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Abstract. In the present study a eukaryotic expression
vector of varicella zoster virus (VZV) glycoprotein E (gE)
was constructed and enabled to express in COS7 cells.
Furthermore, a specific immune response against the VZV gE
eukaryotic expression plasmid was induced in BALB/c mice.
The VZV gE gene was amplified using polymerase chain
reaction (PCR) and cloned into a eukaryotic expression vector,
pcDNA3.1. The recombinant vector was subsequently trans-
fected into COS7 cells using a liposome transfection reagent.
The recombinant protein was instantaneously expressed by
the transfected cells, as detected by immunohistochemistry,
and the recombinant pcDNA-VZV gE plasmid was subse-
quently used to immunize mice. Tissue expression levels
were analyzed by reverse transcription-PCR. In addition, the
levels of serum antibodies and spleen lymphocyte proliferation
activity were investigated. The amplified target gene included
the full-length gE gene (~2.7 kb), and the recombinant expres-
sion vector induced gE expression in COS7 cells. In addition,
the expression plasmid induced sustained expression in vivo
following immunization of mice. Furthermore, the plasmid
was capable of inducing specific antibody production and
effectively stimulating T cell proliferation. Effective humoral
and cellular immunity was triggered in the mice immunized
with the VZV gE eukaryotic expression vector. The results of
the present study laid the foundation for future research into a
VZV DNA vaccine.
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Introduction

Determination of a target gene is the crucial initial step in
DNA vaccine research. In recent years, researchers around
the world have screened protective antigens of varicella zoster
virus (VZV), exploring a series of antigen markers with various
degrees of immune protective effects (1). Previous studies have
demonstrated that the glycoprotein E (gE) antigen is one of the
most promising candidate antigen markers (2,3). gE is one of
the most important protective antigens in VZV, and since it
is capable of inducing cellular and humoral immunity, gE is
considered the most appropriate candidate antigen for a DNA
vaccine (4).

Various eukaryotic proteins exhibit very low biological
activity when synthesized in bacteria, due to incorrect folding
or low folding efficiency (5). When using a cloned gene,
post-translational processing, including disulfide bond forma-
tion, glycosylation and phosphorylation, is often required to
produce eukaryotic proteins with true biological activity (6).
However, post-translational processing cannot be conducted
in prokaryotic cells; therefore, mammalian cell expression
vectors are often required to express the secreted protein with
the desired biological function. By inducing the corresponding
gene into eukaryotic cells, proteins with high bioactivities may
be expressed (7).

Previous studies have demonstrated that corresponding
protein antigens may be successfully expressed following
DNA vaccine administration, and these protein antigens are
capable of simulating a natural infection and producing a more
comprehensive immune response (8,9). The antigen-specific
cellular and humoral immune responses must be detected
following administration of a DNA vaccine directed against
a pathogenic microorganism or malignant tumor, in order to
evaluate the immune effects of the DNA vaccine. Furthermore,
it is helpful to elucidate the detailed mechanism underlying
how a DNA vaccine induces cellular and humoral immune
responses in an organism. The results obtained may provide
a crucial experimental basis for the development of novel and
highly efficient DNA vaccines against pathogenic microorgan-
isms or malignant tumors (10,11).

pcDNA-VZV gE is a eukaryotic expression plasmid
of VZV gE that was constructed in the present study, and
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was used as a DNA vaccine to immunize BALB/c mice via
intramuscular injection. The specific antibody levels, spleen
Ilymphocyte proliferation activity and specific cytotoxic
T lymphocyte (CTL) responses were analyzed in the mice, and
compared with those of mice immunized with the pcDNA3.1
plasmid. The results obtained laid the foundation for future
research into a VZV DNA vaccine.

Materials and methods

Materials. Specific pathogen-free BALB/c female mice, aged
4-6 weeks old and weighing 18-20 g were purchased from
Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai,
China). The pcDNA3.1 plasmid, recombinant COS7 cell lines
(kidney fibroblasts transformed by SV40 viral genes) were
purchased from Amresco, LLC (Solon, OH, USA); whereas
Taq DNA polymerase, T4 DNA ligase, TRIzol® (Invitrogen)
and various restriction endonucleases were purchased
from Thermo Fisher Scientific, Inc. (Waltham, MA, USA).
Liposome, VZV gE monoclonal antibodies (ab52549; Abcam,
Cambridge, UK) and VZV gE were purchased from Shanghai
Baoman Biological Technology Co., Ltd. (Shanghai, China);
methylthiazolyltetrazolium (MTT) was purchased from
Beijing Bole Life Science Development Co., Ltd. (Beijing,
China); a two-step reverse transcription-polymerase chain
reaction (RT-PCR) kit was purchased from Shanghai
Sunred Biological Technology Co., Ltd. (Shanghai, China);
horseradish peroxidase (HRP)-labeled goat anti-mouse
immunoglobulin (Ig)G (E030110-02; EarthOx, Millbrae,
CA, USA) was purchased from Sigma-Aldrich (St. Louis,
MO, USA); an ultraviolet spectrophotometer (Ci6x; X-Rite,
Inc., Grand Rapids, MI, USA). The gel imaging system was
purchased from GE Healthcare Bio-Sciences (Pittsburgh,
PA, USA), the microcentrifuge was purchased from Beijing
Jingli Centrifuge Co. Ltd. (Beijing, China). The study was
approved by the ethics committee of Inner Mongolia Medical
University (Hohhot, China).

Primer design. Primer sequences were designed using
Primer 5.0 design software (Premier Biosoft, Palo Alto, CA,
USA), according to the previously published VZV gE DNA
sequence (7). The upstream primer was introduced with a
BamHI restriction site (underlined sequence), as follows:
5'"TCCAGAATGGCGCTTATACTC-3"; whereas the down-
stream primer was introduced with a termination codon and
Xbal restriction site (12) (underlined sequence), as follows:
S"TTCCACCAGGTCTAATCTATTCCT-3". Primers used to
amplify the VZV gE gene were synthesized by Shanghai Jiang
Lai Biotechnology Co., Ltd. (Shanghai, China).

Double digestion of recombinant plasmid. Double digestion
was initiated by adding 15 ul recombinant plasmid DNA into
a 1.5 ml centrifuge tube, recombinant plasmid according
to previously described methods (13). The double diges-
tion reaction system included: 9 ul ddH20O; 1.5 ul BamHI
(1 Ulul); 1.5 ul Xbal (1 Ulul); 3 ul buffer; and 15 ul recombi-
nant plasmid (20 ul was prepared in total), incubated at 37°C
for 3 h. Following double digestion, 10 ul reaction mixture
was used to detect the digestion effect using 1% agarose gel
electrophoresis.
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Detection of expression product using immunohistochemistry.
Confluent COS7 cells, transfected with recombinant plasmid
pcDNA-VZV gE, were fixed with cold acetone and washed
three times with phosphate-buffered saline (PBS) for 5 min.
Plasmid transfection was conducted according to previously
described methods (14). Immunohistochemical detection
was conducted in a conventional manner. The process was
conducted as follows, the cover glass was sealed at room
temperature for 30 min using sealing liquid, following which,
anti-VZV gE monoclonal mouse antibody (1:50) was added
and incubated at 37°C overnight prior to washing three times
with PBS for 5 min. Biotin-labeled goat anti-mouse IgG (1:100)
was added to the cover glass, inoculated at 37°C for 30 min
and washed with PBS for 5 min, three times. Subsequently,
HRP-labeled streptavidin (1:100; Luwen, Wuhan, China) was
added, incubated at 37°C for 30 min and washed three times
with PBS for 5 min. Finally, the cover glass was stained using
diaminobenzidine (DAB) color buffer. Following observa-
tion under a microscope (Olympus, Tokyo, Japan), the cover
glass was washed with tap water to terminate the reaction and
subsequently re-stained. Untransfected COS7 cells and COS7
cells transfected with the pcDNA3.1 null vector were used as
negative controls.

Immunization of mice with plasmid DNA. A total of
30 BALB/c female mice aged 4-6 weeks old were randomly
divided into three groups: i) Negative control group injected
with null vector pcDNA3.1; ii) control group injected with
sterile saline; and iii) experimental group injected with recom-
binant pcDNA-VZV gE (n=10 per group). Immunization was
performed as follows, the inner thigh hairs of the mice were
sheared off and the mice were grouped according to the sites
marked by picric acid. The quadriceps femoris injection sites
were pretreated with 50-100 ul bupivacaine hydrochloride
(5 ml/l) 24 h prior to injection. Each reagent was injected to
the same site via multi-point injection. The inoculation amount
was 100 ug/100 ul/mouse and immunity was boosted every
2 weeks, three times in total.

Sample collection and preparation. A total of 2 weeks after the
final immunization, 60 mg quadriceps femoris tissue samples
were harvested from the mice, rinsed three times with PBS
and treated with diethylpyrocarbonate (DEPC). Subsequently,
the quadriceps femoris sections were cut into 1-mm? sections,
placed in a DEPC-treated homogenate tube, treated with
1 ml TRIzol® reagent and homogenized into a uniform
suspension in an ice bath. Subsequently, the homogenate was
transferred into a DEPC-treated 1.5-ml centrifuge tube and
incubated at room temperature for 10 min prior to centrifu-
gation at 5,000 x g for 15 min at 4°C. The supernatant was
subsequently discarded and the precipitate was washed with
75% ethanol and vortexed. The precipitate and ethanol solution
was centrifuged at 5,000 x g for 5 min at 4°C. The supernatant
was discarded, the precipitate was re-washed using 75% ethanol
and centrifuged again as above. Subsequently, the supernatant
was discarded and the precipitate was naturally dried at room
temperature and dissolved using 50 ul DEPC-processed Tris
EDTA buffer. The concentration of the solution was measured
using a nucleic acid protein analyzer (Nano-200; HEBKk, Xi'an,
China) and adjusted to 0.5 pg. The solution was subsequently
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stored at -20°C prior to RT-PCR amplification using specific
primers.

RT-PCR analysis. Total RNA from cultures was extracted
using TRIzol, followed by DNase treatment using the
DNA-Free RNA Kit (Zymo Research Corporation, Irvine, CA,
USA) according to manufacturer's instruction. The total RNA
concentration and purity were determined using UV spectro-
photometry at 260 and 280 nm. cDNA was prepared using
the SuperScriptIIl First-Strand Synthesis System (Invitrogen;
Thermo Fisher Scientific, Inc.) to reverse transcribe 1 ul total
RNA. RT-PCR was performed on the ViiA 7 Real-Time PCR
System (Applied Biosystems; Thermo Fisher Scientific, Inc.).
Primer template DNA sequences: VZV gE forward, 5-ATG
GATCCTATGGGGACAGTTAA-3' and reverse: 5'-TCT
CTAGATCACCGGGTCTTATCTAT-3'". Primer sequences
for glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
are described elsewhere (15). A 20-ul reaction system was
constructed, composed of the following: 2 ul 10X Taq Buffer
(100 mM Tris HCI and 500 mM KCl); 2 pl MgCl, (25 mM);
2ul ANTPs (100mM) 2ul; 0.5 ul each forward and reverse
primers (10 pM); 1 ul DNA template (~100 ng); 0.2 ul Taq
DNA polymerase (5 U/ul); and nuclease-free water made the
total volume up to 20 ul. The reaction system was incubated
in a thermalcycler, according to the following protocol: Initial
denaturation, 94°C for 4 min; 30 cycles of denaturation at 94°C
for 30 sec, annealing at 55°C for 30 sec and extension at 72°C
for 45 sec; and a final extension, 72°C for 5 min. Two nega-
tive controls were used in the PCR: i) The minus-RT control
from the previous step; and ii) a minus-template PCR. A BJS
gel image analysis system (Shanghai Qiaofeng Industrial Co.,
Ltd., Shanghai, China) was used to scan the band density, and
the results were normalized against GAPDH.

Detection of specific antibodies in mice. On days 7, 21 and 35
following the final immunization, blood samples were taken from
the eyeballs of three mice (Procaine injection anesthesia; Disha
Pharm Co., 1%/2 ml) from each group and were placed at 4°C
overnight in order to collect the serum, by subjecting whole blood
to centrifugation at 5,000 x g for 15 min. The enzyme-linked
immunosorbent assay (ELISA; Bio-Tek, Winooski, VT, USA)
plate was placed in a pure grade S ELISA plate reader (BrandTech
Scientific, Inc., Essex, CT, USA) and the OD value of the serum
samples was determined at 450 nm. The samples were deemed
positive for the antibody if: Mean OD450 of sample > mean
OD450 nm of control + 3 times of standard deviation (SD). The
highest dilution of the serum sample that demonstrated a positive
reaction was regarded as the antibody titer (16).

Detection of spleen T lymphocyte subgroups. On day 21
following mice immunization, a 0.6-ml suspension of spleen
Ilymphocytes was harvested, centrifuged at 5,000 x g for
5 min, washed twice with 1 ml fluorescence lotion (Nanjing
SenBeijia Biotechnology Co., Ltd., Nanjing, China) and
equally divided into two aliquots. The two aliquots were
supplemented with 50 ul fluorescein isothiocyanate-marked
anti-mouse CD4* (ab187745; Abcam, Cambridge, UK) and
50 ul phycoerythrin-labeled anti-mouse CD8* (ab4055;
Abcam) monoclonal antibodies, respectively, and incubated at
room temperature for 15 min in the dark. Subsequently, the
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Figure 1. Double digestion and polymerase chain reaction amplification of
recombinant plasmids. (M) Standard molecular weight; (1) PCR products;
(2) plasmid pcDNA3.1; (3) pcDNA-varicella zoster virus immunoglobulin E
(VZV gE) BamHI + EcoR 1 enzyme digestion products; (4) plasmid
pcDNA-VZV gE.

two aliquots were centrifugally washed using 2 ml staining
buffer and fixed using 1% paraformaldehyde in a 500 ul/tube.
Finally, the expression levels of CD4+ and CD8+ on the cell
surface were detected and analyzed using a flow cytometer
(Guava easyCyte 6HT-2L; Qzbiotech, Beijing, China) and Cell
Quest software (BD Biosciences, Franklin Lakes, NJ, USA).

Lymphocyte proliferation activity as detected by the MTT
method. A spleen lymphocyte suspension (100 ul) was seeded
onto 96-well cell culture plates, 3 wells were prepared for the
lymphocytes of each mouse in each group. The blank control
well was not inoculated with any cells. The cell culture plate
was placed in an incubator containing 5% CO?2 at 37°C for 48 h;
and subsequently, each well was supplemented with 20 yl MTT
(5 mg/ml; MOER Co., Ltd., Hohhot, China) and incubated again
as outlined. Following 4 h, the cell culture plate was centrifuged
at 5,000 x g for 5 min, the cell culture liquid was removed and
100 pl1 hydrochloric acid isopropanol (0.04 mol/l) was added
to each well. The dark blue granules that were generated were
dissolved by mixing fully and a spectrophotometer was used
to measure the OD value of each well at 570 nm with 630 nm
as the reference. The OD value of the pre-tested sample was
obtained by subtracting the obtained OD value from the blank
culture medium control OD value. The degree of lymphocyte
proliferation was expressed as the stimulation index (SI), calcu-
lated as follows: SI = mean OD value of test group/mean OD
value of control group. The measured SI values of each group
were underwent a statistical analysis using t-test (17).

Statistical analysis. Data are presented as the mean + SD
of three independent experiments. Statistical analysis was
performed using SPSS 15.0 software (SPSS, Inc., Chicago,
IL, USA). Mean value comparisons were performed between
the groups using a Student's #-test. P<0.05 was considered to
indicate a statistically significant difference.
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Figure 2. Immunohistochemical staining of COS7 cells transfected with recombinant plasmids (magnification, x200). (A) Immunohistochemical staining
of COS7 cells transfected with the pcDNA-VZV gE recombinant vector. Brown particles were detected in the cytoplasm and cell membrane, demonstrating
that VZV gE expression is present in the cell and cell membrane. (B) The immunohistochemical staining of COS7 cells transfected with plasmid poDNA3.1.

Results

Double digestion of recombinant plasmid pcDNA-VZV gE. The
results of BamHI and Xbal double digestion and subsequent elec-
trophoresis demonstrated that ~2.7 kb gE gene fragments were
obtained following double digestion of the recombinant plasmid.
This result was consistent with the predictions, suggesting that
the plasmids were successfully constructed (Fig. 1).

Immunohistochemistry. For the immunohistochemical
detection of the instantaneously expressed recombinant
protein, the HRP-labeled secondary antibody was added
following generation of the pcDNA-VZV gE cells and
¢E monoclonal antibody incubation. Following DAB staining,
orange particles were detected in the cytoplasm and cell
membrane using a microscope. The untransfected cells and
those transfected with the pcDNA3.1 null vector did not show
staining particles under the same conditions (Fig. 2).

In vivo expression of the pcDNA-VZV gE recombinant
plasmid. RT-PCR was conducted using the prepared primers
and total RNA from the muscles of mice immunized with
pcDNA-VZV gE. The corresponding amplified fragments
were consistent with the size of the predicted fragment
(~2.7 kb). Under the same RT-PCR conditions, the total RNA
of the mice immunized with blank plasmid pcDNA did not
result in expression of the corresponding fragment. This
result suggests that the VZV gE recombinant plasmid induces
mRNA expression in vivo (Fig. 3).

Detection of the gE antibody in the serum of immunized mice.On
days 7, 21 and 35 following immunization, blood samples were
collected from the inner canthus of three mice in each group. The
serum samples were separated and used to detect specific anti-
bodies. The serum titers of the antigen-specific antibodies were
determined using an indirect ELISA. The results demonstrated
that the pcDNA-VZV gE group was positive for antigen-specific
antibodies following immunization, whereas the pcDNA3.1 and
saline groups were negative for gE antibodies. Therefore, by
immunizing mice with the pcDNA-VZV gE plasmid, a humoral
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Figure 3. Agarose gel electrophoresis of mouse muscle tissue mRNA fol-
lowing reverse transcription-polymerase chain reaction. M, standard
molecular weight; reverse transcription-polymerase chain reaction prod-
ucts of the (lane 1) pcDNA-varicella zoster virus glycoprotein E; and
(lane 2) pcDNA 3.1 groups.
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Figure 4. Dynamic changes in antigen specificity in the serum of immunized
mice. VZV gE, varicella zoster virus glycoprotein E; NS, normal saline;
Ig, immunoglobulin; ELISA, enzyme-linked immunosorbent assay.



Table I. Titers of antigen specific antibody in the serum of
mice following immunization strengthening (IS).

Days post-IS Saline pcDNA3.1 pcDNA-VZV gE
7 0 0 1:32
21 0 0 1:256
35 0 0 1:64

VZV gE, varicella zoster virus glycoprotein E.
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Table II. Changes in the number of lymphocyte
subgroups in the spleen following immunization with the
DNA vaccine.

Marker Saline pcDNA3.1 pcDNA-VZVgE
CDh4* 21.36 2293 34.17¢
CD8* 10.62 11.28 12.45

“P<0.01 vs. pcDNA3.1. VZV gE, varicella zoster virus glycoprotein E.

Table III. Spleen lymphocyte proliferation activity following immunization strengthening (IS) in mice.

Days post-IS Saline pcDNA3.1 pcDNA-VZV gE SI
7 0.3244+0.0136 0.3315+0.0152 0.5216+0.0184* 1.5735
21 0.3461+0.0128 0.3517+0.0157 0.9554+0.0162* 2.7165
35 0.3647+0.0137 0.3582+0.0147 0.8965+0.0169* 2.5028
“P<0.01 vs. pcDNA3.1. VZV gE, varicella zoster virus glycoprotein E; SI, stimulation index.
immune response was induced. On day 21 following immuni- £ Sor CINS
zation, the pcDNA-VZV gE group demonstrated the highest g m pcDNA3.1
antibody titer; however the titer of the antibody had decreased ~ £ 40- * pcDNA-VZVgE
by day 35 (Table I and Fig. 4). P

2 30r
Changes in the number of T cell subgroups in immunized mice. e_':
A flow cytometer was used to detect the number of CD4*and  © 20
CDS8* positive T cells. The results demonstrated that the total -E’
number of T cells in the pcDNA-VZV gE plasmid-immunized & 10}
group increased, as compared with the control groups (Table IT g
and Fig. 5). In particular, the number of CD4* positive cells & i |

significantly increased (P<0.01). These results suggest that
immunization with a recombinant plasmid may effectively
increase the number of T cells and effectively strengthen the
immune system of immunized mice.

Detection of spleen lymphocyte proliferation activity in
immunized mice. On days 7, 21 and 35 following immu-
nization strengthening, spleen lymphocytes were isolated
from three mice in each group under sterile conditions and
lymphocyte proliferation activity was determined using the
MTT method. The lymphocyte proliferation was significantly
greater (P<0.01) in the pcDNA-VZV gE group, as compared
with that of the saline and pcDNA3.1 groups on days 7, 21 and
35 following immunization strengthening (Table I1I and Fig. 6).

Discussion

Nucleotide vaccines, such as DNA vaccines, contain DNA
molecules that are capable of immunizing a host against a
pathogen or disease (18). The DNA vaccination process is
performed as follows, the exogenous genes are cloned into a
eukaryotic expression vector and the recombinant plasmid DNA
is injected directly into the animal. These exogenous genes are
subsequently expressed in vivo, and the generated antigens acti-
vate the immune system, triggering an immune reaction (19,20).

CD4+ CD8+

Figure 5. Changes in the number of spleen lymphocyte subgroups following
immunization with the DNA vaccine. The number of CD4" positive cells sig-
nificantly increased ("P<0.01) following immunization, as compared with the
NS and pcDNA3.1 groups. VZV gE, varicella zoster virus glycoprotein E.
NS, normal saline.

DNA vaccines are different from traditional attenuated pathogen,
protein or polypeptide vaccines and, as such, DNA vaccines
have particular advantages. DNA vaccines can be simply and
effectively produced using molecular biology. Furthermore, the
encoded antigen is capable of long-term stable in vivo expression
due to transcriptional control by an appropriate promoter, thus
inducing antibody and cell immunity. These properties suggest
a solid foundation for the widespread application of DNA
vaccines (21,22). The biggest limitation of a traditional subunit
vaccine is that the antigen cannot be expressed in host cells,
therefore cell immunity cannot be induced (23). DNA vaccines
are capable of stimulating the synthesis of antigens in the host
cells, in a manner similar to the formation of antigens following
a pathogenic microorganism infection. The naturally formed
antigen is then processed and modified in a normal manner
prior to presentation to the immune system, which subsequently
stimulates an immune response (24,25). Therefore, DNA
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Figure 6. Spleen lymphocyte proliferation activity in immune mice.
Following immunization strengthening, the lymphocyte proliferation activity
of the group immunized with the pcDNA-varicella zoster virus glycopro-
tein E plasmid was significantly greater than that of the saline and pcDNA3.1
immunized groups (P<0.01). SI, stimulation index.

vaccines possess the safety of recombinant subunit vaccines
and the high efficiency of live attenuated vaccines in inducing a
comprehensive immune response (26), and these immunogenic
and protective effects have been demonstrated in numerous
animal models and preliminary human clinical trials (27,28).

In the present study, a eukaryotic plasmid of the VZV gE
antigen, pcDNA-VZV gE, was successfully constructed,
transfected into COS7 cells in vitro and stably expressed.
This plasmid was subsequently used as a DNA vaccine, and
antigen-specific humoral and cellular immune responses were
detected on days 7, 14 and 21 following immunization via
antigen-specific antibody levels. The results of the present study
demonstrated that the VZV gE DNA group presented superior
immunogenicity, as compared with the pcDNA3.1 immuniza-
tion group. Superior immunogenicity was demonstrated in
the increased antigen-specific antibody levels generated by
the pcDNA-VZV gE DNA vaccine in the immunized mice,
the lymphocyte proliferation activity of the immunized mice
following in vitro induction culturing. However, by day 35
following immunization strengthening, the specific antibody
levels and the cytotoxic activity of lymphocytes in the spleen
had decreased in the DNA vaccine-immunized mice. This
decrease may be due to an independent replication failure of
the plasmid DNA in the mice; therefore, antigen expression
levels may gradually decrease with time due to the decomposi-
tion of plasmid DNA by host nucleic acid enzymes.

In addition to the detection of immunogenicity through
animal experimentation, it is also important to further elucidate
the mechanisms by which DNA vaccines immunize hosts in order
to enhance the immunogenicity of future DNA vaccines (29,30).
For example, intramuscular injection is the predominant method
of administration for DNA vaccines. Following inoculation, the
corresponding antigen proteins of the DNA vaccine may express
in muscle cells; therefore it was initially hypothesized that muscle
cells were the predominant cells exerting antigen-presenting
function following immunization with a DNA vaccine. However,
further research has demonstrated that muscle cells do not
express costimulatory molecules, including CD80, also known
as B71, and CD86, also known as B7H; therefore, muscle cells
do not have a key role in antigen presentation (31,32). Previously,
Zhang et al (33) coated gold particles with plasmid DNA and
immunized turbot (Scophthalmus maximus) using a gene gun.
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By analyzing local draining lymph nodes, Zhang et al demon-
strated that the reporter gene and the expression products of the
golden particles were predominantly located in dendritic cells;
thus demonstrating that professional antigen-presenting cells
remained the dominant mechanism of antigen presentation
following DNA vaccine immunization. This theory is supported
by the majority of research at present (34). Subsequent studies
demonstrated that antigen presentation following DNA vaccine
immunization was not merely achieved by the passive direct
transfection of professional antigen-presenting cells, as it was
demonstrated that antigen-presenting cells were capable of
uptaking other cells, including muscle cells (35). In this way,
these non-professional antigen-presenting cells could be taken
up following administration of the DNA vaccine, and the intra-
cellular protein may be released following the physiological
apoptosis or pathological necrosis of the cells. That is to say,
the antigens expressed following DNA vaccine administration
may be presented to CD8+ T cells in combination with major
histocompatibility complex (MHC) class I molecules as endog-
enous antigens. Furthermore, the antigens may be presented to
CD4+ T cells by combining with MHC class II molecules as
exogenous antigens, resulting in a broader T cell response (36,37).
Therefore, the factors which are capable of promoting the uptake,
antigen processing and upregulation of MHC class I and MHC
class II molecules' expression levels on antigen presenting cells,
including monocytes, macrophages and dendritic cells, are likely
to enhance the immunogenicity of DNA vaccines (38).

In the present study, a eukaryotic expression plasmid
of the VZV gE protein antigen gene, pcDNA-VZV gE, was
constructed and used as a DNA vaccine. This DNA vaccine
was used to immunize BALB/c mice and the related indices
of cellular and humoral immunity were detected at various
time points. The mice that had received the DNA vaccine
exhibited increased in vivo antigen-specific antibody levels,
spleen lymphocyte proliferation activity following in vitro
induction culture and T cell numbers, as compared with that
of the pcDNA3.1 group. Therefore, these results suggested that
specific humoral and cellular immune responses were induced
in the mice following immunization with the VZV gE gene
DNA vaccine constructed in the present study. These results
may lay the foundation for further research into a VZV DNA
vaccines.
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