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We examined the effect of immune stimulation by a human immunodeficiency virus type 1 (HIV-1) immunogen (Remune) compared to a non-HIV vaccine (influenza) on HIV-1-specific immune responses in HIV-1seropositive subjects. HIV-1 p24 antigen-stimulated lymphocyte proliferation was not augmented after immunization with the influenza vaccine. In contrast, subjects increased their lymphocyte proliferative responses to
p24 antigen after one immunization with HIV-1 immunogen (Remune) (gp120-depleted inactivated HIV-1 in
incomplete Freund’s adjuvant). Furthermore, p24 antigen-stimulated b-chemokine production (RANTES,
MIP-1a, MIP-1b) was also augmented after immunization with the HIV-1 immunogen but not influenza
vaccine. Taken together, these results suggest that in this cohort, HIV-specific immune responses to p24
antigen can be augmented after immunization with an HIV-1 immunogen. The ability to upregulate immune
responses to the more conserved core proteins may have important implications in the development of
immunotherapeutic interventions for HIV-1 infection.
compared to a non-HIV vaccine (influenza) on HIV-1-specific
immune responses in HIV-1-seropositive subjects. HIV-1 p24
antigen-stimulated lymphocyte proliferation was not augmented after immunization with an influenza vaccine. In contrast, subjects increased their lymphocyte proliferative responses to p24 antigen after being immunized with HIV-1
immunogen (Remune). Furthermore, p24 antigen-stimulated
b-chemokine production (RANTES, MIP-1a, MIP-1b) was
also augmented after immunization with the HIV-1 immunogen but not influenza vaccine.

The impairment of human immunodeficiency virus (HIV)specific immune function occurs quite early in HIV-1 disease
(9). With the advent of potent antiviral combinations, the concept of immune reconstitution has become an area of increasing interest and a potential goal for the treatment of HIV-1
infection (8).
The correlates of protection in HIV-1 infection remain an
area of intense study and debate. Most studies of lymphocyte
proliferative function in HIV-1 infection have examined responses to the most heterogenous component of the HIV-1
virus, the envelope proteins (i.e., gp120, gp160) (6). Proliferative immune responses to envelope proteins appear to poorly
correlate with clinical surrogate markers such as viral load (7).
In contrast, previous studies of lymphocyte proliferation in
response to core proteins such as p24 antigens have revealed
positive associations with CD4 counts (11, 13). Furthermore, a
recent study has revealed that vigorous lymphocyte proliferative responses to p24 antigen correlated with control of plasma
viremia (16). In addition, peripheral blood mononuclear cell
(PBMC) production of b-chemokines such as RANTES in
response to Gag peptides has also been shown to inversely
correlates with viral burden (4a).
We hypothesized that immune responses to p24 induced by
an HIV-1 immunogen may have important implications in the
development of an immune-based therapy approach to treat
HIV-1 infection. We examined the effect of immune stimulation by an HIV-1 immunogen (Remune) (gp120-depleted inactivated HIV-1 antigen in incomplete Freund’s adjuvant)

MATERIALS AND METHODS
Six HIV-1-seropositive subjects were randomly selected and enrolled after
informed consent was obtained in an open-label treatment study which had been
approved by the institutional review board. Subjects received the influenza virus
trivalent vaccine, types A and B (Wyeth-Ayerst), 1996–97 formula. Eight weeks
post-influenza immunization, these subjects were immunized with one dose (10
U) of a gp120-depleted inactivated HIV-1 antigen in incomplete Freund’s adjuvant (HIV-1 immunogen). HIV-1-specific immune responses were measured in
these subjects before and 4 and 8 weeks post-influenza vaccination (pre-HIV-1
immunogen) and at 4 and 8 weeks post-HIV-1 immunogen. Influenza antibody
titers to H1N1 subunits were measured by enzyme-linked immunosorbent assay
in blinded samples at the California Department of Public Health, Berkeley. The
mean CD4 count of this cohort at baseline was 419 cells/mm3. Three of the six
subjects had undetectable viral load (,400 copies/ml), and all were on antiviral
drug suppressive therapy.
Native p24 was preferentially lysed from purified inactivated HIV-1 with 2%
Triton X-100 and then purified with Pharmacia Sepharose Fast Flow S resin.
Chromatography was carried out at pH 5.0, and p24 was eluted with a linear salt
gradient. Purity of the final product was estimated by both sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and reverse-phase high-performance
liquid chromatography to be .99%, with no immunoreactivity to class I or class
II antibodies on Western blot. Phytohemagglutinin (PHA) antigen was obtained
from Sigma Pharmaceuticals (St. Louis, Mo.). Tetanus toxoid antigen was from
Connaught Laboratories.
For the lymphocyte proliferation assays, fresh PBMCs from HIV-1-seropositive subjects were seeded in a round-bottom 96-well plate (Falcon) at 2 3 105
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TABLE 1. Baseline CD4 cell counts, antiviral drug use prior to
influenza vaccine immunization, and lymphocyte proliferation in
response to PHA and tetanusa
Subject

1
2
3
4
5
6

LSI

Therapy (mo)b

No. of CD4
cells/mm3
[413.5]

PHA
[147.9]

Tetanus
[1.902]

d4T (8), 3TC (8), retonivir (3)
d4T (9), 3TC (3), indinavir (3)
3TC (4), d4T (4), indinavir (4)
3TC (11), ddC (11)
AZT (12), 3TC (12)
ddI (4), d4T (4), indinavir (4)

581
441
408
183
715
153

30.34
NDc
29.91
57.01
474.39
ND

2.30
4.27
1.18
1.41
0.72
1.53

a

FIG. 1. Mean p24 antigen-stimulated lymphocyte proliferation before and
after immunization with influenza vaccine and HIV-1 immunogen. A significant
increase in p24 antigen-stimulated lymphocyte proliferation was observed at 8
weeks post-immunization with the HIV-1 immunogen. p, P 5 0.04.

cells/well in 200 ml of RPMI (GIBCO) containing 10% human AB serum and 1%
antibiotics (complete medium). Cells were cultured with medium alone, tetanus
toxoid antigen (2.2 mg/ml), PHA (10 mg/ml), or native p24 (5 mg/ml). All assays
were done in triplicate. After 6 days of incubation, supernatants were harvested
from each well (100 ml) and the cells were labeled with 1 mCi of [3H]thymidine
in complete medium. On day 7 before the harvest, beta-propiolactone (final
concentration, 1:400) was added to each well to neutralize any virus produced
during the incubation period. Cells were harvested after a 2-h incubation in
beta-propiolactone at 37°C, and incorporated label was measured by scintillation
counting. Geometric mean counts per minute were calculated from the triplicate
wells with and without antigen. Results were calculated as lymphocyte stimulation indices (LSI), which are the geometric mean counts per minute of the cells
incubated with antigen divided by the geometric mean counts per minute of the
cells without antigen (cells incubated in medium alone). Supernatants were
collected on day 6 and frozen at 270°C for b-chemokine measurement from
control (no antigen) and from p24 antigen-stimulated wells. RANTES, MIP-1a,
and MIP-1b were quantified in duplicate by commercial enzyme-linked immunosorbent assay from R & D Systems (Minneapolis, Minn.). For comparison,
values greater than the upper limit of the assay for MIP-1a and MIP-1b (1,000
pg/ml) were assigned a value of 1,000. Plasma RNA was assayed in blinded
samples by Advanced Bioscience Laboratories, Inc., using the NASBA method
(15). The Mann-Whitney U nonparametric test was utilized to compare assay
results at weeks 4 and 8 with those at time zero. For MIP-1b at 4 weeks
post-immunization with the HIV-1 immunogen, with all subjects achieving the
upper limit of the assay, means were calculated for the comparison group, and a
one-sample t test was performed. All P values presented are two-tailed.

In contrast, after immunization with the HIV-1 immunogen
there was a significant increase in lymphocyte proliferation to
p24 antigen at week 8 (P 5 0.03; preimmunization mean LSI 6
SE, 2.3 6 0.49; postimmunization, 18.44 6 9.4) but not at week
4 (P 5 0.82; preimmunization mean LSI 6 SE, 2.3 6 0.49;
postimmunization, 7.71 6 4.95) compared to preimmunization
levels (Fig. 1). Lymphocyte proliferation in response to a control antigen (tetanus) did not significantly change 8 weeks
post-immunization with the HIV-1 immunogen (P , 0.05).
Similarly, p24 antigen-stimulated RANTES production increased post-immunization with the HIV-1 immunogen at 4
weeks (P 5 0.002; preimmunization mean 6 SE, 86.38 6 11.77
pg/ml; postimmunization mean 6 SE, 340.2 6 58.62 pg/ml)
and 8 weeks (P 5 0.02; preimmunization mean 6 SE, 86.38 6
11.77 pg/ml; postimmunization mean 6 SE, 337.6 6 74.90
pg/ml) but not after influenza vaccine immunization (Fig. 2).
Significantly higher RANTES production with p24 antigen
stimulation was observed compared to unstimulated PBMCs at
4 weeks (P 5 0.02) and 8 weeks (P 5 0.004) post-immunization
with the HIV-1 immunogen.
We also examined p24-stimulated MIP-1a and MIP-1b production. As shown in Fig. 3, p24 antigen MIP-1a production
was augmented after immunization with Remune at 4 weeks
(P 5 0.004; preimmunization mean 6 SE, 49.54 6 30.62 pg/ml;
postimmunization mean 6 SE, 679.7 6 152.3 pg/ml and at 8
weeks (P 5 0.009; postimmunization mean 6 SE, 645.7 6 173
pg/ml) but not after influenza vaccination. Significantly higher

RESULTS
Table 1 lists the baseline values for CD4 count, antiviral
drug therapy, and lymphocyte proliferation in response to
PHA and tetanus. Three subjects had changes in their antiviral
drug regimens during the course of this study. Subject 1 had his
ritonavir discontinued 7 days after day 1 and began indinavir 26
days after day 1. Subject 3 discontinued indinavir 8 days after
day 1 and was started on ritonavir. Subject 4 had indinavir
added to his antiviral drug regimen 8 days after day 1. The
other subjects remained on stable antiviral drug regimens during the course of the study. Overall, subjects had intact lymphocyte proliferative responses to mitogens (PHA) at baseline
but not to tetanus or p24 antigens (Fig. 1).
HIV-1 antigen-specific immune responses were measured by
lymphocyte proliferation before and after influenza virus vaccine immunization. As shown in Fig. 1, lymphocyte proliferation in response in native p24 decreased after influenza vaccination at week 4 (P 5 0.04; baseline mean LSI 6) standard
error [SE], 2.3 6 0.49; week 4 postimmunization mean 6 SE,
1.13 6 0.17) and at week 8 (P 5 0.06; mean LSI 6 SE, 1.15 6
0.06) compared to preimmunization levels. Of note, influenza
antibody levels increased 1 month after immunization to H1N1
protein (P 5 0.03; preimmunization mean titer, 28; postimmunization mean titer, 176).

FIG. 2. Mean p24 antigen-stimulated RANTES production from PBMCs
before and after immunization with influenza vaccine and HIV-1 immunogen.
An increase in p24 antigen-stimulated RANTES from PBMCs was demonstrated
at 4 weeks (pp, P 5 0.002) and 8 weeks (p, P 5 0.02) post-immunization with the
HIV-1 immunogen.
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Means are indicated in brackets.
d4T, stavudine; 3TC, lamivudine; ddC, dideoxycytosine; AZT, zidovudine;
ddI, dideoxyinosine.
c
ND, not done.
b
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TABLE 2. Plasma RNA levels before and 8 weeks after
immunization with the HIV-1 immunogen
Subject

1
2
3
4
5
6

MIP-1a production with p24 antigen stimulation was observed
compared to unstimulated PBMCs at 4 weeks (P 5 0.002) and
8 weeks (P 5 0.02) post-immunization with the HIV-1 immunogen.
Similarly, p24-stimulated MIP-1b production was significantly increased at 4 weeks (P 5 0.0006) and 8 weeks (P 5
0.0043) post-immunization with the HIV-1 immunogen (preimmunization mean 6 SE, 250 6 99.41 pg/ml; mean at 4
weeks, 1,000 pg/ml; mean at 8 weeks 6 SE, 852.9 6 106 pg/ml)
but not after influenza vaccination (Fig. 4). Significantly higher
MIP-1b production with p24 antigen stimulation was observed
compared to unstimulated PBMCs at 4 weeks (P 5 0.02) and
8 weeks (P 5 0.03) post-immunization with the HIV-1 immunogen.
Control well (no antigen) MIP-1a (postimmunization
mean 6 SE, 158.1 6 146.7 pg/ml) and MIP-1b (postimmunization mean 6 SE, 225.1 6 155.8 pg/ml) did not significantly
change (P . 0.05) 8 weeks post-immunization with Remune
compared to baseline values (mean MIP-1a 6 SE, 34.01 6 5.2
pg/ml; mean MIP-1b 6 SE, 128.4 6 42.11 pg/ml). There was a
slight decrease (P 5 0.04) in control well RANTES at 8 weeks
post-treatment with Remune (mean 6 SE, 45.98 6 16.47 pg/
ml) compared to pretreatment levels (mean 6 SE, 85.73 6
10.96 pg/ml). Viral load remained undetectable in three of six
subjects at 8 weeks postimmunization with HIV-1 immunogen
(Table 2). Three subjects declined in viral load at 8 weeks
postimmunization.

FIG. 4. Mean p24 antigen-stimulated MIP-1b production from PBMCs before and after immunization with influenza vaccine and HIV-1 immunogen. An
increase in MIP-1b production was demonstrated at 4 weeks (p, P 5 0.0006) and
8 weeks (pp, P 5 0.004) post-immunization with the HIV-1 immunogen.

Baseline

8 weeks

,400
,400
12,000
15,000
8,100
,400

,400
,400
2,300
,400
3,500
,400

DISCUSSION
In this study we examined HIV-1-specific immune responses
post-immunization with an HIV-1 immunogen. Compared to
responses post-immunization with an influenza vaccine, recognition of HIV antigens as measured by lymphocyte proliferation in response to p24 antigen was augmented after immunization with an HIV-1 immunogen in this cohort. In contrast,
responses to a recall antigen (tetanus) did not significantly
change after immunization. Furthermore, HIV-1-specific immune responses did not increase following immunization with
an influenza vaccine, demonstrating the specificity of the
response of the immune system to the HIV-1 immunogen. In a
previous study we demonstrated a strong association between
proliferative responses to the gp120-depleted whole antigen
and native p24 antigen in HIV-1 immunogen-vaccinated subjects (1). Thus, this study and previous studies of HIV-1
immunogen-vaccinated subjects support the notion that immune responses after immunization are, in part, directed
against the more conserved core epitopes of the virus such as
p24. Furthermore, p24 antigen-stimulated PBMC production
of MIP-1a, MIP-1b, and RANTES was also augmented after
immunization. Taken together, these results demonstrate that
HIV-1-specific immune responses were enhanced after immunization with Remune. Alternatively, due to the crossover design of the study, late effects of influenza vaccine on HIV
immune function, although unlikely, cannot be ruled out.
The impairment in lymphocyte proliferation in response to
HIV-1 antigens is a relatively early functional defect of cellmediated immunity found in HIV-1-infected individuals. This
defect, as measured by DNA synthesis in response to HIV
antigens, appears to distinguish HIV-1 infection from other
latent or nonlatent viral infections. Furthermore, while HIV1-infected individuals manifest this defect prior to disease progression, most HIV-1-infected disease-free chimpanzees maintain strong proliferative responses to HIV antigens (20). Initial
observations by Wahren et al. revealed poor lymphocyte proliferative responses to whole HTLV-IIIB antigens (19). In contrast, subjects were able to mount responses against cytomegalovirus, herpes simplex virus, and PHA. Defects in HIV-1specific lymphocyte proliferative responses prior to the loss of
recall, allogeneic, and mitogen antigen responses in HIV-1infected individuals have now been described in numerous
clinical studies (2, 5, 14, 16). Recently, it has been shown that
HIV-1-specific lymphocytes responses to p24 antigen could be
augmented in subjects on antiviral therapy prior to seroconversion (16). The magnitude of both p24 antigen-stimulated
lymphocyte proliferation and chemokine production after immunization with the HIV-1 immunogen in this study are comparable to levels found in individuals with nonprogressive
HIV-1 disease (16). No previous studies of other therapeutic
immunizations have demonstrated an increase in lymphocyte
proliferation and chemokine production in response to the
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FIG. 3. Mean p24 antigen-stimulated MIP-1a production from PBMCs before and after immunization with influenza vaccine and HIV-1 immunogen. An
increase in p24-stimulated MIP-1a production was demonstrated at 4 weeks (pp,
P 5 0.004) and 8 weeks (p, P 5 0.009) post-immunization with the HIV-1
immunogen.
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served core HIV-1 proteins may have important implications
in the development of an immunotherapeutic intervention for
HIV-1 infection. Studies are under way to determine the clinical utility of augmenting HIV-1-specific immunity with Remune in subjects on concomitant antiviral drug therapy.
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highly conserved core proteins of the virus, as demonstrated in
this study.
We previously had shown an increase in lymphocyte proliferation and RANTES production in response to the whole
gp120-depleted inactivated HIV-1 antigen (10) after immunization with the HIV-1 immunogen. Individuals immunized
with the HIV-1 immunogen have been demonstrated to mount
lymphocyte proliferative responses across clades of different
whole HIV-1 antigens (11). It should be noted that in the
present study we examined HIV-specific responses after only
one immunization. In previous studies we have observed lymphocyte stimulation indices of greater than 100 with continued
immunizations in some subjects in response to both gp120depleted inactivated HIV-1 and p24 antigens (11).
b-Chemokines appear to have anti-HIV-1 activity (3)
against macrophage-tropic strains of HIV-1 in vitro, and the
measurement of PBMC production of these substances may
indicate an attempt on the part of the host to control virus
production. Interestingly, a recent study has suggested that
b-chemokine may be elevated in exposed but uninfected hemophiliacs and their regulation may be independent of chemokine receptor genotype (4b). Furthermore, in a study of 245
HIV-infected subjects, the level of MIP-1b was associated with
a decreased risk of progressing to AIDS or death (18).
b-chemokine production in response to core proteins has
been observed to inversely correlate with virus load in the
Multicenter AIDS Cohort Study (4a) in subjects not on antiviral drug therapy. In the current study p24 antigen-stimulated
production of all three b-chemokines was augmented after
immunization with the HIV-1 immunogen. The ability to induce a memory response and upregulate production of b-chemokines specifically against HIV-1 may provide an alternate
strategy to delay progression in HIV-infected subjects. The
mechanism of the protective effect of the b-chemokines is
unknown but could be hypothesized to be related to the binding of these substances to CCR5, the coreceptor for HIV-1,
and thereby preventing new infection of CD4 lymphocytes. It
has yet to be determined whether immunization increases the
newly described macrophage-derived chemokine which has activity against T-cell-tropic virus strains (12).
In the current study, as three of the six subjects in this cohort
had undetectable viral load at baseline, it was not possible to
demonstrate an impact of immunization on this important
surrogate marker. Furthermore, there was no significant association between baseline RNA copy number and b-chemokine
production after treatment with Remune. In spite of optimal
viral suppression, though, the same subjects failed to have
strong functional HIV-1-specific immune responses as measured by lymphocyte proliferation and chemokine production
prior to immunization. Although preliminary and based on a
small number of subjects, these observations are consistent
with other studies suggesting that there may be only partial
immune reconstitution even with an optimal antiviral drug
regimen (1, 3a, 4, 17). It is unclear whether this lack of immune
reconstitution may be due to a partial depletion of antigenspecific lymphocytes after HIV-1 seroconversion. The ability to
induce HIV-specific responses with an HIV-1 immunogen
would argue against complete antigen-specific clonal deletion.
Nevertheless, optimal improvement in functional immune responses after immunization may be realized in the context of
viral suppression with highly active antiretroviral therapy.
Taken together, these preliminary results suggest that in this
cohort, HIV-specific immune response against p24 was augmented after immunization with the HIV-1 immunogen but
not after immunization with influenza vaccine. The ability to
specifically upregulate immune responses to the more con-
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