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The elevated expression and receptor binding of gastrin-releasing peptide (GRP) in various types of
cancer, especially in malignant melanoma of the skin, suggest that GRP might be a putative target for
immunotherapy in neoplastic diseases. We have therefore constructed a novel DNA vaccine coding for six
tandem repeats of a fragment of GRP from amino acids 18 to 27 (GRP6) flanked by helper T-cell epitopes
for increased immunogenicity, including HSP65, a tetanus toxoid fragment from amino acids 830 to 844
(T), pan-HLA-DR-binding epitope (PADRE) (P), and two repeats of a mycobacterial HSP70 fragment from
amino acids 407 to 426 (M). The anti-GRP DNA vaccine (pCR3.1-VS-HSP65-TP-GRP6-M2) was con-
structed on a backbone of a pCR3.1 plasmid vector with eight 5�-GACGTT-3� CpG motifs and the
VEGF183 signal peptide (VS). Intramuscular (IM) injections of anti-GRP vaccine in mice stimulated the
production of high titers of specific antibodies against GRP and suppressed the growth of subcutaneous
tumors of B16-F10 melanoma cells. Parallel results were obtained in vitro, showing inhibition of B16-F10
cell proliferation by GRP antisera. IM injections of the DNA vaccine also significantly attenuated
tumor-induced angiogenesis associated with intradermal tumors of B16-F10 cells. In addition, lung
invasion of intravenously injected cells was highly diminished, suggesting potent antimetastatic activity of
the DNA vaccine. These findings support the highly immunogenic and potent antitumorigenic activity of
specific anti-GRP antibodies elicited by the anti-GRP DNA vaccine.

In recent years, gastrin-releasing peptide (GRP) has been
shown to be a potent mitogen for a variety of tumors (23).
GRP plays an important role in human cancers exerting
autocrine, paracrine, or endocrine growth factor effects
(34). The GRP receptor (GRPR) is expressed aberrantly in
various cancer cells (23), and GRP binding appears to acti-
vate multiple cellular signaling pathways, resulting in cellu-
lar proliferation and tumor formation (2, 8). Moreover,
bombesin-like peptide (BLP) family members are involved
in many steps of tumor progression, including angiogenesis
(9, 14, 20) and distant metastasis (19, 22), resulting in in-
creased aggressiveness and poorer prognosis of tumors.

Various GRPR antagonists, anti-GRP antibodies, and cy-
totoxic immunocomplexes have exhibited impressive antitu-
moral activity both in vitro and in vivo against human and
murine tumors (3). DNA vaccines targeting GRP represent
another promising approach. However, a key issue in devel-
oping subunit DNA vaccines is their relatively weak immu-

nogenicity. The effectiveness of subunit vaccines could be
increased by delivering them with adjuvants. Previous stud-
ies have demonstrated that the mycobacterial 65-kDa heat
shock protein (HSP65) exhibits strong immunogenicity and
contains strong T-cell epitopes presented by major histo-
compatibility complex class II molecules; accordingly, it has
been used as a helper T-cell epitope for delivering B-cell
epitopes in vivo (24). The low immunogenicity of self-pep-
tides can also be overcome by immunization with immuno-
gens containing multiple copies of the self-peptides in linear
alignment (36). In addition, unmethylated bacterial DNA
oligonucleotides (CpG motifs) (16) and synthetic peptides
representing helper T-lymphocyte epitopes, such as those
encoded by a tetanus toxoid fragment from amino acids 830
to 844 (tetanus toxoid 830–844) (18), pan-HLA-DR-binding
epitope (PADRE) (1), or mycobacterial HSP70 fragment
407 to 426 (HSP70407–426) (32), can be incorporated as im-
munoadjuvants in vaccines to augment immunogenicity and
promote biostable antibody response.

In this study, we constructed anti-GRP DNA vaccines incor-
porating various immunoadjuvants and tested whether they
could induce strong humoral responses in immunized mice.
The efficacy of the anti-GRP DNA vaccines against tumor-
associated angiogenesis or distant metastases was evaluated
with various tumor models utilizing the well-characterized
mouse melanoma B16-F10 cell line.

* Corresponding author. Mailing address: Minigene Pharmacy Lab-
oratory, Biopharmaceutical College, China Pharmaceutical University,
24 TongjiaXiang, Nanjing 210009, China. Phone for Jingjing Liu: 86-
25-83271242. Fax: 86-25-83204240. E-mail: minigene1@yahoo.com.cn.
Phone for Taiming Li: 86-25-83271369. Fax: 86-25-83204240. E-mail:
minigene2@yahoo.com.cn.

† Jing Fang and Yong Lu contributed equally to this paper.
� Published ahead of print on 20 May 2009.

1033



MATERIALS AND METHODS

Animals. For all experiments, 5-week-old male C57BL/6 mice, purchased from
the Chinese Academy of Medical Sciences and housed under pathogen-free
conditions, were used.

Tumor cell lines. The B16-F10 cell line was obtained from the Institute of
Biochemistry and Cell Biology of the Chinese Academy of Sciences, Beijing,
China. Tumor cells were cultured in growth medium containing Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal bovine serum, 2 mmol/
liter glutamine, 100 U/ml penicillin, and 100 �g/ml streptomycin at 37°C under
a humidified atmosphere of 95% air-5% CO2.

Construction of DNA vaccines. Plasmid pCR3.1 (Invitrogen Corp., CA) con-
taining eight 5�-GACGTT-3� CpG motifs was used as the backbone for the
construction of the DNA vaccines. The DNA fragment encoding HSP65 was
PCR amplified from Mycobacterium bovis BCG DNA template as described
previously (35). DNA fragments encoding the VEGF183 signal peptide (VS),
tetanus toxoid 830–844, PADRE, a fragment of human GRP from amino acids
18 to 27 (GRP18–27), and mycobacterial HSP70407–426 were all chemically syn-
thesized. The VS cDNA was inserted downstream of the cytomegalovirus pro-
moter pCMV, followed sequentially by the genes coding for HSP65, tetanus
toxoid 830–844 (T), and PADRE (P). Six tandem repeats of the human
GRP18–27 gene (GRP6) were inserted downstream of the PADRE gene. Tandem
repeats (from one to three) of the HSP70407–426 gene (M) were then placed
downstream of GRP6. These resulted in five DNA vaccines, which were designated
pCR3.1-VS-HSP65-GRP6, pCR3.1-VS-HSP65-TP-GRP6, pCR3.1-VS-HSP65-TP-
GRP6-M1, pCR3.1-VS-HSP65-TP-GRP6-M2 (Fig. 1A), and pCR3.1-VS-HSP65-
TP-GRP6-M3. Plasmid DNA lacking the GRP6 genes (pCR3.1-VS-HSP65-TP-M2)
served as the vaccine control. All constructed DNA vaccines and the control were
verified by DNA sequencing.

DNA immunization. Plasmid DNA used for immunization was purified using
a Qiagen plasmid mega kit (Qiagen, Germany) and suspended in sterile saline at
a concentration of 1 �g/�l. A total of eight C57BL/6 male syngeneic mice (n �
8) were used for each experimental group (one group for each of the six plasmid
DNAs, including the saline control group). Mice were anesthetized via intramus-
cular (IM) injections in the anterior thigh with 100 �l of 0.25% bupivacaine
hydrochloride solution. Afterward, mice received IM injections of 100 �l of each
of the plasmid DNA vaccines (1 �g/�l) or saline. Booster injections were given
every other week (weeks 3, 5, and 7) using the same protocol.

Characterization of anti-GRP antibodies. The amount of anti-GRP antibodies
in the immune sera was determined by enzyme-linked immunosorbent assays
(ELISA) as described by Yi et al. (36), using recombinant human VEGF121-
GRP18–27 (rhVEGF121-GRP18–27) proteins (10 �g/well) as an immunogen. As-
says for each sample were performed in duplicate. For determination of the
anti-GRP antibody titers, sera collected at week 9 with different dilutions were
tested by using the ELISA method. Preimmune serum was used as the negative
control. Antibody titers was defined as the maximum serum dilution that man-
ifested an ELISA optical density (OD) reading that was at least 5 standard
deviations greater than the mean OD obtained for wells that contained preim-
mune serum. The specificity of anti-GRP antibodies was determined by immu-
noblotting that was similar to that described previously (35), with purified fusion
proteins rhVEGF121-GRP18–27 and rhVEGF121 as immunogens. Reduction of
rhVEGF121-GRP18–27 and rhVEGF121 was performed by incubation of the
recombinant proteins with 10 mM dithiothreitol (DTT) at 50°C for 30 min.

Determination of relative avidity of antibodies. The method for avidity assays
was similar to that described by Pullen et al. (25). Briefly, ELISA plates were
coated with 100 �l/well of recombinant rhVEGF121-GRP18–27 proteins (10
�g/well). Plates were blocked and then incubated with 100 �l of 1:100 diluted
sera (pCR3.1-VS-HSP65-TP-GRP6-M2 and pCR3.1-VS-HSP65-TP-GRP6 im-
munization group, week 9) per well. After incubation, the wells were washed and
incubated with 100 �l of serial dilutions of 0 to 3 M sodium thiocyanate (NaSCN;
Sigma), a chaotropic compound that interferes with the antigen-antibody reac-
tion, in phosphate-buffered saline (PBS). The wells were incubated for 15 min at
room temperature before being washed. The remainder of the assay was done in
a manner similar to that for the ELISA analysis.

Cell proliferation assay. The effects of the GRP1–27 full peptide or sera from
immunized mice on the proliferation of B16-F10 cells were measured using a
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay
(7). Briefly, B16-F10 cells plated on 96-well plates at 1 � 104 cells per well were
incubated with serial dilutions of the GRP1–27 peptide (Sigma) or 1:3 and 1:10
diluted sera for 48 h followed by incubation with 20 �l of MTT for 4 h. At the
end of the incubation, absorbances were read at 570 nm. All assays were per-
formed in triplicate.

In vivo tumor studies. Mice were immunized four times every 2 weeks fol-
lowed by subcutaneous injections of 1 � 106 B16-F10 cells into the left flank.
After 14 days, animals were sacrificed, and solid tumors were excised and
weighed.

In vivo angiogenesis assay. To investigate the effects of anti-GRP DNA vac-
cines on tumor angiogenesis in vivo, an intradermal tumor model using B16-F10
cells was used. Tumor-associated angiogenesis was quantified by vessel counting
methods described previously (17). Briefly, mice immunized four times every 2
weeks were injected intradermally with 1.0 � 106 B16-F10 cells in 50 �l of PBS
at two sites in the anterior abdominal wall. When the tumors reached �4 mm in
diameter, the flap of the abdominal wall skin containing the injected cells was
removed. Sections were examined by light microscopy at low magnification
(�10), and the total number of blood vessels (major vessels and branch points)
was determined within a 1-cm2 area around each implant site.

In vivo assay for tumor metastasis. Mice immunized four times every 2 weeks
were injected intravenously with 1.0 � 105 B16-F10 cells into the tail veins. After
21 days, mice were sacrificed, and each body organ was examined grossly for the
presence of metastatic tumor nodules.

Statistical analysis. Data were collected and subjected to statistical analyses
using Student’s t test. Differences were considered significant at a P value of
�0.05.

RESULTS

DNA vaccines elicited production of specific antibodies
against GRP. To investigate whether DNA vaccines containing
six tandem repeats of GRP18–27 could evoke a strong humoral
immune response, we compared the levels of GRP-specific
immunoglobulin G (IgG) in the sera collected from immunized
mice by ELISA (Fig. 1B and Table 1). Sera samples were
collected 1 week, 3 weeks, 5 weeks, 7 weeks, and 9 weeks after
the initial immunization. All GRP-based DNA vaccines, com-
pared with the control vaccine (pCR3.1-VS-HSP65-TP-M2) or
the saline control, greatly increased titers of specific anti-GRP
antibodies 5 weeks postinoculation, and the antibody levels
remained high for up to 9 weeks postinoculation. Among the
GRP-based vaccines, the anti-GRP antibody titers in mice
immunized with the plasmid containing two copies of the my-
cobacterial HSP70407–426 gene (M) were highest at 9 weeks
postimmunization.

The specificity of antibodies elicited in immunized mice was
established with immunoblots using the rhVEGF121-GRP18–27

fusion protein as the antigen (Fig. 1C). Both the rhVEGF121-
GRP18–27 fusion protein and rhVEGF121 are capable of form-
ing homodimers through the disulfide bonds between mono-
mers (11). Antibodies from mice immunized with pCR3.1-VS-
HSP65-TP-GRP6-M2 reacted with the rhVEGF121-GRP18–27

fusion protein (lanes 2 and 3) but not with the rhVEGF121
proteins (lanes 4 and 5). Under nonreducing conditions, two
reactive bands consistent with the sizes of the dimer and mono-
mer of the rhVEGF121-GRP18–27 (lane 2) were observed; un-
der reducing conditions, a single reactive band (lane 3) com-
patible with the size of the rhVEGF121-GRP18–27 monomer
(lane 2) was observed. These findings suggest that the anti-
bodies in the immune sera specifically recognized the GRP
antigen.

To further investigate the relationship between the antibody
titers and the biological effects of the GRP vaccines, avidity
assays were performed with antisera from mice (n � 8, week 9)
immunized with pCR3.1-VS-HSP65-TP-GRP6 or pCR3.1-VS-
HSP65-TP-GRP6-M2. The relative avidities of antibodies were
observed based on the concentrations of NaSCN required to
depress the OD at 450 nm to half its initial value. The mean
relative avidity of antibodies in the group vaccinated with
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pCR3.1-VS-HSP65-TP-GRP6-M2 was significantly higher
than that from the group immunized with pCR3.1-VS-HSP65-
TP-GRP6 (1.18 � 0.15 versus 0.66 � 0.14 M, P � 0.0001)
(Fig. 1D).

The GRP1–27 peptide stimulated the proliferation of B16-
F10 cells in vitro. To determine the effect of GRP on malig-
nant melanoma cells, B16-F10 cells plated on 96-well plates
were incubated with the full GRP peptide (GRP1–27) in con-
centrations of 10	5 mol/liter to 10	11 mol/liter. The number of

TABLE 1. Titers of anti-GRP antibodies determined by ELISA

Group Antibody titer (log2)a

pCR3.1-VS-HSP65-GRP6 ..............................................10.56 � 0.81
pCR3.1-VS-HSP65-TP-GRP6 ........................................10.68 � 1.07
pCR3.1-VS-HSP65-TP-GRP6-M1 .................................10.37 � 0.76
pCR3.1-VS-HSP65-TP-GRP6-M2 .................................14.84 � 0.99b

pCR3.1-VS-HSP65-TP-GRP6-M3 .................................10.49 � 0.61

a Sera for detection of antibody titers were collected at week 9 after the initial
immunization. Values are means � standard deviations; there were eight mice in
each experimental group.

b P � 0.01 by Student’s t test.

FIG. 1. Characterization of GRP-specific IgG from immunized mice. (A) Schematic diagram of pCR3.1-VS-HSP65-TP-GRP6-M2. In this DNA
vaccine, the VS cDNA (VS) was placed under the control of promoter pCMV (arrow), followed sequentially by the genes encoding for HSP65 (black
box), tetanus toxoid 830–844 (T), PADRE (P), six tandem repeats of human GRP18–27 (6 X hGRP 18–27; GRP6), and two copies of mycobacterial
HSP70407–426 (mHSP70 407–426; M2). (B) Mice immunized with pCR3.1-VS-HSP65-TP-GRP6-M2 produced the highest titers of anti-GRP antibody
than any other groups, especially at 7 weeks (wks) after the initial immunization (P � 0.001). OD450, OD at 450 nm; KD, kilodaltons. (C) Specificity of
anti-GRP antibodies was verified using immunoblot analysis. Proteins transferred onto nitrocellulose membranes were stained with Ponceau red (a) or
incubated with sera from immunized mice (b). Lanes 1, protein markers; lanes 2, rhVEGF121-GRP18–27 without DTT; lanes 3, rhVEGF121-GRP18–27
with DTT; lanes 4, rhVEGF121 without DTT; lanes 5, rhVEGF121 with DTT. (D) Anti-GRP antibodies from sera of mice immunized with
HSP70-containing plasmids had relative avidity significantly (P � 0.0001) higher than that for the group without, according to modified ELISA.
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B16-F10 cells increased in a dose-dependent fashion in direct
relation to the concentration of the full-length GRP1–27 pep-
tide (Fig. 2A). Significant mitogenic effects, compared with
those for the control, were observed initially starting at 10	8

mol/liter (stimulation rate, 19.5%; P � 0.05) and further in-
creased at higher doses, with a stimulation rate of 41.7% at
10	5 mol/liter.

Sera from immunized mice inhibited the growth of B16-F10
cells in vitro. To evaluate the inhibition effect of sera from
immunized mice on B16-F10 cells in vitro, cultured cells were
incubated with medium-diluted PBS, preimmunized serum,
sera (n � 8) from mice immunized with pCR3.1-VS-HSP65-
TP-M2, or sera (n � 8) from mice immunized with pCR3.1-
VS-HSP65-TP-GRP6-M2. The growth of B16-F10 cells was
significantly suppressed by GRP antisera in a dose-dependent
manner (Fig. 2B).

The anti-GRP vaccine suppressed the growth of subcutane-
ous B16-F10 tumors. B16-F10 cells injected subcutaneously
formed large solid tumors in nonimmunized mice (saline) or in
mice injected with a non-GRP-containing plasmid (pCR3.1-
VS-HSP65-TP-M2). The tumor sizes decreased progressively
in mice immunized with the anti-GRP vaccine (pCR3.1-VS-
HSP65-TP-GRP6-M2) (Fig. 2C). The average weight of solid
tumors in mice immunized with pCR3.1-VS-HSP65-TP-
GRP6-M2 was significantly lower than that for mice in the

saline group (0.517 � 0.203 g versus 1.671 � 0.579 g; P �
0.0001) or for mice injected with the control vaccine (0.517 �
0.203 g versus 1.475 � 0.835 g; P � 0.0001) (Fig. 2D).

The anti-GRP vaccine inhibited angiogenesis associated
with intradermal B16-F10 tumors. To assess the effect of the
immune response on tumor-associated angiogenesis induced
by anti-GRP DNA vaccine pCR3.1-VS-HSP65-TP-GRP6-M2,
B16-F10 tumor cells were implanted intradermally at two sites
in the abdominal region. It took approximately 7 days for the
cells to form �4-mm intradermal tumors in the two control
groups; however, the growth of intradermal tumors in pCR3.1-
VS-HSP65-TP-GRP6-M2-immunized group was slightly de-
layed and required almost 11 days to form �4-mm tumors. As
shown in Fig. 3A, tumor cells implanted intradermally were
associated with significant angiogenesis. The total number of
blood vessels around each implant site from pCR3.1-VS-
HSP65-TP-GRP6-M2-immunized mice was significantly lower
than that from the saline group (22 � 4 versus 72 � 14; P �
0.01) or from non-GRP-containing plasmid-immunized
mice (22 � 4 versus 63 � 19; P � 0.01) (Fig. 3B). There were
no significant differences between the two control groups
(P 
 0.5).

The anti-GRP vaccine inhibited lung metastasis of intrave-
nous B16-F10 tumors. To further test the efficacy of the anti-
GRP vaccine, the extent of lung metastasis by intravenously

FIG. 2. Effects of GRP and the anti-GRP vaccine on the proliferation of tumor cells. (A and B) GRP peptides stimulated the proliferation of
cultured B16-F10 cells in a dose-dependent manner (*, P � 0.05; **, P � 0.01) (A), while GRP antisera suppressed their growth (*, P � 0.05),
as seen with an MTT assay (B). OD570, OD at 570 nm. (C) Immunization scheme. Arrows indicate immunizations (a); the tumors were extracted
from mice immunized with saline (b; control, n � 8), pCR3.1-VS-HSP65-TP-M2 (c; control, n � 8), or pCR3.1-VS-HSP65-TP-GRP6-M2 (d; n �
8) 14 days after the tumor cell challenge. (D) Tumor weights from mice immunized with pCR3.1-VS-HSP65-TP-GRP6-M2 were significantly lower
than those from the saline group or the vaccine control group. ***, P � 0.001.
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administered tumor cells in the tail vein of immunized mice
was evaluated. Metastatic tumor nodules were often detected
in the lungs 21 days after injection of tumor cells (Fig. 4A). The
average weight of lungs of mice immunized with pCR3.1-VS-
HSP65-TP-GRP6-M2 was significantly lower than that of the
saline group (0.215 � 0.020 g versus 0.301 � 0.068 g; P � 0.05)
or the pCR3.1-VS-HSP65-TP-M2 control group (0.215 �
0.020 g versus 0.289 � 0.087 g; P � 0.05) (Fig. 4B), which
indicates that fewer metastases were formed in the lungs of the
anti-GRP DNA vaccine-immunized group. In addition, the
average number of metastatic nodules in mice immunized with
pCR3.1-VS-HSP65-TP-GRP6-M2 was significantly less than
that in mice that received saline (37.2 � 9.4 versus 88.0 � 22.6;
P � 0.001) or in mice in the pCR3.1-VS-HSP65-TP-M2 control
group (37.2 � 9.4 versus 79.3.0 � 16.8; P � 0.001) (Fig. 4C).
There were no significant differences between results for the
two control groups (P 
 0.5).

DISCUSSION

The main obstacle in developing subunit cancer vaccines
targeting self-proteins is the low immunogenicity of their
epitopes. Our previous study has established that the increased
immunogenicity as well as antitumor effects of immunogens
containing tandemly repeated B- or T-cell epitopes is associ-
ated with the increased copy number of the target sequence
(35). These results could be due to the enhanced recognition of
the tandemly repeated self-epitope by Th1 cells, resulting in
efficient inhibition of Th1 cells and a consequent increase in
recruitment of Th2 cells (10). In this study, human GRP18–27

was chosen as the target epitope (21). The GRP epitope was
tandemly repeated six times in order to enhance the humoral
immune response. To further enhance the immunogenicity of

the DNA vaccine, HSP65, tetanus toxoid 830–844, PADRE,
and mycobacterial HSP70407–426 were used as fusion partners.
Our results showed that the DNA vaccine pCR3.1-VS-HSP65-
TP-GRP6-M2, containing two tandem repeats of the
mHSP70407–426 epitope (M2), generated the highest titers of
anti-GRP antibodies among the DNA vaccines.

HSP70407–426, located in the 70-kDa microbial protein
HSP70, has been identified as a major epitope stimulating
tumor necrosis factor alpha, interleukin-12, and CCL-5 in
monocytes and dendritic cells, comparable to those stimulated
by native HSP70 (32). Interestingly, the plasmid coding for two
copies of HSP70407–426 showed a stronger immune-stimulatory
potential than the one with three copies of HSP70407–426. It
could be speculated that the reasons for this phenomenon are
as follows. (i) Although mer-epitope effects can induce stron-
ger immunogenicity of the epitope, as the number of epitope
copies increases, the immunogenicity of the epitope becomes
stronger, and then this effect could reach a crucial point at
which the number is still increasing while the immunogenicity
decreases (based on unpublished data from our lab). Thus, it is
not the immunogen with more copies of the epitopes but
rather the moderate one which can induce the strongest im-
mune responses. (ii) The HSP70407–426 epitope in these plas-
mids is the T-helper epitope, and the leading role should be
played by GRP epitope. Too many repeated copies of
HSP70407–426 will decrease the immune responses to GRP. The
exact mechanism underlying this phenomenon is now under
detailed investigation in our lab.

The growth of B16-F10 cells has been shown to be regulated
by both GRP and monoclonal antibodies in vitro. Our data
demonstrate that the anti-GRP DNA vaccine was highly effi-
cacious against B16-F10 tumors in vivo. High titers of GRP-
specific antibodies could neutralize elevated levels of the GRP

FIG. 3. Effects of the anti-GRP vaccine on the growth and angiogenesis of intradermal tumors. (A) Light microscope picture of B16-F10 tumor
cells implanted intradermally in the anterior abdominal wall and the development of new blood vessels. Tumor-associated angiogenesis in mice
injected with saline (a and b) and the pCR3.1-VS-HSP65-TP-M2 control vaccine (c and d) appeared to be significantly greater than in mice
immunized with the pCR3.1-VS-HSP65-TP-GRP6-M2 anti-GRP vaccine (e and f). Representative images were taken with an objective that was
�10 (a, c, and e) or higher (b, d, and f). (B) The total number of blood vessels was determined within the precise 1-cm2 area around each implant
site. **, P � 0.01.
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self-peptide made by tumor cells, thereby blocking activation
of GRPR in malignant melanoma cells. Very recently and in
analogy, Garcia et al. (6) reported the humoral immune re-
sponse of patients enrolled in a randomized phase II clinical
trial, in which an epidermal growth factor (EGF) vaccination
blocked the binding of EGF to its receptor (EGFR), slowing
down tumor cell proliferation, which correlated with survival in
vaccinated non-small-cell lung cancer patients. The strategy of
exploiting anti-EGF autoantibodies to block the EGF/EGFR
autocrine loop reduces the growth rate of EGF-dependent
tumors, which can also support the function of anti-GRP au-
toantibodies in blocking the GRP/GRPR autocrine loop of
GRP-dependent tumors.

Studies have demonstrated that GRP could contribute to the
increased metastatic potential of cancers through the stimula-
tion of proangiogenic gene expression. GRP has been reported
to stimulate GPRR-induced NF-�B activation and upregula-
tion of interleukin-8 gene expression (20) as well as the ex-
pression of various angiogenic markers, including PECAM-1

and VEGF, and to increase phosphorylated Akt levels (14). To
our knowledge, our study is the first to demonstrate that im-
mune responses induced by the pCR3.1-VS-HSP65-TP-
GRP6-M2 anti-GRP vaccine significantly reduced tumor-asso-
ciated angiogenesis and vascularization of solid tumors.

The metastatic spread of cancer cells to different organs
represents the major cause of death in cancer patients. BLPs
have been shown to stimulate invasion and/or migration of
many tumor cell lines (3, 23). BLPs mediate tumor cell inva-
sion and metastasis by stimulating the expression and activa-
tion of several integrins, PP125FAK tyrosine phosphorylation,
and MMP-9 (4, 5, 19, 28, 33). Bombesin significantly increased
the incidence of peritoneal metastasis from gastric cancers and
intestinal adenocarcinomas (30, 31). Very recently, Qiao et al.
have demonstrated that GRPR silencing suppressed the met-
astatic potential of neuroblastoma (26). In the current study,
we showed for the first time that anti-GRP vaccine-activated
GRP immune deprivation suppressed the lung metastasis of
intravenously injected tumor cells. The inhibition of tumor
invasion to the lungs could be attributed to the following: (i)
inhibition of the proliferation of B16-F10 cells invading the
lungs and suppression of tumor-associated angiogenesis (29);
(ii) downregulation of PKC (27), resulting in antimetastatic
effects (37); (iii) upregulation of wild-type p53 (13), leading to
the induction of apoptosis of B16-F10, which has very low
levels of endogenous p53 (12); or (iv) antigenic epitopes in
degenerating B16-F10 cells engulfed by immune-activated an-
tigen-presenting cells could be presented to cytotoxic T lym-
phocytes, leading to a potent immune response against the
remaining tumor cells (15).

In conclusion, we have demonstrated for the first time that
immune responses which are elicited by a novel anti-GRP
DNA vaccine suppress the proliferation and growth of mela-
noma tumors in mice. The antiangiogenesis and antimetastas-
tic activities of this DNA vaccine suggest a novel approach
against various cancers, especially malignant melanoma.
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