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Abstract An effective HIV-1 vaccine will be the
ultimate solution for the prevention of HIV/AIDS,
though HAART plays important roles in treating the
disease. In this study, a large-scale recombinant DNA
plasmid containing a designed HIV-1 multi-epitope-
p24 chimeric gene was prepared and purified.
Rhesus monkeys were then inoculated muscularly
with the plasmid for four times in week 0, 4, 8 and 18.
Whole blood was collected two weeks after the third
and fourth inoculation, followed by serum and pe-
ripheral blood mononuclear cell (PBMC) separation.
The CTL activity and proliferation of PBMCs stimu-
lated by macaque MHC-I-restricted HIV-1 CTL epi-
tope peptide were analyzed by MTT and LDH release
assay, respectively. Th1 cytokines in supernatant of
cultured PBMC stimulated by HIV-1 CTL epitope
peptide and anti-HIV-1 antibody in serum were as-
sayed by ELISA. The results showed that increased
CTL target-killing activity, higher secretion of Th1
cytokines (IFN-y and IL-2) and promoted proliferative
reaction of monkey PBMCs stimulated by HIV-1 CTL
epitope peptide were detected in the immunization
group inoculated by the recombinant DNA vaccine for
three times, which were further enhanced by the
fourth inoculation. At the same time, HIV-1 specific
antibody in serum of immunized monkeys was higher
than that in controls. We concluded that the designed

www.scichina.com  www.springerlink.com

ARTICLES

HIV-1 DNA vaccine may induce HIV-1 specific cellular
and humoral immunity on monkeys.

Keywords: HIV-1, designed, DNA vaccine, immune response, rhesus
monkey.

According to the UNAIDS/WHO report (http://
www.unaids.org/Epi2005/doc/report.html), there are
about 40.3 million HIV/AIDS survivors, and the new
HIV infection number amounts to about 4.9 million,
while the death number is some 3.1 million in the world
in 2005. The HIV-infected population in China is esti-
mated to be about 840000 and the infection ratio in the
population is 0.07% currently. There were 29623 more
newly infected persons from the end of 2003 to Sep-
tember of 2004 in China!'!. It will be over 10 millions
of HIV infections by the year of 2010 in China if there
are no interventions to control the spread of HIV/AIDS,
and great loss in economy and lots of social problems
would appear consequently. As estimated by ref. [1], at
least 3.1 billion RMB were spent in the HIV/AIDS
prevention and treatment only in the year of 2004 in
China.

It is of great importance to find out an effective way
to restrain the epidemic of HIV/AIDS. Fortunately,
more and more work has been done recently. Highly
active antiretroviral therapy (HAART) is playing great
roles in prolonging the life of AIDS patients'®) espe-
cially in the short term clinic treatment'. However,
their benefits are limited by problems of both long-term
usage which causes resistance to the drugs and expen-
sive price which a majority of infected patients find
hard to pay. These realities urge scientists develop and
test alternative forms of treatment. Several live-attenu-
ated vaccines aiming at HIV have been tested on ani-
mals® ® but the risk of virus mutant or virulent re-
gaining makes them undesirable. DNA vaccines, pos-
sessing the advantages of safety, low cost of production
and easiness of use in field conditions, have become a
hot spot in the field of HIV vaccines development in
recent years. Singh and his colleagues™ constructed a
DNA vaccine by deleting the reverse transcriptase gene
from SHIV genome. The results of immunization on six
macaques showed that three out of four immunized
animals survived, while the two controls died. It is
suggested that DNA vaccine could prevent AIDS and
could be used alone in large-scale immunization pro-
grams without the need for boosting with viral proteins.

In China, multi-epitope DNA vaccines targeting at
bird flu'” or SARS!"" have been explored, and the
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researches on the vaccine of HIV multi-neutralizing
epitopes have also been carried out!'”. All of these
studies showed that animal models have good immuni-
ties, suggesting a promising prospect of multi-epitope
DNA vaccine. We previously designed a multi-epitope
gene based on HIV-1 sequence, and constructed a DNA
plasmid containing a chimeric gene of the designed
multi-epitope gene and p24 gene of HIV-1, which
showed a good immunogenicity on mice. In this study,
the designed DNA vaccine was inoculated intramuscu-
larly on macaques, and immune responses were ob-
served.

1 Materials and methods
1.1 Materials

pVAX1-MEGp24, a recombinant DNA plasmid,
containing a chimeric gene of a designed HIV-1
multi-epitope gene and HIV-1 p24 gene; HIV-1 anti-
body ELISA kit, purchased from Beijing Kinghark
Pharmaceutical Co., Ltd; CytoTox 96"
Non-Radioactive Cytotoxicity Assay Kit, purchased
from Promega Co.; Monkey lymphocytes separation
medium, purchased from Institute of Biomedical Engi-
neering, the Chinese Academy of Medical Sciences;
Synthesis peptides of P1: RGPGRAFVTI (HIV-1 Env
311—320 aa), macaque MHC-I-restricted HIV-1 CTL
epitope peptide, P3: ELDKWA (HIV-1 Env 662—667
aa), HIV-1 antibody epitope peptide, and P6:
AGCKNFFWKTFTSC, unrelated control peptide, syn-
thesized by AC Scientific Inc (Xi’an), with a purity
greater than 95%; Monkey IFN-y and IL-2 kit, pur-
chased from TBI Co.; MTT, analytical reagent grade, 5
mg/mL; LLC-MK2, a cell line derived from macaque
kidney, provided by Shaihai Institute of Cell Biology,
the Chinese Academy of Sciences; Macaca mulatta,
12—20 months of age, both female and male, no signs
of clinical diseases, provided by Laboratory Animal
Center, the Academy of Military Medical Sciences.

1.2 Large-scale preparation and purification of the
recombinant plasmid

Proceeded as described previously!"*). The purity of
recombinant plasmid DNA was determined by agar
electrophoresis and the ratio of A50— A2s0.

1.3 Grouping and immunization

11 macaques were randomly divided into three
groups (3—5 macaques per group), including PBS con-
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trol, pVAX1 plasmid control and pVAX1-MEGp24 re-
combinant plasmid group. Monkeys were inoculated
intramuscularly with the plasmid DNA (1 mg each,
dissolved in 800 uL sterile ddH,O) or PBS (800 pL
each) for four times at week 0, 4, 8, and 18. 6 mL of
circular blood was collected from the groin vein of
macaques at week 10 and 20 for separation of serum
and peripheral blood mononuclear cell (PBMC). Serum
was used to detect the HIV-1-specific antibody, while
PBMC was applied to analyzing the specific prolifera-
tion, CTL activity and content of cytokines.

1.4  Detection of HIV-1-specific antibody in serum

Kit assay was carried out under the guide of the
manual. The synthesis peptide P3 was diluted to a final
concentration of 0.1 mg/mL with coating solution. Each
well of the polyethylene plate was coated with 100 puL
of diluted P3 and incubated overnight at 4°C. Coating
solution was removed and rinsed well. Each well was
blocked with 100 pL of 5% skimmed milk and incu-
bated at 37°C for 1 h. Blocking solution was removed
and rinsed. 100 pL of serum isolated from immunized
or control macaques (diluted by 50 times) was added to
each well and incubated at 37°C for 30 min. The pri-
mary antibody solution was removed and rinsed. 100
pL of 1:1000 anti-monkey IgG antibody conjugated to
HRP was added to each well and incubated at 37°C for
30 min. The secondary antibody solution was removed
and rinsed. 100 pL. of TMB substrate solution was
added and incubated at 37°C for 10 min. 50 pL of 2
mol/L H,SO4 was added to stop the reaction of color
development. The absorption was detected at 450 nm in
an ELISA reader.

1.5  Separation of PBMC

Fresh monkey blood containing anticoagulant was
diluted with an equal volume of Hank’s medium. The
diluted blood was slowly and carefully layered over
equal volume of lymphocytes separation medium, and
centrifuged for 20 min at 1300 rpm at room tempera-
ture. The lymphocytes at the interface of blood and
separation medium were carefully poured into a new
tube, diluted with 4 mL of Hank’s medium, and centri-
fuged for 10 min at 1700 rpm. Supernatant was dis-
carded and 4 mL of red blood cell lysis solution was
added. The lysis solution and the precipitation were
mixed well and incubated for 15 min at room tempera-
ture, followed by centrifugation for 10 min at 1700 rpm.
Supernatant was discarded and 1 mL of RPMI 1640
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medium with 10% NBS was added to the precipitation.
The lymphocytes in the solution was counted and ad-
justed to 5x10° mL™" for the determination of the spe-
cific proliferation, CTL activity and content of cyto-
kines.

1.6 Analysis of proliferative response of PBMCs with
lymphocyte transformation (LT) assay

2x10° of PBMC from immunized macaques in 1 mL
of medium was cultured alone, or co-cultured with
HIV-1 CTL epitope peptide P1 (10 mg/L) or control
peptide P6 (10 mg/L) in a 24-well plate for 72 h at
37°C in 5% CO,. 20 uL of MTT solution (5 mg/mL)
was added to each well and incubated for 4 h in 5%
CO,. The suspension containing cells was collected and
centrifuged for 5 min at 1000 rpm. 150 uL of DMSO
was added and shaken for 10 min to dissolve the crys-
tals of MTT. The absorption was detected at 490 nm in
an ELISA reader. The intensity of cell proliferation was
denoted by stimulation index (SI), which was calcu-
lated as follows: SI=Mean experimental A49o/Mean
control A490.

1.7 Analysis of HIV-1-specific CTL activity

Macaque MHC-I-restricted HIV-1 CTL epitope pep-
tide RGPGRAFVTI (P1, 10 mg/L) was added to cul-
tured LLC-MK2 cells and incubated for 2 h at 37°C in
5% CO,. These peptide-labeled cells would be served
as target cells. PBMCs from non-immunized macaques
were co-incubated with synthesis peptide P1 and P6 (as
in vitro stimulator) for 2 h at 37°C in 5% CO,. Mito-
mycin C was added to a final concentration of 40 mg/L,
and incubated for 2 h. Cells void of mitomycin C were
collected by 4 times of washing with PBS, which
would be used as stimulator cells. PBMCs from immu-
nized macaques were co-cultured with stimulator cells
in RPMI 1640 medium with 10% NBS for 24 h at 37°C
in 5% CO,. Human IL-2 was added to a final concen-
tration of 100 U/mL, and cultured for another 5 d. Cells
were collected by 5 min of centrifuging at 2000 rpm,
followed by re-suspended in RPMI 1640 medium with
5% NBS and adjusted to a final concentration of 10’
per milliliter, which would be used as effector cells.
Determination of HIV-1-specific CD8" CTL activity
was carried out as described in the manual. The ratio of

effector cells to target cells (E/T) was 50:1, 25:1 or

12.5:1. The absorption was detected at 490 nm in an
ELISA reader, and the target-killing activity of CTL
was calculated as follows: % Cytotoxicity = (Experi-
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mental A490— Effector spontaneous A499 — Target spon-
taneous A490)/(Target maximum A4g0— Target spontane-
ous A49()) x 100.

1.8 Determination of Thi cytokines

2x10° of PBMCs from immunized macaques in 1
mL of medium was cultured alone, or co-cultured with
HIV-1 CTL epitope peptide P1 (10 mg/L) or control
peptide P6 (10 mg/L) in a 24-well plate for 72 h at
37°C in 5% CO,. Supernatants were collected to deter-
mine the content of Thl cytokines such as IFN-y and
IL-2.

1.9 Statistical analysis

Data were represented as Ax + SD, and #-test was
employed to analyze the statistical significance.

2 Results

2.1 The designed antigen gene of HIV-1 DNA vaccine

A sketch of the multi-epitope antigen gene MEG!*!

of HIV-1 DNA vaccine is shown in Fig. 1(a), and that
of chimeric gene MEGp24 used in this study is demon-
strated in Fig. 1(b).

2.2 Purity of the recombinant plasmid DNA

The electrophoresis of the purified plasmid pVAX1-
MEGp24 on 1% agar showed that no RNA existed in
the plasmid. The value of A,60/4259 Of the plasmid was
1.85, suggesting that the plasmid was not contaminated
by proteins or phenol. Thus the plasmid was desirable
for immunization on animals.

2.3 HIV-1-specific target-killing activity of CD8" CTL
in PBMCs

For three kinds of E/T ratio, the recombinant DNA
plasmid pVAX1-MEGp24 induced HIV-1-specific tar-
get-killing activity of CD8" CTL in PBMCs of immu-
nized macaques stimulated by macaque MHC-I-

restricted HIV-1 CTL epitope peptide P1 after the
third immunization (compared with the control groups,
p<0.01). The CTL activity was further enhanced by the
fourth immunization (for 50:1 and 25:1 of E/T ratio,
compared with the third immunization group, p<0.05),
which was over 35 % for the high E/T ratio and close to
10 % for the low E/T ratio (Fig. 2).

2.4 Level of Thl cytokines in supernatant of cultured
PBMCs

Based on the standard curves, the lineal regression
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)
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Fig. 2. HIV-1-specific target-killing activity of CD8" CTL in PBMCs
from immunized macaques. *, Compared with PBS and pVAXI1 controls,
p <0.05; **, Compared with PBS and pVAX1 controls, p <0.01.

equation for the calculation of IFN-y content is: y=
351.4x-47.96, r=0.9933, and that for IL-2 is: y=
719.92x-25.44, r=0.9982.

High level of IFN-y was observed in the supernatant
of cultured PBMC stimulated by HIV-1 CTL epitope
peptide P1 from macaques immunized with the recom-
binant plasmid (compared with the control groups,
p<0.01) (Table 1). Higher level of IFN-y was detected
when macaques was fourthly immunized by the same

Table 1

A sketch of the designed antigen gene of HIV-1 DNA vaccine.

antigen (compared with the third immunization group,
p<0.05). The statistical analysis demonstrated a similar
change in IL-2 content.

2.5 HIV-1 specific proliferation of PBMCs

The HIV-1 specific proliferation of PBMCs from
immunized macaques determined by lymphocyte
transformation assay is shown in Table 2. The prolif-
erative response of cultured PBMCs under the stimula-
tion of HIV-1 CTL epitope peptide was observed in the
group immunized with the recombinant plasmid
pVAX1-MEGp24 (Compared with the control groups,
p<0.01). The fourth immunization further increased the
proliferative response of PBMCs (compared with the
third immunization group, p<0.05).

2.6 Level of HIV-1 antibody in serum

The level of HIV-1 antibody in serum from immu-
nized macaques was detected by kit assay and pep-
tide-coating assay. The results (Table 3) showed that the
level of HIV-1 antibody in serum from macaques im-
munized with the recombinant plasmid was signifi-
cantly higher than that in PBS and pVAXI controls
(»<0.01). The HIV-1 antibody level was statistically

Content of Th1 cytokines in the supernatant of cultured PBMC in immunized macaques

IFN-y Content (pg/mL) IL-2 Content (pg/mL)

10 w 20w 10w 20 w
pVAX1-MEGp24 82.7+16.8Y 1252 £25.19 75.9 £ 14.4? 109.6 +21.19
pVAXI1 control 21.7+7.7 324+8.7 46.7+9.1 59.2+11.8

PBS control 13.6+6.9 23.9+72 41.8+85 53.4+10.2

a) Compared with PBS and pVAX1 controls, p<0. 01.
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Table 2 HIV-1 specific proliferative response of PBMCs in immunized macaques

10w 20 w
pVAX1-MEGp24 1.91£0.38 231+040Y
pVAXI1 control 1.08 £0.15 1.12+0.13

PBS control 1.06 £0.13 0.92+0.14

a) Compared with PBS and pVAX1 controls, p<0. 01.

Table 3 Level of HIV-1 antibody in serum of immunized macaques

Kit assay Peptide-coating assay
10w 20 w 10w 20 w
pVAX1-MEGp24 0.406 £ 0.039 0.481 + 0.044” 0.522 + 0.047 0.607 £ 0.057
pVAXI1 control 0.064 £ 0.008 0.062 + 0.007 0.086 + 0.008 0.094 £ 0.008
PBS control 0.066 + 0.007 0.073 +0.006 0.069 + 0.006 0.060 £ 0.007
a) Compared with PBS and pVAXI1 controls, p <0.01.
[21,22]

insignificant by the fourth immunization (compared
with the third immunization group, p>0.05).

3 Discussion

People face many obstacles in developing a vaccine
which can be used universally throughout the world,
although the need for an effective vaccine against
HIV-1 to ensure the public health is well recognized
and accepted. One of the most significant problems in
vaccine design strategies is how to solve the genetic
variation of HIV-1 isolates"> ™",

Among current vaccine design strategies, vaccines
based on CTL epitopes may induce effective cellular
immunity, mainly because multiple epitopes can be
selected and constructed into one vaccine vector, thus
inducing broad immune responses to different epitopes.
Epitope selection can be biased toward those that are
most highly conserved among viral types and subtypes,
as well as dominant or subdominant epitopes from nu-
merous viral products. Strategies in HIV vaccine des-
ign"® 7% were specifically concentrated on consensus
sequences of prevalent HIV-1 types either within spe-
cific populations or the local target population. In a
former study''*), we first scanned the whole sequence of
HIV-1 and picked out several highly conserved and
predominant epitopes. We further optimized the codons
and the arrangement of these epitope genes and con-
structed the designed gene to a DNA vaccine vector.
The results of the immunization with the recombinant
plasmid on mice showed that the antigen expressed
from the designed gene had a good immunogenicity.

Infection with HIV-1 caused a disease state charac-
terized by progressive immune dysfunction, ultimately
resulting in AIDS in a majority of infected patients.
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Studies on acute HIV-1 infections showed that
early elevation of CD8" CTL specific for HIV-1 can be
observed several weeks after infection, corresponding
to the initial decline of HIV-1 plasma viraemia, thus
suggesting that CD8" CTL plays important roles in
controlling the virus replication in initial period of
HIV-1 infection. Similarly, detections on clinical long-
term nonprogressors’> 2! infected by HIV-1 demon-
strated the presence of low viral loads, slower decrease
in CD4" T lymphocyte counts and broad CTL immune
responses, supporting the notion that CTL responses
may help to curb viral replication in these chronically
HIV-1-infected individuals. Virus-specific CTL re-
sponses induced by epitope vaccines can constrain SIV
replication and prevent disease progression either under
the SIV infection or in pathogenesis model with rhesus
monkeys or pathogenic strains of the hybrid simian
HIV-177 The effectiveness of CTL responses on the
control of virus replication and disease progression was
further clarified by the findings™' ¥ that SIV virus
mutated to dominant CTL epitopes could escape CTL
recognition, resulting in an increase in viral replication
and acceleration of disease progression. We determined
the target-killing activity of macaques immunized with
the designed DNA vaccine by LDH assay. The results
showed that the target-killing activity of CD8" CTL in
PBMCs of immunized macaques, under the stimulation
of macaque MHC-I-restricted CTL epitope peptide,
approached 35% and 10% in the high and low ratio of
effector cell to target cell respectively, suggesting that
the designed DNA vaccine may induce the production
of HIV-1-specific CTL in macaques.

It has been demonstrated®” " that Thl responses
represented by secretion of Thl cytokines, such as IL.-2
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and IFN-y, may enhance the resistance of host to mi-
crobe infection, especially to virus and intracellular
pathogens, while Th2 responses represented by secre-
tion of Th2 cytokines, such as IL-4 and IL-10, may be
conducive to the progression, permanence and
chronicizaion of infections. Studies on highly risk
population for HIVE®* ™) showed that those whose HIV
antibody and RNA were detected to be negative bore
strong Thl responses. Further observations on
HIV-infected patients without clinical symptoms?® *%!
demonstrated that those who did not progress to AIDS
possessed permanent and dominant Thl responses,
while those who progressed to AIDS exhibited a gradu-
ally decreased production of IFN-y and IL-2 but a
gradually increased production of IL-4 and IL-10.
These researches indicated that Th1 responses may play
key roles in either the prevention of HIV infection or
delaying the progression of HIV infections. In this
study, the designed DNA plasmid was observed to in-
duce significantly high production of IFN-y and IL-2
from cultured PBMCs under the stimulation of HIV-1
CTL epitope peptide, thus suggesting that the designed
vaccine can enhance Th1 responses on macaques.

Furthermore, HIV-1-specific proliferative response
of PBMCs under the stimulation of HIV-1 CTL epitope
peptide and serum HIV-1 antibody were detected in
immunized macaques by lymphocyte transformation
assay and ELISA assay respectively, suggesting that the
designed DNA vaccine did stimulate immune responses
on monkeys. Let it be noted that further evaluation on
humeral immunity of the designed DNA vaccine was
confined for lack of data on neutralizing antibody level
in immunized macaques by the limitation of experi-
mental conditions. In addition, we observed enhanced
immune responses induced by the fourth immunization,
indicating that immune responses can be promoted by
the same antigen based on the prime immunization with
proper interval between immunizations.

In a word, our study indicated that the designed
HIV-1 recombinant DNA vaccine may induce
HIV-1-specific humoral and cellular immune responses,
and a proper interval between prime and boost immu-
nization may enhance the immunity of the same antigen
in macaques. The designed DNA vaccine is worthy of
clinical trial and has a promising prospect in clinic
practice.
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