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Abstract

All HIV seronegative (HIV Ab-) and most HIV seropositive
(HIV Ab+) individuals' lymphocytes failed to proliferate in
primary cultures in response to purified HIV or to recombinant
envelope and core antigens of HIV, even in the presence of
recombinant interleukin 2 (rIL-2). Most HIV Ab- and HIV
Ab+ individuals' lymphocytes, however, could proliferate or be
induced by rIL-2 to proliferate in response to lysates of Esche-
richia coli or Saccharomyces cerevisiae. These findings indi-
cate selective defects in lymphocyte proliferative responses to
HIV antigens before the development of AIDS in which lym-

phocytes are unable to proliferate in response to any antigens.
These defects in cell-mediated immune responses to HIV anti-
gens are likely to play an important role in the pathobiology of
HIV infections. Although intact HIV or glycosylated gpl20
envelope protein of HIV are involved in these defects, a non-

glycosylated recombinant form of the HIV gpl20 envelope
(ENV2-3) and p25 core proteins did not inhibit antigen- or

mitogen-driven lymphocyte proliferation.

Introduction

Infection by HIV may result in a state of asymptomatic sero-

positivity, a variety of AIDS-related conditions (ARC),' or

AIDS (1). In the natural course of HIV infection, most individ-
uals will ultimately develop ARCor AIDS (2). Cytopathic or

inhibitory effects of HIV on T cells and macrophages that
express the CD4 differentiation antigen play a central role in
many of the immunological defects of HIV-infected individ-
uals (3-9). The progressive accumulation of these defects in
HIV-infected patients permits the development of infectious
and neoplastic diseases.

The immune system does not passively accept these insults
that are inflicted by HIV, but produces specific antibodies and
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1. Abbreviations used in this paper: Ab+, antibody positive; Ab-,
antibody negative; ARC, AIDS-related conditions; CMV, cytomegalo-
virus; gpl2O, 120-kD envelope glycoprotein of HIV; rIL-2, recombi-
nant IL-2; SI, stimulation index of proliferation; TT, tetanus toxoid;
X, mean.

cell-mediated responses in an attempt to control this virus
(9-19). Both proliferative and cytotoxic lymphocyte responses
to products of the gag, pol, or env genes of HIV have been
reported (9, 15, 16, 18, 19). Very little is known, however, of
the roles of adaptive immune responses, particularly of cell-
mediated responses to specific HIV antigens, in controlling the
pathogenesis of HIV infections. Cell-mediated immunity ap-
pears to be important in controlling other types of viral infec-
tions (20-22), suggesting that some of these types of responses
may also be beneficial to HIV-infected individuals.

The studies described in this report characterize lympho-
cyte proliferation in response to purified HIV and its subunits
as an index of cell-mediated immune responses in HIV-in-
fected individuals. As an extension of our previous studies
demonstrating the immunosuppressive properties of HIV or
its subunits in vitro (5), the nonglycosylated ENV2-3 and core
(p25) recombinant proteins of HIV (10, 11, 14) were also
tested for their ability to inhibit antigen- and mitogen-driven
lymphocyte proliferation. Additional analysis to elucidate the
effects of HIV-antigens on cell-mediated immune responses
hopefully will facilitate manipulation of these responses to
prevent or treat HIV infections.

Methods

Study subjects. Asymptomatic HIV seronegative (Ab-) and HIV sero-
positive (Ab+) males were hospital personnel and homosexual men
participating in an epidemiologic study of AIDS (2). Patients with
ARCor AIDS (1) were recruited from the Adult Immune Deficiencies
Clinic of the University of California, San Francisco, and Ward 86 of
the San Francisco General Hospital. Patients with ARCwere all HIV
Ab+ homosexual or bisexual males with a wide variety of HIV-related
symptoms including lymphadenopathy, fevers, diarrhea, oral candi-
diasis or leucoplakia, sweats, unexplained weight loss, or neurologic
manifestations. No subjects were receiving antiviral agents or chemo-
therapy at the time of blood collection. Antibodies to HIV were deter-
mined by ELISA (Abbott Laboratories, North Chicago, IL) and con-
firmed by Western blot or indirect immunofluorescent analysis (12,
13). Phenotypic analysis of CD4+ and CD8+ lymphocytes was per-
formed as described (5).

Antigens and mitogens. The HIV-SF2 isolate (23) of HIV-1 was
purified from supernatants of persistently infected HUT-78 cells as
described previously (24). This purified virus and concentrated super-
natants of uninfected HUT-78 cells were treated for 30 min at 560C.
Protein concentrations were determined by absorbance at 280 nm
using BSA as a standard. Recombinant p25 protein of HIV-SF2 was
expressed in Escherichia coli and purified as described (10). Recombi-
nant envelope proteins of HIV-SF2 were expressed in Saccharomyces
cerevisiae and purified as described (1 1). Recombinant ENV-1,
ENV2-3, and ENV-5 constitute amino acids 26-276, 26-510, and
557-677 of HIV-SF2, respectively (1 1, and unpublished observations).
Control proteins (10, 1 1) of E. coli, S. cerevisiae, and SODwere used to
verify the specificity of proliferative responses to recombinant HIV
antigens that were > 95% pure as determined by staining of electro-
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phoresed samples with Coomassie blue. Tetanus toxoid (TT) was ob-
tained from the Massachusetts Department of Public Health (Boston,
MA) and PHAfrom Gibco Laboratories (Grand Island, NY).

Analysis of stimulation or inhibition of lymphocyte proliferation in
primary in vitro cultures. Lymphocyte proliferation was performed as

described previously (5). Briefly, 105 PBMCwere cultured in the pres-
ence or absence of a wide concentration range (0.01, 0.1, 1, 10, and 20
gg/ml) of HIV or control antigens in 0.2 ml of RPMI 1640 medium

containing 10% HIV Ab- human AB serum (Gemini Bio-Products,
Calabasas, CA) and antibiotics. Optimal proliferation occurred in
nearly all study subjects at antigen concentrations of 10 or 20 gg/ml
(unpublished observations). Parallel cultures also contained an opti-
mal submitogenic concentration (5 U/ml) of human rIL-2 that aug-
mented proliferation of PBMCfrom HIV Ab+ individuals in the pres-
ence of cytomegalovirus (CMV) antigen but not in its absence (5).
Units of IL-2 were quantitated by determining the dilution of rIL-2
that resulted in significant proliferation (P < 0.003) of IL-2-dependent
CTLL cells (25). After 7 d, cultures were pulsed for 6 h with 1 1ACi
[3H]thymidine (ICN Radiochemicals, Irvine, CA) and harvested. Pre-
vious analysis at days 3, 5, 7, 9, and 11 after the initiation of culture
demonstrated optimal proliferation at day 7 (not shown). The mean

(X) background cpm of [3H]thymidine incorporated in the absence of
antigen(s) varied between 150 and 950 cpm. SD of the mean of qua-
druplicate cultures were < 15%. Stimulation indices (SI) of prolifera-
tion were calculated by the following formula:

SI _ X cpm [3H]thymidine incorporated with antigen
Xcpm [3H]thymidine incorporated without antigen

Proliferative responses of PBMCto HIV antigens that were > 3 SD
above the X proliferative responses of HIV Ab- individuals were

considered to be positive. For the analysis of possible inhibitory effects
of recombinant ENV2-3 or p25 proteins, 1-20 ;1g/ml of these proteins
were added to cultures of I05 TT (2.5 Lf/ml)- or PHA(I%)-stimulated
PBMCfrom HIV Ab- donors and analyzed as described above. The
significance of differences between proliferative responses was evalu-
ated using t test.

Results

Purified HIV-SF2 does not stimulate proliferation of lympho-
cytes from most HIV Ab+ asymptomatic individuals. Lym-
phocytes from HIV Ab- and HIV Ab+ asymptomatic indi-
viduals were cultured with a wide concentration range (0.01-
20 gg/ml) of purified and inactivated HIV-SF2 or with
supernatant proteins of uninfected HUT-78 cells that were

used for HIV propagation. Parallel cultures also contained an

optimal concentration of rIL-2 (5 U/ml). Lymphocytes from
all eight HIV Ab- individuals failed to proliferate in response
to any concentration of HIV-SF2 or HUT-78 supernatant
proteins in either the presence or absence of rIL-2 (Fig. 1 A).
Lymphocytes from only 1 of 10 HIV Ab+ asymptomatic indi-
viduals exhibited significant proliferative responses (P < 0.001
in comparison with HIV Ab- individuals) to HIV-SF2 (opti-
mally at 10 Ag/ml) and this response was abrogated rather than
augmented by the addition of rIL-2 (Fig. 1 B). This asymptom-
atic individual's lymphocytes also proliferated in response to
HIV-SF2 in the absence of added rIL-2 but not in its presence
when tested 1 mo later. After an additional 5 mo his lympho-
cytes did not proliferate in response to HIV-SF2 either in the
presence or absence of rIL-2 (data not shown). None of the
HIV Ab+ individuals' lymphocytes proliferated in response to
HUT-78 proteins. Three HIV Ab+ asymptomatic individuals'
lymphocytes were also cultured with infectious or inactivated
HIV-SF2 at concentrations up to 50 ,g/ml, in both the pres-
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Figure 1. Lymphocyte proliferative responses to purified HIV-SF2
(see Fig. 2) and control proteins from HUT-78 supernatants. Each
point represents one HIV Ab- or HIV Ab+ asymptomatic study
subject. Optimal proliferative responses to 0.0 1-20 Isg/ml of purified
HIV-SF2 or control proteins of HUT-78 cells in the presence or ab-
sence of rIL-2 (5 U/ml) were determined as described in Methods.
All points above the horizontal dashed line are > 3 SDabove the
mean stimulation index of HIV Ab- individuals' lymphocytes.

ence and absence of rIL-2, but failed to manifest significant
proliferative responses (data not shown). Fig. 2 shows the re-

sults of Western blot analysis of the purified HIV-SF2 prepara-
tion used in these studies (Lane A). Although variable amounts
of gp 160 were present in different preparations, all major pro-
teins characteristic of HIV including gp160, gpl20, gp41, p3 1,
and p25 were present in the material used for these lympho-
cyte proliferation studies.
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_ed_ 41 Figure 2. Western blot analysis of pu-
rified HIV-SF2. Three different prep-
arations (Lanes A-C) of HIV-SF2 pu-

3- 1 rified from infected HUT-78 cells as
described (24) were subjected to
Western analysis using sera from an

25 HIV Ab+ male (12). Molecular

weights of bands in kilodaltons are

shown.
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Lymphocytes from most HIV Ab+ asymptomatic individ-
uals and ARCpatients do not proliferate in response to recom-

binant core or envelope subunit proteins of HIV-SF2. Lym-
phocytes from all 11 HIV Ab- individuals failed to proliferate
in response to any concentration (0.0 1-20 ,gg/ml) of recombi-
nant p25 core protein of HIV-SF2 in either the presence or

absence of rIL-2 (Fig. 3 A). Most HIV Ab- individuals' lym-
phocytes, however, proliferated optimally in both the presence

and absence of rIL-2 when cultured with doses between 0.01
and 20 ,gg/ml of a lysate of E. coli, the organism used to express
the recombinant p25 protein (10). Only 2 of 11 HIV Ab+
asymptomatic individuals' lymphocytes proliferated in re-

sponse to p25 in the absence of rIL-2, and lymphocytes from
these two and another individual proliferated when rIL-2 was
added (Fig. 3 A). Only 3 of 18 ARCpatients' lymphocytes
proliferated in response to p25 in the absence of rIL-2, and
these responses were not augmented by the addition of rIL-2.
Lymphocytes from one ARCpatient proliferated in response

to p25 in the presence of rIL-2 but not in its absence (Fig. 3 A).
In the absence of rIL-2, lymphocytes from 5 of 11 HIV Ab+
asymptomatic individuals and 2 of 18 ARCpatients prolifer-
ated in response to E. coli antigens (Fig. 3 B). Unlike the
responses to p25, the responses of lymphocytes from many
HIV Ab+ individuals to E. coli were augmented by the addi-
tion of rIL-2 (Fig. 3 B). In the presence of rIL-2, 8 of 11
(72.7%) HIV Ab+ asymptomatic individuals' and 14 of 18
(77.8%) ARCpatients' lymphocytes proliferated in response to
E. coli.

All 11 HIV Ab- individuals failed to exhibit lymphocyte
proliferation in response to any concentration of recombinant
ENV2-3 that contains the protein backbone of gpl20 (11),
either in the presence or in the absence of rIL-2 (Fig. 4). Most
HIV Ab- individuals' lymphocytes did, however, proliferate
in response to a lysate of S. cerevisiae, which was used to
express the recombinant ENV2-3 protein (11). 2 of 11 HIV
Ab+ asymptomatic individuals' lymphocytes proliferated sig-
nificantly (P < 0.01) in response to ENV2-3 in the absence of
rIL-2. These two and another HIV Ab+ asymptomatic indi-
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Figure 4. Lymphocyte proliferative responses to purified recombi-
nant ENV2-3 envelope protein of HIV-SF2 and S. cerevisiae extracts
(I 1). See Methods and Fig. 1 legend.

viduals' lymphocytes proliferated in response to ENV2-3 sig-
nificantly in the presence of rIL-2. 2 of 13 ARCpatients' lym-
phocytes proliferated in response to ENV2-3, but these re-

sponses were not augmented by the addition of rIL-2 (Fig. 4
A). Similar to the responses of HIV Ab+ individuals to the E.
coli lysate (Fig. 3 B), proliferative responses of HIV Ab+
asymptomatic individuals' and ARCpatients' lymphocytes to
the S. cerevisiae lysate were often significantly augmented (P
< 0.01) by the addition of rIL-2 (Fig. 4 B).

Fig. 5 demonstrates that lymphocytes from all HIV Ab-
individuals, in either the presence or absence of rIL-2, failed to
proliferate in response to any concentration of the ENV-5
fusion protein, which consists of part of SODand a hydro-
philic region of the protein backbone of gp41 (amino acids
557-677) of HIV-SF2 (11). Lymphocytes from all 13 HIV
Ab+ individuals and all 11 ARCpatients failed to proliferate
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Figure 3. Lymphocyte proliferative responses to purified recombi-
nant p25 of HIV-SF2 and E. coli extracts (10). See Methods and Fig.
1 legend.

Figure S. Lymphocyte proliferative responses to purified recombi-
nant ENV-5 envelope fusion protein of HIV-SF2 and SOD(1 1). See
Methods and Fig. 1 legend.
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in response to any concentration (0.01-20 ug/ml) of the
ENV-5 fusion protein in the absence of rIL-2. In the presence
of rIL-2, only one HIV Ab+ asymptomatic individual's lym-
phocytes and three ARCpatients' lymphocytes demonstrated
weak proliferative responses to ENV-5 that were significantly
different from those of HIV Ab- individuals (P < 0.01). The
proliferative responses of these HIV Ab+ asymptomatic indi-
viduals' and ARC patients' lymphocytes to SODwere also
augmented by rIL-2. Proliferative responses to SODwere,
however, augmented by rIL-2 in only 3 of 12 HIV Ab- asymp-
tomatic individuals, 2 of 13 HIV Ab+ asymptomatic individ-
uals, and 2 of 11 ARCpatients (Fig. 5 B). Lymphocytes from
10 HIV Ab- and 10 HIV Ab+ asymptomatic individuals also
failed to proliferate when cultured with 0.01-20 jsg/ml of
ENV- 1 (amino acids 26-276 of HIV-SF2) or with glycosylated
recombinant gpl 20 of the HTLV-III isolate (26) expressed in
mammalian cells (data not shown).

Recombinant ENV2-3 and p25 do not inhibit antigen- or
mitogen-driven lymphocyte proliferative responses. Because of
the low frequency of HIV Ab+ individuals who manifest lym-
phocyte proliferative responses to HIV proteins, we examined
the possibility that recombinant ENV2-3 or p25 might sup-
press TT- and PHA-stimulated proliferation of lymphocytes
from HIV Ab- individuals. Table I demonstrates that the
nonglycosylated ENV2-3 or p25 do not suppress these antigen-
or mitogen-induced proliferative responses. The proliferative
responses to TT or PHA in the absence of recombinant HIV
proteins were not significantly different (P > 0.1) from the
proliferative responses in the presence of 1-20 jsg/ml of
ENV2-3 or p25 (Table I). Moreover, as also shown in Figs. 3
and 4, lymphocytes from these and other HIV Ab- donors
failed to proliferate in response to recombinant p25 or
ENV2-3 proteins.

Discussion

Infection by viruses such as CMVor influenza characteristi-
cally induce lymphocytes capable of proliferating in vitro in
response to the sensitizing viral antigens (5, 9, 21, 27). These

proliferative responses are generally associated with the activ-
ity of CD4+ helper T lymphocytes (4, 28). In contrast to pro-
liferative responses to other viruses, results presented in this
report and elsewhere (9, 15, 29) demonstrate that many HIV-
infected individuals' lymphocytes fail to multiply in primary
cultures in response to antigens of HIV. The results presented
in this report and elsewhere (15, 29) demonstrate that the poor
proliferative responses to HIV antigens occur not only when
the antigens of HIV-SF2 are used for in vitro challenge but also
in the presence of HTLV-III antigens. It is, therefore, unlikely
that the defects observed in proliferative responses are merely
due to polymorphism among proteins of divergent HIV- 1 iso-
lates, especially as many conserved regions of HIV envelope
and core proteins are known to exist (30). The possibility that
T cells or antibodies recognizing polymorphic determinants of
HIV antigens may not effectively recognize divergent HIV
isolates, however, is an important consideration in the devel-
opment of effective prophylaxis and therapy for HIV infec-
tions.

The selective nature of proliferative defects is evident in
many HIV-infected individuals whose lymphocytes are com-
petent to respond to other "recall" antigens. Furthermore,
proliferative responses of HIV Ab+ asymptomatic individuals'
and ARCpatients' lymphocytes to other recall antigens but
not to HIV can often be selectively restored by IL-2 (Figs. 3
and 4; references 5, 9, and 15). Lymphocytes from nearly all
AIDS patients and from some other HIV-infected individuals
are, however, unable to proliferate in response to any recall
antigens, and these responses cannot generally be reconsti-
tuted with IL-2 (4, 5, 15). In the early stages of HIV infection,
selective defects in cell-mediated immune responses to HIV
antigens may allow infection of susceptible cells by HIV. As
more helper T cells are destroyed or inhibited by HIV in the
course of infection these defects become nonselective, and
eventually in AIDS these patients lose the ability of their lym-
phocytes to proliferate in response to any antigen (4, 5). These
observations suggest that the ability of HIV to remain immu-
nologically cryptic with respect to lymphocyte proliferation is
an important factor in the pathobiology of HIV infections.

Table I. Recombinant ENV2-3 and p25 Proteins of HIV-SF2 Do Not Inhibit Antigen- or Mitogen-driven Lymphocyte Proliferation

HIV Ab- donor I HIV Ab- donor 2

[3H]Thymidine [3H]Thymidine
incorporated by PBMC incorporated by PBMC

Antigen(s) or mitogens CPM SI Antigen(s) or mitogens CPM SI

None 791 1 None 818 1
TT (2.5 Lf/ml) 31,469 39.7 TT (2.5 Lf/ml) 43,361 53.0
TT + ENV2-3 (1 Mg/ml) 31,640 40.0 TT + p25 (1 ug/ml) 43,484 53.1
TT + ENV2-3 (10 jg/ml) 33,612 42.5 TT + p25 (10 jig/ml) 46,698 57.0
TT + ENV2-3 (20 Ag/ml) 30,017 37.9 TT + p25 (20 ug/ml) 45,257 55.3
PHA(1%) 26,978 34.1 PHA(1%) 24,528 29.9
PHA+ ENV2-3 (1 gg/ml) 26,300 33.2 PHA+ p25 (1 ug/ml) 25,543 31.2
PHA+ ENV2-3 (10 Mg/ml) 25,027 31.6 PHA+ p25 (10 ,g/ml) 23,910 29.2
PHA+ ENV2-3 (20 jg/ml) 27,244 34.4 PHA+ p25 (20 ,g/ml) 25,902 31.6
ENV2-3 (20 Mg/ml) 923 1.2 p25 (20 ltg/ml) 898 1.1

Recombinant envelope (ENV2-3) and core (p25) proteins of HIV (10, 11, 14) were analyzed for their ability to inhibit proliferative responses to
TT or PHAas described in Methods. The cpm and SI of [3Hlthymidine incorporated are reported.
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The results presented in this report and elsewhere (9, 15,
29) demonstrate that at least some HIV-infected individuals
can manifest lymphocyte proliferative responses to HIV or its
subunits. In our studies (Fig. 1 and reference 9) only one indi-
vidual has been detected whose lymphocytes proliferated in
response to whole purified HIV. The reproducible abrogation
of this response by rIL-2 may be attributable to rIL-2-induced
alteration of the kinetics of proliferation or to enhancement of
HIV replication by cellular activation (31). Longitudinal stud-
ies of responders to HIV or its subunits indicate that these
responses are transient in nature (unpublished observations).
Studies by Zagury and colleagues also indicate that even in an
HIV Ab- individual who was inoculated with an HIV vaccine,
in vitro proliferative responses to HIV were only detectable for
a few months after primary or subsequent immunizations (32).
Thus, unlike infections by CMVor influenza (5, 21, 27), HIV
does not appear to induce long-lasting memory helper T cells
that are capable of proliferation in vitro.

Studies by Wahren and colleagues (15) indicate a higher
frequency of HIV Ab+ individuals whose lymphocytes prolif-
erate in response to some HIV antigens, particularly p25, than
were observed in our study. As their study did not include HIV
Ab- homosexuals in their control group and also did not
exclude the possibility of antigenic contaminants from E. coli
or other cells in their recombinant HIV antigen preparations,
their results are difficult to interpret. Nevertheless, the results
of this report and others (9, 15, 29) indicate selective defects in
lymphocyte proliferative responses to at least some HIV anti-
gens in infected humans. In contrast to the paucity of lym-
phocyte proliferative responses to HIV antigens in infected
humans (Figs. 1, 3-5 and reference 9), most HIV-infected or
immunized chimpanzees manifest proliferative responses to
HIV antigens (9, 33). These results suggest that the prolifera-
tive responses of HIV-infected chimpanzees may play a role in
the resistance to HIV disease of these HIV-infected animals.

The reasons for the selective defects in proliferative re-
sponses to HIV antigens of lymphocytes from HIV-infected
humans are not clear. The cytopathic effects of HIV on CD4+
T cells (3) suggest that infection and subsequent depletion of
HIV-reactive CD4+ T cells may contribute to defects in pro-
liferative responses to HIV and other antigens. The defects in
proliferative responses to HIV or other antigens can not, how-
ever, be explained simply as the result of decreased levels of
CD4+ T cells. Lymphocytes from HIV Ab+ individuals with
relatively normal levels of CD4+ T cells (600-1 ,000/,hl) often
failed to proliferate in response to any of the HIV antigens
tested, although they were capable of proliferating in response
to PHAor other recall antigens (1 1, and unpublished observa-
tions). Considerable variability was observed in the absolute
numbers of percentages of CD4+ and CD8+ lymphocytes
from individuals that manifested proliferative responses to
HIV antigens (unpublished observations). Other studies have
also demonstrated only weak correlations between lympho-
cyte subset values and proliferative responses to CMVor PHA
in HIV Ab+ individuals (5, 34).

Although the immunosuppressive effects of HIV, its
gp 1 20, or synthetic peptides derived from HIV gp4 1 have been
demonstrated in vitro (5, 9, 35), their effects in vivo are not
known. The binding of gp 120 to CD4+ T cells in vivo may
inhibit responsiveness of these cells to HIV or other antigens in
vitro. Data in this report and elsewhere (15), however, show

that primary in vitro responses to HIV antigens, unlike
gpl20-suppressed responses to other antigens such as CMV
(5), are rarely augmented by rIL-2. In contrast to the suppres-
sion of immune responses by glycosylated gpl2O (5), a non-
glycosylated form of yeast-expressed HIV gp 120 (ENV2-3, ref-
erences 11 and 14) did not inhibit PHA- or antigen-driven
lymphocyte proliferation (Table I). This finding suggests that
the sugar residues of gp l 20 may be important in its biological
effects either by direct interaction of these sugars with CD4 or
by maintaining functionally important molecular conforma-
tions of gp 120 epitopes. Additional studies directly comparing
glycosylated and nonglycosylated forms of the external enve-
lope glycoproteins of HIV-SF2 and other isolates are necessary
to confirm and elucidate the roles of carbohydrates in gpl 20-
mediated suppression of lymphocyte proliferation.

The studies in this report demonstrate that HIV infections,
unlike those of CMVor influenza (5, 9, 27), do not usually
induce long-lasting lymphocytes capable of proliferating in
vitro in response to the cognate viral antigens. Additional anal-
ysis of methods to effectively stimulate cell-mediated re-
sponses to HIV antigens may have important applications in
the design of vaccines and immunotherapy for HIV infections.
Nonglycosylated HIV envelope proteins or synthetic peptide
subunits may overcome the potential problems associated with
the use of an immunosuppressive gpl 20 moiety in prophylac-
tic or therapeutic AIDS vaccines.
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