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ABSTRACT

Background: Human immunodeficiency virus (HIV) antigens from transmitted strains of HIV would prove crucial in vaccine
designing for prevention of HIV infection. Immune response generated by Vaccinia construct expressing the HIV-1 gag gene from
transmitted Indian HIV-1 subtype C strain (Vgag) in BALB/c mice is reported in the present study along with the identification
of epitopes responsible for induction of the immune response. Aims: The aim of this study was to determine immune response
generated by the constructs in a mouse model and to understand the epitope specificities of the response. Settings and Design:
This was an observational study carried out in BALB/c mice. Materials and Methods: The immunogenecity of Vgag construct
was evaluated in BALB/c mice after multiple immunizations. T-cell response was monitored by the interferon-y ELISPOT assay
using HIV-1 C Gag overlapping peptides and anti-P24 antibodies were estimated by ELISA. Statistical Analysis Used: Graphpad
prism software was used for statistical analysis and for plotting graphs. Results: IFN-y-secreting T cells and antibodies were
detected against HIV Gag in mice after immunization. Although after repeated immunizations, antibody-mediated immune
response increased or remained sustained, the magnitude of IFN-y-secreting T cell was found to be decreased over time. The
Gag peptides recognized by mice were mainly confined to the P24 region and had a considerable overlap with earlier reported
immunodominant regions recognized by HIV-infected Indian patients. Conclusion: Vaccinia construct with a gag gene from
transmitted HIV-1 virus was found to be immunogenic. The Gag regions identified by mice could have important implications in
terms of future HIV vaccine designing.
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INTRODUCTION

Ithough general population prevalence in India is low

(0.29%) in comparison with many African countries,!"
effective strategies including effective anti-HIV vaccine are
required for preventing further spread of epidemic to the
general population. Induction of HIV-specific cytotoxic
T-lymphocyte (CTL) responses is considered important, in
addition to neutralizing antibody response, for a candidate
vaccine to be effective. But in spite of induction of good
antibody or cellular immune response, different vaccine
candidates have failed in preventing HIV infection or
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slowing down disease progression in clinical trials.”!
HIV diversity has been one of the major obstacles in
the development of an effective prophylactic vaccine.
Among HIV genes, gagis relatively conserved and immune
responses, particularly CTL responses, specific to gag have
been shown to be associated with the clearance of primary
viremia and control of virus multiplication.! Gag-specific
CTL response is associated with slower progression of
the disease.P! Also, Gag-specific CD8 (+) T cells have been
shown to recognize infected CD4 (+) T lymphocytes as
early as 2 hours post infection, even before proviral DNA
integration.l! The number of gag epitopes recognized by
CD8 (+) T cells is reported to be significantly associated
with lower viremia in SIV-infected rhesus macaques.!

Ithas been reported that Indian subtype C sequences cluster
away from subtype C sequences of non-Indian origin.” But,
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there have been very few studies carried out to evaluate
immune response against an Indian HIV subtype C-based
immunogen in animal models as well as in clinical trials. Also,
the viruses used in the vaccine studies up till now were grown
from chronically infected persons and hence may have been
selected under immune pressure. On the other hand, viruses
cultured from acute HIV infection are considered to be the
crucial targets of vaccine-induced immunity,® as such strains
represent recently transmitted HIV that has not undergone
selection under immune pressure.

Among different HIV vaccine strategies, Poxvirus vectored
vaccines have shown encouraging immunogenicity in HIV
vaccine clinical trials.”’ Results from recently published
Phase III Thai trial using Canarypox-based vaccine
candidate also had shown a very modest protection among
vaccines.'”n Hence, a recombinant Vaccinia virus construct
expressing gag from recently infected individuals with HIV-
1 subtype C virus of Indian origin was constructed and
evaluated in BAILB/¢ mice for generation of Gag-specific
CTL and antibody response.

MATERIALS AND METHODS
HIV-1 C gag gene sequencing

Gag gene from HIV-1 subtype C strain from an Indian
patient with acute HIV infection was sequenced. Full-
length gag (P55) was amplified in PCR and cloned
into pGEM T Easy vector as desctibed previously.!'!)
Sequencing was performed by using cycle sequencing and
big dye termination on an automated sequencer (Applied
Biosystems Inc. 310, Perkin Elmer).

Constructions of recombinant vaccinia containing
HIV-1C gag

The expression vector, pSC59, used in this study contained
strong eatly/late promoter flanked by DNA sequences
02 The coding sequence of the gag
gene was cloned downstream to the promoter and the

from vaccinia virus.

resulting recombinant was used to transfect vaccinia virus.
The recombinant plaque was purified and expression of
HIV-1 C gag was demonstrated by Western blot assay.
For Western blot assay, CV-1 cells were infected with the
recombinant vaccinia construct (1/gag) as well as with wild-
type vaccinia virus western reserve (WK) at the multiplicity
of infection (MOI) of 10 plaque forming units (PFU)/
cell. After 24 hours, the cells were harvested and lysed
with buffer containing 0.5% TritonX-100. The lysate and
supernatant of the infected cells were electrophoresed on
5% PAGE and transferred to the nitrocellulose membrane.

HIV positive patient’s serum was used as a source of
primary antibody and anti-Human IgG conjugated with
horse radish peroxidase (HRP, Biorad Laboratories) as the
secondary antibody. The expression of HIV gag antigen
was detected as a color band developed after addition of
the TMB substrate [Figure 1].

Expansion and purification of recombinant vaccinia
constructs

The 1Vgag and WR constructs were expanded using
HelLa cell line and purified by sucrose density gradient
centrifugation using 36% sucrose (Sigma) and the titer was
estimated by plaque formation assay using the BSC-1 cell
line as described elsewhere.!"’)

Immunization and immunogenicity assessment
schedule

5 to 8-week-old Female BAI.B/¢ mice were divided
into groups of 10 mice each. Mice in each group were
immunized subcutaneously at five different time points
at a 2 weeks interval between first four vaccination and 4
weeks interval between fourth and fifth vaccinations. The
mice were injected with 1x10° or 1X10” PFU/ mouse of
gag (19ag10°/ Vgagl07) or WR (WR10°/ WR10") or saline
at these time points.

The mice were bled retro-orbitally at 1 week following
first four immunizations and 2 weeks following the fifth
immunization. The serum samples were separated and
stored at —20°C until they were tested for antibodies against
P24. Three to four mice from each group were sacrificed
by cervical dislocation 1 week following third and fourth
immunizations and two were sacrificed 2 weeks after the
fifth immunization. Spleen was harvested aseptically and
processed for splenocyte separation for estimation of
HIV 1 specific T-cell response.

Lane 1 Lane 2 Lane 3

HIV gag

- = |

Figure 1: Western blot assay to detect expression of HIV gag by
Vgag construct. The arrow shows gag expressed in lysate (lane 2)
and supernatant (lane 3) of cells infected with Vgag. No HIV gag
was detected in lysate of cells infected with WR (lane 1)
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Experimental protocol for use of mice was approved
by Institutional Biosafety Committee (IBC) of National
AIDS Research Institute and Institutional Animal Ethics
Committee (IAEC) of National Institute of Virology
where experiments were carried out.

HIV-1 C Gag-specific binding antibody detection

HIV-1 C Gag-specific binding antibody in mouse sera was
measured by the enzyme-linked immunoassay (ELISA).
Ninety-six well ELISA plates (Costar) were coated with P24
antigen (Span diagnostics) at the concentration of 1 pg/ml
in 0.1 M carbonate buffer (pH-9.5) overnight at 4°C. The
plates were washed five times with phosphate buffer saline
(PBS- pH 7.2) containing 0.05% Tween 20. The plates were
blocked with 1% bovine serum albumin (Sigma) in PBS for
1 hour at 37°C. 100 ul of ten-fold diluted mouse serum
samples were added in duplicate wells and incubated for
1 hour at 37°C. After washing the plate five times, 100 pl
of 1:10000 diluted anti-mouse IgG peroxidase conjugate
(Sigma) in PBS with 1% BSA was added and incubated for
1 hour at 37°C. After washing, the color was developed by
addition of 100 pl per well of the TMB substrate (Sigma).
The plates were read at 450 nm after stopping the reaction
with IN H,SO,. The response was considered positive if
optical density (O.D.) was more than cut-off of 0.04 (Mean
+ 3 S.D. of O.D. of sera from saline injected mice).

Preparation of splenocytes

Mouse spleens were harvested aseptically and single cell
suspension was prepared by gently crushing the spleen on
sieve using a sterile plunger of a syringe. The splenocytes
were separated by Ficoll hypaque (Sigma: Histopaque-1083)
density gradient centrifugation and suspended in RPMI
1640 with 10% fetal calf serum, 200 mM L-glutamine
and antibiotics (100 U penicillin and 100 pug/ml of
streptomycin) (All the reagents were procured from Sigma).
The cells were counted and percentage viability was
determined by trypan blue dye exclusion. The cell viability
of all the samples was above 90%.

IFN-g ELISPOT assay

The T-cell response was measured using the IFN -g
secretory ELISPOT assay as described previously.!'""
Briefly, ELISPOT plates (Millipore, USA: MAIPS 4510)
were coated with 100 pl of 10 pg/ml of an anti-mouse
IFN-g monoclonal antibody (Mabtech, Sweden, Cat No:
3321-3). The plates were incubated overnight at 4°C. After
blocking the plates with RPMI 1640 with 10% fetal calf
serum for at least 2 hours, splenocytes were added at cell

densities ranging from 2 to 5X10° cells/well depending
on availability of cells and stimulated with 10 pg/ml of
concanvalin A (positive control), or gag peptides. Wells
containing unstimulated cells in RPMI medium were kept
as negative control (mock) to measure the background
response. The cultures were incubated overnight at
37°C in 5% CO, atmosphere. After incubation, the cells
were discarded and 100 pl of biotinylated anti-IFN-g
monoclonal antibody (Mabtech, Sweden: 3321-6) was
added per well at 4 pg/ml concentration. The plates were
incubated for 3 hours at room temperature, followed by
1 hour incubation with 100 ul of HRP—conjugated with
streptavidin (Vectastain, Vector Laboratories). The spots
were developed after adding 100 ul of AEC substrate
(Sigma) for 4 mins at room temperature in dark. The
plates were subjected to image analysis using a ELISPOT
reader (AID: ELHRO1) after drying overnight. The assay
was considered valid if the number of spot forming units
(SFU)/million cells in positive control wells exceeded
50. The response in the peptide stimulated wells was
considered positive if SFU / million cells in these wells
was more than cut off value (18 SFU/million cells) after
subtraction of response in mock wells. The cut off value
for positive response was calculated by adding 2 S.D.s to
the mean of the response seen in mock wells of all the
assays on vaccinated and control mice.

Peptides used for the ELISPOT assay

Overlapping 20-mer peptides with a 10-amino acid
overlap for HIV-1 subtype C gag protein were obtained
from AIDS Research and Reference Reagent Program,
Division of AIDS, NIAID, NIH (Cat. no. 3993). The
lyophilized peptides were dissolved in 10 pl of dimethyl
sulfoxide (DMSO, Sigma). They were further diluted in
RPMI medium so that the final concentration of each
peptide in any of the pools in each ELISPOT well was
5 pg/ml. Forty-nine ovetlapping peptides of HIV-1C gag
were divided into three pools (G1, G2, and G3) containing
peptide # 1-16, 17-32 and 33-49 respectively. Pool G1
contained 16 peptides spanning amino acids from 1 to 170,
G2 contained 16 peptides over amino acids: 160 to 325,
whereas G3 had 17 peptides over amino acids: 320 to 494
of the HIV-1 gag region.

For the purpose of identification of individual peptides
recognized by immunized mice, a matrix consisting of 14
pools, each containing seven peptides, was prepared. The
matrix pools were designed in such a way that each peptide
was presentin two different pools as desctibed previously."!
Peptide common in two pools eliciting response was
considered for further analysis.
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Statistical analysis

Graphpad prism software was used for statistical analysis
and for plotting graphs. The means and standard
deviations of O.D. values for ELISA response and
that of SFU/million cells for ELISPOT response of
individual mouse in each group after each immunization
were calculated. The means of ELISA and ELISPOT
responses were compared and plotted on the graphs
for monitoring humoral and cellular response elicited by
immunized mice after each immunization. The standard
deviations were calculated to estimate the degree of
variation in each group. The responses in the two dosage
groups and immunizations at different time intervals
were compared by the unpaired 7 test and expressed as
P value.

RESULTS
P24 specific antibody detection

Anti-gag P24 antibodies were measured in all groups of mice
at 1 week following each of the first four immunizations
and 2 weeks following the fifth immunization. Mice
immunized with 10° and 107 PFU of ["gag developed the
HIV-1 P24 antibodies right after the first immunization
[Figure 2]. The antibody levels increased or were sustained
with subsequent immunizations in the mice in both dosage
groups. The antibody response was significantly higher
in T7gag10” group after second immunization (P<0.05) in
comparison with 17gagl 0° group.

T-cell IFN-g response

HIV-1 Gag-specific IFN-g secretory response was assessed
after third, fourth, and fifth immunization with both
179ag10° and 17gagl07. The IFN-g secreting cells were
detected predominantly against peptides in the pool G2
(Average: 34.2 SFU/million cell) followed by pool G3
(Average: 18.2 SFU/million cells) in both the dose groups
[Figure 3] at all time points.

Magnitude of cells producing IFN-g decreased after
subsequent immunizations. In 10° PFU 1gag group, the
magnitude decreased by 60% to G2 pool and by 86% to
G3 pool after fifth immunization as compared to third
immunization, whereas in mice immunized with 107 PFU,
the decrease was 39% and 57% to peptide pools G2 and
G3, respectively.

The magnitude of IFN-g secreting cells was sustained to
pool G2 after fifth immunization in mice inoculated with
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Figure 2: Humoral response against HIV-1C gag by P24 antigen
ELISA. The antibody response to P24 antigen was measured in
mice immunized with WR108, WR107, Vgag10°, Vgag10’ by ELISA.
The X-axis represents doses of the immunogen and the Y-axis
represents antibody response expressed as O.D. The data points
and error bars represent mean and 1 S.D. of the response shown by
mice in each group, respectively
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Figure 3: T-cell response determined by the IFN-g secretory
ELISPOT assay. The graph shows the average mock subtracted
response (SFU/million cells) on the Y-axis after third, fourth, and fifth
immunizations with Vgag10’, Vgag10¢, WR107, WR10°. Each data
bar indicates mean of the response in each group and the error bars
indicate 1 S.D. for the response in the group. The horizontal line
represents the cut-off value (mean + 2 S.D. of SFU/million cells in
mock well) for considering positive response

10" PFU, as against in mice inoculated with 10° PFU of
Vgagwhere it declined rapidly and no response was detected
after the fifth immunization to any of the pools. Thus,
the overall T-cell response was found to be moderate and
sustained in a dose-dependent manner.

HIV-1 gag peptides recognized by vaccinated mice

The IFN-g response to individual peptides was estimated
using matrix ELISPOT. The sequence of the peptides
used for ELISPOT assay showed 92% similarity with
the gag sequence used in the vaccine construct. The
Figure 4 shows alignment of both the sequences. A
total of 15 peptides were recognized by immunized
mice [Figure 5]. Among these, 12 peptides were from
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p24 and 3 were from p7 region of gag protein. The DISCUSSION

p24 peptides identified by mouse splenocytes were

clustered in three amino acid regions: Amino acids Although vaccines have played a major role in control
140 to 220, 240 to 279, 310 to 349 and P7 peptides of many infectious diseases, vaccine for preventing HIV
clustered in one region: Amino acids 379 to 418 of  infection has proven to be one of the biggest challenges
the gag protein. Peptides 33 and 34 (amino acids: faced by the AIDS researchers. None of the candidate
310-340: QEVKNWMTDTLILIQONA NPDCKTI I.K vaccine tested in clinical trials conducted has so far
ALGPG) were the most frequently recognized peptides shown to be effective in preventing HIV infections,
followed by peptides 26 and 27(amino acids 240-270: except for the recently concluded Thai trial based on
STLOEQIAWMTSNPPIPY GDIYKRWIILGL). prime- boost strategy which has shown only 31.2%

efficacy.l'"”! This highlights the need for more efforts in

The HIV-1C gag regions identified by immunized mice  basic research in HIV vaccine development and also
showed similarity with the immunodominant CTL  critical evaluation of vaccine candidates in pre-clinical

regions identified by HIV-infected patients in India.

51 trials. It is also important to evaluate immune response to

HIV-1C gag regions identified by immunized mice  circulating strains of HIV subtype C, which is the most
corresponding to amino acids 140-190 (OMIVHQ  common subtype in India. Very few studies have been
KLSPRTLNAWVKVIEEKAFSPEVIPMFTALSE  done to evaluate immune response generated by vaccine
GATPODILNTMINTV), amino acids 201-220  candidates based on Indian HIV subtype C. The present
(LKDTINEEAAEWDRILHPI H.A), amino acids 261-279  study reports the preclinical evaluation of recombinant
(IYKRWILGLNKIVRMYSPL) wete found to overlap ~ Vaccinia construct expressing the HIV-1 Indian subtype
immunodominant CTL regions identified by HIV-infected ~ C gag gene isolated from recently infected patient in the

Indian patients as shown in Figure 4. BAILB/¢ mouse model.
pl7
C.96ZM651 MGARASILRGGKLDKWEKIRLRPGGKKRYMIKHLVWASRELERFALNPGLLETSEGCKQI 60
Vgag MGARASILRGGKLDKWEKIRLRPGGKKCYMLKHLVWASRELERFALNPGLLETSEGCKQI 60
A Ak hhk Ak Ak khk Ak A Ak AdAk Ak khhkhhkhhxkk*k * * : A Ak Ak h A A Ak hkhkhA Ak kA A dAkhAk Ak Ak dhhrhkhkx*
C.962M651 MKQLQPALQTGTEELRSLYNTVATLYCVHEGVEVRDTKEALDRIEEEQNKIQQKIQQKTQ 120
Vgag MKQLOPALQTGTEELRSLENTVATLYCVHEEIVVRDTKEALDKIEEEQNKIQQ —————-— A 114
**‘k*****‘k*****‘k***:*********** : *********:‘k*****‘k***
C.962M651 QAADGKVSQNYPIVONLQG|OQMVHOKLS PRTLNAWVKVIEEKAFSPEVIPMFTALSEGATP| 180
Vgag KEADGKVSQNYPIVONLOG|QMVHQAISPRTLNAWVKVIEEKAFSPEVIPMFTALSEGATP| 174
,k k ok ok ok ok ok ok ok ok ok ok ok ok ok okk ok ok ok ok :**k‘k*****‘k***********‘k‘k***‘k‘k****‘k**
p Z
C.962M651 QDLNTMLNTVGGHOAAMOMLKDT INEEAAEWDRLHPVHA GPIAPGOMREPRGSDIAGTTS 240
Vgag ODLNTMLNTVEGHQAAMOMLKDT INEEAAEWDRLHPVHA GPIAPGOMREPRGSDIAGTTS 234
* ok k ok ok ok ok ok kK * Kk ok ok ok ok ok * ok k ok ok ok ok ok ok ok
C.962M651 TLQEQIAWMTSNPPIPVGPIYKRWIILGLNKIVRMYSPV SILDIKQGPKEPFRDYVDRFF [300
Vgag NLQEQIAWMTGNPPVPVGDIYKRWIILGLNKIVRMYSPT SILDIKQGPKEPFRDYVDREF [294
. Kk k ok ok Kk k kK . * K x H kAhk kA hAkrhhhkrhkhkkhkhkrkhkkhkkhhk*x* . kAhk kA hkhkhhhkhkhkkhkkhkkxhkhkkkkk*k
C.96ZM651 KTLRAEQAT QEVKNWMTDTLLVQNANPDCKTILKALGPGATLEEMMTAC QGVGGPSHKAR 360
Vgag KTLRAEQA[' QEVKNWMTDTLLIQNANPDCKTILRALGPGATLEEMMTAC QGVGGPSHKAR 354
dAhA Ak hAhAhk APk kA r A Ak khh Kk kK H kA hk kA kK Kk Kk kKK H dA Ak Ak hh A Ak kA A dAkkhAkhA Kk khkhhhkhk*x*
P2 p7
C.96ZM651 VLAEAMSQTNSVNILMOK SNFKGNKRMVKCFNCGKEGHIARNCRAPRKKGCWKCGKEG HQ 420
Vgag VLAEAMSQANS - NILMORSNFKSSKR- IKCFNCGKEGHIAKSCRAPRKKGCWKCGKEG HQ 412
********:** *****:****.'** :************:'******************
pl pé6
C.962M651 MKDCTERQANFLGKIWPSHKGRPGNFLQONRPEPTAPPAESFRFEETTPAPKQESKDREAL 480
Vgag MKDCTERQANFLGKIWPSHKGRPGNFLQRRPEPTAPPAESFRFEETTPAPKQEPTDREPL 472
Kok ok ok k ok ok ok ok ok k ok ok ok ok k ok ok ok ok ok ok ok ok ok ok ok ok . dhkhkhkhkhkkhkhkhkhkhkkhkhhkkhkkhkkhxxkk*k .. * %k k . *
C.9672M651 TSLKSLFGSDPLSQ 494
Vgag TSLKSLFGSDPLSQ 486

Kk ok ok ok kK K ok ok ok ok ok ok

Figure 4: HIV-1 C gag regions identified by immunized mice. Alignment of the Vaccine gag sequence (Vgag- GenBank accession No.
AY484419) with the sequence of HIV-1 C.96ZM651 which was used for overlapping peptides synthesis. (*) indicates conserved sequences; (:)
indicates conserved substitutions whereas (.) stands for semi-conserved substitutions. The regions identified by immunized BALB/c mice are
shown in red letters. The blocks correspond to the immunodominant CTL regions identified by HIV infected patients in India
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Average SFU/million
cells

Peptides identified

15:
16:
18:
19:
20:
21:
26:
27:
28:
33:
34:
35:
40:
41:
42:

QMVHQKLSPRTLNAWVKVIE (QMVHQAISPRTLNAWVKVIE),
TLNAWVKVIEEKAFSPEVIP (TLNAWVKVIEEKAFSPEVIP),
MFTALSEGATPQDLNTMLNT (MFTALSEGATPQDLNTMLNT),
PQDLNTMLNTVGGHQAAMQM (PQDLNTMLNTVGGHQAAMQM),
VGGHQAAMQMLKDTINEEAA (VGGHQAAMQMLKDTINEEAA),
LKDTINEEAAEWDRLHPVHA (LKDTINEEAAEWDRLHPVHA),
STLQEQIAWMTSNPPIPVGD (SNLQEQIAWMTGNPPVPVGD),
TSNPPIPVGDIYKRWIILGL (TGNPPVPVGDIYKRWIILGL),
IYKRWIILGLNKIVRMYSPV (IYKRWIILGLNKIVRMYSPT),
QEVKNWMTDTLLVQNA (QEVKNWMTDTLLIQNA),
LLVQNANPDCKTILKALGPG (LLIQNANPDCKTILRALGPG),
KTILKALGPGATLEEMMTAC (KTILRALGPGATLEEMMTAC),
SNFKGNKRMVKCFNCGKEGH (SNFKSSKR-IKCFNCGKEGH),
KCFNCGKEGHIARNCRAPRK (KCFNCGKEGHIAKSCRAPRK),
IARNCRAPRKKGCWKCGKEG (IAKSCRAPRKKGCWKCGKEG)

Figure 5: Peptides identified by immunized mice in IFN-g ELISPOT matrix. The graph shows m agnitude of response as measured by SFU/
million cells (Y-axis) to 15 peptides (X axis) identified in the ELISPOT assay matrix by immunized BALB/c mice. The figure also shows
sequences of peptides used in ELISPOT assays and corresponding Vgag sequences as mentioned in the brackets

The vaccine construct induced an HIV Gag-specific
antibody and cell-mediated response after immunization
with 10° and 10" PFU dosages, but failed to boost the
immune response after subsequent immunizations. The
failure to boost the immune response against vector
expressed foreign antigen after repeated immunizations
is likely to be due to induction of stronger immune
response against viral vector proteins. It has been reported
that immunity to vaccinia vectors induced by earlier
immunizations resulted in significant inhibition of T-cell
response to foreign antigens expressed by them upon
subsequent immunizations.'” Higher dose of vaccine
probably could circumvent the vector specific immune
response resulting in persistence of HIV-1 gag specific
IFN-g response as seen after fifth immunization in /gagl 07
group. Persistence of T-cell immune response was observed
in the case of adenovirus vector with the highest dose of
10" particle units (PUs) as compared to lower doses of
10” and 10" PUs in human volunteers."”? However, safety
issues and development of tolerance may be the concerns
for using still higher doses of vaccine candidates. Also,
higher doses of Vaccinia have been reported to result
in development of predominant Th2 type of immune
response instead of Thl type which plays critical role in
induction of cell-mediated immunity.!"” Alternatively, the
use of different combinations of vectors in prime/ boost
strategy and/or different routes of immunizations could
be considered to circumvent the problem of vector-specific
immune response."® Non-replicating vectors like modified
vaccinia ankara (MVA) may also be used as they are safe
and the strength of immune response directed against
these vectors is much less than that against replication
competent vaccinia vectors.!” Codon optimization for
optimal presentation of antigens by genes carried in vaccine
candidate also would help to generate better immune
response as compared to their naive counterparts.!"”)
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Magnitude of IFN-g secretory cells as determined by the
ELISPOT assay was found to be decreased after fourth
and fifth immunizations in both the dosage groups as
compared to third immunization. The decline may be
because of apoptosis of activated cells caused by re-
immunization within shorter interval.””) As against T-cell
response, antibody response against gag either increased or
was sustained after subsequent immunizations in the both
dosage groups. The similar results with higher antibody
response to foreign antigen expressed by the vectors after
subsequent boosters were also demonstrated in the study
by Ramitez e# al.l"’
with marginal increase in antibody response to HIV
proteins after third repeated immunization of MVA has
also been observed in macaques.”'! The higher antibody
response seen may be as a result of B-cell adjuvanting
capabilities of poxviruses through induction of TNF-a
and 11.-6, both of which have been shown to support
plasma cell survival.””

! Failure of boosting of T-cell response

HIV-1C Gag-specific T-cell response in immunized mice
was found to be clustered within three regions of p24
corresponding to the amino acids 140 to 220, 240 to 279,
310 to 349, and one region of P7 corresponding to amino
acids 379 to 418 of the gag protein. One of the earlier studies
carried out for identification of gag epitopes in BALB/¢
mice has also identified different gag regions spanning
between amino acids 165 to 315 after immunization
with the HIV gag protein alone and found that Tat was
responsible for broadening of immune response against
gag.P’! Another study in BALLB/ ¢ mice carried out in India
could identify epitopes distributed throughout the length of
gag.”" However, there was difference in the vector used as
well as the epitopes identified were determined after second
immunization in that study, whereas we have reported the
responses after third vaccination.
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The P24 regions corresponding to amino acids 140-190,
201-220, 261-279 identified by immunized mice have been
found to overlap with the P24 regions identified in the
HIV-1 C-infected patients from India and South Africa.l**!
The results of these experiments indicate that the immune
response raised against [gag construct targets the same
regions of gag protein as human volunteers. The regions
identified in response to HIV strains from acute HIV
infection would prove important in understanding the
actual crucial targets of vaccine-induced immunity. The
overall sequence of gag in the construct showed more
than >90% similarity with consensus C sequence as well
as with other reported Indian subtype C gag sequences.
Although the identified regions of gag did not show much
conservation when compared with other reported Indian
subtype C gag sequences, the identified regions showed
more than 90% conservation among the recently isolated
strains of HIV indicating importance of using sequences
from recently isolated strains in vaccine designing.!"'!

The majority of the epitopes identified by vaccinated mice
belonged to the P24 region. It has been observed that
HILA alleles with a low relative hazard (RH) of disease
progression preferentially present p24 epitopes.”” Also the
different regions of gag protein identified by mice in the
present study were found to overlap with different T helper
and CTL epitopes identified in different studies indicating
probable use of these sequences for wider application.*!
Also, these regions could be more antigenic containing
different murine as well as human epitopes and could be
concentrated for different vaccine studies.

CONCLUSION

In summary, induction of Gag-specific T cell and antibody
response was demonstrated in BALB/¢ mice immunized
with recombinant vaccinia expressing HIV-1 subtype C gag
of Indian origin from recent HIV infection. Although the
quantum of response was rather low, the use of this vaccine
in prime booster strategy along with DNA would result
in better and sustainable response. The extensive overlap
between the epitopes recognized by infected humans and
vaccinated mice indicates that the response observed to
immunization by the [gag construct may have relevance
in terms of vaccine development. Further studies with
these immunogenic regions of HIV-1 gag may be critical
for HIV vaccine development for prevention of HIV
infection in human.
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