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Summary. – In this study, DNA vaccines consisting of vector IRES-gD expressing Herpes simplex virus 1
(HSV-1) glycoprotein D (gD) and vector IRES-gD-IL-2 coexpressing HSV-1 gD and interleukin-2 (IL-2),
respectively, were constructed. After intramuscular inoculation, both vaccines induced in BALB/c mice
antibodies as assayed by ELISA and virus neutralization. However, IRES-gD-IL-2 elicited significantly higher
levels of IgG (ELISA) and neutralizing antibodies than IRES-gD. Isotyping of sera from mice injected with
IRES-gD-IL-2 revealed predominately IgG2a antibodies. IRES-gD-IL-2 also elicited a higher delayed-type
sensitivity (DTH) reaction. However, there was no difference in the protection against lethal challenge with
HSV-1 between the two vaccines (P>0.05). The results suggest that the vaccination with IRES-gD-IL-2 can
efficiently enhance the immune response of mice to HSV-1, particularly through increased cellular immunity.

Key words: Herpes simplex virus 1; glycoprotein D; interleukin-2; DNA vaccine

Introduction

HSV-1 is responsible for many cases of virus encephalitis,
oral herpes and corneal disease in adults (Kennedy, 1988;
Cinque et al., 1996). In addition, opportunistic infections
with HSV-1 may also occur in immunocompromised
patients. Recently, there is growing evidence that several
infective agents inclusive of HSV-1 causing persistent or
latent chronic infections are possible etiologic cofactors in
the pathogenesis of atherosclerosis (Kotronias, 2005;
Ibrahim, 2005). Apparently, the development of effective
HSV-1 vaccine as the means of specific prevention and even
therapy has a great significance (Nesburn et al., 1998;
Stanberry et al., 2002). As DNA vaccines produce antigens,
which have conformation and antigenicity similar to those

of natural antigens, they can induce a broad immune
response. Moreover, DNA vaccines are regarded as safe,
reliable and efficient. Consequently, they have now become
highlights of HSV-1 vaccine research (Ulmer et al., 1998;
Cafaro et al., 2001; Shata et al., 2001).

Among 12 known HSV-1 envelope glycoproteins, gD has
a rather strong immunogenicity and can induce high-titer
neutralizing antibodies, thus protecting the immunized mice
against lethal HSV-1 challenge through antibody-dependent
complement-mediated cytotoxicity and antibody-dependent
cell-mediated cytotoxicity (Ghiasi et al., 1995). gD has been
considered the major candidate immunogen in HSV-1
vaccine research (Stanbery et al., 2002).

Several studies have shown that a co-administration of
a vector expressing cytokine can enhance the immune
responses of some DNA vaccines (Kim et al., 2001; Xin et
al., 1998; Ghiasi et al., 1995). IL-2 is a kind of cytokine that
has wide range of biological effects. It can strengthen humoral
and especially cellular immunity (Osorio et al., 2003).

Based on these observations, in this study, we constructed
DNA vaccines either expressing HSV-1 gD alone or co-
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expressing HSV-1 gD and IL-2 and investigated their
immunogenicity in mice.

Materials and Methods

Virus. HSV-1 strain F was grown in Vero cells in Eagle's
Minimal Essential Medium supplemented with 200 mmol/l
L-glutamine. 10% of FCS, and antibiotics at 37°C in
a humidified atmosphere of 5% CO2. The virus titer (PFU/ml)
was determined by standard plaque assay in Vero cells.
Human monocyte-derived dendritic cells were obtained from
Dr. B. Niu, Beijing Medical University United Biomedical
Center, Beijing, P.R. China.

Vector constructs. The plasmid IRES-gD expressing
HSV-1 gD was constructed as follows.

HSV-1 gD gene was amplified by PCR from total DNA
isolated from HSV-1-infected Vero cells using the primers
5'-attataCTCGAGATGGGGGGGGCTGCC-3' (forward) and
5'-TCACGCGTCTAGTAAAACAAGGGCTG-3' (reverse)
complemented with XhoI and Mlu restriction sites, respec-
tively (the inserted protective nucleotides are in italics). The
primers were designed and synthesized by Beijing
SaiBaiSheng Genetech Co., Ltd, Beijing, P.R. China. The PCR
consisted of denaturation at 94°C for 8 mins, followed by 30
cycles of 94°C/60 secs, 57°C/60 secs, and 72°C/90 secs, and
final extension at 72°C for 7 mins. The PCR product was
cloned into pCDNAII vector and confirmed by sequencing.
The gD gene was finally recloned into the XhoI/Mlu sites of
an expression vector IRES. The resulting vector IRES-gD
was identified by restriction analysis and PCR.

The IRES-gD-IL-2 vector expressing human IL-2 was
constructed as follows. The IL-2 gene was amplified by
PCR from pET-3a/DT389-IL-2 vector (obtained from Dr.
J.-W. Wang, Chinese Center for Disease Control and
Prevention, Beijing, P.R. China) using the primers
5 ' -GCCGTCGACATGTACAGGATGCAACTCCT
GTCTTGCATTGCACTAAGTCTTGCA-3' (forward) and
5'-GTAGCGGCCGCTCAAGTCAGTGTTGAGAT-3'
(reverse) complemented with SalI and NotI restriction sites,
respectively (the inserted protective nucleotides are in
italics). The primers were designed and synthesized by
Beijing SaiBaiSheng Genetech Co., Ltd, Beijing, P.R. China.
The PCR consisted of denaturation at 94°C for 4 mins,
followed by 30 cycles of 94°C/45 secs, 51°C/45 secs, and
72°C/60 secs, and final extension at 72°C for 7 mins. The
PCR product was cloned into the SalI/NotI sites of IRES
expression vector. The resulting vector IRES-IL-2 was
recloned into the corresponding sites of IRES-gD vector to
produce finally IRES-gD-IL-2. The latter was confirmed
by restriction analysis and PCR. Large amounts of
recombinant vectors were prepared using a Qiagen Column
(Qiagen) and endotoxin-free buffers.

Animals and immunization. Six-week-old male BALB/c
mice purchased from Institute of Experimental Animals,
Chinese Academy of Medical Sciences, Beijing, P.R. China,
were used. Groups of 10 mice were injected with 100 µl of
a DNA vaccine in Tris-borate buffer (1 µg DNA/µl) into the
quadriceps muscles of both hind legs. Fifteen mins before
the immunization, 100 µl of 25% sucrose was injected in
the same way to enhance DNA vaccine absorption. The mice
were boosted with the same dose of vaccine 2 and 4 weeks
later. Before immunization and one week after each
immunization, blood samples were taken from the tail vein.
The mice immunized with original IRES vector served as
a negative control.

Western blot analysis was performed according to Sanna
et al. (1995). After SDS-PAGE, the HSV-1 gD was detected
with goat anti-HSV-1 gD polyclonal antibody (Santa Cruz
Inc., USA), HRP-labeled anti-goat IgG, and the ECL
visualization system (Kuo et al., 2002).

ELISA of IgG, IgG1 and IgG2 antibodies to HSV-1 gD.
Microplates (Costar) were coated with UV-inactivated HSV-1
F strain diluted in a coating buffer (0.01 mol/l NaHCO3 pH
9.6) overnight at 4°C, washed with PBS-T buffer, and
blocked for 2 hrs at 37°C with PBS-T containing 1% of FCS.
After washing, serial dilutions of sera were added in
duplicate and the plates were incubated for 1 hr at 37°C.
After washing, a 1:5,000 dilution of goat HRP-labeled anti-
mouse IgG (Santa Cruz Inc., USA), used as secondary
antibody, was added and the plates were incubated for 1 hr
at 37°C. After washing, an ABTS (Sigma) solution was
added for 20 mins and A490 was read.

The titer was defined as the reciprocal of the highest
dilution of serum, which gave a reading that was at least
2-times higher as compared with a control and exceeded
0.1. For the detection of IgG isotype antibodies, an 1:4,000
dilution of goat HRP-labeled anti-mouse IgG2 or IgG1
(Fisher Scientific Inc.) was employed. A490 readings instead
of titers were directly employed for comparison of the DNA
vaccines as regards individual IgG isotype antibodies.

Titration of neutralizing antibodies to HSV-1 was carried
out in 96-well microplates (Nunc). Three IgG-positive sera
obtained from the second booster immunization with the
DNA vaccines were randomly selected, inactivated at 56°C
for 30 mins, diluted in DMEM, incubated with 1,000 PFU
of HSV-1 at 37°C for 1 hr, and added to Vero cells (0.2 ml/
well) in duplicate. Standard controls were employed. The
cultures were kept at 37°C and observed daily for CPE. The
antibody titer was defined as a reciprocal of the highest
serum dilution that inhibited viral CPE.

DTH assay. One week after the second booster
immunization, 6 × 105 PFU of HSV-1 (10 µl) inactivated at
60°C for 1 hr was injected subcutaneously into the right
auricle of mice. The same amount of a Vero cell lysate was
injected into the left auricle as a control. Two days later, the
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thickness of right and left ear was measured with an
engineer's micrometer. The DTH response in each mouse
was expressed as the thickness difference between both
auricles.

Assay of survival of mice after challenge. Two weeks after
the second booster immunization, 1 × 106 PFU of HSV-1
(0.5 ml) was injected intraperitoneally into mice. The
survival of mice was observed for 2 weeks.

Statistical analysis. The one-way ANOVA and Fisher's
exact test were used to determine significance of differences.
The significance was positive for P>0.05.

Results

The in vitro expression of gD from the vectors IRES-gD
and IRES-gD-IL-2, and that of IL-2 from the vectors IRES-
gD-IL-2 and IL-2, respectively, was verified by transfection
of human dendritic cells with the vectors followed by Western
blot analysis. In the lysates of cells transfected with IRES-gD
and IRES-gD-IL-2, respectively, a specific band of 45
K corresponding to gD was detected. This indicated that the
gD expressed by dendritic cells had a good immunoreactivity.
In the lysates of cells transfected with IRES-IL-2 and IRES-
gD-IL-2, respectively, a specific band of 15 K corresponding
to IL-2 could be seen (data not shown).

To study the induction of IgG antibodies, mice were
immunized intramuscularly with IRES-gD and IRES-gD-
IL-2, respectively, while the original IRES vector served as
control (Fig. 1). The serum IgG HSV-1 antibody titers after
the first and two booster doses were determined by ELISA.
The antibodies appeared first following the first booster
immunization with either vaccine. IRES-gD-IL-2 was
a stronger inducer than IRES-gD, which was more apparent
following the second booster immunization as compared
with the first one.

To further characterize the immune response elicited to
HSV-1, the IgG antibody-positive sera were analyzed for
their isotype by ELISA (Table 1). The results showed that

the A490 readings for both IgG1 and IgG2a antibodies elicited
with IRES-gD-IL-2 were significantly higher as compared
with IRES-gD. The IgG2a/IgG1 ratio gave a similar picture.
These and above results indicated that both cellular and
humoral immunities induced with IRES-gD-IL-2 were
stronger than those with IRES-gD, and that the Th1 cell
response was dominant (Table 1).

Next, the induction of serum HSV-1 neutralizing
antibodies in mice after the second booster immunization
with the DNA vaccines was examined. It was found that the
titers for IRES-gD-IL-2 were higher (64) than those for
IRES-gD (32).

In further experiments, the DTH response of mice to
immunization with the DNA vaccines and challenge with
inactivated virus was investigated. The DTH response to
IRES-gD-IL-2 was found to be stronger than that to IRES-
gD (Table 2).

 Fig. 1

ELISA titers of IgG antibodies to HSV-1 gD in sera of
immunized mice

Mice were bled 2 weeks after the second booster immunization. The mice
injected with IRES vector represented a negative control. Data represent
averages from 10 serum samples.

Table 1. Induction of IgG1 and IgG2a antibodies to HSV-1 with
DNA vaccines in mice

ELISA A490

IgG1 IgG2a IgG2a/IgG1

Control 0.068±0.004 0.076±0.003 1.12
IRES-IL-2 0.069±0.009 0.084±0.012 1.22
IRES-gD 0.342±0.085* 0.976±0.077* 2.85
IRES-gD-IL-2 0.673±0.100* 2.987±0.524* 4.44

The sera obtained from mice 2 weeks after the second booster
immunization. Values differing significantly from that of control are
marked with asterisk (*).

Table 2. DTH response to challenge in mice immunized with DNA
vaccines

DTH response (µm)

Control 14.8±1.6
IRES-IL-2 19.8±5.8
IRES-gD 120.8±24.6*

IRES-gD-IL-2 132.6±45.7**

DTH response represents the difference in the thickness of left and right
auricle in µm. Data are the means±SD from groups of 10 mice. Statistically
significant differences (P<0.05) are indicated by single asterisk (*) when
compared with negative control, and by double asterisk (**) when
compared with IRES-gD.
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To prove that IL-2 can increase protection against lethal
challenge with HSV-1 in mice immunized with HSV-1 gD,
mice were immunized with IRES-gD and IRES-gD-IL2,
respectively, and were challenged with HSV-1 two weeks
after the second booster. Non-immunized mice and those
immunized with IRES-IL-2 served as controls (Table 3).
The results showed that while all the 10 control mice and 9
of 10 mice given IRES-IL-2 died, 7 of 10 mice given IRES-
gD and 6 of 8 mice given IRES-gD-IL-2 survived. Hence
these two vaccines obviously protected the majority of
challenged mice from lethal viral effect. However, the
difference between the two vaccines was not significant.

Discussion

Many studies have proved that among 12 HSV-1
glycoproteins, gD has strongest immunogenicity, induces
high titer antibodies to HSV-1 and protects animals against
lethal viral challenge (Ghiasi et al., 1995; Dean et al., 1994;
Martin, 1987). Cytokines are a group of heterogeneous
peptide regulatory factors. Since they can regulate the cells
related to the immunity of the body, they play an important
role in innate and adaptive immunity (Chow et al., 1998;
Kim et al., 2000). It has been shown that cytokine gene
adjuvants (GM-CSF, IL-12, and IL-12) can better enhance
immunization effects than traditional ones (Barouch et al.,
1998). It is presumed that a cytokine gene adjuvant expresses
cytokine and thus stimulates immunity-related cells and
promotes humoral and cellular immunities for a long time.
Recent reports have shown that IL-2 expressed from the
respective gene adjuvant induced stronger humoral and cell-
mediated immunity (Chow et al., 1997; Xin et al., 1998;
Kim et al., 1999, 2001). Since virus replication occurs inside
the cells, humoral immunity plays a limited role in HSV-1
infection. IL-2 is a crucial cytokine in cellular immunity,
which suggests the important function of IL-2 in HSV-1
infection.

Based on these observations, we constructed IRES-gD,
a vector expressing HSV-1 gD, and IRES-gD-IL-2, a vector
expressing both HSV-1 gD and human IL-2. Immunoblot
analysis showed that these vectors expressed in vitro the

respective proteins. As a part of this analysis was based on
specific binding of the HSV-1 gD antibody to HSV-1 gD, it
proved the presence of a specific epitope on the expressed
HSV-1 gD and indicated that the constructed DNA vaccines
carrying the HSV-1 gD gene would have a rather good
immunogenic activity. The immunization of mice with these
two kinds of DNA vaccines resulted in a specific HSV-1
antibody response. After two booster immunizations, the
average IgG antibody titer for IRES-gD-IL-2 (2,600) was
significantly higher than that for IRES-gD (1,800). The
highest individual titers were 6,400 and 3,200, respectively.

As it is neutralizing antibodies that block the binding of
the virus to its receptor(s) on the surface of susceptible cells,
thus making the virus lose its infection ability or
neuroinvasiveness, this kind of antibodies play an important
role in preventing HSV-1 infection. Previous studies have
proved that vaccination with a purified HSV-1 gD can induce
high-titer neutralizing antibodies to HSV-1 (Straus et al.,
1993; Ghiasi, 1991). Other works have shown that
neutralizing antibodies alone could provide a sufficient
protection against lethal HSV-1 challenge (Bourne et al.,
1996). In this study, we showed that the vaccination with
IRES-gD-IL-2 induced neutralizing antibodies with an
average titer of 64, which was significantly higher as
compared with IRES-gD (32).

Besides humoral also cell-mediated immunity plays an
important role in the protection against HSV-1 infection
(Larsen et al., 1983; Rouse et al., 1994). Th1 cells secrete
IL-2 and IFN-γ to mediate cellular immune response; Th2
cells secrete IL-4, IL-5, IL-6 and IL-10 to function in the
generation of antibodies, in humoral immunity ( Mosmann
et al., 1989; Paul et al., 1994). By secreting IL-4 and IL-5,
Th2 cells promote B cells to generate high-titer IgG1, IgA
and IgE antibodies. Th1 cells inhibit the synthesis of IgG1,
but promote the synthesis of IgG2 antibodies. Therefore, if
the level of IgG1 is higher than that of IgG2a, the Th2
response dominates and promotes humoral immunity. On
the contrary, if the level of IgG2a is higher than that of IgG1,
the Th1 response dominates and mediates cellular immunity,
since Th1-secreted cytokines promote the activation of Tc
cells, and IgG2a itself activates complement and binds Fc
receptor on the cellular surface to activate antibody-
dependent cell-mediated cytotoxicity (Yang et al., 2001).

In comparing the isotype profiles of the antibody response
and DTH reaction to measure the dominance of immune
response, we observed that the levels of IgG1 and IgG2a
with IRES-gD-IL-2 were significantly higher than those with
IRES-gD, indicating that both humoral and cellular
immunities were stronger with IRES-gD-IL-2 than those
with IRES-gD. In addition, the IgG2a/IgG1 ratio with IRES-
gD-IL-2 was greater than 1, indicating that the Th1 response
dominated. Especially IgG2a was enhanced more markedly,
causing the increase in IgG2a/IgG1. The results of DTH

Table 3. Survival of mice immunized with DNA vaccines after
challenge

No. of survived/dead mice Survival rate (%)

Control 0/8 0
IRES-IL-2 1/10 10
IRES-gD 7/10 70
IRES-gD-IL-2 6/8 75

The mice challenged with the virus 2 weeks after the second booster
immunization.
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response also indicated that it was stronger with IRES-gD-
IL-2 as compared with IRES-gD. The IgG2a/IgG1 ratios
and DTH responses demonstrated in accord with previous
reports that the co-expression of IL-2 enhanced the cellular
immune response to DNA vaccine expressing HSV-1 gD.

To understand the protective effect of the DNA vaccines
against lethal HSV-1 challenge, the mice immunized with
the DNA vaccines were challenged with the virus. The results
showed that the survival rates of mice immunized with the
DNA vaccines increased over the control very markedly but
so similarly that the effects of the two vaccines could not be
distinguished. This indicates that although an IL-2 gene
adjuvant can induce a stronger cellular immune response
and more protective antibodies than HSV-1 gD DNA vaccine
alone, total amount of antibodies is still rather low to
neutralize the lethal virus dose completely and thus to
augment significantly the protective effect of HSV-1 gD
DNA vaccine. Improvement of the immunogenicity of IRES-
gD-IL-2 is objective of further research.
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