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Abstract

Placenta growth factor (PIGF) belongs to the vascular endothelial growth factor (VEGF) family, a group of angiogenic factors
that are crucial for tumour angiogenesis. Very little is known about the significance of PIGF in human cancer. We hypothesise that
PIGF may have a potent influence in breast cancer. This study examined PIGF levels in human breast cancer in relation to patient’s
clinical parameters. PIGF expression and distribution was examined quantitatively using real-time quantitative polymerase chain
reaction (Q-PCR) on a cohort of human breast cancer tissue (n = 119) and background breast tissue (n = 33), qualitatively using
reverse transcriptase polymerase chain reaction (RT-PCR) on a range of cell lines, and immunohistochemically on patient samples.
All these techniques revealed that PIGF expression was dramatically increased (P = 0.028) in breast cancer tissues compared with
normal breast tissue. We demonstrate that PIGF displays prognostic value through analysis of patient survival status (6-year follow-
up), as elevated levels of PIGF were significantly associated (P = 0.017) with recurrence, metastasis and patient mortality. Our study
has shown that PIGF is over-expressed in breast cancer tissues and correlates with patient prognosis, and is likely to play a major
role in the pathogenesis of tumours.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction proliferation and migration [3,4]. VEGF has been shown

to exert a pro-angiogenic influence in a variety of human

Angiogenesis is an essential component of tumour
development [1] and is tightly regulated by a network
of pro-angiogenic and anti-angiogenic factors [2]. The
tumour itself is known to produce many of the proteins
that drive the angiogenic process. Of the known angio-
genic factors, vascular endothelial growth factor
(VEGF) has been established as a potent inducer of tu-
mour angiogenesis that can activate both endothelial cell
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tumours [5-8], and has been shown to act as an indepen-
dent prognostic indicator for breast cancer patients
[9,10]. Placenta growth factor (PIGF) belongs to the
VEGF family and was originally identified from a term
placenta cDNA library as a factor related to VEGF,
with the ability to promote endothelial cell proliferation
[11].

Presently, the biological role and signalling mecha-
nisms mediating the cellular actions of PIGF remain
poorly understood. VEGF is able to interact and induce
signalling events through both the VEGFR-1 (Flt-1)
and VEGFR-2 (Flk-1) receptors, whereas PIGF only
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possesses the ability to bind to VEGFR-1 [12]. However,
a recent study demonstrated that activation of VEGFR-
1, by PIGF, also led to the intermolecular transphospho-
rylation of VEGFR-2 [13]. Importantly, PIGF-mediated
responses via VEGFR-1 differed from VEGF-driven
events, as PIGF uniquely stimulated the phosphoryla-
tion of specific VEGFR-1 tyrosine residues and expres-
sion of distinct downstream target genes [13].
Carmeliet and colleagues [14] and Luttun and colleagues
[15] highlight the important role played by PIGF and
VEGFR-1 in inducing the angiogenic switch in patho-
logical conditions.

PIGF is not produced by the majority of normal hu-
man tissues [12]. However, PIGF can be found expressed
in vascular endothelium, umbilical vein endothelial cells,
trophoblasts, the eye, uterine natural killer cells and
dentine matrix [16-21]. Studies on cancer cell lines and
tumour tissues so far indicate that PIGF expression
was upregulated in human gastric adenocarcinoma, re-
nal cell cancer, melanoma, cervical squamous cell carci-
noma and meningiomas, whereas PIGF was found to be
downregulated in thyroid carcinoma and cervical adeno-
carcinoma [22-29].

To clarify the role of PIGF in human cancer, we
examined the expression of PIGF, through real-time
quantitative polymerase chain reaction (Q-PCR) and
immunohistochemical studies, in a cohort of human
breast cancer specimens. The degree to which PIGF
was expressed in these breast tissues may correlate with
clinical parameters and the prognosis of patients with
breast cancer.

2. Materials and methods
2.1. Cell lines and culture

All cell lines used in this study were obtained from the
European Collection for Animal Cell Culture (ECACC,
Porton Down, Salisbury, United Kingdom (UK)) apart
from the human prostate cancer cell lines that were pur-
chased from the American Type Culture Collection
(ATCC, Rockville, Maryland, United States of America
(USA)).

This study used human prostate cancer cells (DU-145,
PC-3, CA-HPV-10), human breast cancer cells (MDA-
MB-157, MDA-MB-231, MDA-MB-435S, MDA-MB-
436, MDA-MB-453, MCF7, BT474, BT549, ZR-75-1),
human colorectal cancer cells (HRT-18, HT-115),
human pancreatic cancer cells (MIA PACA-2), human
bladder cancer cells (EJ-138, T-24), human melanoma
cells (G-361), human lung carcinoma cells (A-549),
human hepatocellular carcinoma cells (PLC-PRF-5),
human fibroblast cells (MRC-5, human fibroblasts),
a human epithelial cell line (ECV-304) and a human
endothelial cell line (HECV).

Cells were routinely cultured with Dulbecco’s modi-
fied Eagle medium (DMEM) supplemented with 10%
foetal calf serum, penicillin and streptomycin (Gibco
BRC, Paisley, UK).

2.2. Human breast specimens

A total of 152 breast samples were obtained from
breast cancer patients (33 background normal breast tis-
sue and 119 breast cancer tissue). These tissues were col-
lected immediately after mastectomies, and snap-frozen
in liquid nitrogen. Background normal mammary tis-
sues were removed from the same patients. The pathol-
ogist verified normal background and cancer specimens,
and it was confirmed that the background samples were
free from tumour deposits. For patient clinical data see
Table 1.

2.3. Preparation of total cellular RN A

Total cellular RNA was isolated from the homogen-
ised breast samples and human cell lines using the AB
Gene Total RNA Isolation Reagent (Advanced Biotech-
nologies Ltd, Epsom, Surrey, UK). The concentration
of RNA was determined through spectrophotometric
measurement (WPA UV 1101, Biotech Photometer,
Cambridge, UK).

Table 1
Breast cancer patient clinical data details

Clinical data Grouping Sample number
Tissue sample Background 33
Tumour 119
Nottingham prognostic index 1 67
2 37
3 15
Tumour grade 1 23
2 41
3 55
Tumour node metastasis 1 68
2 39
3 8
4 4
Survival status Good prognosis 89
Poor prognosis 30
Histological sub-types Ductal 93
Lobular 13
Muscinous 2
Medullary 2
Tubular 2
Others 7
ER status Negative 71
Positive 48
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2.4. Reverse transcription polymerase chain reaction
(RT-PCR)

cDNA was prepared using 0.5 pg of the RNA sample
and a reverse transcription kit (Sigma, Poole, Dorset,
UK). The quality of DNA was verified using B-actin.
B-actin forward and reverse primers were 5'-ATGA-
TATCGCCGCGCTCGTC-3' and 5-CGCTCGGT-
GAGGATCTTCA-3’, respectively, and gave products
approximately 0.58 kb. PIGF forward and reverse prim-
ers were 5-GGAGCTGACGTTCTCTCAG -3’ and
5'-ACTGAACCTGACCGTACAGTTACCTCCGG-
GGAACAG-3'. PCR was performed in a GeneAmp
PCR system 2400 thermocycler (Perkin-Elmer, Nor-
walk CT, USA). Conditions for PCR were 40s at
94 °C, 60 s at 55 °C, 60 s at 72 °C (30 cycles). PCR prod-
ucts were loaded onto a 2% agarose gel and electropho-
retically separated. The gel was then visualised under
ultraviolet light following ethidium bromide staining.

2.5. Real-time quantitative polymerase chain reaction

The iCycler IQ system (BioRad, Camberley, UK) was
employed [30,31], to quantify the level (shown as copies/
pl from internal standard) of PIGF in the breast speci-
mens. Breast cDNA samples were then examined for
PIGF expression using the primers described above,
along with a set of standards and negative controls.
The Q-PCR technique utilised the Amplifluor system
(Intergen Inc, UK) and real-time quantitative polymer-
ase chain reaction (Q-PCR) master mix (ABgene, Sur-
rey, UK), in conjunction with a universal probe
(UniPrimerTM). Real-time Q-PCR conditions were
95 °C for 12 min, followed by 65 cycles at 95 °C for
15s, 55°C for 60s and 72 °C for 20s. The results of
the test molecules were normalised against levels of B-
actin, using a B-actin quantitation kit from Perkin-El-
mers (Perkin—Elmers, Surrey, UK). The epithelial con-
tent within the tumours was taken into account by
normalising PIGF against cytokeratin19. CK19 forward
and reverse primers were 5-CAGGTCCGAGGT-
TACTGAC-3" and 5-ACTGAACCTGACCGTACAC-
ACTTTCTGCCAGTGTGTCTTC-3, respectively.

2.6. Immunohistochemical staining of breast specimens

Frozen sections of breast tumour and background tis-
sue were cut at a thickness of 6 um using a cryostat. The
sections were mounted on super frost plus microscope
slides, air-dried and then fixed in a mixture of 50% ace-
tone and 50% methanol. The sections were then placed
in Optimax wash buffer (Menerium, Oxford, UK) for
5-10 min to rehydrate. Sections were incubated for
20 min in a 0.6% bovine serum albumen (BSA) blocking
solution and probed with PIGF antibody, and without
primary antibody as a negative control. Antibody to

the PIGF epitope mapped to the C-terminus of human
PIGF, and was purchased from Santa-Cruz Biotechnol-
ogies Inc. (Santa-Cruz, CA, USA). Following extensive
washings, sections were incubated for 30 min in the
secondary biotinylated antibody (Multilink Swine anti-
goat/mouse/rabbit immunoglobulin, Dako Inc., Glost-
rup, Denmark). Following washings, the Avidin Biotin
Complex (Vector Laboratories, Peterborough, UK)
was then applied to the sections, followed by extensive
washing steps. Diamino-benzidine chromogen (Vector
Labs, Peterborough, UK) was then added to the sec-
tions, and incubated in the dark for 5 min. Sections were
then counter stained in Gill’s haematoxylin and dehy-
drated in ascending grades of methanol before clearing
in xylene and mounting under a cover slip (staining
was independently assessed by the authors).

2.7. Wounding/migration assay

The migration of transformed human endothelial
cells (HECV) cells across a wounded surface was exam-
ined under different treatment combinations, and has
been described in a previous study [32]. Cells at a density
of 50000/well were seeded into a 24-well plate and al-
lowed to reach confluence. The layer of cells was then
scraped with a fine gauge needle to create a wound of
approximately 200 um. Treatments consisted of recom-
binant human PIGF (30 ng/ml) (R&D systems, Abing-
don, UK), or a combination of recombinant PIGF and
anti-VEGFR-1 (120 ng/ml) (Santa Cruz, CA, USA).
For details of treatment concentrations and ratios see
previous studies [33]. The movement of cells to close
the wound was recorded and analysed as described pre-
viously using a time-lapsed video system [32]. After the
addition of a treatment, the cells motile qualities were
monitored and recorded on video for 100 min. Wound
closure/cell migration was evaluated with motion analy-
sis software (Optimus 6) and results were exported to a
spreadsheet (Excel) for further evaluation and
interpretation.

2.8. Growth assay

HECV were seceded in a 96-well plate at a density
of 7000 cells/well, and allowed to adhere overnight.
Following this incubation period, the treatments of
PIGF (30 ng/ml) and a combination of PIGF and
anti-VEGFR-1 (120 ng/ml) were added and incubated
at 37°C for 72h. A solution of 3-[4,5-dimethylthia-
zol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) was
added to the cells (200 ug/well) and incubated for
4h at 37°C, then the cells were lysed with Triton
(10%) and the intensity of the colour released was
determined by a plate reader (Titertek Multiskan,
Eflab, Finland). The number of cells was shown as
absorbance units.
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2.9. Statistical analysis

The results were assessed using non-paired (two-
sided) Student’s z-test. PIGF transcript values obtained
in the study are given as mean copy number £SD. A
P-value <0.05 was defined as statistically significant.

3. Results
3.1. Screening of human cell lines for PIGF

A variety of 24 human normal and cancer cell lines
were examined for PIGF expression through RT-PCR
(Fig. 1 and Table 2). PIGF was expressed in the large
majority of the human cancer cell lines examined. How-
ever, only 4 of the 9 breast cancer cell lines examined
(numbers 1-9 in Fig. 1) revealed any detectable level
of PIGF transcripts. These breast cancer cell lines dis-
played weak to moderate levels of PIGF. Of the remain-
ing human cancer cell lines, PIGF was found to be
strongly expressed in the prostate (numbers 10-12),
colorectal (numbers 13 and 14), bladder (numbers 18
and 19) and melanoma (number 21). Human fibroblasts
(numbers 15 and 16) revealed little or no detectable lev-
els of PIGF. The normal epithelial and endothelial cell
lines expressed a moderate to low level of PIGF.

3.2. Expression of PIGF in paired breast specimens
(normal versus cancer)

We also performed conventional RT-PCR on a panel
of paired breast tissues (n, normal; ¢, tumour). Both nor-
mal breast tissue and breast cancer tissue were found to
express PIGF mRNA, albeit at minimal levels in normal
breast specimens. Overall, PIGF mRNA was expressed
to a higher degree in the breast cancer samples when
compared with normal breast tissue (Fig. 2).

3.3. Immunohistochemical staining of human breast
specimens

PIGF immunostaining was observed in the human
breast tissue sections. We reveal that the PIGF protein
level was dramatically elevated in the breast tumour
specimens compared with the normal breast tissue.

1 2 3 4 5 6 7 8 9 10
PIGF

1 2 3 4 5 6 7 8 9 10

B-actin
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Table 2
Summary of qualitative PIGF expression
No. Cell line Origin PIGF
1 MDA-MB-157 Breast cancer @
2 MDA-MB-231 Breast cancer b
3 MDA-MB-436 Breast cancer a
4 MDA-MB-453 Breast cancer -
5 MDA-MB-43S5 Breast cancer b
6 BT474 Breast cancer -
7 BT549 Breast cancer -
8 MCF 7 Breast cancer
9 ZR-75-1 Breast cancer -
10 PC-3 Prostate cancer ¢
11 DU-145 Prostate cancer ¢
12 CA-HPV-10 Prostate cancer b
13 HT-115 Colorectal cancer o
14 HRT-18 Colorectal cancer b
15 MRC5 Fibroblast -
16 Human fibroblast Fibroblast a
17 MIA-PACA-2 Pancreatic cancer o
18 EJ-138 Bladder cancer b
19 T-24 Bladder cancer ¢
20 A-549 Lung cancer b
21 G-361 Melanoma N
22 PLC-PRF-5 Liver cancer b
23 ECV-304 Epithelial b
24 HECV Endothelial a

—, not detected.
% Weak expression.
® Moderate expression.
¢ Strong expression.

NTNTNTNTNT
PIGF

Fig. 2. Reverse transcriptase polymerase chain reaction (RT-PCR) on
a panel of paired breast tissues (n, normal; ¢, tumour). PIGF expression
was found to be expressed to a higher degree in the tumour specimens
compared with the paired background breast tissue specimen. PIGF
expression in normal breast tissue was minimal.

The patients’ tumour tissues displayed a more intense
and widespread level of staining in the breast cancer cells
compared with the very weak staining of epithelial cells
in the normal breast tissue (Fig. 3). These results con-
firm our RT-PCR and Q-PCR data in showing that
breast cancer tissues have significantly enhanced PIGF
levels.

12 13 14 15 16 17 18 19 20 21 22 23 24

12 13 14 15 16 17 18 19 20 21 22 23 24

Fig. 1. Reverse transcriptase polymerase chain reaction (RT-PCR) expression of PIGF in 24 human cell lines expression. PIGF was expressed by a
large majority of the human cancer cell lines examined. Note: additional larger sized bands were sequenced and found to be non-specific.
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Fig. 3. Immunohistochemical staining of human breast specimens. Normal background breast tissue (left panels) versus breast cancer tissue (right
panels) from breast cancer patients. Breast cancer tissues were also stained in the absence of a PIGF primary antibody to act as a negative control
(insert in top right plate). These sections demonstrate that the PIGF is expressed at far higher levels in the breast tumour specimens compared with
the normal breast tissue. The breast tumour specimens displayed a high and widespread level of PIGF staining that was far more intense in the breast
carcinoma cells, compared with the low/absent levels of PIGF in the epithelial cells and fibroblasts of normal background breast tissue.

3.4. Quantification of PIGF expression in human breast
tissues

We quantified the PIGF transcript expression in the
breast specimens (tumour n = 119, background n = 33)
using real-time Q-PCR (all Q-PCR values are displayed
as mean transcript copies). We show that the PIGF
expression value in tumours was 0.665 4 0.35, compared
with 0.03 £ 0.017 in the normal tissue. Therefore, our
results reveal that the breast cancer tissues express sig-

nificantly higher levels of PIGF (P = 0.028), compared
with the low levels observed in the normal background
breast tissues (Fig. 4(A)).

3.5. PIGF expression in relation to prognosis

We examined the PIGF level between the Nottingham
Prognostic Index (NPI) groups of breast cancer patients
(NPI-1, n = 67; NPI-2, n = 37; NPI-3, n = 15). The NPI-
1 group represented patients with a good prognosis and
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Fig. 4. Quantitative-PCR analysis of PIGF expression in human breast cancer tissues (A-E). (A) PIGF expression is significantly elevated in human
breast cancer tissues compared with normal background breast tissue (P = 0.028). (B) Patients with some degree of node involvement have a higher
level of PIGF expressed in the tumours, compared with the tumour of patients without any node involvement, although, these values did not reach
significance (C) Levels of PIGF appeared to correlate with poor differentiation. The lowest levels of PIGF were observed in the well-differentiated
grade 1 tumours, although these values did not reach statistical significance. (D) Comparison of PIGF expression between the TNM classification
groups revealed that PIGF was expressed to significantly higher levels (P = 0.044) in patients with an overall poor outlook (TNM 3) compared with
those with good outlook (TNM 1). (E) Patients who were alive and well with no recurrence were allocated to the good prognosis group, whereas,
those who had recurrence, metastasis to distant areas or had died as a result of breast cancer were allocated to the poor prognosis group. Patients
with a poor prognosis had dramatically elevated levels of PIGF (P = 0.017).

an NPI index <3.4, the NPI-2 group contained patients
with a moderate prognosis and an NPI index of 3.4—
5.4, whereas the NPI-3 patients had a poor prognosis
with an NPI index of >5.4. An increased degree of lymph
node involvement was associated with increasing levels
of PIGF (Fig. 4(B)). The patients assigned to the NPI-1
group had a PIGF transcript value of 0.085 + 0.028,
compared with the NPI-2 group with 0.312 + 0.171
and NPI-3 with 3.76 + 2.68. A Kruskal-Wallis test has
shown that there is a significant association between in-
creased levels of PIGF transcript and high NPI status
(P =10.022). Overall, patients with node involvement
had raised levels of PIGF compared with those without
any degree of node involvement. However, this correla-
tion between PIGF and prognosis did not reach statisti-
cal significance in these instances (P = 0.13).

3.6. PIGF and breast tumour grade

PIGF values in the moderate grade 2 (0.33 + 0.171,
n=41) and poorly differentiated and grade 3 (1.13 £+

0.75, n=1>55) tumours were elevated compared with
well-differentiated  grade-1  tumours (0.16 4+ 0.02,
n = 23). This trend linking PIGF to a poor patient out-
look did not reach statistical significance with the cur-
rent sample number (grade 1 versus grade 2, P =0.27;
grade 1 versus grade 3, P = 0.22) (Fig. 4(C)). Addition-
ally, we examined PIGF expression within the different
tumour histological subtypes, although there was no
apparent difference between the lobular, ductal or other
tumour types. However, Kaplan—Meier survival analysis
identified PIGF as a disease-free survival factor in oest-
rogen receptor (ER) negative tumours (P = 0.013).

3.7. Tumour-node-metastasis classification of patients

PIGF expression correlated with patient outlook
through tumour-node-metastasis (TNM) grouping
(TNM 1, n=68; TNM 2, n=139; TNM 3, n=3§;
TNM 4, n =4). Levels of PIGF were found to be signif-
icantly elevated in tumours of patients who had an over-
all poor outlook (TNM 3, 5.57+547, TNM 4,
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3.96 + 3.91), compared with those patients with a rela-
tively good prognosis (TNM 1, 0.084 4+ 0.025; TNM 2,
0.41 £ 0.19). We reveal that PIGF was expressed to sig-
nificantly higher degree (P = 0.044) in patients with an
overall poor outlook (TNM 3) compared with those
with a good outlook (TNM 1) (Fig. 4(D)).

3.8. PIGF expression and survival status

We assessed the survival status of the breast cancer
patients in association with PIGF levels, with an average
of a 6-year follow-up period (Fig. 4(E)). Patients were
divided into two groups, those who remained disease-
free were assigned to the good prognosis group
(n=289), whereas, the patients who had recurrence,
metastasis to a distant site or had died as a result of
breast cancer were allocated to the poor prognosis
group (n = 30). The quantity of PIGF from each tumour
specimen was assessed and we reveal that the patients
with a poor prognosis had dramatically elevated levels
of PIGF (P =0.017). Our results show that the good
prognosis group had low levels of PIGF (0.099 +
0.042) compared with the statistically higher levels ob-
served in the poor prognosis group (2.6 &+ 1.51).

3.9. PIGF did not significantly enhance endothelial cell
migration

The cell motility assay utilised time-lapsed video
monitoring to provide quantitative data on PIGF’s abil-
ity to enhance HECYV cell migration. The mean distance

migration (nm) over 100 mins

QXN

N < X

& < et
o &

Fig. 5. Endothelial motility assay. This assay assessed the motile
properties of HUVEC cells in the presence anti-VEGFR-1 (120 ng/ml)
and/or PIGF (30 ng/ml). No significant differences in endothelial cell
motility were observed in the presence of PIGF.

Absorbance (520nm)

Fig. 6. Endothelial proliferation assay. Over a 72-h incubation period,
there was a significant increase in the rate of proliferation (P = 0.036)
in the HUVEC cells treated with recombinant PIGF (30 ng/ml)
compared with the control HUVEC cells. This enhanced proliferation
was significantly suppressed (P = 0.027) through the addition of an
antibody against VEGFR-1 (120 ng/ml).

moved for the cells over 100 min was determined for
each treatment. The addition of PIGF slightly increased
the degree of endothelial cell migration; however, these
results did not reach significance. Therefore, no signifi-
cant differences in cell motility were observed with re-
combinant PIGF treatment (Fig. 5).

3.10. PIGF increased human endothelial cell proliferation

The proliferation assay examined the effect of PIGF
on the proliferation rate of HECV cells (Fig. 6). The re-
sults showed that, over a 72-h period, there was a signif-
icant increase in the rate of proliferation in the
endothelial cells cultured in PIGF compared with the
control (P = 0.036). PIGF exerts its influence through
its interaction with the VEGFR-1 receptor, however,
when PIGF was added in combination with an antibody
to VEGFR-1, the influence of PIGF was significantly
inhibited (P =0.027). We confirm that PIGF plays a
role in human endothelial cell proliferation, via
VEGFR-1 signalling pathways.

4. Discussion

PIGF plays a putative role in tumour angiogenesis.
Studies report that PIGF stimulates formation of ma-
ture, leakage-resistant vessels in a manner comparable
in efficiency to VEGF [34,35]. However, it was recently
discovered that PIGF switches on its own genetic
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program of angiogenic genes, separate to that of VEGF
[13]. Recent studies in mice revealed that loss of PIGF
impaired tumour angiogenesis, while an over-expression
enhanced vascularisation and vessel permeability
[35,36]. PIGF, and its receptor VEGFR-1 (Flt-1), while
being minimally expressed in quiescent vessels, are
strongly upregulated in a variety of pathological condi-
tions [37]. Therefore, PIGF does appear to enhance tu-
mour angiogenesis, although there are contrasting
views whether this factor influences physiological angio-
genesis. Our study is the first to quantitate PIGF expres-
sion in human breast tissue samples from breast cancer
patients. This study also assessed PIGF levels in relation
to patient clinical parameters.

PIGF is not expressed in the majority of normal adult
human tissues, and we confirm that PIGF was absent or
at very low levels in the normal breast tissue from breast
cancer patients. Screening a panel of 24 human cells
lines revealed that PIGF was expressed in a large variety
of human cancer cell lines, including breast, colorectal,
bladder and prostate. This study demonstrates that
PIGF was strongly expressed in the tumour tissue of
the breast cancer patient specimens, and that a high de-
gree of expression was indicative of a poor prognosis for
the patient. We confirmed that PIGF was dramatically
upregulated in the patients’ breast cancer tissue com-
pared with the minimal levels observed within normal
breast tissues via immunohistochemical staining, and
both qualitative and quantitative PCR. Interestingly, a
recent study also demonstrates that PIGF was over-
expressed in nearly 90% of gastric cancers compared
with non-tumour mucosa, and this expression correlated
with patient clinical outcome, whereas VEGF did not
[22]. Therefore, PIGF demonstrates strong prognostic
potential. We also assessed the function PIGF in a series
of in vitro assays and report that addition of recombi-
nant PIGF enhanced endothelial cell proliferation
through its interaction with VEGFR-1 (Flt-1); however,
PIGF did not significantly enhance endothelial cell
migration or tubule formation in a 3-D culture system.
Lack of significant results may be due to the fact that
the endothelial cells themselves produce abundant levels
of PIGF in culture, which reduces their sensitivity to
exogenous PIGF.

Our study demonstrates that PIGF expression corre-
lates with breast cancer patient prognosis, as high levels
of PIGF were significantly associated with a higher de-
gree of lymph node involvement, poorly differentiated
tumours and an overall poor outlook for the patient.
Therefore, we show that PIGF may exercise its role only
at specific fragments of the cancer progression pathway,
such as the later stages of the disease, and that PIGF
may also act in tumour specific manner. Following
radio-immunotherapy, surviving tumour cells upregu-
late the expression of specific angiogenic factors depend-
ing on the type of tumour, and PIGF was shown to

increase microvessel density but decrease the number
of mature vessels [38,39]. Therefore, it has been sug-
gested that PIGF may play a role in the rapid restoration
of a tumour blood supply after treatment, thus may en-
hance the possibly of recurrence. Tumour angiogenesis
is a complex process; therefore the reported responses
from PIGF/VEGR-1 signalling will make PIGF a desir-
able potential therapeutic target. We conclude that
PIGF is over-expressed in human breast cancer tissues
and displays prognostic value in breast cancer patients.
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