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Abstract
AIM: To develop an oral DNA vaccine against gastric cancer
and evaluate its efficacy in mice.

METHODS: The genes of the MG7-Ag mimotope and a
universal Th epitope (Pan-DR epitope, PADRE) were
included in the PCR primers. By PCR, the fusion gene of
the two epitopes was amplified. The fusion gene was
confirmed by sequencing and was then cloned into pcDNA3.
1(+) plasmid. The pcDNA3.1 (+)-MG7/PADRE was used
to transfect an attenuated Salmonella typhimurium.
C57BL/6 mice were orally immunized with 1×108 cfu
Salmonella transfectants. Salmonella harboring the empty
pcDNA3.1(+) plasmid and phosphate buffer saline (PBS)
were used as negative controls. At the 6th week, serum
titer of MG7-Ag specific antibody was detected by ELISA.
At the 8th week cellular immunity was detected by an
unprimed proliferation test of the spleenocytes by using
a [3H]-thymidine incorporation assay. Ehrlich ascites
carcinoma cells expressing MG7-Ag were used as a model
in tumor challenge assay to evaluate the protective effect
of the vaccine.

RESULTS: Serum titer of antibody against MG7-Ag was
significantly higher in mice immunized with the vaccine than
that in control groups (0.841 vs 0.347, P<0.01; 0.841 vs
0.298, P<0.01), while in vitro unprimed proliferation assay
of the spleenocytes showed no statistical difference
between those three groups. Two weeks after tumor
challenge, 2 in 7 immunized mice were tumor free, while
all the mice in the control groups showed tumor formation.

CONCLUSION: Oral DNA vaccine against the MG7-Ag
momitope of gastric cancer is immunogenic. It can induce
significant humoral immunity against tumor in mice, and
the vaccine has partially protective effects.
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INTRODUCTION
Gastric cancer is the most common malignant tumor in China
and the second most common malignancy around the world.
Conventional intervention measures such as operation and
chemotherapy work poorly in treating gastric cancer. And with
few tumor-specific antigens identified, there are few effective
vaccines developed to combat gastric cancer. MG7-Ag,
discovered by our institute, is a kind of gastric cancer-specific
tumor-associated antigen. Detecting the serum anti-MG-Ag
antibody serves as a preliminary test in the diagnosis for gastric
cancer and could be used for the surveillance of relapse and
the appraisal of treatment efficacy[1]. MG7-Ag can be used as
an indicator for high risk of malignant change in stomach
mucosa dysplasia[2]. Primary study showed that MG7-Ag could
elicit significant specific immune response against gastric
cancer, suggesting that it could be an excellent target for cancer
vaccine development. However, due to its unknown identity,
it is much difficult to isolate and purify MG7-Ag from tumor
tissues. Recently, we have identified the mimotopes of MG7-
Ag by screening the phage display library, and the mimotopes
could mimic the primary antigen efficiently, as shown by in
vitro and in vivo assays[3, 4]. We reported here for the first time
the development of an oral DNA vaccine by using the MG7-
Ag mimotope of gastric cancer.

MATERIALS AND METHODS

Plasmids and bacteria
The plasmid pcDNA3.1(+) was purchased from Invitrogen
Corporation. And the pEGFP plasmid containing the enhanced
green fluorescence protein (EGFP) gene was purchased from
Clontech Corporation. Attenuated Salmonella typhimurium
SL3261 strain was used as the oral vector to develop the vaccine.

Construction of eukayotic expression vector of MG7-Ag
momitope fused with a helper T cell epitope PADRE
Two pairs of PCR primers (P1.1, P1.2 and P2.1, P2.2) were designed
by using Primer Premiere 5.0 software. The sense primers
(P1.1 and P2.1) were both 5’-CGATGTACGGGCCAGATA
TACGCG-3’, corresponding to the 209-232 bp sequence of
pcDNA3.1(+). Reverse primer P1.2 was 5’-ACTTCCTC
CTCCTTTTGTATGCACA TGAGGTTTCATGGTGGCAA
GCTTCCTACCGCCCATTTGCGT, corresponding to the
reverse complementary sequence of 768-785 bp sequence of
pcDNA3.1(+), Hind III digestion site, Kozak sequence, and the
sequence of the MG7-Ag mimotope. Reverse primer P2.2 was
5’-TTAAGCAGCAGCTTTAAGTGTCCAAGCAGCCAC
AAATTTAGCACTTCCTCCTCCTTTTGTATGCA-3’,
corresponding to the reverse complementary sequence of the
MG7-Ag mimotope and the universal Th epitope PADRE. Two
PCR reactions were performed to incorporate the mimotope
and the PADRE into a fragment of pcDNA3.1(+) plasmid. In
this case, the pcDNA3.1 fragment was used as a carrier to
facilitate further manipulations. For the first PCR reaction,
template was plasmid pcDNA3.1(+), and primers were P1.1 and
P1.2. By using the product of the first PCR as template, a second
PCR was performed with primers P2.1 and P2.2 to incorporate
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the PADRE epitope into the yielding fragment. The final PCR
product was visualized by agarose electrophoresis and was then
cloned into pUCm-T vector and sequenced on ABI PRISMTM

377 sequencer. Then, the PCR product was subcloned into
pcDNA3.1(+) vector from the pUCm-T vector. By restrictive
enzyme digestion with Hind III, the non-relevant plasmid
fragment was removed from the final recombinant vector
pcDNA3.1(+)-MG7/PADRE. The vector was sequenced to
confirm the proper encoding sequence.

Construction of oral DNA vaccine and in vitro experiment using
attenuated Salmonella typhimurium as the oral DNA vector
To get the oral DNA vaccine, the pcDNA3.1(+)-MG7/PADRE
vector was transduced into the attenuated Salmonella
typhimurium SL3261 by electroporation (2.5 kV, 25 µF, 200
Ω, pulse time 0.0326S). Plasmid in the Salmonella transfectant
was extracted and used as template, and PCR was performed
by using primer P1.1 and primer P2.2 to verify the successful
transfection. The PCR product underwent agarose
electrophoresis for visualization. An in vitro experiment was
performed by using the SL3261 strain as the oral vector of
DNA vaccine according to reference[5]. Briefly, eukaryotic
expression vector of the enhanced green fluorescence protein
was transduced into the attenuated Salmonella typhimurium
SL3261. The transfectants were coincubated with murine
peritoneal macrophage at 37  for 30 min. SL3261 harboring
the empty pcDNA3.1(+) plasmid was used as negative control.
Gentamycin was added into the culture media to kill the
extracellular beacteria. Four hours later, tetracycline was added
to kill the intracellular bacteria. The infected macrophages were
cultured for 48 hours, and were then examined by flow cytometry
(FCM) for the expression of green fluorescence protein.

Immunization of the mice and immune response examination
Thirty-five female 4-week-aged C57BL/6J mice weighing 15-
20g were used in the immunization assay. They were randomly
divided into 3 groups, which were orally given the PBS solution
(10 mice, PBS control), the attenuated Salmonella SL3261
harboring the empty pcDNA3.1(+) plasmid (10 mice, empty
control) or the oral DNA vaccine SL3261 strain harboring the
pcDNA3.1(+)-MG7/PADRE (15 mice, immunization group).

Before immunization, all the mice were starved overnight and
pre-administered with 100 µl 10 g/L NaHCO3 solution. Each
time, 100 µl PBS (pH7.6) was given to the mice in PBS control
group, and 1×108 Salmonella typhimurium were given to the
mice in the empty control and immunization group. PBS and
Salmonella typhimurium were given to the mice by orogastric
inoculation. Immunization was repeated every two weeks. At
the 6th week after the first immunization, sera from the mice
(5 mice from each group) were prepared and 1:80 diluted. By
coating KATO III cells expressing the MG7-Ag on the plates,
a cellular ELISA was performed to detect the antibody against
MG7-Ag. At the 8th week, the splenocyte suspension was
prepared, and an unprimed proliferation test of the splenocytes
was performed by a [3H]-thymidine incorporation assay[6] with
a few modifications. Briefly, splenocyte suspension of the mice
from three groups was prepared. 1×106 cells were plated into
each well of 96-well plate. Into each well, 1×105 mytocin C-
pretreated autologous antigen-presenting cells (APC) were
added. The cells were incubated with 50 µg/ml synthetic MG7-
Ag mimotope peptide for 4 hours. The cells were washed and
cultured for 3 days. Then cells were incubated for 6 hours with
74MBq/L of [3H]thymidine. The plates were harvested, and
the proliferative response of the splenocytes was examined by
measuring the β counts of the cells. To further investigate the
efficacy of the oral DNA vaccine, the tumor challenge assay
was performed. Ehrlich ascites carcinoma cells (EAC) were
immunostained with MG7 antibody to verify the presence of
the MG7-Ag. Then 1×107 EAC cells were injected into the
abdominal cavity of the mice in each group. The number of
tumor-bearing mice and the survival rate of each group were
observed.

RESULTS

Construction of the oral DNA vaccine
By PCR, MG7-Ag mimotope and PADRE were fused together
and incorporated into a fragment of the pcDNA3.1(+) (Figure
1). The proper coding of the epitopes was confirmed by
sequencing (Figure 2). The PCR product was subcloned into
pcDNA3.1(+). And by Hind III digestion, the fragment of the
pcDNA3.1 in the PCR product was removed (Figure 3).

Figure 1  Incorporation of the epitope gene into the pcDNA3.1 fragment by PCR: A product of 620bp was amplified by the first
PCR (a), and a fragment of 660bp was amplified by the second PCR (b).
Figure 2  Hind III digestion of the recombinant plasmid after subcloning the PCR product into pcDNA3.1(+) from the pUCm-T
vector: A fragment of 660bp was released (c), which corresponded to the size of the carrier fragment.
Figure 4  PCR identification of the pcDNA3.1(+)-MG7/PADRE plasmid harbored by the Salmonella typhimurium SL3261: By PCR,
a fragment of 800bp was amplified (d), suggesting the existence of epitope genes and removal of carrier fragment.

AAG CTT GCC ACC ATG AAA CCT CAT GTG CAT ACA AAA GGA GGA GGA AGT GCT AAA TTT
Hind III         Kozak      M       K       P       H      V      H      T       K       G       G       G        S      A       K      F

GTG GCT GCT TGG ACA CTT AAA GCT GCT GCT TAA
   V        A      A      W     T      L       K       A      A      A      Z

Figure 3  Sequencing of PCR product (partial sequence): By PCR, the two epitopes were fused together and incorporated into a
pcDNA3.1 fragment. The amino acid sequence of KPHVHTKGGGS correspondeds to the sequence of MG7-Ag mimotope.
AKFVAAWTLKAAZ corresponds to the sequence of universal Th epitope PADRE.
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     The pcDNA3.1(+)-MG7/PADRE was transduced into the
attenuated Salmonella typhimurium SL3261 by eletroporation.
Plasmid from the transfectant was extracted and used as
template. By PCR, it was verified that the plasmid harbored
by the SL3261 transfectant was pcDNA3.1(+)-MG7/PADRE
(Figure 4).

In vitro assay using Salmonella typhimurium as oral DNA
vaccine vector
Forty-eight hours after infection with Salmonella typhimurium,
fluorescence intensity of macrophages infected by the
Salmonella harbouring the pcDNA3.1(+)-EGFP was 0.927 and
the percentage of fluorescent cells was 40.6 %, which was
significantly higher than that of than the control (0.345 P<0.01
and 3.8 % P<0.01 respectively). Our result showed that
pcDNA3.1(+)-EGFP plasmid was transferred into the
macrophages from the bacteria and was expressed by the
macrophages, suggesting that the SL3261 strain could be used
as the oral DNA vaccine vector.

Immune response induced by the oral DNA vaccine
No diarrhea was seen in the mice given the Salmonella
typhimurium harbouring either the vaccine DNA or the empty
pcDNA3.1(+) vector. And no Salmonella infection-associated
death occurred in the end of the experiments. Six weeks after
the first immunization, serum titre of the antibody against MG7-
Ag was significantly increased in the vaccine-immunized mice,
while no significant titre of MG7 antibody was detected in the
control groups. There was a significant difference between the
vaccine-immunized group and the control groups (P<0.05),
while no difference was detected between the two control
groups (P<0.05, Table 1). In vitro unprimed proliferation assay
of the splenocytes showed no statistical difference between
those three groups (Table 2), suggesting no significant cellular
immunity was elicited.

Table 1  Cellular ELISA detection of antibody in the immune
serum (OD450, x±s)

Group      OD450

PBS control 0.298±0.017
Empty vector control 0.347±0.062
Vaccination group 0.841±0.136

Paired Student t-test was used to investigate the difference
between two groups.

Table 2  In vitro unprimed assay of spleenocytes (Radiation
count/min cpm x±s)

Group       Radiation count (cpm)

PBS control 2981±389.8
Empty vector control 3158±416.7
Vaccination group 2896±335.4

Paired student t-test was used to investigate the difference
between two groups.

      By immunohistochemical staining, it was found that MG7-
Ag was expressed in the EAC cells, both on the membrane
and in the cytoplasm (Figure 5), indicating that the EAC cells
can be used to challenge the mice to investigate the protective
ability of the oral DNA vaccine. Two weeks after the challenge,
all the mice in the control groups developed neoplastic ascites,
which was confirmed by microscopic observation of the cells
in ascites. However, 2 in the 7 vaccinated mice were tumor
free. All the mice in the control group died 4 weeks after the

primary challenge, while the tumor-free mice in the
immunization group survived 8 weeks after the challenge with
no signs of tumor formation. Our results suggested that the
oral DNA vaccine was partially protective.

Figure 5  Immunohistochemical staining of the Ehrlich ascites
carcinoma cells (EAC): Positive signal was seen in the cyto-
plasm and membrane of the EAC cells (A). When stained with
a negative control monoclonal antibody (anti-E-tag antibody),
the EAC cells showed no positive staining (B).

DISCUSSION
Attenuated strains of Salmonella typhimurium have been
widely used as vehicles for delivery and expression of vaccine
antigens. Attenuated Salmonella typhimurium strains
expressing antigens from bacteria, viruses and parasites have
been proved efficient as well as safe in combating respective
pathogens[7]. Due to mutations in their genome, attenuated
Salmonella typhimurium lost their pathogenicity but remained
to be invasive. When used as the oral vehicle, they can invade
the M cells and the intestinal epithelial cells and penetrate the
mucosal barrier of the intestine. Subsequently, they can be
uptaken by the macrophages and dendritic cells (DC) in the
lamina propria and the Peyer’s patch. The intracellular bacteria
would not undergo lysis in the lysosomes immediately but
survive for a period of time due to unknown reasons. The
intracellular bacteria could provide a reservoir of antigen, so
these features of the Salmonella typhimurium strains make them
an excellent vehicle of oral vaccines. The use of attenuated
Salmonella typhimurium as oral DNA vaccine carrier was first
reported by Darji and his colleagues[8]. They found that when
used as the carrier of DNA vaccines, the Salmonella could
deliver the eukaryotic vector to the host cells through the
unknown mechanism and the eukaryotic vector could be
expressed by the host cells. Further study by Paglia et al
suggested that attenuated Salmonella typhimurium could
deliver the eukaryotic vector to the dendritic cells in the
spleen[9]. Other studies suggested the expression of eukaryotic
vectors in dendritic cells in the mesenteric nodes and Peyer’s
patch was detected early after inoculation[10-12]. Oral DNA
vaccines developed by using Salmonella typhimurium as carrier
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can provide a context similar to intracellular bacteria infection
and render the body danger signals. Besides, the DC cells are
excellent antigen presenting cells and have high expression of
costimulatory molecules. So it is not surprising that the oral
DNA vaccines can evoke significant immune response,
especially CTL response[5, 11, 13, 14]. In this study, we used an
attenuated Salmonella typhimurium strain SL3261 (S.
typhimurium WARY hisG46 aroA del407 Fusaricres etc,
R+M+), which genotype is much the same as SL7207. We
found that it could also act as the carrier of DNA vaccine,
which was safe to mice.
     CD4+ T cells (T helper cells, Th) play important roles in
modulating immune response: They can facilitate the activation
of CTL cells by cross-priming, produce various cytokines for
the activation of T and B cells, upregulate the costimulatory
molecules on APC cells and enhance their ability of antigen
processing and presenting. In order to enhance the efficacy of
the DNA vaccine, we fused the MG7-Ag mimotope with a
universal T helper cell epitope PADRE, which was developed
by Alexander et al[15]. They introduced the anchoring motif of
MHC molecules into the polyalanine backbone and found that
the PADRE could bind to most of the human HLA-DR alleles
and certain mouse class II alleles and elicit strong CD4+ T cell
response; the epitopes were approximately 1000 times more
powerful than natural T cell epitopes. PADRE has been used
as the adjuvant for various epitopes including B cell epitope,
CTL epitope and carbohydrate epitope and was proved to be
efficient in enhancing the immunogenicity of these epitopes.
Ishioka et al[16] developed a minigene vaccine by including
PADRE in tandem with multiple CTL epitopes with no spacer
between them, and found that though the affinity of the CTL
epitopes varied much, PADRE could still provide adjuvant
effects on the induction of strong CTL response. Their study
suggested that spacers were not necessarily needed in designing
the multi-epitope minigene DNA vaccines. Therefore we fused
the PADRE directly with the mimotope gene. To guarantee
the efficient expression of the minigene, we included a Kozak
sequence to right upstream the ATG initiation codon of the
fusion gene. Kozak sequence is a specific sequence for the
recognition and initiation of the transcription for the eukaryotic
ribosome. The study suggested that Kozak sequence was
necessary for correct and efficient expression of minigene
vaccine[17].
     MG7-Ag of gastric cancer was discovered by our institute,
and we found that the immonogenicity of the MG7-Ag was
located in the carbohydrate chain of the glycoprotein. Due to
its unknown identity, MG7-Ag is hard to be isolated from tumor
tissue. Our institute has successfully identified the anti-MG-
Ag antibodies using phage display method[18,19]. Thus we
identified the mimic peptides of MG7-Ag by screening the
phage display peptide library with the MG7 antibody and then
used it as the target for vaccine development. DNA vaccine of
mimotope was first reported by Kieber-Emmons et al[20], and
the feasibility to develop DNA vaccine of mimotopes was
further confirmed by Lesinski et al[21]. In both studies, the DNA
vaccine of mimotope induced strong humoral immune
response. And in the former study, no significant CTL response
was elicited. As shown by Monzavi-Karbassi et al, the mimic
peptides could induce carbohydrate antigen reactive T cell
response[22]. Therefore, absence of significant specific T cell
response in Kiever-Emmons’s study and our study might be
due to the immunogen type of the primary antigen. However,
the oral DNA vaccine developed by us was shown to be
partially protective as shown by the tumor challenge assay
though no significant difference was seen in the 3H-Tdr
incorporation assay. The inconsistency between the results of
tumor challenge assay and the 3H-Tdr incorporation assay
might be due to the following reasons: (1) The inaccuracy of

the 3H-Tdr incorporation assay in determining the T cell
response. More accurate methods include 51Cr-releasing assay
and ELISPOT. Moreover in our study, we did not purify CD8+
T cells for 3H-Tdr incorporation assay. The existence of other
types of cells might affect the results. (2) The sample included
in the tumor challenge assay was too small. Much larger
samples would be needed to further confirm the protective
effect of the oral DNA vaccine.
     Due to its various mechanisms of multi-drug resistance,
gastric cancer often responds poorly to chemotherapy[23, 24].
Cancer vaccines have been proved a powerful adjuvant
intervention in gastric cancer management. Study showed
that gastric cancer antigens could induce specific immune
response[25]. We reported here the first attempt to develop an
oral DNA vaccine against gastric cancer antigen mimotope.
The oral DNA vaccine against MG7-Ag mimotope is
immunogenic. It can induce significant immune response
against gastric cancer and may be partially protective in mice.
Our results verified the feasibility to develop oral DNA vaccine
of mimotopes and efficacy as well as safety of Salmonella
typhimurium as oral DNA vaccine carriers.
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