (p<0.01)). No correlation was observed
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Figure 1. Measurement of VEGF in EDTA plasma, platelet-depleted
plasma and platelet-rich plasma. Results expressed as median and
interquartile range. Only five of the twelve (41.6%) samples of EDTA
plasma demonstrated detectable levels of VEGF, rising to eleven of twelve
(91.6%) of the PDP samples. Levels of VEGF in PDP were five-fold lower
than in platelet-rich plasma suggesting that platelet activation results in a
significant contamination of platelet-rich plasma with platelet-bound
VEGF. No correlation was observed between levels of VEGF in normal
platelet-rich plasma and levels in PDP. 

Figure 2. Platelet-depleted plasma VEGF across the menstrual cycle.
Results expressed as median and interquartile range. No difference in
levels was detected between follicular and luteal phases of the cycle but
the was a significant peak (p<0.05, Mann-Whitney) in levels at mid-cycle. 



between levels of PDP VEGF and microvessel density
whether patients with early breast cancer were measured
overall (r=0.033, Spearman) or as separate groups of pre-
(r=0.019) or postmenopausal (r=0.174) women (Figure 5).
No difference in serum VEGF was detectable between
different tumour grades (Bloom and Richardson), tumour
size and lymph node status in primary tumours. Although
levels of immunohistochemically detected intratumoral
VEGF (median score 6, IQR 4-7) correlated with microvessel
density (r=0.39, p=0.0015), there was no correlation between
intratumoral VEGF and PDP VEGF (r=0.13, p=0.09).

Platelet depleted plasma VEGF in advanced breast cancer
(ABC) (Table I). The highest PDP VEGF levels were
observed in the women with advanced breast cancer
(M=274.2 pg/ml, IQR=85.8-472.1). However differences in
serum VEGF between women with advanced and early
breast cancer were not significant (p=0.3791). Although
median levels in the advanced breast cancer group were
high, there was a wide variation in value and consequently a
wide interquartile range.

Discussion

This study demonstrates that circulating levels of VEGF
cannot be accurately assessed in platelet-rich plasma
samples because of platelet contamination following routine
venepuncture. Moreover, although levels of VEGF in
platelet-depleted plasma are raised in women with early and
advanced breast cancer when compared to normal controls,
there is no direct correlation between these raised levels and
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Figure 3. Platelet-depleted plasma VEGF in normal pre- and post-
menopausal women compared to postmenopausal women following
hysterectomy. Results expressed as median and interquartile range. Levels
of PDP VEGF in postmenopausal women who had undergone
hysterectomy were lower than non-hysterectomised, postmenopausal
women (p<0.05 Mann Whitney). 

Figure 4. Plateletdepleted plasma VEGF in pre- and postmenopausal
early breast cancer compared to normal pre- and postmenopausal
controls. Results expressed as median and interquartile range. Levels of
VEGF in women with premenopausal breast cancer are higher than pre-
menopausal controls but a similar relationship was not detected between
postmenopausal breast cancer and postmenopausal controls.

Figure 5. Platelet-depleted plasma VEGF compared to microvessel density
in all early breast cancers. There was no relationship between serum levels
and angiogenesis. (r=0.033, p=0.29, Spearman).

Table I. Platelet-depleted plasma VEGF in advanced breast cancer
compared to early breast cancer and normal controls: Although there is
an increasing median value from normal to advanced, the wide range of
values makes any differences statistically insignificant.

Postmenopausal women

Normal EBC ABC

VEGF 80.4 [47.7-197.1] 142.4 [100.1-210.2] 274.2 [85.8-472.1]
(pg/ml)

EBC=early breast cancer; ABC=advanced breast cancer.



established clinicopathological prognostic parameters,
microvessel density or intratumoral VEGF expression. Thus
the measurement of circulating VEGF has limited clinical
value for women with breast cancer. 

VEGF has an intimate role in breast cancer angiogenesis
(11-17) and tumour growth (34, 35). Expression of VEGF
measured quantitatively by ELISA of breast tumour cytosols
(17) and semi-quantitatively by immunohistochemistry (14)
in breast cancer sections is up-regulated in breast cancer
when compared to normal breast tissue. VEGF levels in
tumour tissue correlate with lymph node status (14) and
survival (14, 15, 17) and our data confirm the findings of
others that intratumoral VEGF correlates with microvessel
density, the current standard measure of tumoral
angiogenesis (11, 17, 18). Based on this evidence, we
hypothesised that serum levels of circulating VEGF might
reflect levels in the tumour tissue of women with early and
advanced breast cancer. Thus we sought to define a possible
relationship between the soluble forms of vascular
endothelial growth factor and established clinico-
pathological prognostic parameters, angiogenesis and
intratumoral levels, as assessed by immunocytochemistry of
VEGF in breast cancer. 

Before embarking on a comparative study of humoral
levels of VEGF in breast cancer, it was essential to establish
that we were accurately measuring true levels of VEGF.
Most studies of circulating VEGF levels in normal and
diseased states have measured VEGF in platelet-rich plasma
or serum by ELISA (7, 19, 20, 22, 28 31-39). Our study
confirms the findings of Banks et al. (27) and Mohle et al.
(25) that VEGF is released in large quantities by activated
platelets following routine phlebotomy and assay of serum.
We have demonstrated that platelet contamination of serum
can be prevented by rapidly depleting plasma of platelets
following routine venepuncture. Moreover, VEGF levels in
platelet-depleted plasma are some five times lower than in
platelet-rich plasma and we have observed no correlation
between levels of VEGF in platelet-rich and -poor plasma.
In this study, therefore, we have attempted to eliminate
platelets as a source of VEGF in serum samples and thus
levels of VEGF measured in platelet-depleted plasma are
more likely to reflect true circulating levels of VEGF in
women with and without breast cancer. 

Levels of platelet-depleted plasma VEGF in this study
were higher in postmenopausal women than in pre-
menopausal women. Thus, we compared levels of VEGF
women with premenopausal breast cancer with
premenopausal controls and women with postmenopausal
breast cancer with postmenopausal controls. 

Contrary to studies using platelet-rich serum (23, 24), no
difference was detected in serum VEGF levels between
follicular and luteal phases of the menstrual cycle although
a peak of VEGF, coincident with the mid-cycle surge in

luteinising hormone, was observed suggesting that
circulating VEGF may be influenced by pituitary
gonadotrophins. Median levels of VEGF in premenopausal
women with early breast cancer were five times higher than
premenopausal controls regardless of the stage of
menstrual cycle indicating that large amounts of VEGF are
derived from the tumour itself. However, levels of VEGF
in premenopausal women with EBC did not correlate with
histopathological prognostic parameters or microvessel
density suggesting that serum levels of VEGF were not
reflecting intratumoral angiogenesis. Perhaps more
suprisingly, plasma VEGF in premenopausal EBC did not
correlate with intratumoral levels of VEGF measured by
immunochemistry. VEGF has at least four isoforms (40),
three of which, VEGF121, VEGF165 and VEGF189, are
overexpressed in breast cancer tissue compared to normal
breast tissue (11). Only one of these isoforms, VEGF121, is
soluble. Thus, it may be that one of the insoluble variants is
the principle angiogenic variant in breast cancer whilst
serum levels of VEGF reflect intratumoral levels of
VEGF121 in isolation. Several studies have claimed an
improved survival for premenopausal women with EBC
who undergo primary surgery in the luteal phase of the
menstrual cycle compared to those who undergo surgery in
the follicular phase (41-45), whilst others have disputed this
finding (46-48). Observed differences may be influenced by
the pro-angiogenic effect of high circulating levels of
VEGF in the proliferative phase of the cycle. Heer et al.
(23) found higher levels of VEGF, when measured in
platelet-rich plasma, in premenopausal women with early
breast cancer when compared to normal premenopausal
women regardless of the phase of the menstrual cycle. In
our study, median levels in premenopausal women were
four times higher in the breast cancer group than in
corresponding controls but levels did not correlate with
clinicopathological parameters or microvessel density. It is
therefore unclear if this increase has any pathophysiological
or prognostic relevance. Moreover, because the levels of
circulating VEGF in premenopausal women with EBC are
higher than normal controls, one must conclude that the
majority of circulating VEGF in these women is derived
from the tumour effectively swamping physiologically
derived VEGF. Thus, the physiological variation of VEGF
levels across the menstrual cycle is unlikely to influence the
outcome of surgery.

Levels of VEGF in normal postmenopausal women, in
this study, were higher than levels in normal
premenopausal women. However, levels of VEGF in
normal women who had undergone hysterectomy, with or
without oopherectomy, were similar to those seen in
normal premenopausal women. Although we have not
defined the source of increased levels of VEGF in non-
hysterectomised women, low levels seen in normal
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hysterectomised women suggest that the uterus has a role
in the maintenance of high circulating VEGF levels found
in postmenopausal women. In contrast to premenopausal
women, circulating VEGF levels in postmenopausal women
with breast cancer are not raised when compared to normal
postmenopausal women. The reason for this observed
difference between pre- and postmenopausal women with
breast cancer remains obscure but this study suggests that
the measurement of VEGF in postmenopausal women is
unlikely to have any clinical prognostic relevance. 

The highest median levels of VEGF in all groups studied
was amongst women with advanced breast cancer. This
study did not attempt to sub-classify women with advanced
breast cancer into subgroups dependent on tumour load or
response but the wide variation of levels (23% of patients
having VEGF levels below median levels for normal
postmenopausal women) suggests that VEGF is likely to
have little value as a marker of advanced disease.

The role of the female reproductive tract in the
maintenance of physiological levels of circulating VEGF
requires clarification and high levels of VEGF found in
circulating platelets suggests that the adherence of tumour
cells to platelets and endothelial cells may result in platelet
degranulation and release of VEGF, leading to increased
vascular permeability and allowing cellular extravasation. 

For any test to be useful as a monitor of a pathological
process it must be easily measurable, it must reflect
accurately the pathological process it is designed to measure
and it must provide the clinician with an answer that can be
easily interpreted. When taken in combination, the lack of
correlation between circulating levels of VEGF with
established prognostic parameters, angiogenesis and
intratumoral VEGF levels together with high background
levels of VEGF in postmenopausal women with early breast
cancer and the wide variation of levels observed in women
with advanced breast cancer, routine measurement of serum
VEGF is unlikely to be of benefit to the oncologist.
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