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Abstract Methods

Two T helper cell clones recognizing the gp 120 envelope pro-
tein of HIV were generated from the peripheral blood of a
healthy seropositive individual. These cells were type specific
as they proliferated and produced IL 2 when stimulated by an
epitope in the amino-terminal half of gp 120 of HIVsF2, but not
by a similar region of HIVz,6, a Zairian HIV-1 isolate. These
two viruses differ by 26% in the deduced amino sequence of the
gp 120 protein. Moreover, the antigenic site(s) recognized by
the cloned T cells are distinct from those recognized by enve-
lope-specific antibodies. These observations have important
implications for the development and use of anti-HIV vac-
cines.

Introduction

The major external glycoprotein (gp 120) of the HIV is recog-
nized by both neutralizing antibodies (1) and cytotoxic T lym-
phocytes (2, 3) and, thus, is a prime candidate for use in vac-
cines against AIDS. Individual isolates of HIV display consid-
erable genetic diversity within the region coding for this
protein (4). Sequence polymorphisms are clustered in a limited
number of variable domains that are flanked by conserved
regions (5). Potential antigenic sites that can be recognized by
T lymphocytes are present in both regions when the hydro-
phobicity and predicted secondary structure of the protein are
considered (6). Antiviral T lymphocytes are able to recognize
either conserved or variable antigenic sites on viruses such as
influenza (7) and herpes simplex virus (8), but similar patterns
of reactivity by human T cells against HIV have not yet been
demonstrated. Wereport here the generation of clonal HIV-
specific T helper cell lines, derived from PBMCof a healthy
HIV seropositive individual. These cells proliferated and pro-
duced IL 2 when stimulated by type-specific epitopes on the gp
120 envelope protein.
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Recombinant HIV gp 120 antigens. Recombinant gp 120 envelope
antigens from HIVSF2 and HIVz,6 (provided by Dr. P. Barr, Chiron
Research Laboratories, Emeryville, CA) were produced in the yeast,
Sacchromyces cerevisiae, using intracellular expression vectors similar
to those described previously (9). These vectors yield products that are
not glycosylated. All of these antigens were insoluble when produced
intracellularly in yeast. The recombinant antigens were purified from
the insoluble fraction of yeast lysates as described previously for other
recombinant HIV- 1 envelope polypeptides (9). Fig. 1 shows the amino
acid coordinates of the HIVsF2 (10) or HIVz56 (11) envelope gene
products represented by each recombinant polypeptide. The putative
signal peptides of HIVSF2 and HIVz56 gp 120 end at amino acid 29 (9,
1 1). The COOH-terminal amino acid of HIVs5 gp 120 is at 509 (9)
and HIVzr6 gp 120 is at 5 10 (1 1). Recombinant core p25 protein (gag)
of HIVs5 was expressed in an Escherichia coli vector (12).

Generation of cloned HIV-specific T cell lines. PBMC(1 x 107)
from a healthy, HIV seropositive subject were suspended in 1 ml of
RPMI culture medium containing 10 ,ug of HIVsF2 env 2-3 peptide,
2.5% IL 2 (Electro-Nucleonics, Inc., Silver Spring, MD), 10% human
AB serum (Irvine Scientific, Santa Ana, CA), 2 mML-glutamine, and
antibiotics. Cells were cultured in 24-well tissue culture dishes for 7 d at
37°C in a 5% C02 incubator, and then readjusted to 5 X 106/ml in
medium containing 10 ,g/ml env 2-3 and 2.5% IL 2. After an addi-
tional 7 d of incubation, the cells were seeded at a concentration of 1
cell/well into 60-well Terasaki plates (Robbins Scientific, Mountain
View, CA), along with 1 X 104 irradiated (2,000 R) autologous PBMC,
in 0.015 ml of culture medium containing 10 ,ug/ml HIVs5 env 2-3
antigen and 5% IL 2. After expansion, T cells (5 X 102) were restimu-
lated in 16-mm wells at weekly intervals with 2 X 105 irradiated
(12,000 R) TM-B cells (as a source of antigen-presenting cells) in
culture medium supplemented with 5% IL 2 and 10 ,ug/ml env 2-3
antigen. TM-B is a transformed cell line established by infecting the
subject's peripheral blood B cells with cell-free supernatant from the
EBV-transformed marmoset cell line B95-6 as described (13).

Proliferation assay. The proliferative response of the T cell clones
to the test antigens were measured by incubating 5 x 104 responder
cells with an equal number of irradiated TM-B cells for 3 d in the
presence of 5% IL 2, and test antigen at the indicated concentrations.
Wells were harvested onto glass filter discs using an automatic har-
vesting device and the amount of [3Hlthymidine incorporated was
determined by liquid scintillation counting.

IL 2 assay. Culture supernatants were assayed for their ability to
induce proliferation of the IL 2-dependent cell line H-Y as previously
described ( 14).

Antibody ELISA assay. Humansera were assayed for antibodies to

each recombinant antigen in an ELISA assay as described (15), with
the following modifications: recombinant antigens were diluted to 2

jg/ml in 0.05 Msodium borate (pH 9.0) and 100 ,I/well was adsorbed
to microtiter plates for 12-18 h at 4°C. Sera were diluted 1:100 in 0.1
Mphosphate buffer (pH 7.4) containing 0.5 MNaCI, 0.1% casein, and
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Figure 1. Location of recombinant polypeptides within the envelope
glycoprotein sequence of HIVSF2 and HIVz,6. The amino acid resi-
dues that mark the amino and carboxy terminus of each peptide are

indicated. The results of proliferative responses by the two clones in-
duced by the recombinant antigens are summarized at the right of
the figure.

100 ,ug/ml of an extract from yeast (Red Star). This material was

included to adsorb antibodies to yeast proteins that might react with
minor contaminants in the purified recombinant antigen preparations.
Horseradish peroxidase-conjugated goat antiserum to human immu-
noglobulin was used as the second-stage antibody. Sera were consid-
ered positive when the ODreading was 2.5 times that of the seronega-
tive control.

Results and Discussion

For these studies, PBMCfrom an asymptomatic, HIV sero-

positive individual were incubated in vitro for 7 d with IL 2
and env 2-3, derived from HIVsF2 (Fig. 1). After a second
incubation for 1 wk with IL 2 and the env 2-3 peptide, re-

sponding cells were seeded into 240 wells of Terasaki tissue
culture dishes at a concentration of one cell per well for clon-
ing. A total of 20 wells contained responder cells that could be
further expanded by stimulation with env 2-3. After subclon-
ing, two stable T cell clones (CL 10 and CL 13) were estab-
lished. They displayed a strong proliferative response to the
env 2-3 antigen, and did not react with a protein extract from
Saccharomyces cerevisiae (Table I) (9).

An analysis of the surface phenotype of the cloned cells
using a fluorescence-activated cell analyzer revealed that they
were T helper cells that expressed the CD3 and CD4 cell sur-

face markers. Neither clone displayed the Leu 8 surface anti-
gen, a marker that is expressed on T helper cells that induce
suppressor cell activity ( 16). Weverified that the CD4+T cell
clones were not infected by HIV by finding no viral-associated

reverse transcriptase in their culture supernatant or viral pro-

teins in the cloned cells. Moreover, the cells were very sensitive
to infection by isolates of HIV (10).

The antigen specificity of the clones was tested by using a

panel of recombinant polypeptides representing different re-

gions of the gp 120 protein from either HIVsF2 (9) or HIVz,6, a

Zairian isolate (Fig. 1, Table I). The amino acids coded for by
the gp 120 gene from each of these two viruses differ by - 26%
(Steimer, K., unpublished data). Proliferation of both clones
was induced by the env 2-3 and env 1, but not the env 4
polypeptide of HIVsF2 (Table I). This observation indicated
that the cells recognized an epitope in the amino-terminal half
of the gp 120 molecule. The internal core p25 protein (gag) of
HIVsF2 was also not recognized. Neither clone reacted with the
env 2-3 or env 4 peptides of HIVz, (Table I). It is unlikely that
this unresponsiveness is caused by a lack of antigenicity of
these proteins, as sera from African AIDS patients reacted with
these peptides in an ELISA assay (see below, Table II). Rather,
the observation indicated that the response of the cloned T
cells was type specific. Clones CL 10 and CL 13 did not prolif-
erate in the presence of env 2-3 when EBV-transformed B cells
from another HIV seropositive individual were used as anti-
gen-presenting cells (Table I). This individual did not share
class II (HLA DR, DP, DQ) HLA antigens with the donor
from whomthe T cell clones were generated (data not shown).
This result probably reflects a requirement for recognition of
both viral (i.e., env 2-3) and self class II HLA antigens by the
CD4+ T cells for activation to occur (17).

Activated CD4+ T cells produce IL 2 that is required for
the proliferation of helper and cytotoxic T lymphocytes (18),
as well as B lymphocytes (19), during the generation of im-
mune responses. Accordingly, we tested the ability of clone CL
10 to produce and use IL 2 after stimulation with recombinant
gp 120 peptides. Cloned cells proliferated in IL 2-free medium
when stimulated with env 2-3 and env 1 peptides of HIVSF2,
but not env 4 or gag (Table III). Furthermore, only superna-

tants from those cultures in which proliferation was detected
contained IL 2 (Table III). Many IL 2-producing human
CD4+T cell lines have the ability to mediate class II HLA-re-
stricted virus-specific cytotoxic activity (7, 8). More recently,
cloned CD4+ cells established from the peripheral blood of
chimpanzees infected with recombinant vaccinia viruses that
express HIV envelope glycoproteins have been shown to medi-
ate HIV-specific cytotoxic activity (20). Wetested the ability of

Table 1. Proliferation of T Cell Clones in Response to Envelope gp 120 Polypeptides

Virus Stimulator cells Antigen CL 10 Si CL 13 Si

None TM-B None 1,198 3,456

HIVSF2 TM-B env 2-3 27,532 23.0 21,482 6.2
HIVSF2 TM-B env 1 26,754 22.3 16,498 4.8

HIVsF2 TM-B env4 966 0.8 3,346 1.0
HIVSF2 TM-B gag 1,490 1.2 3,156 0.9

HIVsF2 WG-B env 2-3 ND ND 3,276 0.9

HIVzr6 TM-B env 2-3 753 0.6 3,026 0.9

HIVz,6 TM-B env 4 1,046 0.9 3,616 1.0
None TM-B Yeast 1,590 1.3 3,514 1.0

Specificity of HIV-specific T cell clones. Responses of CL 10 and CL 13 to a panel of recombinant HIV antigens were assessed. Stimulator cells
were either HLA matched (TM-B) or mismatched (WG-B) with clones CL 10 and CL 13 at Class II HLA loci. SI, stimulation index.
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NH2 Signal gp120

Virus Peptide

HIVSF2 env 2-3

HIVSF2 env 1

HIVSF2 env 4

HIVz,6 env 2-3

26 510

26 276

272 510

29 510



Table II. Reaction of Sera from HIV-I Seropositive Individuals
with Recombinant gp 120 Antigens from HIVSF2 and HIVzr6

ODof test sera

Virus Antigen 1 2 3 4 5

HIVsF2 env 0.08 0.13 0.08 0.94* 0.11
HIVs5 env 2-3 0.27 1.01* 1.09* 1.28* 1.21*
HIVsF2 env 4 0.15 1.05* 1.13* 1.20* 1.32*
HIVzr6 env 2-3 0.20 0.37 1.00* 1.18* 0.30

Serum antibody responses to recombinant HIV antigens. An ELISA
assay was used to assess reactivity of various human sera to the re-
combinant HIV antigens. The values shown for serum 1, the seroneg-
ative control, were obtained by averaging the results observed with
seven HIV antibody-negative sera assayed in the same experiment.
All values reported are the average of duplicate assay wells. Serum 2
is from the subject from whomthe cloned cells were generated; sera
3 and 5 are from seropositive American donors; serum 4 is from an
HIV seropositive African donor. Sera were considered positive (aster-
isks) when the ODreading was 2.5 times that of the seronegative
control.

clones CL 1O and CL 13 to kill autologous EBV-transformed B
cells that were infected with recombinant vaccinia virus that
contains the gp 120 coding sequence of HIVs5. Although gp
120 was expressed on the surface of these target cells (as as-

Table III. Production and Use of IL 2 by a CD4+ T Cell Clone

Proliferation of cells IL 2 activity in supernatants

HIVsF [3H]Thymidine Dilution of [3H]Thymidine
antigen incorporated SI supernatant incorporated SI

None 412 - 1:2 597 1.8
1:4 552 1.6
1:8 532 1.6

env 2-3 3,764 9.1 1:2 1,607 4.8
1:4 945 2.8
1:8 543 1.6

env 1 3,194 7.8 1:2 1,576 4.7
1:4 829 2.5
1:8 582 1.7

env 4 423 1.0 1:2 583 1.7
1:4 524 1.5
1:8 499 1.5

Production and use of IL 2 by a CD4-positive T cell clone. Cloned
CL 10 cells were tested for the ability to respond to various recombi-
nant HIVsF2 antigens except that IL 2-free culture medium was used.
After 72 h of incubation, Q. 1 ml of supernatant harvested from three
replicate cultures established for each antigen was pooled and tested
for IL 2 activity (see below). Each microtiter well then received 1 uCi
of [3H]thymidine, and 12 h later the mean incorporation for tripli-
cate wells was determined by liquid scintillation counting. Culture
supernatants were assayed for their ability to induce proliferation of
the IL 2-dependent cell line H-Y. Values shown are the mean counts
per minute of [3H]thymidine incorporated by duplicate cultures re-
ceiving serial twofold dilutions of test supernatants. Stimulation indi-
ces (SI) were calculated by dividing these values by the mean counts
per minute of [3H]thymidine incorporated by control cultures of
H-Y cells incubated in IL 2-free medium (300 cpm in this experiment).

sessed by syncytia formation with uninfected CD4+ T cells),
no cytotoxic activity was detected (data not shown). Serum
antibodies from this subject, in contrast to the two T cell
clones, did not react against the env 1 peptide of HIVsF2 in an
ELISA assay (Table II). This result has been observed with sera
from many other HIV-infected subjects (Steimer, K., unpub-
lished observation). The finding suggests that the epitopes on
gp 120 that are recognized by T cells and by antibodies do not
necessarily overlap. The reason for this discordant reactivity is
not clear. Class II HLA-restricted T lymphocytes usually rec-
ognize antigen only after it has been internalized and pro-
cessed by antigen-presenting cells; this process destroys the
tertiary configuration of the molecule. As a result, T cells gen-
erally recognize epitopes that are defined by the primary
amino acid sequence of the antigen, whereas antibodies react
with conformational epitopes (21). Thus, improper folding of
the env 1 peptide would be more likely to affect recognition by
antibodies than T cells. Alternatively, lack of glycosylation of
the molecule, which was produced in a yeast vector, may have
affected recognition by serum antibodies but not T cells.

A selective defect in the in vitro proliferative response of
peripheral blood lymphocytes to whole HIV and its envelope
proteins (gp 41 and gp 120) has been observed, particularly in
symptomatic individuals (22-24). This observation suggested
that HIV-specific T helper cell activity is defective in infected
individuals (24). The PBMCfrom the subject from whomthe
cloned cells were generated also failed to respond in a primary
proliferation assay to the envelope peptides (data not shown).
Nevertheless, the present results demonstrate for the first time
that HIV type-specific T helper cells can be found in the pe-
ripheral blood of an infected individual. It is possible that the
frequency of these IL 2-producing T helper cells in the periph-
eral blood was low, and that they were selectively expanded in
vitro by incubation with the envelope protein and IL 2. How-
ever, the role of HIV-specific T suppressor cells, defects in
antigen presentation, or toxic effects of viral proteins, in con-
tributing to this unresponsiveness have not yet been deter-
mined.

Our observations have implications for the development
and use of an anti-HIV vaccine. First, potential vaccines that
are able to stimulate and expand HIV-specific T cells may be
of value in halting the progression of disease, especially when
used in conjunction with drugs that prevent replication of
HIV. Second, because T cells but not antibodies reacted with
the recombinant env 1 protein, separate epitopes must be rec-
ognized by humoral and cellular immune responses, and
should be considered for use in a vaccine preparation. Finally,
HIV-specific T cell clones such as the ones described here,
when used in combination with synthetic peptides, can be
useful reagents for defining the conserved and variable anti-
genic sites that should be included in an anti-HIV vaccine.
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