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Immunotherapy of tumors with vaccines based on
xenogeneic homologous molecules
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This review summarizes and discusses a new vaccine strategy
based on xenogeneic homologous molecules by the breaking of
immune tolerance against the growth factors or their receptors
associated with tumor growth in a cross-reaction between the xe-
nogeneic homologs and self-molecules. The xenogeneic vaccine
may circumvent the fact that few tumor-speci¢c antigens have
been identi¢ed in human solid tumors and that the host usually
shows immune tolerance to self-molecules as antigens. It may be
of importance for the further exploration of the applications of xe-
nogeneic homologousgenes identi¢ed inhumanandotheranimal
genome sequence projects in cancer therapy. [r 2002 Lippincott
Williams &Wilkins.]
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Introduction

Several lines of direct and indirect evidence indicate
that the human immune system can mount cellular
responses and humoral responses against autolo-
gous tumors.1–7 It has been documented that
lymphocytes in human tumor microenvironments
are found to be directly cytotoxic to the tumor cells
by in situ observations of lymphocyte–tumor cell
interaction.4–7 Furthermore, cytotoxicity assays with an
autologous combination of fresh effectors and target
cells have been performed.7–12 Blood lymphocytes
from 5–80% of human cancer patients, depending on
the histological types of tumors and metastatic status,
expressed autologous tumor killing activity.7–12

This killing activity tested at the time of surgery was
correlated strongly with a postoperative clinical
course.11,12

More than 80% of patients with positive results in
the autologous tumor killing tests at the time of
surgery remained tumor-free and alive more than
5 years after curative operation, whereas all auto-
logous tumor killing activity-negative patients devel-
oped local and/or distant metastases by 2 years and
died by 5 years.11,12 The strong correlation of
autologous tumor killing activity with disease-free
interval and total survival indicates that this activity is
a meaningful prognostic indicator, suggesting that
lymphocytes against autologous tumor cells may be
the main effector in the immunological defense
system against growth and metastasis of tumors,
and providing evidence for immunological control of
tumor growth and metastasis.11,12 In clinical trials,
the induction of autologous tumor killing activity by
biological response modifiers has improved the
clinical outcome in cancer patients who naturally
have no such potential.11–13 Thus, considerable
emphasis should be placed on a strategy that induces
autologous tumor killing activity in cancer pa-
tients.7,11–13 One of approaches for the induction of
the autologous tumor killing activity is based on
active immunotherapy with cancer vaccines.

Various strategies for cancer vaccines, including
whole tumor cell vaccines, genetically modified
tumor vaccines, dendritic cell vaccines, and peptides
and protein vaccines, have been developed to induce
tumor-specific immune responses against autologous
malignant cells.1–3 Thus, active specific immu-
notherapies with cancer vaccine-based tumor anti-
gens represent very promising approaches for cancer
therapy.1–3 However, to date, with the few excep-
tions of melanoma antigen, there is limited informa-
tion on the identity and density of antigenic peptides
and cytotoxic T lymphocyte epitopes presented by
human solid tumors.1–3 In addition, most of the
identified tumor antigens are self-molecules.1–3 As
expected, the reaction of the host toward these
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self-molecules may show immune tolerance to them
if the host is immunized by vaccines based on these
self-molecules. Efforts are therefore continuing to
develop new strategy for cancer vaccines. One of
approaches designed to circumvent these facts is the
induction of autoimmunity against constitutive mo-
lecules associated with angiogenesis or cancer cell
growth with xenogeneic homologous molecules
between mice and other species.14–17

Immunotherapyof tumorswith vaccines
based on xenogeneic homologous receptors
associated with angiogenesis as antigen

The generation of new blood vessels, or angiogen-
esis, is a complex multistep process that includes
endothelial proliferation, migration and differentia-
tion, degradation of the extracellular matrix, etc.18–20

The complexity of the angiogenic process suggests
that the existence of multiple controls of the system
that can be temporarily turned on and off.18,19

Angiogenesis is important for normal embryonic
development and for the development of pathologic
conditions such as cancer, rheumatoid arthritis,
retinopathies, etc.18–20 Several lines of direct and
indirect evidence indicate that the growth and
persistence of solid tumors and their metastases are
angiogenesis dependent.18–20 As a strategy for cancer
therapy, antiangiogenic therapy attempts to stop new
vessels from forming around a tumor and break up
the existing network of abnormal capillaries that
feeds the cancerous mass.14,15,18–20

Endothelial cells in the angiogenic vessels within
solid tumors express proteins on their surface that
are absent or barely detectable in normal quiescent
vascular endothelium, including avb3 integrin, recep-
tors for certain angiogenic growth factors, etc.18–20

The proteins on the endothelium of new vessels in
mouse have been known to be homologous with
those in human and other species to varying
extents.21–23 For example, sequence comparison
analysis by searching the Swissprot database in
National Center for Biotechnology Information
(NCBI) in our study indicates that the primary
sequence of many angiogenesis-associated molecules
of mouse such as avb3 integrin, vascular endothelial
growth factor receptor (VEGFR), endoglin, etc., at
the amino acid level is 75–90% identical with human
homologs.21–23 The breaking of immune tolerance
against important molecules such as some receptors
associated with angiogenesis on autologous angio-
genic endothelial cells should be a useful approach

for cancer therapy by active immunity.14 However,
the immunity to the self-molecules on angiogenic
vessels is presumably difficult to elicit by autologous
or syngeneic protein molecules as vaccine, due to
immune tolerance acquired during development of
the immune system. We have explored the feasibility
of immunotherapy of tumors with xenogeneic
homologous molecules as vaccine by the breaking
of immune tolerance against those on autologous
angiogenic cells in a cross-reaction between the
xenogeneic homologous and self-molecules.14,17

To test this concept, we prepared vaccines by
the use of proliferative endothelial cells cultured
in vitro, like new vessels with proliferative activity
within solid tumors. Human and bovine endothelial
cells as vaccines were tested for the ability to induce
antitumor immunity in several tumor models in
mice.14 Immunotherapy of tumors using xenogeneic
endothelial cells as vaccine was effective in affording
protection from tumor growth, inducing regression
of established tumors, and prolonging survival of
tumor-bearing mice. Autoantibodies against some
receptors associated with angiogenesis in solid
tumors may be provoked in a cross-reaction by the
immunization of xenogeneic endothelial cells and
the autoreactive immunity targeting to receptors
associated with angiogenesis on microvessels in solid
tumor was probably responsible for the antitumor
activity.14 These data also suggest that the identifica-
tion of single xenogeneic homologous peptides and
genes responsible for cross-reaction may provide
new strategies for the development of vaccines based
on single peptides or genes.

It has been known that avb3 integrin and VEGFR II
play an important function during angiogenesis.24–30

Blockade of the ligand binding domain of these
molecules has resulted in the inhibition of angiogen-
esis in vivo or of endothelial cell proliferation in
vitro and antitumor activity.24–30 Sequence compar-
ison analysis using the SwissProt database in NCBI
indicated that the primary sequences of VEGFR II and
av integrin of mice and humans were homologs that
were 82 and 89% identical, respectively, at the amino
acid level. We selected pairs of peptides for synthesis
from the regions that shared the most identical
amino acid sequences between humans and mice.
Each peptide synthesized was 35 amino acids long.
The possible peptides responsible for the cross-
reaction were screened in two steps.14 These pep-
tides were probed with immunoglobulins from mice
immunized with human endothelial cells, using
ELISA. Mice were immunized with pairs of homo-
logous peptides that showed immunoglobulin-posi-
tive binding and we determined their antitumor
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activity. Three pairs of the homologous peptides
showed immunoglobulin-positive binding and their
human homologs showed antitumor activity. These
immunoglobulin-binding regions were represented
by amino acid residues 330–364 and 545–579 within
the extracellular fragment of av integrin in both
human and mouse, and by residues 243–277 in
human and the corresponding residues 243–277 in
mouse within VEGFR II. Furthermore, two of three
pairs of immunoglobulin-binding sites were located
within the regions encompassing ligand binding
domain (residues 247–261) of VEGFR II33 and
partially encompassing ligand binding domain (re-
sidues 139–349) of av integrin.30 The other pair of
immunoglobulin-binding sites (residues 545–579)
was located outside the ligand-binding domain of
av integrin. However, it has been reported that some
antibodies against the non-binding domain can block
the function of the integrin allosterically as well.31

Next, we found that immunoglobulins isolated from
mice immunized with xenogeneic peptides of av

integrin and VEGFR II could identify the av integrin
and VEGFR II, respectively, on the endothelial cells,
and showed the inhibition of endothelial cell
proliferation in vitro. Also, the adoptive transfer of
immunoglobulins isolated from these xenogeneic
peptide-immunized mice showed inhibition of the
tumor growth.14 These identified xenogeneic homo-
logous peptides may provide us with another
strategy for the development of peptide vaccines
for cancer immunotherapy.14

A plasmid DNA encoding the ligand-binding
domain of chicken homologous integrin b3 (P-BD-C
vaccine) was constructed and tested for antitumor
efficacy by immunogene therapy in mice tumor
models such as Meth A fibrosarcoma, MA782/5S
mammary cancer and H22 hepatoma.17 The vaccine
based on chicken homologous integrin b3 as an
antigen could induce both protective and therapeu-
tic antitumor immunity. An autoimmune response
against integrin b3 in mice may be provoked in a
cross-reaction by the immunization of chicken
homologous integrin b3 vaccine and the autoanti-
body targeting to integrin b3 is probably responsible
for the antitumor activity.17 This vaccine strategy may
be used to target other important molecules such as
growth factor receptors on angiogenic endothelial
cells associated with tumor growth. This suggestion
is also supported by our unpublished data that the
vaccine based on VEGFR isolated from quail or
integrin av from chicken can induce antitumor effects
through autoimmunity against the tumor endothe-
lium in mouse. Thus, the observations may provide a
vaccine strategy for immunogene tumor therapy

through the induction of autoimmunity against the
molecules on angiogenic endothelial cells associated
with tumor growth in a cross-reaction with single
xenogeneic homologous gene.17

Immunotherapyof tumorswith vaccines
based on xenogeneic homologous growth
factors associated with angiogenesis
as antigen

The generation of new blood vessels, or angiogen-
esis, is regulated by some growth factors, including
VEGF and fibroblast growth factors.18–20 VEGF has
been known to be a potent vasculogenic and
angiogenic factor. It has been reported that the
abrogation of VEGF-induced angiogenesis, including
the passive immunization of a neutralizing antibody
against VEGF, can suppress tumor growth in vivo,
suggesting that VEGF plays an important role in
angiogenesis in tumor growth.18–20 In addition, a
comparison analysis made by searching the Swissprot
database at the NCBI indicates that the Xenopus
homolog of VEGF is 75 and 73% identical in mouse
VEGF164 and human VEGF 165, respectively, at the
amino acid level.32–34 Thus, VEGF may be used as
another ideal model molecule to explore the
feasibility of immunogene tumor therapy with a
vaccine based on a single xenogeneic gene by
overcoming the immune tolerance of growth factors
associated with tumor growth in a cross-reaction
between xenogeneic homologous and self-mole-
cules. A plasmid DNA encoding Xenopus VEGF was
constructed. At the same time, the plasmid DNA
encoding the corresponding mouse VEGF and empty
vector were also constructed, and used as controls.
The vaccines were tested for the ability to induce
antitumor immunity in several tumor models in
mice.15

Immunogene tumor therapy with a vaccine based
on Xenopus VEGF could induce both protective and
therapeutic antitumor immunity in mouse tumor
models such as Meth A fibrosarcoma, MA782/5S
mammary cancer and H22 hepatoma (Figure 1).
VEGF-specific autoantibodies were identified by
Western blotting analysis and ELISA assay. VEGF-
mediated endothelial cell proliferation was inhibited
in vitro by immunoglobulins from Xenopus VEGF-
immunized mice. The elevation of VEGF in the sera
of tumor-bearing mice was abrogated with Xenopus
VEGF immunization. The antitumor activity and the
inhibition of angiogenesis were acquired by the
adoptive transfer of purified immunoglobulins.
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IgG1 and IgG2b were substantially increased in
response to Xenopus VEGF. There were antitumor
activity and production of VEGF-specific autoantibo-
dies that could be abrogated by the depletion of
CD4þ T lymphocytes. Angiogenesis was apparently
inhibited in tumors and corneal angiogenesis was
inhibited. Thus, the autoimmune response against
VEGF may be provoked in a cross-reaction by the
immunization of Xenopus VEGF and the autoanti-
body targeting of VEGF is probably responsible for
the antitumor activity.15 Based on the findings
mentioned above, we may rule out the possibility
that the antitumor activity with Xenopus VEGF may
result from the non-specifically augmented immune
response against tumor growth in host mice. Because
our findings demonstrated that no increase in the
natural killer activity of spleen cells or in the level of
cytokines such as interferon (IFN)-a, IFN-g, tumor
necrosis factor-a or chemokines in sera was found in
the immunized mice, we can also exclude the
possibility that the antitumor activity may result from
a nonspecifically augmented immune response.

The mice immunized with these vaccines have
been in particular investigated for the potential long-
term toxicity in the present study, but no marked
side effects was found. It has been reported that
VEGF is often over-expressed and is required for
angiogenesis within tumor, but it does not seem to

have a continuous maintenance function for much of
the adult vasculature.35,36 Thus, these findings may
help to explain the fact that no marked side effects
were observed in the present study.

Direct injection of naked plasmid DNA intramus-
cularly can induce strong, long-lived immune re-
sponse to the antigen encoded by the gene
vaccine.37,38 Gene transfer into muscle is simple,
inexpensive and safe.37,38 Cancer gene therapy using
plasmid DNA is undergoing evaluation in clinical
trials.38 A DNA vaccine based on Xenopus VEGF as
antigen could induce not only protective, but also
therapeutic antitumor activity in several tumor
models in mice without adverse effects as mentioned
above. In addition, it is known that the Xenopus
homolog of VEGF is 75 and 73% identical in
mouse VEGF 164 and human VEGF 165, respectively,
at the amino acid level. Furthermore, antibodies
induced with XVEGF-p recognized not only mouse
VEGF, but also human VEGF. The findings men-
tioned above suggest that XVEGF-p vaccine may have
a potential application to the treatment of cancer
patients.15

The proliferation of tumor cells themselves is also
regulated by some growth factors, including trans-
forming growth factor-a, amphiregulin and interleu-
kin-6 under certain circumstances.39,40 It is also
conceivable that overcoming immune tolerance of
these growth factors associated with cancer cell
growth may be a useful approach to cancer therapy
by active immunity with vaccines based on xeno-
geneic molecules

Role of CD4+ T lymphocytes in
xenogeneic homologousmolecule-induced
antitumoractivity

It has been reported that a cellular rather than a
humoral immune response is responsible for the
rejection of the transplanted tumors.3,42 In addition,
antitumor immunity depends on CD8þ T lympho-
cytes in some mouse models, whereas CD4þ T
lymphocytes often have little, if any, function.2,3,42

Some molecule targets of tumor-specific CD8þ T
lymphocytes have been identified in human and
mouse systems. CD8þ T lymphocytes have been the
focus of recent efforts in the development of a
therapeutic antitumor vaccine.2,3 However, mice
depleted of CD4þ T lymphocytes by the injection of
monoclonal antibody against CD4 and immunized
with vaccines based on xenogeneic molecules were
not protected from tumor challenge.14,15,17 These

Figure 1. Induction of the protective antitumor immu-
nity.Mice (10 mice in each group) were immunized intra-
muscularly with 100 mg of plasmid DNA encoding
Xenopus homologous VEGF (solid circles), plasmid
DNAencodingmouseVEGF (opencircles), emptyvector
(solid squares) or non-immunized (saline alone) (solid
triangle) once aweek for 4 weeks.Micewere then chal-
lenged with 1�106Meth. A ¢brosarcoma (A) or H22
hepatomacells (B) s.c.1weekafter the fourth immuniza-
tion.A signi¢cant increase in survival inXenopushomo-
logousVEGF vaccine-treated mice, compared with the
controlgroups, was found.
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mice did not develop detectable autoantibodies
against the target molecules associated with angio-
genesis.14,15,17 In contrast, treatment with monoclo-
nal antibody against CD8 or natural killer cells or
control IgG failed to abrogate the antitumor activity.
These data indicate that the induction of the
autoantibodies response to the vaccine based on
xenogeneic molecules, which is responsible for
antitumor activity, may involve CD4þ T lympho-
cytes.14,15,17 CD4þ T lymphocytes can ‘steer’ and
amplify immune responses through the secretion of
cytokines and expression of the surface mole-
cules.43,44 Moreover, CD4þ T lymphocytes are pro-
minent in classic mouse models of autoimmunity,
such as experimental allergic encephalitis, systemic
lupus erythematosus and autoimmune gastritis.45–47

These findings may help explain the requirement for
CD4þ T lymphocytes in the induction of the
autoimmune response against the self-molecules in
a cross-reaction.

Conclusions and perspectives

Taken together, the observations mentioned above
indicate that a vaccine strategy for cancer therapy
based on xenogeneic homologous molecules could
induce the autoimmune response against the self-
receptors or cytokines associated with angiogenesis
for tumor growth in a cross-reaction. Based on
similar strategy targeting important molecules asso-
ciated with angiogenesis by the induction of the
autoimmunity discussed above, we also tested the
ability to induce autoimmunity against constitutive
molecules such as epidermal growth factor receptor
(EGFR) on tumor cells themselves associated with
tumor growth with a single xenogeneic homologous
EGFR gene vaccine. The vaccine based on EGFR from
the fruit fly Drosophila melanogaster or from birds
can induce autoimmunity against EGFR-positive
tumors in mouse models (unpublished data). These
findings suggest that this vaccine strategy can be used
to target other growth factors receptors or their
growth factors associated with the proliferation of
cancer cells themselves. Thus, the induction of
antitumor immunity by overcoming immune toler-
ance to self-molecules with xenogeneic counterparts
may circumvent the fact that few tumor-specific
antigens have been identified in human solid tumors
and that the host usually shows immune tolerance to
self-molecules as antigens.

The many genes were highly conserved during
evolutionary process, which was characterized by the
gene similarity to varying degrees among different

species.48 Many counterparts of the genes of human
and mouse can be identified from the genome
sequence of the fruit fly D. melanogaster and of the
other animals such as Xenopus laevis.48 Thus, the
breaking of immune tolerance to the self-molecules
involving angiogenesis or tumor cell proliferation
with xenogeneic counterparts may be of importance
to the further exploration of the applications of
xenogeneic homologous genes identified in human
and other animal genome sequence projects in
cancer therapy.

To explore this potential application of immu-
notherapy with vaccines based on xenogeneic homo-
logous molecules to the treatment of cancer patients,
we are carrying out a variety of preclinical studies on
xenogeneic vaccines to apply for clinical trials for the
treatment of patients with advanced cancer.
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