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Viral antigens complexed to heat shock proteins (HSPs) can enhance antiviral immunity. The present study
evaluated the immunogenicity of a novel human immunodeficiency virus type 1B� (HIV-1B�)-specific, human
leukocyte antigen A2 (HLA-A2)-restricted peptide (FLQSRPEPTA, Gag448–457) and the cellular immune
adjuvant effect of HSP gp96 using the HLA-A2 transgenic mouse model. It was found that gp96 could augment
cytotoxic-T-lymphocyte responses specific for the 10-mer peptide of HIV-1B�. This study also evaluated the
humoral immune adjuvant effect of HSP gp96 and its N-terminal fragment (N336) and found that immuni-
zation of BALB/c mice with a mixture of gp96 or its N-terminal fragment and HIV-1 p24 antigen or with an
p24-N336 fusion protein resulted in a significant increase in anti-HIV p24 antibody titer. These results
demonstrate the possibility of using gp96 and its N fragment as adjuvants to augment cellular and humoral
immune responses against HIV-1 infection.

The heat shock protein (HSP) gp96 is a 96-kDa glycoprotein
of the endoplasmic reticulum that is believed to be involved in
antigen processing as an intermediate carrier of peptides. The
mechanism of immunogenicity of gp96-peptide complexes in-
volves the interaction of the gp96 with macrophages or den-
dritic cells through the receptor CD91 (5), followed by re-
presentation of the gp96-chaperoned peptides by the major
histocompatibility complex class I (MHC class I) and MHC
class II molecules of the macrophage or dendritic cells (6, 11).

gp96-tumor antigen complexes induce antigen-specific cyto-
toxic-T-lymphocyte (CTL) responses against tumor cells (10,
16, 24), suggesting that these agents may be useful in vaccine
development. Currently, human vaccine trials aimed at induc-
ing tumor-specific immunity are in progress (4, 20, 21).

HSPs bound to viral antigens can enhance antiviral immu-
nity, including NK activity, antibody-dependent cellular cyto-
toxicity, and CTL activities (2, 9, 23). The immunization of
mice with HIV-1 p24 covalently linked to mycobacterial Hsp70
has been shown to elicit cellular and humoral responses to
HIV-1 infection (28). Covalent linking is not necessary for the
induction of immunity, as an HSP gp96 exogenously added to
HIV-1 Gag-p24 peptide which contains multiple MHC class I-
and II-restricted epitopes induced effective cellular immunity
against HIV-1 infection (25). In addition, the significantly
higher expression of the HSP receptor CD91 on monocytes of
HIV-1-infected long-term nonprogressors suggests that HIV-1

antigen uptake and cross-presentation mediated by CD91 may
contribute to host anti-HIV-1 defenses and play a role in pro-
tection against HIV-1 infection (15, 27).

Previously, we identified a new 10-mer HLA-A2-restricted
peptide (FLQSRPEPTA, Gag448–457) of HIV-1B� (13). In this
study, in order to analyze the immunogenicity of the newly
identified HIV-specific peptide and determine whether gp96
can enhance the peptide-specific CTL response, gp96 was iso-
lated from human liver tissue. HLA-A2/kb transgenic mice
were vaccinated with either peptide alone or in combination
with gp96. Murine CTL responses were then analyzed, and the
adjuvant effects of gp96 were determined.

It has been reported that the N-terminal fragments of gp96
are able to bind peptides and have binding affinity similar to
that of the full-length gp96 (3, 7, 12), which may augment
hepatitis B-specific peptide presentation in vitro and induce
antigen-specific CTLs in mice (17, 29); however, whether the
terminal fragment can induce HIV-specific immune responses
as effectively as full-length gp96 remains to be determined. In
this study, in order to evaluate the humoral immune adjuvant
effect of HSP gp96 and its N-terminal fragment, BALB/c mice
were coimmunized with mixtures of HIV-p24 antigen and gp96
or its N-terminal fragment (N336, amino acids 22 to 336) or
with the HIV-1 fusion protein p24-N336, the resulting anti-p24
antibody titers were analyzed, and the humoral immune adju-
vant effects of gp96 and its N-terminal fragment (N336) were
determined.

MATERIALS AND METHODS

Peptides. The 10-mer peptide FLQSRPEPTA (HIV-1B� Gag448–457) and the
non-A2-restricted control peptide QVPLRPMTFK (HIV-1B� nef73–82) were syn-
thesized at GL Biochem Ltd. (Shanghai, China). The purity (�98%) of the
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peptides was confirmed by high-performance liquid chromatography and mass
spectrometry.

Purification of proteins. HSP gp96 was purified from healthy human liver as
described previously (22), which entails affinity chromatography over ConA-
Sepharose (Sigma-Aldrich, St. Louis, MO), followed by ion-exchange chroma-
tography over a MonoQ column (Amersham Pharmacia, Piscataway, NJ).

The portion of the gp96 gene corresponding to the N-terminal fragment
(N336, amino acids 22 to 336) was cloned into a BamHI/XhoI-digested pGEX-
6p-1 vector and expressed in Escherichia coli. The glutathione S-transferase
fusion protein was cleaved with rhinovirus 3C protease, and the resultant protein
mixture was applied to a glutathione Sepharose 4B column (GE, Piscataway,
NJ), followed by treatment with Detoxi-Gel endotoxin-removing gel and col-
umns (Pierce, Rockford, IL).

The DNA fragment representing the HIV-1 p24 was cloned into NdeI/XhoI-
digested PET30� vector and expressed in E. coli. The soluble His-tagged protein
was purified using nickel-nitrilotriacetic acid (Ni-NTA) chromatography (In-
vitrogen, Carlsbad, CA), followed by treatment with Detoxi-Gel endotoxin-re-
moving gel and columns (Pierce).

The plasmid HIV-1p24-N336 was created by subcloning the N336 gene into
the expression vector PET30� at the BamHI and XhoI sites and the HIV-1 p24
gene into the same expression vector at the NdeI and BamHI sites. The HIV-1
p24-N336 plasmid was expressed in E. coli. The inclusion body was purified and
then refolded using Ni-NTA chromatography (Invitrogen), followed by treat-
ment with Detoxi-Gel endotoxin-removing gel and columns (Pierce).

Protein concentrations were determined with a bicinchoninic acid protein
concentration test kit (Pierce), and proteins were diluted with phosphate-buff-
ered saline (PBS). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blot analyses were used to confirm the identity of the
proteins.

Immunization of mice. Female HLA-A2/kb mice (6 to 8 weeks old) were
immunized subcutaneously (s.c.) at multiple sites with peptide either alone (50
�g per mouse) or together with gp96 (10 to 50 �g per mouse). The injection
volume was adjusted to 200 �l. Spleens were removed 7 days after the last
immunization, and the splenocytes were suspended in RPMI 1640 medium. The
splenocytes were stimulated with peptides for 7 days. Cells were cultured in
RPMI 1640 medium containing 10% fetal calf serum (FCS), 2-mercaptoethanol,
L-glutamine, and antibiotics.

To analyze humoral immune responses to HIV-1 p24, female BALB/c mice
were immunized intraperitoneally every 3 weeks with HIV-1 p24 (4 �g per
mouse) with or without either gp96 (6 �g per mouse) or N336 (6 �g per mouse)
protein or immunized with HIV-1 p24-N336 (10 �g per mouse). The injection
volume was adjusted to 200 �l. Blood samples were harvested 21 days after the
last immunization.

ELISpot assays. Enzyme-linked immunospot (ELISpot) assays were per-
formed according to the manufacturer’s instructions. Briefly, 96-well polyvinyli-
dene difluoride plates were preincubated with the coating antibody at 4°C over-
night and blocked with PBS buffer containing 1% bovine serum albumin (BSA)
for 1 h at 37°C. Freshly isolated splenocytes (3 �105 cells/well pulsed with 10
�g/ml HIV-1 B� peptide) were added to the well and incubated for 30 h at 37°C.
The spots per well were counted using an automated ELISpot plate reader
(Bioreader 3000 PRO).

Tetramer staining. Spleens were harvested 7 days after the third immunization
and dissociated into single-cell suspensions. A total of 3 �106 cells per sample
were washed with PBS and incubated in 50 �l of PBS containing phycoerythrin
(PE)-conjugated HLA-A2Kb tetramer (5 �g/ml for fresh spleen cells) loaded
with the Gag peptide (FLQSRPEPTA) for 20 min at 4°C and stained for 20 min
(4°C) with fluorescein isothiocyanate (FITC)-conjugated anti-CD8 and PE-Cy5-
conjugated anti-CD3. Cells were washed three times with PBS buffer and fixed by
adding 500 �l of 2% polyformaldehyde. Samples were analyzed by fluorescence-
activated cell sorting using CellQuest software (BD Biosciences). Lymphocytes
were gated on CD8�, CD3�, and tetramer-positive cells. More than 105 events
were acquired for each sample.

Nonradioactive cytotoxicity assay. The cytolytic activity of the induced CTLs
was determined by a nonradioactive cytotoxicity assay. Target cells (T2 cell line)
were labeled with peptide (100 �g/ml) in RPMI 1640 with 10% FCS for 1 h at
37°C and then washed twice with plain RPMI 1640. Splenocytes were added as
CTL effectors to the target cells (1 � 104) at various effector-to-target cell ratios
in 96-well round-bottom plates in a final volume of 100 �l RPMI 1640 with 10%
FCS. The cell mixture was then centrifuged to promote cell contact and incu-
bated at 37°C for 4 h. Supernatant (50 �l/well) was harvested manually. Lactate
dehydrogenase (LDH) released into the supernatant was measured with a 30-
min coupled enzymatic assay, and visible wavelength absorbance data were
obtained at 492 nm. The percent of specific release was calculated from the mean

of duplicate cultures according to the following formula: percent specific re-
lease � [(experimental release � effector spontaneous release � target sponta-
neous release) � 100]/(target maximum � target spontaneous).

ELISA. Serum antibody titers from immunized BALB/c mice with HIV-1 p24
were measured by a direct enzyme-linked immunosorbent assay (ELISA).
Ninety-six-well plates coated overnight with 100 �l/well of 3 �g/ml recombinant
HIV-1 p24 in PBS were blocked for 2 h with PBS containing 1% BSA. Sera were
then added in serial dilutions and incubated for 2 h. The plates were washed
three times with PBS containing 0.05% Tween 20 and incubated for 1 h with a
1/2,000 dilution of a peroxidase-conjugated rabbit anti-mouse secondary anti-
body (SBS, Auburn Hills, MI). The plates were washed three times, developed
with PNPP (Sigma-Aldrich), and analyzed at 405 nm with a Multiscan MK3
ELISA plate reader.

Statistics. Statistical analysis and graphical presentation were done using
SigmaPlot 11.5 (SPSS Inc., Chicago, IL) and Microsoft Excel. Results are given
with standard deviations or as medians with ranges.

RESULTS

Preparation of proteins. In this study we purified HSP gp96
to homogeneity from healthy human liver. The protein was
purified on a MonoQ column that eluted between 300 and
1,000 mM NaCl.

The immune effects of gp96 may depend on its ability to bind
peptides (12, 24). It was reported that gp96 might contain a
peptide-binding element within its N terminus (3, 7, 12); how-
ever, whether the peptide-binding domains can generate im-
mune effects is not known. To address this issue, the N-termi-
nal fragment of gp96, N336 (amino acids 22 to 336) was cloned
into the pGEX-6p1 expression vector and expressed in bacteria
as described in Materials and Methods.

The p24-N336 fusion protein and HIV-1 p24 proteins were
found to be expressed at very high levels in E. coli. The p24-
N336 fusion protein was purified as an inclusion body, and the
subsequently refolded protein was further purified by using
Ni-NTA columns. His-tagged HIV-1 p24 was isolated by using
Ni-NTA columns.

The purified proteins were determined by Coomassie blue
staining to be at least 90% pure (Fig. 1), and their identities
were confirmed by Western blotting with either anti-gp96 or
anti-HIV-1 p24 monoclonal antibodies. HIV-1 p24 (Fig. 1A,
lane 4) and HIV-1 p24-N336 (lane 3) were recognized by
anti-HIV-1 p24 antibody. HSP gp96 (Fig. 1B, lane 6), N336
(lane 5), and HIV-1 p24-N336 (lane 4) were recognized by
anti-gp96 monoclonal antibody. There were two bands of N336
protein (Fig. 1B, lane 2); one is not recognized by anti-gp96
antibody (Fig. 1B, lane 5) and is about 26 kDa; the other is
recognized by anti-gp96 antibody and is about 45 kDa. The
26-kDa band may be due to the degradation of the N336
protein.

Glycoprotein 96-stimulated HIV-1 Gag448–457 CTL response
in HLA-A2/kb transgenic mice. To determine whether the
HIV-1 Gag448–457 peptide can elicit a CTL response and whether
gp96 could enhance the peptide-specific CTL response in vivo,
HLA-A2/kb transgenic mice were immunized s.c. with 50 �g of
peptide either alone or together with 50 �g of gp96. CTL
responses were monitored 3 weeks thereafter. Freshly isolated
splenocytes from the immunized mice were assayed in an ex
vivo ELISpot assay. As shown in Fig. 2A, the mean frequency
response for the 10-mer peptide was 87 spot-forming cells
(SFC)/106 splenocytes in the group of mice immunized s.c. with
the peptide only, whereas it was 144 SFC/106 splenocytes in the
group of mice coimmunized s.c. with 50 �g of gp96. The num-
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ber of SFCs increased 66% for the HIV-1 Gag448-457 peptide
with the use of gp96. No specific CTL responses were observed
in mice immunized with PBS, control peptide, or gp96 only.

The HIV-1 Gag448-457 peptide was then used to generate
tetramer complexes, which stained peptide-specific CTLs from
the stimulated mouse splenocytes, and the proportion of pep-
tide-specific CD8� T cells was thus determined. As shown in
Fig. 2B, in the group of mice immunized s.c. with the Gag
peptide only, about 0.38% of the CD8� T cells were peptide
specific, while in the group of mice coimmunized s.c. with 50
�g of gp96, the frequency of the HIV-1 Gag448-457-specific
CD8� T cells increased to about 0.70%. No specific staining
was observed with the splenocytes isolated from mice immu-
nized with PBS, control peptide, or gp96 only.

In addition, the cytolytic potential of the HIV-1 Gag448-457-
specific CTLs was confirmed by cytotoxicity assay. Splenocytes
from these immunized mice were restimulated in vitro with the
corresponding peptides. A nonradioactive cytotoxicity assay
was performed on the peptide-pulsed T2 cell line at 7 days
poststimulation. Splenocytes from mice immunized with the
control peptide served as controls. As shown in Fig. 2C, the
HIV-1 Gag448-457-specific CD8� T cells were HLA A2 depen-
dent, as CTL-mediated cytotoxicity of the A2 peptide was
much higher than that of the HLA A2-independent control
peptide. CTL-mediated cytolysis of target cells was 73.1% and
92.4%, respectively, in mice immunized with HIV-1 Gag448-457

peptide alone and together with gp96 when effector-to-target
cell ratio was 20:1. The results from the three independent
CTL assays showing that the HIV-specific peptide was immu-
nogenic and produced a functional CTL response. The high
cytotoxic activity in the nonradioactive cytotoxicity assay might
be due to too much LDH activity, or the target and effector
cells may have released too much LDH.

From the results of ELISpot, tetramer, and CTL assays, it is
concluded that the new peptide (FLQSRPEPTA, Gag448-457)
can induce an HIV-1B�-specific HLA-A2-restricted CTL re-
sponse in HLA-A2 transgenic mice, and human gp96 can serve
as an adjuvant to increase its immunogenicity.

Correlation between CTL response and gp96 concentra-
tions. HIV-1 Gag448–457 peptide-specific CTL responses in
splenocytes from mice immunized with different amounts of

gp96 (0, 10, 20, and 50 �g) and a constant amount (50 �g) of
the peptide were compared.

As shown in Fig. 3A, a dose-dependent adjuvant effect was
observed for gp96 in the ELISpot assay, with the peak activity
at 10 �g, but gp96 alone elicited no CTL response. Larger
amounts (50 �g) of gp96 were detrimental to the adjuvant
effect, presumably due to the fact that excess gp96 might be
immunosuppressive and decrease the ability of mice to gener-
ate immune T-cell responses, which was also consistent with
previous reports (17).

Splenocytes from the immunized mice were further analyzed
in a tetramer staining assay (Fig. 3B). Consistent with the
ELISpot assay, the highest percentage of peptide-specific
CD8� T cells (1.03%) was observed when 10 �g of gp96 was
used. Taken collectively, these results demonstrate that the
HSP gp96 can serve as a potential adjuvant to enhance HIV-1
Gag448–457 peptide-specific CTL responses in mice.

Enhancement of humoral immune responses to HIV-1 p24
by gp96 and its N-terminal fragment. It has been reported that
without a suitable adjuvant, a small synthetic peptide can elicit
only a weak CTL response. In this study, we evaluated the
humoral adjuvant effect of gp96 and its N-terminal fragment
using Gag-p24 instead of the small 10-mer peptide. It is pos-
sible that gp96 acts as an adjuvant, which may stimulate the
humoral immune response to an antigen mixed with gp96 (18).
Mice were injected with 4 �g of p24 mixed with 6 �g of gp96
or N336, and the anti-HIV-1 p24 antibody titer was measured.
The titer of anti-p24 antibody was 105.0 in mice injected with a
mixture of gp96 and p24 and 105.2 in mice injected with a
mixture of N336 and HIV-1 p24, while it was much lower
(104.6) in mice immunized with p24 only (Fig. 4).

In order to prove that the HIV-1 p24 antigen covalently
linked to N336 can also mediate a humoral immune response,
we examined the ability of the HIV-1 p24-N336 fusion protein
to elicit anti-HIV-1 p24 humoral immune responses. BALB/c
mice were inoculated intraperitoneally with 10 �g p24-N336
fusion protein in PBS. Serum samples were obtained 3 weeks
after the third immunization, and anti-p24 immunoglobulin G
antibody titers were determined by ELISA. Mice immunized
with the p24-N336 fusion protein had an anti-p24 antibody
titer of 106.0, which was higher than that of mice immunized

FIG. 1. SDS-PAGE and Western blot analysis of gp96, N336, P24, and p24-N336. (A) Purified p24 (lane 1) and p24-N336 (lane 2) were
analyzed on a 12% SDS-PAGE gel and were immunoblotted with an anti-p24 monoclonal antibody, respectively (lanes 4 and 3). (B) Purified gp96
(lane 1), N336 (lane 2), and p24-N336 (lane 3) were analyzed on a 12% SDS-PAGE gel and immunoblotted with an anti-gp96 monoclonal antibody
(lanes 6, 5, and 4).
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with p24 alone (104.6). In addition, mice immunized with the
HIV-1 p24-N336 fusion protein had an anti-HIV-1 p24 titer 10
times greater than mice immunized with a mixture of HIV-1
p24 and gp96 or N336 (Fig. 4). The significant difference in
anti-HIV-1 p24 antibody induced by the coadministration of
p24 and HSP gp96 (or N336) and the p24-N336 fusion protein
might be due to the fact that the adjuvant and p24 do not
necessarily come into contact with the same antigen-presenting
cell during coadministration.

These results demonstrate that HSP gp96 and its N-terminal
fragment (N336) can serve as potential adjuvants to enhance
humoral immune response to HIV-1 in mice and that the N336
covalently linked to HIV-1 p24 antigen can further augment
the humoral immune response to HIV-1 in mice.

DISCUSSION

HSPs are involved in eliciting a specific cellular immune
response, which has been suggested to be dependent on their
ability to chaperone a large variety of peptides. gp96, as one of
the most abundant intracellular HSPs, possesses multiple func-
tions. Among these functions, its ability to bridge the innate
and adaptive immune systems has attracted extensive interest
(14, 19, 26). An optimized peptide epitope specific for MHC
class I molecules can potentially boost the antigen-specific
cytotoxic-T-cell response. However, without suitable adjuvant,
small synthetic peptides can elicit only a weak CTL response
(1). Thus, the viral antigens need to be combined with efficient
adjuvant with the potential for use in humans. Different inves-
tigations have shown that gp96 could act as a potential adju-
vant for eliciting a peptide-specific CTL response in mice (11,
17, 25).

In this study, we demonstrated that the novel 10-mer HIV-
specific HLA-A2-restricted peptide was indeed immunogenic
in HLA-A2/kb transgenic mice and produced peptide-specific
CTLs (Fig. 2). In addition, we also demonstrated the adjuvant
effects of gp96 for eliciting a peptide-specific CTL response.
The data presented in this report are in agreement with the
results of several earlier studies that showed the presentation
of HIV-1-specific peptides to MHC class I molecules by HSPs
(11, 25). A dose-dependent adjuvant effect was observed for
gp96, and larger amounts (50 �g) of gp96 were detrimental to
the adjuvant effect, presumably because an excess amount of
gp96 can be immunosuppressive, which is consistent with pre-
vious reports (17).

Most studies so far on the immune effect of gp96 focused
mainly on its enhancement of CTLs; recently, several studies
clearly demonstrated the potential of using gp96 or its N-
terminal fragment as an adjuvant to augment the humoral

FIG. 2. Detection of HLA-A2 transgenic murine CTLs by using
ELISpot, tetramer, and nonradioactive cytotoxicity assays. (A) HLA-A2
transgenic mice were immunized three times with 50 �g of HIV-1
Gag448–457 peptide alone or mixtures of 50 �g of peptides and 50 �g of
gp96 in PBS. Seven days after the last inoculation, splenocytes were
isolated from the immunized mice and were tested for 40 h by ELISpot
assay. Bars represent the means, with standard deviations indicated. �,

P 	 0.05. (B) Splenocytes were stained with HLA-A2/kb–
2-micro-
globulin–10-mer peptide or HLA-A2/kb–
2-microglobulin–control
peptide tetramer together with anti-CD8–FITC and anti-CD3–PE-Cy5
antibodies. The analyzed splenocytes were gated on CD3�, CD8�, and
tetramer-positive cells. Numbers are percentages of tetramer-positive
cells within CD8� CD3� T lymphocytes. (C) Splenocytes from the
same mice were in vitro restimulated with 10 �M of the peptides. Five
days later, a nonradioactive cytotoxicity assay was performed on T2
target cells pulsed with the same peptide.
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immunity to hepatitis B virus (18) and human papillomavirus
type 16 infection (8). However, whether normal tissue-derived
gp96 could influence humoral immune response to HIV-1 p24
has not been fully addressed. In this study, BALB/c mice were
coimmunized with gp96 or its N-terminal fragment and the
HIV-p24 protein, and the presence of anti-p24 antibody was
105.0 and 105.2 in mice injected with a mixture of gp96 or its
N-terminal fragment and p24, respectively, which was higher
than the 104.6 antibody titer of mice immunized with p24 alone.

The data demonstrated that gp96 or its N-terminal fragment
can influence antibody production. The reason that gp96 en-
hances humoral response might be (i) stimulation of antigen-
presentating cells to increase the efficiency of processing exog-
enous antigen and presenting peptides to MHC class II
molecules, (ii) activation of bystander CD4� T cells, or (iii) a
Th2-specific costimulatory function.

Previous studies in virus and parasite model systems have
focused on the use of codelivery of viral protein or DNA
antigen with gp96 or its N-terminal fragment without covalent
linkage (8, 18). In this study, we established the N-terminal
fragment of gp96 fusion protein (HIV-1 p24-N336). Our re-
sults demonstrated that HIV-1 p24, when genetically fused to
the N terminus of gp96, could induce 25 times more anti-p24
antibody than p24 alone and at least 10 times more anti-p24
antibody than the mixture of HIV-1 p24 plus either gp96 or
N336. The significant difference in anti-HIV-1 p24 antibody
induced by the codelivery of p24 with HSP gp96 (or N336) and
that induced by the p24-N336 fusion protein may be due to the
fact that the adjuvant and p24 do not necessarily come into
contact with the same antigen-presenting cell during coadmin-
istration. Eliciting neutralizing antibodies to HIV is now be-
lieved to be key for the development of vaccines against HIV
infection. Our results indicate that codelivery of HIV-1 p24
with gp96 or its N-terminal fragment with or without covalent
linkage could increase the production of antibody to HIV-1
p24 in mice.

Ideal therapeutic vaccines for infectious diseases should
elicit not only the cellular immune response but also the hu-
moral immune response. This study likely provides an addi-
tional option for the potential of using gp96 as a cellular and
humoral adjuvant to induce immune responses to HIV-1 in-
fection. However, more research on codelivery of gp96 or its
N-terminal or C-terminal fragments with different viral pro-

FIG. 3. CTL responses to the HIV-1 Gag448–457 peptide in
HLA-A2 transgenic mice in the presence of different amounts of gp96
as an adjuvant. Four groups of mice were immunized with 50 �g of the
10-mer peptide and different amounts (0, 10, 20, and 50 �g) of gp96.
Splenocytes were obtained 7 days after the last immunization.
(A) ELISpot assay. Splenocytes at 106 cells per well were tested in the
presence of 10 �M of the peptide. Bars represent the means from
three independent experiments. *, P 	 0.05. (B) Tetramer staining.
Splenocytes isolated from the immunized mice were stained with
HLA-A2/kb–
2-microglobulin–10-mer peptide tetramer along with
anti-CD8–FITC and anti-CD3–PE-Cy5 antibodies. The analyzed
splenocytes were gated on CD3�, CD8�, and tetramer-positive cells.
Numbers are percentages of tetramer-positive cells within the CD8�

and CD3� T lymphocytes.

FIG. 4. Induced humoral immune response in BALB/c mice by
gp96. Groups of BALB/c mice (eight per group) were immunized with:
PBS only (group 1), 6 �g gp96 only (group 2), 6 �g N336 only (group
3), 4 �g HIV-1 p24 only (group 4), 4 �g HIV-1 p24 plus 6 �g gp96
(group 5), 4 �g HIV-1 p24 plus 6 �g N336 (group 6), or 10 �g
p24-N336 (group 7). At day 0, mice were immunized with the first
vaccination; at days 21 and d 42, mice were reimmunized with the same
material; at day 63, sera were collected and stored at �20°C, and titers
at different dilutions were tested at the same time. �, P 	 0.05.
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teins or epitopes of HIV are required in order to provide more
potent vaccine candidate in future studies.
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