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Abstract

Intravenous immunoglobulins (IVIg) preparations can be beneficial therapeutic agents for the
treatment of tumor metastases as has been shown in both human and animal studies. Operating
mechanisms have not yet been completely elucidated. Some of the mechanisms proposed entail the
stimulation of the production of IL-12, a cytokine that exhibits anti-angiogenic activities, as well as
inhibition of endothelial cells proliferation and vascular endothelial growth factor (VEGF) secretion.
The aim of the present study was to investigate whether in an IVIg preparation there are natural
antibodies directed against VEGF with the potential to affect angiogenesis. Using both sandwich and
direct ELISA assays, IVIg was found to specifically recognize and bind VEGF in a dose-dependent
manner. The binding specificity was confirmed by inhibition of IVIg binding to VEGF by VEGF as an
inhibitor, as shown by ELISA and immunoblot. A mouse hind limb ischemia model was employed to
evaluate the in vivo IVIg-induced inhibition of angiogenesis. IVIg was found to exhibit inhibitory effect
on VEGF-mediated blood perfusion in the ischemic limb. The present study shows a presence of anti-
VEGF fraction in IVIg preparation.

Introduction

Angiogenesis, a multistep process that results in the formation

of new blood vessels from pre-existing vasculature, is es-

sential for both tumor growth and metastasis (1–3). Tumor-

associated angiogenesis is mainly regulated by the vascular

endothelial growth factor (VEGF) whose over-expression has

been demonstrated in many human tumors (4–6). Therapeutic

targeting of VEGF and vascular endothelial growth factor

receptors (VEGFRs) inhibits tumor growth and invasiveness

as shown in both pre-clinical and clinical studies (7–10).

A number of new therapies have been developed and

employed in treating patients with cancer to counteract the

pathogenic effects of VEGF. These treatments include toxic

drugs such as VEGFR tyrosine kinase receptor inhibitors

(11), soluble receptors, which prevent VEGF from binding to

its normal receptors (12), and mAbs against VEGF or VEGFR

(13, 14). Notably, all of them have been used in clinical trials

and demonstrated in patients the ability to directly target the

blood supply of tumors, leaving healthy tissues unharmed.
The discovery and development of bevacizumab, the first

angiogenesis inhibitor to be approved by the US FDA as

a first-line therapy for colorectal cancer, followed recently by
the VEGFR tyrosine kinase inhibitors sorafenib and sunitinib,

address the potential of a novel approach to cancer treat-

ment (15–17). Although mAbs to VEGF and VEGFR, such as

bevacizumab and trastuzumab, have become an important

component of the cancer treatment, such therapy is still ex-

pensive and cumbersome. These limitations have prompted

scientists to investigate alternative strategies.
Intravenous immunoglobulins (IVIg) are therapeutic prepa-

rations of normal human IgG obtained from plasma of sev-

eral thousand healthy blood donors. They are initially used

as replacement therapy for a wide range of primary and

secondary immunodeficiency states and thereafter for treat-

ment of different autoimmune as well as systemic inflamma-

tory diseases (18–21). Furthermore, in several experimental

and clinical studies, it was shown that IVIg exhibited inhibi-

tory effect on tumor spread and that IVIg gamma globulins

may be a supportive therapy for the treatment of metastatic

cancer and prolongation of disease-specific survival (22–

30). Recently, using both in vitro and in vivo methods, we
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reported that IVIg inhibited both CT26 colon carcinoma cell
proliferation and invasion through an extracellular matrix
and that systemic administration of IVIg into tumor-bearing
mice was significant effective in attenuating tumor growth
and decreasing the number and size of lung metastases
(31). We also showed that intra-corneal injection of IVIg to
CT26 cell-implanted rabbit corneas led to shrinking and
complete disappearances of tumor mass in 10 days (31).
Several mechanisms of action of IVIg have been pro-
posed [reviewed in ref. (32)] including: (i) down-regulation of
metalloproteinase-9 (33), the extracellular matrix-degrading
enzyme important for tumor growth and invasiveness; (ii) ac-
tivation of NK cells to produce antibody-dependent cellular
cytotoxicity activity against tumor cells (28); (iii) stimulation
of the production of IL-12 (24), a cytokine that exhibits anti-
angiogenic activities and (iv) finally, inhibition of endothelial
cells (ECs) proliferation, VEGF mRNA expression and protein
secretion, as well as vascular cell adhesion molecule-1 pro-
duction (34). The ability of IVIg to down-regulate the cytokine
production by ECs and activation of vascular endothelium
indicates that possible mechanism of action of IVIg anti-
bodies on metastatic colon carcinoma may lie in their inter-
ference with VEGF pathway of tumor angiogenesis. Thus,
VEGF and its receptors seem to be a suitable target for ther-
apeutic intervention with IVIg.

The aim of the present study was to examine if in an IVIg
preparation there are antibodies directed specifically to
VEGF with the potential to inhibit tumor vascularization and
to reduce angiogenesis. Demonstrating such anti-VEGF ac-
tivity in IVIg would be helpful in further understanding the
mechanisms by which IVIg affects tumor metastatic spread,
as well for providing some additional supportive treatment
strategies to fight cancer.

Methods

Immunoglobulins

IVIg used in the study was kindly provided by Omrix Bio-
pharmaceuticals Inc., Nes-Ziona, Israel. Anti-VEGF mAbs—
mouse-anti-VEGF mAb (ProSpec-Tany Technogene, Rehovot,
Israel) and bevacizumab, a humanized anti-VEGF mAb
(Avastin; Roche Pharmaceuticals). Normal human IgG was
affinity purified from serum of healthy donor on a protein G
column (Pharmacia Fine Chemicals, Uppsala, Sweden)
according to the manufacturer’s instructions.

Biotinylation of antibodies

IVIg and anti-VEGF mAb in bicarbonate buffer, pH 8.5, were
biotinylated with sulfo-NHS-biotin (Sigma), for 4 h and dia-
lyzed against PBS.

VEGF

Recombinant human vascular endothelial growth factor
(rhVEGF) (ProSpec, Rehovot, Isreal).

Binding of IVIg to the recombinant VEGF (sandwich ELISA)

Plates were coated with 1 lg ml�1 mouse anti-VEGF anti-
body (DuoSet ELISA, R&D System), washed and blocked
before adding rhVEGF. An ELISA was carried out using bioti-

nylated intravenous immunoglobulins (b.IVIg) followed by
streptavidin–HRP and appropriated substrate. Data were
read at a wavelength of 450 nm.

Binding of IVIg to the solid-phase-immobilized VEGF

rhVEGF (0.5 lg ml�1 in PBS) -coated ELISA plates were
blocked with 3% BSA. Serial dilutions of b.IVIg, biotinylated
anti-vascular endothelial growth factor (b.anti-VEGF) mAb
or biotinylated control-IgG were added and probed as de-
scribed for sandwich ELISA.

Inhibition of IVIg–VEGF binding by VEGF

b.IVIg, at 50% binding VEGF (EC50), was incubated in the
presence of different concentrations of VEGF, at 4�C 16 h.
The reaction mixture was subjected to the VEGF, in the
sandwich ELISA, as described above.

Blocking of IVIg binding to VEGF in a direct ELISA

For the assessment of the IVIg capability to prevent the
binding of anti-VEGF mAb to VEGF, VEGF-coated plates
were incubated with different concentrations of IVIg, and
thereafter, mouse or human b.anti-VEGF mAbs (at EC50)
were added. The percentage of inhibition of binding was
calculated.

Binding of IVIg to the recombinant VEGF (immunoblot)

rhVEGF samples were loaded onto 12% SDS–PAGE (1 lg per
lane) and run under non-reducing conditions. The protein was
transferred to nitrocellulose membrane, blocked with 10%
skim milk in Tris-buffered saline (TBS). Both b.anti-VEGF mAb
(mouse or human) and b.IVIg, diluted in 0.5% skim milk–TBS,
were added to the membrane for 2 h. For inhibition assays,
either disabling of IVIg-to-VEGF binding by anti-VEGF mAb
or conversely, the prevention of anti-VEGF mAb to VEGF reac-
tion by IVIg was evaluated. The binding to VEGF was probed
with streptavidin–HRP followed by an appropriate substrate
(ECL-Luminol Reagent, Santa Cruz, CA, USA).

Anti-VEGF activity of IVIg in a model of mouse hind limb
ischemia

The mouse ischemic hind limb model (35–37) was used to
evaluate the inhibitory effect of IVIg on VEGF-mediated
reperfusion.

Mice. Inbred 12- to 14-weeks-old C57BL/6 female mice
were purchased from Harlan labs (Rehovot, Israel). All ex-
perimental procedures were reviewed and approved by the
Animal Care and Ethical Committee, Tel Aviv University.

Hind limb ischemia. To create an unilateral hind limb ische-
mia, the surgical procedure was performed as described
(35). Briefly, an incision in the skin overlying the middle por-
tion of the mouse left hind limb was performed and the fem-
oral artery was exposed and ligated. Next day, a group of
mice received a single intramuscular injection of VEGF (500
ng per mouse) in order to attain the blood perfusion in the
ischemic limb. Control mice were injected with PBS. Forty-
eight hours later, some of the VEGF-injected mice (20 of 28)
were treated with 1 g kg�1 of IVIg, intravenously.
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Hind limb blood perfusion. Laser Doppler Perfusion Imag-
ing (Perimed, Sweden) was used to record serial blood flow
measurements beginning at the time of surgery and over
the course of 3 weeks post-operatively. Analyses were per-
formed by determining the median perfusion values for each
foot and calculating the ischemic (left) versus normal (right)
limb blood perfusion ratio (relative units). Results were pre-
sented as the mean 6 SEM.

Results

Determination of IVIg anti-VEGF activity

Anti-VEGF antibody activity in an IVIg preparation was deter-
mined using a quantitative sandwich enzyme immunoassay
and behaved in a dose-dependent manner (Fig. 1A). Direct
binding of IVIg-to-VEGF-coated ELISA plates showed a dose
response as well (Fig. 2A). The calculated 50% effective
concentration (EC50) value for IVIg was ;12.5 mg ml�1. The
data were confirmed by western immunoblot. IVIg prepara-
tion revealed an intense band, migrating at 38 kDa, which
corresponds to the molecular mass of one of VEGF isoforms
(VEGF121). Strong, positive reaction was noticed using 2 mg
ml�1 of IVIg, whereas a lower concentration of 2 lg ml�1

did not yield a clear pattern of binding (Fig. 1B).

IVIg–VEGF binding in a solid-phase ELISA

The results presented in Fig. 2(A) of an ELISA assay with
VEGF-pre-coated plates revealed a dose-dependent direct
binding of IVIg-to-VEGF, thus confirming results obtained by
sandwich ELISA (see above). The minimum detection limit
estimated by the serial dilutions was ;10 lg ml�1 and EC50

value was found to be 2.35 mg ml�1. For the assessment of
specificity and sensitivity of IVIg–VEGF binding, anti-VEGF
mAbs were employed as positive controls. As seen in Fig.
2(B), anti-VEGF mAb bound to the VEGF-coated plates in
a dose-dependent fashion and its minimal detection limit es-
timated by serial dilutions was ;10 ng ml�1. Its determined
that EC50 value was 5 lg ml�1 for human and 3 lg ml�1 for
mouse antibody and this concentration was used in the inhi-
bition assay of IVIg to VEGF binding. Additionally, the rela-
tive capabilities of IVIg and those of anti-VEGF mAb and
single person IgG (used as positive and negative controls,
respectively) to bind immobilized VEGF were compared. For
that purpose, two different concentrations (10 and 1 lg ml�1)
of all three preparations were set against and tested for their
binding capabilities (Fig. 3). It was found that anti-VEGF
mAb exhibited a significantly greater binding potential than
IVIg (Fig. 3A). On the other hand, for all tested concentra-
tions, IVIg showed a higher binding efficacy than the single
donor IgG, which otherwise showed a minimal activity
(Fig. 3B).

Fig. 1. Binding of IVIg to rhVEGF. (A) Sandwich ELISA, using mouse-
anti-human-VEGF-coated plates, VEGF and probed with biotinylated
IVIg. (B) b.IVIg binding to VEGF by immunoblot. b.IVIg 2 mg ml�1 (left
line) and 2 lg ml�1 (right line).
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Fig. 2. Anti-VEGF activity in a direct solid-phase-immobilized VEGF
ELISA testing. VEGF was coated on an ELISA plate at 0.5 lg ml�1.
Serial dilutions of both biotinylated IVIg (A) and anti-VEGF mAb
samples (B) binding to rhVEGF-coated plates. Values represents
means 6 SEMs of three independent experiments.
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Specificity and sensitivity of IVIg binding to VEGF

Inhibition of IVIg–VEGF binding by VEGF. Pre-incubation of
IVIg with different doses of soluble VEGF, used as an inhibi-
tor, resulted in the reduction of IVIg-to-VEGF interaction in
the sandwich ELISA (Table 1). Results indicated that all
tested concentrations of a soluble VEGF were able to inhibit
interaction between an IVIg and the VEGF captured by an
anti-VEGF antibody.

Inhibition of IVIg anti-VEGF reaction to VEGF. To estimate
the specificity of IVIg-to-VEGF recognition, either inhibition
of IVIg-to-VEGF binding by anti-VEGF mAb or inversely, inhi-
bition of anti-VEGF mAb binding to-VEGF by IVIg was car-
ried out. For this purpose, in one set of experiments, ELISA
plate-immobilized VEGF was saturated with mouse-anti-
VEGF mAb used as an inhibitor, before adding the b.IVIg,
whereas in the other one, IVIg was used as an inhibitor and
subjected to the solid face-attached VEGF before adding
the b.human-anti-VEGF mAb. The percentage of inhibition
was calculated and presented in Fig. 4. As shown, the inhi-
bition rate of IVIg anti-VEGF activity was 17.1, 10.0, 3.9 and
2.4%, when human-anti-VEGF mAb was used as an inhibitor
at concentrations of 5, 2, 1 and 0.1 lg ml�1, respectively
(Fig. 4A). On the other hand, as depicted in Fig. 4(B), IVIg
used as an inhibitor at concentrations of 5, 1, 0.2 and 0.05
mg ml�1 exhibited a higher reduction but still not completely
blocking activity (56, 42.1, 9.8 and 1.5%, respectively). The

same set of blocking of binding to VEGF experiments was
performed also by western blot analysis (Fig. 4C). Results
obtained from an immunoblot confirmed that there were spe-
cific bindings of both IVIg and anti-VEGF mAb to the VEGF
(Fig. 4C lines 3 and 4, respectively) and that each of them
were able to partially block the binding potential of another
one (Fig. 4C lines 1 and 2).

Inhibition of VEGF-induced ischemic hind limb blood
perfusion by IVIg

A mouse hind limb ischemia model was used to evaluate the
in vivo inhibition of angiogenesis induced by IVIg. Ischemic
mouse hind limbs were treated with PBS, VEGF alone or
VEGF together with IVIg. The average perfusion of each limb
was computed and the results were expressed as the ische-
mic (left) versus control (right) blood perfusion ratio. A statis-
tical analysis demonstrates a significant increase in the
blood perfusion ratio in the VEGF-injected group in compari-
son with the mice injected with PBS, 14 days after the sur-
gery. At the same time, the IVIg administration resulted in
15% of blood perfusion inhibition in VEGF-injected mice
(Fig. 5).

Discussion

By benefits of the diverse repertoire of Ig with a wide spec-
trum of specificities, IVIg preparation represents a promising
strategy for the treatment of immunodeficiency states and
different autoimmune as well as systemic inflammatory dis-
eases (18–21). Autoimmunity and malignancy co-exist fre-
quently and share several common features, which brought
up an idea that IVIg may also help for treatment of cancer
[reviewed in ref. (38)]. IVIg treatment has been shown to re-
duce metastases and tumor recurrence for a broad spec-
trum of cancers, with virtually no side effects (39). Moreover,
it appears to increase the chances for long-term recovery
by preventing the return and spread of cancer, as demon-
strated in animal models, several case reports and clinical
studies (25, 26).

Based mainly on the animal studies, it was suggested that
IVIg exert beneficial anti-tumor effect, resulting in metasta-
ses suppression via different mechanisms [reviewed in ref.
(32)]. These mechanisms include direct antibody-mediated
cytotoxicity, activities against tumor and EC adhesion
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Fig. 3. Anti-VEGF antibody level in an IVIg preparation in comparison
with m.anti-VEGF: IVIg (striped columns), anti-VEGF mAb (black
columns) and IgG from one individual (white columns). All three
preparations were compared with each other in two concentrations
(10 lg ml�1 and 1 lg ml�1) (A). Dose response of IVIg anti-VEGF
activity in comparison with single person IgG (B). Data presented are
the mean 6 SEM of duplicates.

Table 1. Inhibition of IVIg-to-VEGF binding by pre-incubation
of IVIg with different concentrations of VEGF in the sandwich
ELISA

VEGF
concentration

Absorbance
450 nm

% Inhibition

0 1.249
0.1 1.044 16.41
0.5 1.001 19.86
1 0.835 33.15
2 0.141 88.71
4 0.105 91.59
8 0.059 95.28

Concentration of IVIg was 12.5 mg ml�1 (EC50 value). Presented
results are mean values of three separate experiments
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molecules, stimulation of different cytokine secretion, as
well as inhibition of secretion of extracellular matrix degrad-
ing enzyme that is important for tumor growth and invasive-
ness. Furthermore, one must remember that metastasis is
an angiogenesis-dependent process (1) and that the role
of IVIg in attenuation of tumor spread (31) could also be
the result of decreasing the blood supply to the tumor.
Hence, it was found that IVIg stimulate the production of
IL-12, an anti-angiogenic cytokine, from the healthy blood
donor’s mononuclear cells (24). Moreover, IVIg may gener-
ate apoptosis to inhibit vascular EC proliferation and VEGF

mRNA expression (34, 40, 41). Despite that, the possible
effects of IVIg on tumor blood supply, particularly, on
VEGF-induced angiogenesis have not been studied yet.
We hypothesized that in an IVIg preparation, there are anti-
bodies directed specifically to the VEGF with the potential
to bind to- and neutralize its bioactivity and consequently
inhibit tumor vascularization. Results of the present study
have indeed demonstrated that gamma globulins from an
IVIg preparation contained sub-fractions capable to recog-
nize and bind to the VEGF. These sub-fractions are preva-
lent in preparations obtained from a large plasma pools
but undetectable in preparations from a single individual
(Fig. 3). Their specificity for VEGF was proven by VEGF-
induced inhibition of IVIg-to-VEGF interaction as well as by
competitive inhibition with the commercial anti-VEGF mAb
(Table 1 and Fig. 4, respectively).

The regulatory role of VEGF in therapeutic angiogenesis
was first suggested by experiments in which supplemental
VEGF, administered as recombinant protein or naked
DNA, augmented collateral blood flow in several animal
models of hind limb ischemia (35, 42). Employing the
same kind of mouse model, we tested the possibility that
IVIg-anti-VEGF antibodies are functionally active and may
inhibit angiogenic properties of VEGF in vivo. As shown,
under the defined experimental conditions, quantitative
analysis of the laser Doppler imaging has disclosed

Fig. 4. Blocking the anti-VEGF activity in both direct ELISA and
immunoblot assays. (A) An inhibition assay was performed using
biotinylated IVIg at EC50 (2.35 mg ml�1) to detect immobilized VEGF
(500 ng ml�1) in the presence of anti-VEGF mAb (inhibitor) at varying
concentrations. Inversely, (B) biotinylated mouse anti-VEGF mAb at
EC50 (3 lg ml�1) was used to detect VEGF in the presence of different
concentrations of IVIg as an inhibitor. Graphs show the percentage of
inhibition of binding to the VEGF as the average of three independent
experiments. (C) For the same set of experiments performed in an
immunoblot, Lane 1: Binding of IVIg (2 mg ml�1) to the VEGF pre-
incubated with anti-VEGF mAb (10 lg ml�1). Lane 2: Binding of anti-
VEGF mAb (10 lg ml�1) to the VEGF pre-incubated with IVIg (2 mg
ml�1). Lane 3: Direct binding of IVIg (2 mg ml�1) to the VEGF. Lane 4.
Direct binding of anti-VEGF mAb (10 lg ml�1) to the VEGF. The anti-
VEGF mAb used in the western blot presented above was humanized
anti-VEGF mAb.
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Fig. 5. Inhibitory effect of IVIg on VEGF-induced blood perfusion
recovery in a murine model of hind limb ischemia. Quantitative
analysis of blood perfusion ratio over the course of 3 weeks post-
ischemia/reperfusion induction in the left femoral artery. Ischemic hind
limb mice were treated either with VEGF (perfusion) or with PBS
(ischemia alone) or with VEGF followed by IVIg injection. VEGF (or
PBS, as a control) was administrated 24 h following ischemia, and
IVIg 48 h afterward. The blood flow measurements were determined
by Laser Doppler perfusion imaging and the ratio (operated versus
non-operated leg) was calculated for each animal. Results were
presented as the mean 6 SEM. The statistical significance of
differences among the results obtained was analyzed using the
two-tailed, unpaired Student’s t-test. A difference was considered
statistically significant when the P value was <0.05. Closed circle:
without VEGF (ischemia alone); square: with VEGF (perfusion);
triangle: with VEGF + IVIg.
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a significant increase in blood perfusion in the ischemic
limb after VEGF injection in comparison with controls re-
ceiving infusion of PBS. On the contrary, following IVIg ad-
ministration, the relative blood flow in an ischemic limb,
measured after 14 days of ischemia/VEGF-mediated reper-
fusion, was decreased by 15%.

These results provide evidence for functional anti-VEGF
activity in IVIg capable to inhibit the VEGF-induced angio-
genesis. The blood perfusion has not been significantly
inhibited (P = 0.06). The presence of relatively low concen-
tration of anti-VEGF antibodies in an IVIg preparation may
lead to an expected more pronounced effect of affinity frac-
tionated specific IVIg-anti-VEGF. In that case, it would make
it possible to inject these purified/specific antibodies in
much lower concentration, than the whole IVIg. Subse-
quently, such antibodies would be expected to be much
more effective, as shown for both lupus anti-anti-dsDNA and
antiphospholipid syndrome anti-anti-b2GPI antibodies frac-
tionated from the IVIg (43–45). Another probable explanation
that the effect of IVIg on the blood flow was not pronounced
enough is due to the small animal size. Namely, the vascular
growth and remodeling processes in mice can be markedly
different from that in humans, where the effect could be
much more prominent (46).

The validity of our assumption that IVIg may affect VEGF
production and/or expression and to contribute, at least
partially, to the inhibition of angiogenesis was strongly sup-
ported recently by findings of the effect of IVIg on activated
human vascular ECs (34). Authors clearly showed that IVIg
was able to inhibit EC proliferation and significantly down-
regulated the VEGF and adhesion molecule production
and mRNA expression. Although in the present study, we
did not determine the inhibitory effect of IVIg on the VEGF
bioactivity and tumors vascularization, our previous results
regarding the effect of IVIg on colon carcinoma might sup-
port this hypothesis (31). Namely, we have shown that IVIg
treatment of rabbit eye corneas, inseminated with colon
carcinoma cells, led to the shrinking of the tumor mass
and to the complete disappearances of the rich vascular
bed.

In this paper, we provide the first evidence for the pres-
ence of biologically active anti-VEGF antibodies in an IVIg
preparation. We are aware of the fact that different prepara-
tions of IVIg may have diverse biological activities, a point
that needs further analyses. Our results may contribute to
a possible role of IVIg as natural auto-antibodies and may
have a supportive therapy for chemotherapy in cancer, pre-
cluding patients with kidney afflictions. In addition, our
results of VEGF-specific activity of IVIg can also make im-
portant contribution to our understanding of the role of IVIg
in the therapy of different autoimmune conditions (47).
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b.anti-VEGF biotinylated anti-vascular endothelial growth factor
b.IVIg biotinylated intravenous immunoglobulins
EC endothelial cell
IVIg intravenous immunoglobulins

rhVEGF recombinant human vascular endothelial growth factor
TBS Tris-buffered saline
VEGF vascular endothelial growth factor
VEGFR vascular endothelial growth factor receptor
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