
 

 

Introduction 
 
Angiogenesis is one of the major pathological 
changes associated with cancer growth and 
with a number of complex diseases like, athero-
sclerosis, arthritis, diabetic retinopathy and age-
related macular degeneration [1]. Among the 
several molecular and cellular players involved 
in angiogenesis, some members of the vascular 
endothelial growth factor (VEGF) family and re-
lated receptor tyrosine kinases (VEGFR) play a 
decisive role. The VEGF family members mainly 

involved in angiogenesis are VEGF-A, VEGF-B 
and placental growth factor (PlGF), that exert 
their activity through the binding and activation 
of the two receptors VEGFR-1 (also known as Flt
-1), recognized by all three VEGF members, and 
VEGFR-2 (also known as Flk-1 in mice and KDR 
in human), specifically recognized by VEGF-A [2, 
3]. In addition to binding to receptor tyrosine 
kinases, certain VEGF family isoforms also inter-
act with Neuropilin (NP) receptors 1 and 2, 
which serve as co-receptors of the VEGFR1 and 
VEGFR2 modulating the vascular functions me-
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Abstract:  Angiogenesis is one of the crucial events for cancer development and growth and vascular endothelial 
growth factor (VEGF) family plays an essential role in this biological phenomenon. The members of VEGF family 
mainly involved in angiogenesis are VEGF-A, VEGF-B and placental growth factor (PlGF), which exert their activity 
through the binding and activation of two VEGF receptors, VEGFR-1 and VEGFR-2. Human VEGF-A and PlGF are ex-
pressed in different isoforms and have the peculiarity to form heterodimer if co-expressed in the same cell. The differ-
ence of two main human PlGF isoforms, PlGF1 and PlGF2, consist in the exclusive ability of PlGF2 to bind heparin 
and Neuropilin receptors.  As previously reported for PlGF1 isoform, we have generated a PlGF2 variant named PlGF2
-DE, in which the residues D72 and E73 were substituted with alanine, that is unable to bind and activate VEGFR-1 but 
is still able to heterodimerize with VEGF. Here we report that overexpression in VEGF-A producing human tumor cell 
line derived from ovarian carcinoma (A2780) of PlGF2-DE variant by stable transfection, significantly reduces the 
production of VEGF-A homodimer via heterodimerization, determining a strong inhibition of xenograft tumor growth 
and associated neoangiogenesis, as well as significant reduction of monocyte-macrophage infiltration. Conversely, 
the overexpression of PlGF2wt, also reducing the VEGF-A homodimer production comparably to PlGF2-DE variant 
through the generation of VEGF-A/PlGF2 heterodimer, does not inhibit tumor growth and vessel density compared to 
control, but induces increase of monocyte-macrophage infiltration. Interestingly the comparison of PlGF2wt with 
PlGF1wt overexpression evidences a significant reduction of monocyte-macrophages recruitment as unique differ-
ence among the activity of the two PlGFwt isoforms. Therefore, the ‘less soluble’ PlGF2 shows a limited potential in 
monocyte-macrophages recruitment. In conclusion data here reported demonstrate that PlGF-DE variant acts as 
‘dominant negative’ of VEGF-A independently from the PlGF isoform utilized, that the expression of active PlGF2 
homodimer and VEGF-A/PlGF2 heterodimer is sufficient to rescue pro-angiogenic activity lost for reduction of VEGF-A 
due to heterodimerization mechanism, and that PlGF2 shows lower activity into recruitment of monocyte-macrophage 
cells compared to PlGF1 isoform. 
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diated by VEGF receptors that results critical for 
tumor growth [4, 5]. 
 
PlGF, the second member of the family identi-
fied [6], differently from VEGF-A is essentially 
involved in pathological conditions and is able 
to stimulate growth, migration and survival of 
endothelial cells [7-9]. Moreover, thanks to the 
presence of its specific receptor Flt-1 in a wide 
spectrum of cells playing an important role in 
angiogenesis, PlGF/Flt-1 axis has also been 
implicated in the activation and recruitment of 
bone-marrow progenitors, inflammatory cells, 
smooth muscle cells and dendritic cells [10-13]. 
 
In human, four isoforms of PlGF (PlGF 1-4) gen-
erated by alternative splicing have been identi-
fied. PlGF3 is specifically expressed in placenta 
[14], PlGF4 has been identified again in pla-
centa and in umbilical vein endothelial cells 
(HUVEC) [15]. The expression of the two main 
isoforms, PlGF1 and PLGF2, has been demon-
strated in placenta and in other several tissues 
[16]. The main functional difference between 
PlGF1 and PlGF2 is represented by the ability of 
isoform 2 to bind heparin and NP receptors re-
spect to isoform 1 that represents the fully solu-
ble PlGF isoform [17]. Interestingly in mouse 
only the isoform PlGF2 has been identified [18]. 
 
All members of VEGF family naturally exist as 
dimeric glycoproteins in order to interact and 
induce the dimerization of their specific recep-
tors.  PlGF and VEGF-A share a strict biochemi-
cal and functional relationship since, besides 
having VEGFR-1 as common receptor they can 
form heterodimer if co-expressed in the same 
cell [19]. In terms of receptor binding, the VEGF-
A/PlGF heterodimer may induce VEGFR-1 
homodimerization but not VEGFR-2 homodimeri-
zation, and like VEGF-A homodimer, may induce 
VEGFR-1/VEGFR-2 heterodimerization on cells 
expressing both the receptors, like the endothe-
lial cells [20].  
 
We have recently demonstrated that the ability 
of PlGF and VEGF-A to generate heterodimer 
may represent a successful strategy for the inhi-
bition of VEGFs dependent angiogenesis associ-
ated to tumor growth. Indeed, the overexpres-
sion of a PlGF variant named PlGF1-DE, gener-
ated by the mutation of the residues D72 and 
E73 in alanine that is unable to bind and activate 
Flt-1 receptor but retains the ability to het-
erodimerize with VEGF-A [21], determined a 

strong and significant inhibition of tumor growth 
and neo-angiogenesis, accompanied by a strong 
inhibition of recruitment of bone marrow de-
rived cells. Interestingly, the overexpression of 
PlGF1wt did not alter tumor growth and vessel 
density but determined a strong recruitment of 
bone marrow derived cells [20]. 
 
Due to the different properties of PlGF1 and 
PlGF2 isoforms, and to the peculiarity regarding 
the exclusive expression of PlGF2 isoform in 
mouse, we here report results on the impact of 
the overexpression in tumor cells of human 
PlGF2 isoform both in mutated (PlGF2-DE vari-
ant) and in wild type forms, in terms of tumor 
growth, tumor neovascularization and recruit-
ment of cells crucial for correct angiogenesis 
process.  
 
Material and methods 
 
Plasmids 
 
The human PlGF2 variant D72A-E73A was 
generated by site direct mutagenesis, using the 
oligonucleotides previously used for the genera-
tion of the same mutant of the human PlGF1 
isoform, following the protocol already de-
scribed [21]. The expression vector pCDNA3 
carrying the full-length cDNA for PlGF2wt 
(pPlGF2wt), or for the variant PlGF2-DE (pPlGF2-
DE), were used for the generation of stable cell 
lines and for transient transfections. pPlGF1wt 
and pPlGF1-DE were generated as previously 
described [21]. 
 
Cell culture and tumor stable clones generation 
 
HEK 293T cells were grown in Dulbecco Modi-
fied Eagle Medium (DMEM), supplemented with 
10 % inactivated Fetal Bovine Serum (FBS), 2 
mM glutamine and standard concentration of 
antibiotics. The stable cell line overexpressing 
the Flt-1 receptor, named 293-Flt-1 [21], was 
grown in the same medium supplemented with 
0.2 mg/ml of Geneticin. Transient transfections 
were performed in the HEK 293T cell line with 
pPlGF2wt, pPlGF2-DE, pPlGF1wt, pPlGF1-DE 
and the empty vector using the calcium phos-
phate precipitation technique. Cells were ex-
posed to DNA precipitate for 16 hours. The pre-
cipitate was removed and fresh medium was 
added. After 24 hrs the medium was replaced 
with serum free medium followed by another 24 
hrs of incubation, after which the medium was 
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recovered, centrifuged to eliminate cell debris, 
concentrated and stored at -80°C for further 
analysis. Human tumor cell line A2780 (ECACC 
cat. n. 93112519, from ovarian carcinoma) was 
grown in RPMI 1640 medium containing 10% 
inactivated FBS, 2 mM glutamine, and standard 
concentration of antibiotics. To generate tumor 
stable cell lines, 1x107 A2780 cells were elec-
troporated (Gene Pulser II System, 250 V/cm 
and 975 µF, Bio-Rad, Hercules, CA) with 50 µg 
of pPlGF2wt or pPlGF2-DE. Two days later, cul-
ture medium was supplemented with 0.8 mg/ml 
of Geneticin. After 2 weeks, the G418-resistant 
clones were picked, amplified and screened by 
ELISA to determine the PlGF2 concentration in 
the medium. For each transfection, the three 
clones expressing the highest amount of PlGF2 
were mixed to avoid clonal effects.  
 
ELISA assays 
 
To quantify PlGF and VEGF-A dimers in the cell 
culture medium or tumor extracts, we used the 
protocols described elsewhere [22-24] with the 
following modifications. All the reagents used in 
ELISA were from R&D Systems (Minneapolis, 
MN). To avoid the interference of the het-
erodimer in the quantification of PlGF and VEGF-
A homodimers, for PlGF determination samples 
were pre-incubated with anti-VEGF-A antibody 
coated on ELISA plate at 1 µg/ml, while for 
VEGF-A determination, samples were pre-
incubated with anti-PlGF antibody, coated at 1 

µg/ml. To quantify the VEGF-A/PlGF het-
erodimer, antibody anti-PlGF was coated on 
ELISA plate, while biotinylated antibody anti-
VEGF-A was used in solution. As reference, hu-
man recombinant VEGF-A, PlGF1 and VEGF-A/
PlGF1 dimers were used. PlGF, VEGF-A and 
VEGF-A/PlGF concentrations were determined 
by interpolation with the relative standard 
curves, using linear regression analysis. 
 
The procedure to evaluate the binding of PlGF 
and VEGF-A dimers present in the culture me-
dium of A2780-PlGF2-DE stable clone was per-
formed as recently described [20, 21]. The cul-
ture medium was opportunely concentrated and 
2.5 to 10 ng/ml of VEGF-A was used. Conse-
quently the quantity of PlGF2-DE/VEGF-A and 
PlGF2-DE analyzed were between 7,5 and 30 or 
between 81.25 and 325 ng/ml, respectively 
(Table 1). Antibody anti-VEGF-A was used to de-
tect the VEGF-A/VEGFR-1 binding, whereas anti-
body anti-PlGF was used to detect the binding of 
PlGF2-DE and PlGF2-DE/VEGF dimers. Binding 
of active PlGF2 dimers produced by A2780-
PlGF2wt was confirmed with similar assay (not 
shown). For all ELISAs, each point was carried 
out in triplicate and each experiment was re-
peated twice. 
 
Cell proliferation assay 
 
The growth rate of generated stable clones was 
evaluated using the CellTiter Aqueous One Cell 

 

Table 1. Quantification of human PlGF and VEGF-A dimers secreted by A2780 stable clones or detected 
in A2780 xenograft tumor extracts 

    VEGF-A PlGF/VEGF-A PlGF 

Cell lines A2780-pCDNA3 2.0 ± 0.2 ND ND 

A2780-PlGF1wt 0.9 ± 0.1 * 1.9 ± 0.2 24.4 ± 0.4 

A2780-PlGF1-DE 1.0 ± 0.1 * 2.0 ± 0.1 30.3 ± 0.6 

A2780-PlGF2-wt 0.9 ± 0.1 * 2.6 ± 0.2 36.1 ± 1.1 

A2780-PlGF2-DE 0.8 ± 0.2 * 2.4 ± 0.3 26.0 ± 2.1 

Xenograft tumors A2780-pCDNA3 9.2 ± 0.7 ND ND 

A2780-PlGF1wt 5.1 ± 0.4 # 9.1 ± 0.4 29.5 ± 1.9 

A2780-PlGF1-DE 4.9 ± 0.6 # 10.6 ± 0.9 32.3 ± 3.1 

A2780-PlGF2-wt 6.0 ± 0.5 # 8.8 ± 0.6 33.7 ± 2.3 

A2780-PlGF2-DE 5.7 ± 0.6 # 9.3 ± 0.4 29.6 ± 2.9 
The values, expressed as ng /1x106 cells for cell lines and as ng/mg for tumor extracts, represent the average ± 
SEM of two independent experiments, in which each sample was analyzed in triplicate. ND: not detectable. *p 
<0.002 and #p<0.005 vs A2780-pCDNA3. 
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Proliferation Assay (Promega, Madison, WI), 
following the manufacturer’s procedure. Cells 
were seeded at different densities and the 
growth was evaluated each 24 hours up to 72 
hours. Each point was done in triplicate and the 
experiment was repeated twice. The absorb-
ance at 490 nm was measured on a microplate 
reader (BenchMark, Bio-Rad, Hercules, CA).  
 
Receptor phosphorylation assays 
 
Concentrated conditioned culture media from 
transient transfection performed with expres-
sion vectors for PlGF2wt, PlGF2-DE, PlGF1wt, 
PlGF1-DE, and as control with pCDNA3 empty 
vector, were used for receptor phosphorylation 
assays. 293-hFlt-1 cells were starved for 16 
hours in absence of FBS. To induce Flt-1 recep-
tor activation, cells were exposed to 20 ng/ml of 
PlGFwt isoforms or 100 ng/ml of PlGF-DE mu-
tants for 10 minutes. To detect phosphorylated 
form of Flt-1 receptor in western blot experi-
ments, performed following standard proce-
dures, antibodies anti-p-Flt-1 (R&D Systems, 
Minneapolis, MN) diluted 1:500 was used. Nor-
malization was performed using anti-Flt-1 anti-
body diluted 1:500 (Sigma-Aldrich) [20]. 
 
Xenograft tumors growth  
 
For xenograft tumor experiments, 8-week-old 
CD1 male nude athymic mice (Charles River, 
Chatillon-sur-Chalaronne, France) were used 
(n=8 per group). Exponentially growing A2780 
tumor cells stably transfected with PlGF2wt, 
PlGF2-DE, PlGF1wt, PlGF1-DE and as control 
with empty pCDNA3 vector, were injected sub-
cutaneously (3x106 cells/flank). Tumor growth 
was followed by biweekly measurements of tu-
mor diameters with a caliper and tumor volume 
(TV) was calculated according to the formula: TV 
(mm3)= d2*D/2, where d and D are the shortest 
and the longest diameters, respectively. For 
ethical reasons mice were sacrificed when con-
trol tumors reached a volume of 1500–2000 
mm3. The care and husbandry of mice and 
xenograft tumor experimental procedures were 
in accordance with the European Directives no. 
86/609, and with Italian D.L. 116. All the ex-
periments were approved by the Institute of 
Genetics and Biophysics veterinarian.  
 
Tumor protein extracts 
 
Frozen tumor samples were disrupted with a 

Tissue-Lyser (Qiagen, Milan, Italy) in a lysis 
buffer composed by 10 mM Tris-HCl pH 8, 150 
mM NaCl, 1% Triton-X 100, 0.1% SDS, 0.5% Na-
Deossycolate, 0.2% NaN3, and a mixture of pro-
tease inhibitors, 300 µl / 100 mg of tissue, for 
5 minutes at 3000 rpm. Samples were then 
incubated under agitation for 1 hour at 4°C and 
centrifuged at 12,000 x g for 15 minutes. The 
supernatants were recovered, aliquoted and 
stored at -80°C. The protein concentration was 
determined by the Bradford method (BioRad 
reagent). 200  µg of extract was used in ELISAs 
for determination of VEGF and PlGF dimers. 
 
Immunohistochemical analyses 
 
Four µm-thick deparaffined tumor sections were 
incubated ON at 4°C with the following primary 
antibodies: rat anti-mouse PECAM-1 (anti-CD31; 
BD Pharmingen, San Jose, CA) 1:1000, rat anti-
mouse F4/80 (Serotec, Oxford, UK) 1:50. The 
staining procedure was continued using specific 
secondary biotinylated antibody (all from DAKO, 
Glostrup, Denmark). Slides were counterstained 
with hematoxylin. Images were recorded with a 
digital camera Leica DC480 (Milano, Italy). Ves-
sel density was manually measured. Densi-
tometric analysis for F4/80 staining was per-
formed with QwinPro software (Leica).  
 
Statistical analysis 
 
Data are expressed as mean±SEM, with p<0.05 
considered statistically significant. Differences 
among groups were tested by one-way ANOVA; 
Tukey HD test was used as post hoc test to 
identify which group differences account for the 
significant overall ANOVA. All calculations were 
carried out using SPSS statistical package 
(vers12.1, Chicago, IL). 
 
Results 
 
Generation and characterization of A2780 sta-
ble clones overexpressing PlGF2wt and PlGF2-
DE variant 
 
The human PlGF2-DE variant was generated by 
site direct mutagenesis using the same proce-
dure previously applied for the generation of 
human PlGF1-DE variant [21].  The cDNA for 
human PlGF2wt and PlGF2-DE variant cloned in 
the pCDNA3 expression vector, were used to 
stably transfect the VEGF-producing PlGF-non-
producing human tumor cell line A2780 
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(ovarian carcinoma). To avoid clonal effects for 
each cell line the three clones expressing the 
highest amount of PlGF2, as determined by 
sandwich ELISA assay, were mixed. The stable 
cell lines A2780-PlGF2wt and A2780-PlGF2-DE 
obtained were characterized for the production 
of secreted VEGF-A and PlGF2 homodimers and 
VEGF-A/PlGF2 heterodimer. As control, stable 
cell lines previously established by transfection 
of PlGF1wt, PlGF1-DE or empty vector, were 
used [20]. For the new cell lines generated we 
observed a similar and significant reduction of 
secreted VEGF-A homodimer (~50%) to which 
corresponded the appearance of VEGF-A/PlGF2 
heterodimer (Table 1). Importantly, the overex-
pression of PlGF2-DE or PlGF2wt did not affect 
the growth of stable cell lines in vitro (Figure 
1A). 
 
Moreover we evaluated the loss of binding prop-
erty of PlGF2 homodimer and VEGF-A/PlGF2 
heterodimer carrying the mutations D72A-E73

A to their specific receptor. These two dimers 
produced by A2780-PlGF2-DE cells lost the abil-
ity to bind to coated recombinant Flt-1 receptor 
in ELISA based assay, differently from wild type 
VEGF-A homodimer produced by the same cells 
(Figure 1B). Furthermore we investigated if to 
the inability of PlGF2-DE to interact with Flt-1 
receptor corresponded a failure into activation 
of receptor phosphorylation. PlGF2-DE com-
pletely lost the capacity to activate receptor 
phosphorylation, despite it was used at concen-
tration five times higher than that utilized for 
wild type isoforms (100 ng/ml vs 20 ng/ml). As 
expected, PlGF2wt and PlGF1wt were able to 
induce Flt-1 phosphorylation in a comparable 
manner (Figure 1C). 
 
Overexpression of PlGF2-DE strongly inhibited 
xenograft tumor growth and neovascularization 
 
Xenograft tumors generated by subcutaneous 
injection of A2780-pCDNA3, A2780-PlGF1wt 
and A2780-PlGF2wt cells, showed a growth rate 
fully comparable with a mean volume after 21 
days of ~ 1.93 cm3. In contrast, tumors gener-
ated by A2780-PlGF2-DE cells, starting from day 
eleven showed a significant growth delay and at 
day 21 were significantly smaller than controls 
with a mean volume of 370 mm3 (p<0.0001) 
reaching at day 27 a mean volume of only 750 
mm3 (Figure 2A). Interestingly, the growth rate 
of A2780-PlGF2-DE was similar to that of tumor 
cells overexpressing the PlGF1-DE variant.  

 
Tumors were thus characterized for the pres-
ence of human PlGF and VEGF-A dimers in tu-
mor protein extracts, using ELISA assays that 

Figure 1. In vitro proliferation of A2780 stable clones 
and binding properties of PlGF2-DE. A. A2780 stable 
clones were seeded in 96-well plates (2000 cells/
cm2) and cell proliferation was evaluated using the 
CellTiter Aqueous One Cell Proliferation Assay 
(Promega) at indicated time. B. Binding of VEGF-A 
homodimer (2.5 to 10 ng/ml), VEGF-A/PlGF2-DE 
heterodimer (7.5 to 30 ng/ml) and PlGF2-DE 
homodimer (81.25 to 325 ng/ml) present in the 
supernatant of A2780-PlGF2-DE stable clone, to 
coated Flt-1 (0.5 µg/ml) in ELISA based assay. For 
both experiments each point was carried out in tripli-
cate and the data are represented as the mean of 
two experiments ± SEM. (C) Western blot analysis of 
Flt-1 phosphorylation (anti-P-Flt-1) induced by 20 ng/
ml of PlGFwt isoforms or 100 ng/ml of PlGF-DE iso-
forms, on starved 293-Flt-1 cells. One hundred µg of 
the cell protein extracts were analyzed. Normaliza-
tion was performed with ant-Flt-1 antibody. 
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did not cross-react with endogenous proteins. 
As reported in Table 1, A2780 cells transfected 
with PlGF2 were able to produce VEGF-A/PlGF-2 
heterodimer in vivo, showing significant reduc-
tion in VEGF-A homodimer production if com-
pared to tumor generated with A2780-pCDNA3 
cells.  
 
Vessel density was determined by immunostain-
ing with anti-CD31 antibody and a significant 

reduction was observed in A2780-PlGF2-DE 
tumors if compared to tumors generated with 
cells stably transfected with PlGF2wt 
(p=0.0009), PlGF1wt (p=0.0003) or empty vec-
tor (p<0.0001). The observed reduction in 
terms of vessel density was similar to that ob-
tained in A2780-PlGF1wt tumors. Conversely, 
tumors overexpressing PlGF2wt showed only a 
slight decrease of vessel density with respect to 
tumors overexpressing PlGF1wt or generated by 

Figure 2. PlGF2-DE variant inhibits tumor growth and neoangiogenesis. A. Exponentially growing A2780 stable clones 
were subcutaneously injected into 8-week-old CD1 nude athymic mice (3x106 cells, n=8 per groups). Tumor volume 
(TV) was measured two times a week. The volume of tumors overexpressing the DE variant of both PlGF isoforms was 
strongly and significantly reduced at day 21 (*,§ p<0.0001  vs A2780-pCDNA3, A2780-PlGF2wt and A2780-PlGF1wt). 
Data are represented as the mean ± SEM. B. Vessel density was calculated analyzing five optical fields for each tu-
mor, counting CD31 positive vessels. *,§p<0.0001 vs A2780-pCDNA3; ¶p<0.001 vs A2780-PlGF1wt and A2780-
PlGF2wt; #p<0.001 vs A2780-PlGF1wt; ^p<0.005 vs A2780-PlGF2wt. Data are represented as the mean ± SEM. C. 
Representative pictures of CD31 staining of A2780 tumors. Scale bars represent 50 µm. 
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cells stably transfected with empty vector, also 
if the reduction observed was not significant 
(Figure 2B, for representative pictures see Fig-
ure 2C). 

 
Differences in monocyte-macrophage infiltra-
tion in tumors overexpressing PlGF2-DE or 
PlGF2wt 
 
The overexpression of DE variant of the human 
PlGF isoforms 1 and 2, as well as of the two wild 
type isoforms, determined similar results in 
terms of tumor growth and vessel density. In 
order to assess which differences are generated 
in tumors overexpressing the wild type and mu-
tated isoforms of PlGF, we evaluated the tumor 
monocyte-macrophage infiltration, due to well-
established role of VEGF-A and PlGF dimers in 
their recruitment [10, 20, 25]. The immu-
nostaining with anti-F4/80 antibody evidenced 
as A2780-PlGF2-DE tumors, like the A2780-
PlGF1-DE tumors, showed a similar significant 
reduction of F4/80 positive area, compared to 
A2780-pCDNA3 tumor infiltrate (p=0.0060 and 
0.0025 respectively). As expected tumors over-
expressing PlGF1wt showed a strong and signifi-
cant increase of F4/80 positive area compared 
to A2780-pCDNA3 tumor (p<0.0001). Interest-
ingly also tumors overexpressing PlGF2wt 
showed a significant increase of F4/80 positive 
area compared to A2780-pCDNA3 tumors 
(p=0.0068) but also a significant decrease if 
compared to A2780-PlGF1-wt tumors 
(p=0.0424) (Figure 3A, for representative pic-
tures see Figure 3B), indicating how the overex-
pression of wild type human PlGF isoforms pro-
duced a diverse affect of the recruitment of 
F4/80 positive cells. 
 
Discussion 
 
In this report we have confirmed that the prop-
erty of VEGF-A and PlGF to form heterodimer 
when coexpressed in the same cell represents a 
successful strategy to reduce the production by 
tumor cells of active VEGF-A with consequent 
potent inhibition of VEGF-A-dependent angio-
genesis. This inhibition has been obtained using 
a mutant of human PlGF2 in which the two resi-
dues D72 and E73, essential for Flt-1 recognition 
and binding, were changed in alanine. PlGF2-DE 
mutant lost the ability to bind and activate Flt-1 
receptor but was still able to heterodimerize 
with VEGF-A. The overexpression of PlGF2-DE 
variant in tumor VEGF-A producing cells, besides 

determining the reduction of active VEGF-A by 
heterodimerization process, produced two inac-
tive dimers: PlGF2-DE homodimer and PlGF2-
DE/VEGF-A heterodimer. As result, the human 
A2780 tumor cell lines derived from ovarian 
carcinoma stably transfected with PlGF2-DE, 
showed severe growth impairment and reduced 
neoangiogenesis when grafted in vivo, respect 
to cells transfected with empty vector or with 
PlGF1wt or PlGF2wt. The observed inhibitions 
were similar to that obtained with the overex-
pression of PlGF1-DE.  
 
Furthermore a similar degree of inhibition of 
F4/80 positive cells recruitment was present in 
tumors overexpressing PlGF1-DE or PlGF2-DE 
compared to the control.  This effect may be 
ascribed to the reduced availability of VEGF-A 
active homodimer [10] also if, almost in part, it 
must be considered that the strong inhibition of 
monocyte-macrophage infiltration observed may 
be due to the reduced neovascularization that 
di per se represents a limit to monocyte-
macrophages infiltration. 
 
Conversely to the mutated PlGF2, the overex-
pression of PlGF2wt did not inhibit tumor growth 
compared to the control, indicating how the ef-
fects produced by the reduction of VEGF-A 
homodimer via heterodimerization were com-
pletely abolished by the overexpression of ac-
tive PlGF2wt homodimer and the generation of 
functional VEGF-A/PlGF2 heterodimer. The data 
on tumor volume and associated neo-
angiogenesis obtained grafting cells overex-
pressing PlGF1wt or PlGF2wt are comparable 
indicating that the two isoforms of human PlGF 
have a similar effect on tumor growth and neo-
vessels formation, almost in the model and for 
the time of observation analyzed.  
 
On the contrary, a significant difference on the 
ability to recruit F4/80 positive cells exists be-
tween PlGF1wt and PlGF2wt overexpressing 
tumors. As expected for the well documented 
ability mainly of PlGF in the recruitment of 
F4/80 positive cells [11, 25], both the tumors 
showed a significant increase of monocyte-
macrophages cell recruitment compared to tu-
mors generated with cells stably transfected 
with control vector, due to the overexpression of 
active PlGF. Surprisingly A2780-PlGF2wt tumors 
showed a significant reduced ability in F4/80 
positive cells recruitment compared to A2780-
PlGF1wt tumors.  
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This effect may be due to the different solubility 
properties of PlGF1 and PlGF2 isoforms. Indeed 
tumor overexpressing PlGF1wt or PlGF2wt pro-
duced similar amount of VEGF-A, as well as of 
VEGF-A/PlGF heterodimer and PlGF homodimer.  
The last two dimers have a different solubility 
depending on PlGF isoform utilized, because 
VEGF-A/PlGF2 heterodimer and PlGF2wt 
homodimer are less soluble than VEGF-A/PlGF1 
heterodimer and PlGF1wt homodimer for the 

presence of heparin binding domain in the 
PlGF2 isoform. Consequently less PlGF 
homodimer and VEGF-A/PlGF heterodimer pro-
duced by A2780-PlGF2wt tumors may be avail-
able to recruit F4/80 positive cells distant from 
the neoangiogenic site.  
 
To conclude we have reported that the PlGF2 
isoform carrying the double mutation D72 and 
E73 in alanine is able to inhibit tumor growth 

Figure 3. Monocyte-macrophage infiltration in tumors overexpressing PlGF2-DE or PlGF2wt. The area of monocyte-
macrophage infiltration in the xenograft tumors was evaluated by immunostaining with anti-F4/80 antibody analyzing 
five optical fields for each tumor and data are represented as the mean ± SEM. A. A2780-PlGF2-DE tumors showed a 
reduced F4/80 positive area compared to A2780-pCDNA3 tumors (*p=0.0060) and similar to that observed in 
A2780-PlGF1-DE tumors (§p=0.0025 vs A2780-pCDNA3). Conversely, both A2780-PlGF2wt and A2780-PlGF1wt tu-
mors showed an increase of F4/80 positive cells area if compared to A2780-pCDNA3 (#p=0.0068 and ¶p<0.0001 
respectively). The F4/80 positive area in A2780-PlGF2wt tumors resulted significantly reduced if compared to A2780-
PlGF1wt tumors (^p=0.0424). B. Representative pictures of F4/80 staining of A2780 tumors. Scale bars represent 
50 µm. 
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and associated neoangiogenesis once co-
expressed in VEGF-A producing tumor cells 
thanks to the ability to heterodimerize with 
VEGF-A. The inhibition was fully similar to that 
obtained with PlGF1 isoform indicating that the 
different properties of PlGF isoforms did not 
change the effect of PlGF-DE variant. At the 
same time the results here reported confirm the 
active role of wild type PlGF2 homodimer and 
VEGF-A/PlGF2 heterodimer in pathological an-
giogenesis, for their ability to rescue the de-
crease of VEGF-A concentration induced by het-
erodimerization mechanism. Interestingly the 
different solubility property of functional PlGFwt 
isoforms seems to play a role only in the recruit-
ment of F4/80 positive cells, assigning to the 
more soluble PlGF1 isoform an increased ability 
in this biological function crucial for angiogene-
sis process. 
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