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Abstract. The aim of this study was to examine our
hypothesis that platelets of patients with breast cancer were
functionally altered compared to healthy controls. The results
have shown that the platelets from women with early breast
cancer released significantly more vascular endothelial growth
factor (VEGF) when stimulated with thrombin, tissue factor,
clotting, or over a period of time. Similarly, release of
thrombospondin (TSP) with thrombin and tissue factor was
higher, but failed to reach a significant level. Thus, the
observed differences in platelet response support our
hypothesis, but warrant further work to determine the reason
underlying the observed difference and potential clinical
relevance of our findings.

The requirement for platelets in cancer metastasis was
recognised about 30 years ago and it is now recognised that
platelets are an integral part of the microthrombus that is
thought to promote the arrest and lodgement of circulating
tumour cells (1-3). Indeed the formation of metastasis is
reduced in the absence of platelets (4), but the reason for
this is not clearly understood. Platelet-cell interactions
mediated via platelet-selectin (P-selectin) have been
suggested and tumours in P-selectin-deficient mice have
reduced metastatic potential (4). It has also been suggested
that tumour cell-platelet aggregates protect tumour cells
from immune-mediated cytolysis (1, 5 ).
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Platelets are numerous in the circulation and contain
large stores of factors known to be essential for the
development of tumour angiogenesis. Thus, platelets may
have a role in the progression of metastasis. Vascular
endothelial growth factor (VEGF) is one such protein that
is stored in large quantities in platelet a-granules (6) and
elevated circulating levels have been observed in patients
with malignancy including breast cancer (7-9). VEGF is pro-
angiogenic and it has been shown that VEGF secreted by
megakaryocytes may contribute to proliferation of vascular
endothelial cells (10). Thrombospondin (TSP-1) is another
platelet a-granule protein with diverse physiological roles
and increased plasma levels have been noted in patients
with breast cancer (11).

We hypothesized that platelets are functionally altered in
women with breast cancer to promote the development of
metastasis. The aim of this investigation was, therefore, to
investigate the release of TSP-1 and VEGF from stimulated
platelets in women with early breast cancer.

Methods

Patients with early breast cancer. Eleven patients undergoing surgery
for early breast cancer were studied. Surgically the patients were
classified as wide local excision with axillary node clearance (5),
wide local excision (4), bilateral mastectomy (1) and ultrasound-
guided diagnostic biopsy (1). Haematoxylin and eosin-stained
sections were examined for grade of tumour, vascular invasion,
tumour load, lymph node status and oestrogen and progesterone
receptor status by a consultant histopathologist, who was blinded
to the VEGF or TSP-1 results. The patient details are summarised
in Table L.

Control group. The control group consisted of patients undergoing
surgery for benign breast lumps (2 fibroadenomas, 2 scars, 1 cyst
and 1 benign microcalcification) or cosmetic reasons (1 nipple
eversion) and 4 healthy members of staff.
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Table 1. Histological details of patients with early breast cancer.

Tumour type Histological grade Vascular invasion Lymph node status ER PR
1 Infiltrating ductal 3 No Neg Neg Neg
2 Infiltrating ductal 2 No Pos Pos Pos
(1/20) (100%) (50%)
3 Infiltrating ductal 2 Yes Pos Pos Pos
(1/19) (100%) (70%)
4 Infiltrating ductal 3 Yes Neg Pos Pos
(100%) (100%)
5 DCIS High No Neg Pos Pos
(100%) Occasional
6 DCIS High No Neg Neg Neg
7 Infiltrating ductal 2 No Neg Pos Pos
(40%) (70%)
8 DCIS High No Neg ? ?
9 Infiltrating ductal 1 No Neg Pos Pos
(100%) (60%)
10 Lobar carcinoma 2 No Neg Pos Pos
Gradel (100%) (70%)
11 Infiltrating ductal 2 No Neg Pos Pos
(100%) (70%)

ER=oestrogen receptor and PR=progesterone receptor status.

Sample collection and processing. All subjects gave written informed
consent. Samples were drawn from an antecubital fossa vein via a
19G needle and syringe prior to surgery. Blood was collected into
CTAD (n=1), citrate (n=4), EDTA (for full blood count) (n=1)
and finally a plain clotting (serum) (n=1) tube. Three of the citrate
samples were centrifuged at room temperature for 10 min at
180 xg to obtain platelet rich plasma (PRP). The top 1 ml of
plasma from each citrate tube was combined and mixed by gentle
inversion to yield 3 ml of PRP. Three aliquots of PRP (2x 1 ml and
1x 0.6 ml) were taken and the remaining volume used to assess
platelet count. Full blood count and platelet count were measured
on the Advia Clinical Haematology analyser.

Processing of PRP samples
Stimulation of platelet rich plasma by thrombin: Thrombin
(lyophilized bovine thrombin reconstituted with 5 ml distilled water
to give approximately 100 units/ml (Dade Behring, Marburg,
Germany) (40 ul) was added to 1 ml of PRP. The sample was
mixed by inversion and incubated for 15 min at room temperature.
Stimulation of platelet rich plasma by recombinant tissue factor:
Pre-warmed (37°C) recombinant tissue factor (lyophilized human
tissue factor (Innovin, Dade Behring) reconstituted with 10 ml of
distilled water) (1 ml) was added to 0.6 ml of PRP. The sample was
mixed and incubated for 15 min at room temperature.
Unstimulated platelet rich plasma and the effect of clotting: A 1-
ml aliquot of PRP was left at room temperature for 15 min to
control for the effect of the above incubation times. To investigate
the effect of clotting on the release or VEGF and TSP-1, a plain
sample was allowed to clot before separation of the serum.

Analysis of VEGF and TSP-1. At the end of the above incubations,

the three PRP samples, the CTAD and serum samples were
centrifuged for 15 min at 3500 xg. The supernatant from each
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sample was separated and centrifuged again for 15 min at room
temperature and 3500 xg to yield platelet depleted plasma. Each
of the 5 sample aliquots were stored at —80°C prior to analysis.

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

TSP-1 was measured as previously described (11). Briefly, 50 ul
of sample, in duplicate, was added to 200 ul of 125T -labelled TSP
(0.5 ng/tube) and 200 pl of rabbit anti-TSP antibody (1:10000
dilution in assay buffer) and incubated at 4°C overnight. Then
300 pl of Sac-cel (anti-rabbit) second antibody was added and the
assay incubated for 30 min at room temperature, followed by
addition of 3 ml of wash solution and centrifugation for 20 min at
1500 xg and 8°C. The supernatant was decanted and the precipitate
containing the bound fraction counted for 120 sec on an LKB 1260
multi-well counter (Wallac, Milton Keynes, UK).

Calculation of results. The results were corrected for dilution
associated with adding tissue factor or thrombin. By subtracting the
concentration of VEGF or TSP-1 in the unstimulated PRP from
the concentration in the stimulated PRP samples, it is theoretically
possible to determine the increase in concentration of VEGF or
TSP-1 that has been released due to thrombin or tissue factor
stimulation. This can then be divided by the platelet count of the
PRP to determine a theoretical value for the VEGF or TSP-1 that
has been released per platelet. In a similar fashion, it is possible to
theoretically determine the amount of VEGF or TSP-1 that has
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Table II. VEGF released from platelets in controls and patients with early breast cancer

VEGEF released due to

VEGEF release due to

VEGEF release due VEGEF release due

thrombin stimulation. tissue factor stimulation to time to clotting
(pg/100 plts) (pg/100 plts) (pg/100 plts) (pg/100 plts)
Control group 0.476 0.510 0.017 0.217
[0.00-5.56] [0.09-4.42] [0.02-0.48] [0.04-0.56]
EBC group 1.423 1.045 0.104 0.368
[0.52-5.58]* [0.48-6.45]** [0.05-0.32]*%** [0.15-1.75]

VEGEF results expressed as median [range]. Results are expressed as VEGF released per 10° platelets in the control group and early breast cancer
group following stimulation with thrombin or tissue factor, unstimulated degranulation and clotting. *p=0.017; **p=0.025; ***p=0.01 (Mann-

Whitney U-test compared to controls).

Table III. TSP-1 released from platelets in controls and patients with early breast cancer

VEGEF released due to

VEGEF release due to

VEGEF release due VEGEF release due

thrombin stimulation. tissue factor stimulation to time to clotting
(pg/100 plts) (pg/100 plts) (pg/100 plts) (pg/100 plts)
Control group 126 30.1 70 22
[-36-294] [2.34-172] [-31-114] [-63-78]
EBC group 218 45 30 37
[-156-525] [-135-259] [-59-109] [-36-82]

TSP-1 results expressed as median [range]. Results are expressed as TSP-1 released per 100 platelets in the controls and early breast cancer group
following stimulation with thrombin or tissue factor, unstimulated degranulation and clotting.

been released per platelet due to the 45 min that the unstimulated
PRP has been left at room temperature. Finally, it is possible to
determine the amount of VEGF or TSP-1 released by clotting. The
equations are as presented:

TSP or VEGF
released due =
to thrombin

Thrombin stimulated PRP — Unstimulated PRP

PRP platelet count

TSP or VEGF Unstimulated PRP Plasma
released = -

due to time PRP platelet count FBC platelet count
TSP or VEGF (Serum - plasma) x (1 — haematocrit)

released due =
to clotting FBC platelet count
These corrections have been validated and published previously (12).

Statistical analysis. As none of the results were normally
distributed non-parametric statistics were used throughout. A
Mann-Whitney U-test was used to compare independent variables
between groups.

Results

The median ages of the control and early breast cancer
patients were 49 (31-64) and 58 (48-70) years, respectively
(»=0.002). The VEGF results are shown in Table II. The
results show a significant difference in the amount of VEGF
released per platelet between early breast cancer and the
control group for thrombin stimulation (p=0.017), tissue
factor  stimulation (p=0.025) and unstimulated
degranulation (p=0.010). There was no significant
difference between the two groups for VEGF release per
platelet upon clotting. The TSP-1 results are shown in Table
III. There were no significant differences in TSP-1 release
per platelet following thrombin, tissue factor, unstimulated
degranulation or clotting.

Discussion
The aim of this study was to ascertain whether the platelets of
patients with early breast cancer were functionally altered

compared to normal controls. Platelet a-granules are a rich
source of compounds that are thought to be involved in many
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of the processes essential to the formation of metastases (1).
The results of this study showed that the platelets from
women with early breast cancer release significantly more
VEGF when stimulated with thrombin, tissue factor or time.
Adams et al. (12) investigated the amount of VEGF released
during clotting as a measure of VEGF in platelets, suggesting
that clotting would release all platelet a-granule VEGF. The
results of our investigation calls into question the
methodology of Adams et al. Our results demonstrated that,
whilst there was a small difference between the early breast
cancer group and controls, this did not reach statistical
significance. Either clotting does not release all a-granule
VEGTF or that VEGF is becoming trapped in the protein clot
are potential explanations for this finding.

Salven et al. (13) investigated the release of VEGF from
platelets following cell lysis by repeated osmotic shock with
sterile water and repeated freeze thaw cycles in a
heterogeneous group of patients. The results observed were
similar to those observed in this study.

Thrombospondin is a high molecular weight glycoprotein
which is synthesised and secreted by a number of cells
including platelets. In platelets TSP is also stored in
a-granules (14). Circulating plasma levels of TSP have been
shown to be increased in patients with breast cancer (11)
and TSP is also thought to be important in cancer
metastases. TSP has both angiogenic and anti-angiogenic
properties in a dose-dependent manner. The results of this
investigation, however, have not shown a significant
difference between the two groups in TSP released
following stimulation of platelets with thrombin, tissue
factor, time or clotting, suggesting that the elevated
circulating plasma levels may arise from other sources.

In conclusion, a differential response in the release of
VEGF and TSP following platelet stimulation with thrombin
and tissue factor was observed. The reason for this difference
and the potential pathophysiological significance of these
observations remain unknown. With regard to possible
implication of our findings, our unpublished study indicates
that the products of platelets activation play a role in post-
radiotherapy-induced fibrosis in breast cancer patients.
Folkman and his colleagures, some years ago, recognized a
cancer-specific role for the platelets and suggested that
differences in the release of pro- and anti-angiogenic factors
by this cell modulated the angiogenic switch that controls
tumour growth and spread (15). Similarly, it has been
proposed that platelet-associated angiogenesis is important
in many neuro-cardiovascular diseases (16).
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