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ABSTRACT Freshly separated unfractionated peripheral
blood mononuclear cells (PBMC) and cloned cell lines from a
healthy human immunodeficiency virus 1 (HIV-1)-seropositive
individual were examined for cytotoxic responses to HIV
proteins expressed by recombinant vaccinia viruses. It was
found that freshly isolated PBMC recognize variant envelope
proteins of HIV-1 but not a more distantly related envelope
protein derived from the simian immunodeficiency virus
(SIVc,,,.). Although the effector cells were predominantly
CD8+, both MHC-matched and -unmatched target cells were
lysed. Cytotoxic T lymphocyte (CTL) clones were found to lyse
cells expressing HIV-1 envelope or reverse transcriptase. In
contrast to the cytotoxic response detected with PBMC, the
cloned CTLs were major histocompatibility complex (MHC)
class I restricted. Our rmding that a cloned CTL line lysed cells
expressing highly divergent HIV envelopes strongly suggested
that a conserved epitope was recognized. Identification of these
shared epitopes may assist in designing a vaccine for HIV-1 that
could stimulate MHC-restricted cytotoxic responses.

Individuals infected with human immunodeficiency virus
(HIV) may develop several types of immunological re-
sponses, which may potentially limit the spread of infection.
These responses usually include antibodies to a number of
viral components as well as neutralizing activity against HIV,
yet there is no convincing evidence that the presence of such
neutralizing activity can protect infected individuals from
developing the acquired immunodeficiency syndrome
(AIDS) (1-3). It is believed that the generation of cytotoxic
cells may be required to confer protective immunity against
some viruses (4, 5). A number of different cell types with
cytotoxic function may participate in surveillance against
infection. Major histocompatibility complex (MHC)-
restricted cytotoxic cells of both the CD8' and CD4' cell
lineages have been detected in individuals after infection with
a number of DNA and RNA viruses (6-15). In one well-
characterized retroviral animal model, MHC-restricted cy-
totoxic T lymphocytes (CTL) appeared to be required to
confer protection against the leukemic complications of
murine leukemia virus (16). Cells with so called "natural
killer" (NK) cell activity, implying an ability to execute
cytolysis in the absence of MHC restriction, may be impor-
tant for protection against HIV as well. Multiple cellular
phenotypes and lineages, including those that express CD16,
Leu 19, or CD3, with either an a/P or y/8 T-cell antigen
receptor rearrangement may mediate such NK cell activity

(17-20). Cells which bear receptors for immunoglobulin may
execute their cytolytic activity through either an antibody-
independent or an antibody-dependent mechanism.
The scope of the real and potential cytotoxic effector

responses against HIV-infected target cells has not been fully
delineated. In this regard, there have been some recent
reports describing cytolytic responses against target cells
expressing HIV-specific proteins in cells obtained from
HIV-seropositive individuals. One group has detected cy-
tolytic activity in peripheral blood mononuclear cells
(PBMC) against MHC class I or class II matched target cells
expressing HIV-1 envelope proteins (21). Also, they have
found MHC class I-restricted responses against targets ex-
pressing the pol gene product, reverse transcriptase (22).
Others have detected cytolytic activity against envelope
proteins mediated by MHC-unrestricted CD16' cells (23). In
addition, it has been reported that CD8' cells derived from
the broncho-alveolar lavages of HIV-seropositive individuals
with interstitial pneumonitis are cytolytic for autologous
macrophages infected with HIV and are class I restricted
(24). These studies suggest that different cell types may
mediate cytotoxic responses against HIV in vivo. In these
studies, cytotoxic responses detected in the majority of
patients were directed at HIV envelope proteins derived from
a single isolate. Since there is marked diversity among
isolates in envelope protein sequences, it is probable that
these cytotoxic effector mechanisms were recognizing con-
served amino acid sequences within the envelope region.
This contrasts with observations that antibody- and cell-
mediated proliferative responses generated in animals immu-
nized with envelope proteins of HIV are directed against a
portion of the envelope contained within a hypervariable
region and are specific for the HIV isolate from which they
were derived (25-27).

In an effort to characterize the nature of the cell-mediated
cytotoxic response to the HIV envelope protein, we have
examined freshly separated unfractionated and cloned cell
lines from a healthy HIV-1-seropositive individual for cyto-
toxic responses to variant HIV envelope proteins. We have
found that freshly isolated PBMC recognize in an MHC-
nonrestricted manner divergent envelope proteins of HIV-1
but not a more distantly related envelope protein derived
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from the simian immunodeficiency virus (SIV). In addition, we
have demonstrated this same phenomenon at the clonal level.
However, in contrast to the cytotoxic response detected with
PBMC, the cloned CTL were MHC class I restricted. These
observations suggest that patients infected with HIV may
develop a group-specific CTL response, and identifying these
shared epitopes may assist in designing a vaccine for HIV-1 that
could stimulate MHC-restricted cytotoxic responses.

MATERIALS AND METHODS
Cell Populations. Unfractionated PBMC, obtained from a

healthy HIV-1-seropositive homosexual man, were sepa-
rated over Hypaque/Ficoll, resuspended in RPMI-1640 me-
dium (M.A. Bioproducts, Walkersville, MD) with 10o fetal
calf serum, and assayed on the day of separation. HIV-
specific cytotoxic cell lines were cloned by the method of
Moretta (28) by limiting dilution from PBMC of the HIV-1-
seropositive patient, using 50,000 irradiated [4000 roentgens
(R); 1 R = 0.258 mC/kg] feeder cells derived from a
HIV-seronegative patient, phytohemagglutinin (0.25 jug/ml;
Burroughs-Wellcome, Research Triangle, NC), and purified
interleukin 2 (Electro-Nucleonics, Rockville, MD). Individ-
ual clones were screened for cytotoxicity against autologous
cells infected with recombinant vaccinia virus expressing
control or HIV-1 proteins. Clones with cytotoxic activity
against target cell lines expressing one of the HIV-1 proteins,
but not against the targets expressing the control protein,
were expanded, subcloned, and retested against infected
target cell lines expressing HIV-1 envelope protein or reverse
transcriptase. Lymphoblastoid cell lines (LCL) were gener-
ated from the PBMC of the patient (autologous) and from
MHC HLA class I- and II-matched or mismatched donors by
transformation with culture supernatant derived from mar-
moset cells infected with the B95-8 strain of Epstein-Barr
virus and were maintained in RPMI-1640 medium supple-
mented with 10% fetal calf serum. SUPT1, a cell line
expressing high levels of CD4, was cocultured with LCL
target cells infected with HIV-1 envelope-expressing recom-
binant vaccinia virus to monitor envelope fusion activity
(syncitium formation).

Cytotoxicity Microassay. A 4-hr 51Cr release cytotoxicity
microassay was performed as described (21). LCL cells 2 x
106 were infected with recombinant vaccinia virus (10 plaque-
forming units per cell) for 10-14 hr, labeled with 250 ,Ci (1
Ci = 37 GBq) of sodium [51Cr]chromate (Amersham), washed
twice, and then resuspended to the appropriate concentration
for use as target cells. Multiple effector-to-target cell (E:T)
ratios were examined in triplicate or quadruplicate. Percent
specific cell lysis was determined by the formula [(mean
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FIG. 1. Cytotoxicity directed against target cells expressing
HIV-lIIIB envelope proteins (ENV) by fresh unfractionated PBMC
from a HIV-1-seropositive healthy homosexual man over a 1-year
period. VAC, control target cells infected with vaccinia virus VSC-8.
E:T ratios of 100:1, 25:1 (not shown), and 6:1 (not shown) were tested
for each target cell line in quadruplicate during the month indicated
(abscissa) after initial testing.

experimental release - mean spontaneous release)/(mean
total release - mean spontaneous release)] x 100. Experi-
ments in which the mean spontaneous release exceeded 25%
were discarded.
Recombinant Vaccinia Viruses. Viruses used for infecting

the target cells included the following: (i) the control VSC-8,
expressing the Escherichia coli IacZ gene product (21); (ii)
VPE-7, expressing the envelope open reading frame of
HIV-1IIIB; (iii) VSC-40, expressing the gag gene product
precursor p55 (21); (iv) RF, expressing the envelope open
reading frames of HIV-1RF; (v) WR-194, expressing the open
reading frames of the envelope region of SIV isolate 251,
derived from a macaque monkey (SIVmaj; (vi) VCF-21,
expressing the p65 protein, reverse transcriptase, from the
pol gene of HIV-1iiIB (22). In each construct, the HIV gene
was regulated by the vaccinia virus p7.5K promoter and was
inserted into the thymidine kinase gene of vaccinia virus
strain WR.

RESULTS
Blood samples were obtained from a healthy 34-year-old
homosexual man, first noted to be seropositive for HIV-1 by
ELISA and Western blotting in January 1985. He has been
followed since that time as a participant in a prospective
study of healthy HIV-seropositive individuals. Laboratory
evaluation has shown a stable level of CD4+ cells in his
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FIG. 2. Lysis of MHC-mismatched target cells expressing HIV-1 envelope proteins by fresh unfractionated PBMC. LCL cells generated
from the PBMC ofdonors typed for HLA class I (A, B, C) and class II (Dr, DQ) were infected with either VSC-8 (VAC control) or VPE-7 (ENV).
HLA antigens common to the target and effector cells are indicated on the abscissa. AUTO designates the autologous LCL generated from the
patient. NONE indicates that no HLA antigens were common to target and effector cells.
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FIG. 3. Cytotoxicity of autologous LCL target cells expressing
different envelope proteins by fresh unfractionated PBMC. Target
cells were infected with recombinant vaccinia virus expressing the
envelope proteins from the IIIB isolate (VPE-7), the RF isolate, or
SIVMac. Target cells infected with VSC-8 were used as a control.
Expression of envelope protein by target cells was monitored by a
syncytium assay as described in Materials and Methods, except
uninfected H-9 cells were cocultured with LCL expressing the
envelope from SIVmac.

peripheral blood (392-443 cells per mm3). PBMC examined
for HIV-specific cytotoxicity against HIV-1IIIB envelope
protein has demonstrated persistently significant and stable
activity over a period of observation of 1 year (Fig. 1).
Comparable assay of cytotoxic activity against gag proteins
has shown intermittent and lower responsiveness (data not
shown).
To further characterize this cytotoxic response, freshly

separated PBMC were tested against target cells which
expressed MHC proteins that were matched and mismatched
at class I and II (Fig. 2). Significant cytotoxic responses could
be detected even in the absence ofMHC restriction. The lytic
activity against the nonautologous lines expressing envelope
proteins was always greater than that seen with the controls,
although the extent of lysis of control cells from different
individuals varied considerably. This high activity against
envelope protein-expressing targets was not the result of
differences in the spontaneous release of chromium from the
envelope-expressing target cells, which appeared to be com-
parable to the control vaccinia-expressing target cells. Cy-
tolytic activity against envelope-expressing targets was to-
tally eliminated by treatment ofPBMC with antibody recog-
nizing CD3 and complement. Partial to complete abrogation
of the envelope-specific cytotoxic response also was seen
after treatment of the cells with anti-CD8 plus complement,
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but no diminution of the cytotoxic response was noted when
anti-CD4 was used.

Next, we tested the PBMC for cytotoxic activity against
other envelope proteins derived from HIV-1RF and SIV,., to
determine if the cytotoxic cells could recognize more than one
form of viral envelope. As shown in Fig. 3, comparable
cytotoxic activity could be detected against HIV-1IIIB and
HIV-1p. envelope proteins, which share about 79%o identity in
amino acid sequences (29). However, no activity was seen
against target cells expressing the envelope protein of SIV,,C,
which is distantly related to HIV-1, sharing only 34% identity
with the envelope sequence of HIV-1IIIB (29). Examination of
PBMC from six other individuals demonstrated similar activity
against HIV-1IIB and HIV-1RF envelope proteins, while only
one of six showed cytotoxic activity against the envelope of
SIVac (data not shown). While these observations demon-
strate that cytotoxicity of populations ofPBMC against HIV-1
may be group specific, the possibility exists that individual cells
or different cell types might mediate cytotoxicity against the two
different envelope proteins independently, and thus give the
appearance of a group-specific response. This response might
occur particularly if individuals are infected with multiple
strains of HIV-1.
To resolve the issue of group antigenic specificity, we

cloned CTL from this patient by the technique of limiting
dilution as previously described (28). The precursor fre-
quency of cytotoxic T cells directed against HIV-1 proteins
was 1/1000 in the PBMC. Four of five cytotoxic cell lines
generated manifested specificity for the HIV-1IIIB envelope-
expressing targets, while the other was specific for the pol
gene product, reverse transcriptase (Fig. 4). Immunohisto-
chemical staining revealed that these lines were CD8' CD4-
(data not shown). To further analyze their specificity, we
examined the ability of one of these clones, RR-1B10, to lyse
targets expressing variant envelope proteins. Consistent with
the unfractionated PBMC, RR-1B10 could lyse targets ex-
pressing envelope protein derived from either IIIB or RF
strains but not the one expressing SIVmac envelope (Fig. 5).
When clone RR-1B10 was evaluated for MHC restriction,

it was capable of lysing target cells expressing the MHC class
I B14 allelic product but not other class I, class II, or
mismatched targets (Fig. 6). Thus, this MHC restriction
contrasted with the MHC-unrestricted activity seen in the
uncloned population.

DISCUSSION
These observations offer an approach to identifying con-
served epitopes of HIV that may be critical in developing a
vaccine that could stimulate a CTL response to protect

TARGETS (E:T RATIO)
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RR-1D2 RR-1B10 RR-1C4 RR4B3 RR-1E2

FIG. 4. Cytotoxicity of target cells expressing envelope protein (ENV) or reverse transcriptase (POL) by cloned cytotoxic cell lines. Clones
were tested against the infected target cell lines at the indicated E:T ratios in triplicate. Results from five clones with consistent cytotoxic activity
against target cells expressing HIV-1 proteins are shown.
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FIG. 5. Cytotoxicity of target cells expressing different envelope proteins by a cloned cell line. Cytotoxicity of clone RR-1B1O was tested
against autologous target cells expressing IIIB or RF envelope or ITIB reversing transcriptase (POL) proteins (A) or the envelope protein from
IIIB or SIVmac (B) in triplicate.

against the range of HIV isolates to which a seronegative
individual in a high risk population may be exposed. Recent
animal studies indicated thatMHC class I-restricted cytolytic
responses in mice were generated against an amino acid
sequence in the second hypervariable envelope domain and
that cross-reactivity against the IIIB and RF isolates could
not be achieved (27). While the bulk population of murine
lymphocytes generated in those animals was type specific, a
minor population which was not detectable may have been
capable of responding to other more conserved epitopes.
Alternatively, the immunogenic and immunodominant do-
mains recognized by mice or other animals may not coincide
with the epitopes recognized by humans. Ranki et al. (30)
have reported that cells from seropositive patients proliferate
in response to different peptides generated from the envelope
sequences than do cells from animals immunized with HIV-1.
It would seem critical, therefore, to map the epitopes stim-
ulating cytotoxic responses by using cells derived from
human subjects who have been naturally infected with HIV
as well as individuals immunized with candidate vaccines.
Since the envelope-specific cell-mediated response against
naturally occurring infections appears to be at least in part
MHC unrestricted (Fig. 2) (23), and in this patient, T-cell
mediated, it will be necessary to address these studies at the
clonal level. We were unable to evaluate our other three
envelope-specific clones from this patient for MHC restric-
tion due to their limited ability to propagate in vitro, but we
suspect that in addition to the MHC-restricted clone shown
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FIG. 6. MHC restriction ofan envelope-specific cytotoxic clone.
Cytotoxicity of clone RR-1B10 for LCL target cell lines from
different donors matched with the HLA type of the effector cells and
infected with the recombinant vaccinia virus expressing the IIIB
envelope (ENV) or the control lacZ gene product (VAC) was
measured. Target cells matched only at A24, or DR4, or mismatched
(NONE) were three of the LCL used for the experiments in Fig. 2.

(Fig. 6), other T cell clones generated from this patient may
be MHC unrestricted.
While the technical approach used here favors the selection

of group-specific CTL by virtue of the initial screening for
cytotoxic clones against one envelope protein derived from a
single isolate, to which the patient very likely was not
exposed, other approaches may be needed to assess type-
specific immune responses. The group specificity shown here
for clone RR-1B10 appears to be limited to an envelope
epitope common to HIVIIIB and HIV-lRF but not SIVmac,
although other epitopes may be present that are common to
all three strains and could stimulate CTL responses. Since it
appears that the frequency of group-specific clonable cells is
relatively high (1 in 1000) in this and other patients (data not
shown), the method outlined should be sufficient to charac-
terize regions of HIV envelope and probably other proteins
that could stimulate HIV-specific CTL responses. The ability
to respond to a particular epitope is dependent on the MHC
protein with which it associates, and therefore it will be
necessary to analyze the MHC-restricted HIV-specific cyto-
toxic responses of subjects displaying a broad range ofHLA
alleles. We have been successful in cloning envelope-specific
CTL from several other individuals representative of HIV-
seropositive patients of different clinical stages and HLA
types. The next step is to subclone and characterize them
with regard to MHC restriction and group specificity.
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