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Abstract

To make synthetic peptide vaccines effective in a broad popula-
tion of outbred humans, one would have to incorporate enough
antigenic determinants to elicit recognition by T cells of most
HLA types. Wehave previously defined multideterminant re-
gions of the human immunodeficiency virus (HIV) envelope
that include overlapping determinants seen by proliferating T
cells of three or four haplotypes of mice. Wehave now tested
the hypothesis that synthetic peptides encompassing such mul-
tideterminant regions will be recognized by T cells of multiple
murine MHCtypes as well as by human T cells representing
multiple HLA types. Six such peptides of 20-33 residues in
length were prepared, and tested for their ability to stimulate T
cells from mice of four distinct MHCtypes immunized with
recombinant envelope protein rgpl6O, as well as from 42 HIV-
infected humans of different HLA types. Results identify sev-
eral such peptides that are broadly recognized by mice of four
H-2 types and by 52-73% of infected humans who still retain
IL-2 productive responses to control recall antigens such as
influenza A virus or tetanus toxoid. 86%of such infected donors
tested against at least three peptides respond to at least one of
the six peptides, and 77% of an additional group of seroposi-
tives respond to a mixture of the peptides. Moreover, the pep-
tides can be used to immunize mice to elicit T cells reactive with
the intact HIV envelope protein. These peptides therefore may
be useful for both vaccine development in the broad human
population, and diagnostic or prognostic use. (J. Clin. Invest.
1991. 88:876-884.) Key words: T lymphocyte - epitopes * vac-
cine * AIDS * HLA * HIV

Introduction

Whole virus vaccines, live attenuated or killed, offer the poten-
tial to stimulate immunity to the broadest array of antigenic
determinants of the virus. However, they also may contain
structures developed by the virus to evade the immune system,
such as suppressive epitopes or masking carbohydrates, or
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structures that elicit deleterious effects such as enhancing anti-
bodies that increase viral infectivity (1-4) or antibodies or T
cells that may contribute to immunodeficiency in the case of
HIV (5-8). In addition, for a retrovirus such as HIV, concerns
about the safety of live attenuated or even killed whole viral
vaccines maymake them unacceptable to manypotential recip-
ients. Purified subunit vaccines have less safety risk, but still
may suffer from the other problems of whole virus vaccines.
Indeed, because the virus has evolved to evade the immune
system, evolution may have favored the development of viral
proteins that are hardly optimal as vaccines. Thus, in contrast
to enzymes that have been honed by evolution to be the best
structures for catalyzing their reactions, viral proteins may
leave the scientist with considerable opportunities to improve
on nature for the development of better vaccines (9).

To rationally design highly engineered synthetic orrecombi-
nant antiviral vaccines, we need considerable knowledge about
the workings of the immune system, and in particular, about
the immune response to structures expressed by the virus. We
have initiated such an approach by attempting to identify anti-
genic determinants recognized by CTL (10-14) and by helper
T cells that would be required for either a CTL or an antibody
response (15-18). However, a potential problem with the use of
any single antigenic determinant is that T cells recognize anti-
gens in association with molecules encoded by the MHCof the
host, and the MHCmolecules of any given individual will bind
and present only a subset of potential antigenic determinants
that could be recognized by the species as a whole (19-21). This
is true of humans as well as mice (6, 22-26). Therefore, in order
to be useful in a broad outbred population such as humans, a
vaccine would presumably have to contain multiple such deter-
minants. Only limited data exist to indicate how many such
determinants would have to be included. Although some con-
cern has been raised that the number might be impractical to
achieve, some data exist to suggest that as few as four such
determinants could elicit responses in 85-90% of outbred hu-
mans (17). A few antigenic peptides have been identified that
appear to be promiscuous in their recognition in association
with many DRmolecules (27, 28), perhaps because DRmole-
cules share a conserved alpha chain, and in the mouse some
determinants have been reported to be presented by three dif-
ferent I-A molecules that do not share alpha chains (29), or
even by class II MHCmolecules of different isotypes, such as
I-A and I-E (30). However, it is not clear how commonsuch
promiscuous epitopes are.

In the course of locating the major T cell stimulatory sites of
the HIV envelope, we observed that there were regions in the
sequence that contained multiple overlapping determinants
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seen by mice of different MHChaplotypes (18). Although the
precise determinants seen by T cells of each strain of mouse
differed, each multideterminant region contained determi-
nants that could stimulate T cells of mice of three or four of the
four MHCtypes tested. Therefore, we reasoned that peptides
encompassing such multideterminant regions might be able to
stimulate T cells of many or most haplotypes of mice, and
hopefully also T cells of humans of many HLA types. Thus,
such multideterminant peptides might provide a means to cir-
cumvent this problem of MHCrestriction in the design of syn-
thetic vaccines. In the current study, we have tested this hy-
pothesis by constructing six synthetic peptides of 20-33 resi-
dues each that correspond to the six multideterminant regions
of HIV envelope protein localized in the mouse (18), and test-
ing these peptides for their ability to stimulate T cell responses
in mice immunized with recombinant gp 160 and in peripheral
blood lymphocytes of humans infected with HIV. Although
not all of the peptides were as widely recognized as expected,
several such peptides were identified that were broadly recog-
nized by both murine and human T cells of multiple H-2 and
HLA types. These peptides can also immunize mice for T cell
responses to the intact HIV envelope protein, and so may be
valuable components of a synthetic vaccine, and responses to
them may be useful diagnostic or prognostic markers.

Methods
Synthesis of peptides. The six cluster peptides were synthesized on an
automated peptide synthesizer (No. 430A; Applied Biosystems, Foster
City, CA) utilizing t-boc chemistry (31). The peptides were cleaved
from the resin with HFand were initially purified by molecular exclu-
sion chromatography (P4 biogel; Bio-Rad Laboratories, Mountain
View, CA). Reverse-phase HPLCwas used to determine degree of pu-
rity and in cases requiring further purification. The HPLCseparations
were carried out on gbondapack reverse-phase C18 analytical and pre-
parative columns (Waters Associates, Milford, MA).

Mice. BIO.BR/SgSn (H-2k) and BlO.D2/nSn (H-2d) strains were
obtained from The Jackson Laboratory (Bar Harbor, ME). BIO.S(9R)
(H-214) and B10.A(5R) (H-2iS)strains were bred in our colony from
breeders obtained from J. Stimpfling (McLaughlin Research Institute,
Great Falls, MT) and The Jackson Laboratory, respectively.

gpJ60 preparation. Recombinant gpl6O was prepared from cells
infected with recombinant baculovirus expressing the gene for gp 160 of
the HTLV-IIIB isolate of HIV- I as described (32).

T cell proliferation assay (33). Mice were immunized subcutane-
ously in the tail with 20-30 ug recombinant gpl60 emulsified 1:1 in
CFA (33). The mice were killed 8-11 d after immunization and their
draining inguinal and periaortic lymph nodes were harvested and
teased into single cell suspensions in complete T cell medium (34).
Aliquots consisting of 4 x 10' cells were introduced into wells of 96-
well flat-bottomed culture plates containing various concentrations of
the cluster peptides (2, 0.66, 0.22MuM final concentration in triplicate).
After 4 d of incubation at 37°C in 5%C02, [3H]thymidine (1 MCi) was
added to all the wells. 24 h later the cells were harvested on an auto-
mated harvesting device (Skatron) and thymidine incorporated into
DNAwas determined by scintillation counting. The stimulation index
is the ratio of cpm incorporated in the presence of antigen to cpm
incorporated by cells cultured with medium alone.

IL-2 production by human PBL. For the assay of antigen-induced
IL-2 production by human peripheral blood T cells, PBL from HIV-
seropositive asymptomatic blood donors were separated on lympho-
cyte separation medium (LSM; Organon Teknika Corp, Durham, NC),
washed twice, counted, and resuspended at 3 X 106/ml in RPMI 1640
(Gibco Laboratories, Grand Island, NY) containing 50 U/ml penicillin
and 2 mMglutamine. In triplicate wells in a 96-well flat-bottomed
plate (Costar, Cambridge, MA), 0.1 ml of PBL was added per well and

cultured without stimulation or stimulated with: (a) influenza A/Bang-
kok RX73 (final dilution 1:1,000); (b) PHA(Gibco Laboratories; final
dilution 1:100); or (c) cluster peptides at a final concentration of 2.5
MM. Pooled AB' plasma was added to each well (final dilution 1:20).
The anti-IL-2 receptor antibody anti-Tac (a gift from Dr. T. A. Wald-
mann, NCI) was added to each well at the initiation of culture (final
concentration, 5 ug/ml) in order to block IL-2 consumption. The su-
pernatants of the cell cultures were harvested 7 d later and frozen at
-20'C. The supernatant IL-2 activity was assessed as the ability to
stimulate the proliferation of the IL-2-dependent CTLL cell line as
previously described (35).

Results

The synthetic multideterminant peptides (Table I) were de-
signed to encompass the six multideterminant regions of gp 160
of HIV- I strain IIIB identified in our earlier study in mice (18).
Because these constitute clusters of determinants, we have
called these "cluster peptides." Cluster peptide 1 consists of
residues 109-134 in the numbering of Ratner et al. (36), en-
compassing overlapping peptides HP3-HP8 studied by Hale et
al. (18), at least one of which stimulated mice of three MHC
haplotypes, H-2k, H-2d, and H-2'5. Cluster peptide 2 consists of
residues 324-356, corresponding to peptides HP19-HP20 that
had been recognized by all four haplotypes studied,
H-2kdi5 and t4 (18). Cluster peptide 3 consists of residues 428-
451, spanning HP26-HP29, at least one of which was seen by
mice of each of the four haplotypes tested. Cluster peptide 4
spans residues 483-506 and peptides HP30-33, and T cells
from mice of each of the four haplotypes responded to at least
one of these peptides. Cluster peptide 5 consists of residues
787-820 encompassing HP47, 50, and 51, seen by three of four
haplotypes (all but i5), and cluster peptide 6 spans residues
828-860 corresponding to peptides HP52-56, to at least one of
which T cells of all four haplotypes responded (18). Wehave
previously found that the smaller peptides HP5 (envT2) con-
tained within cluster peptide 1, HP26 (envTl) contained with
cluster peptide 3, and HP53 (envTH4. 1) contained within clus-
ter 6 elicit IL-2 production in peripheral blood lymphocytes of
asymptomatic HIV-seropositive human patients (17).

Responses in lymph node T cells of rgpJ60-immune con-
genic mice. Each peptide was synthesized and purified as de-
scribed in Materials and Methods, and tested for the ability to
stimulate T cell proliferative responses of mice of these four
MHCtypes immunized with recombinant gpl60. BO0 con-
genic mice were used that differed only in their MHCtype, but
were otherwise genetically identical. The four mouse MHC
types studied were chosen because they represent four indepen-
dent MHChaplotypes that each express both an I-A and an I-E
molecule, and differ from each other in both of these mole-
cules. Thus the four strains together express eight different mu-
rine class II MHCmolecules. It should be noted that the mu-
rine I-E molecules, like human DRmolecules to which they are
homologous, all share a conserved alpha chain, but differ in
their beta chain, which accounts for all the polymorphism. Re-
sponses to most antigens differ among the several I-E and DR
alleles, indicating the important role of the beta chain, despite
the shared alpha chain.

Each peptide was studied in four independent experiments
(or three for cluster peptide 3, which was synthesized last), and
the results were pooled by determining the geometric mean of
the stimulation indices for a given peptide concentration in all
four experiments (Fig. 1). Cluster peptides 3, 4, and 6 were the
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Table I. Sequences of Cluster Peptides and the Peptides They Encompass

Peptides

PCLUS1 (109-128)
HP-3
HP-4
HP-5
HP-6
HP-7

PCLUS2(324-356)
HP-19
HP-20

PCLUS3(428-45 1)
HP-26
HP-28
HP-29

PCLUS4(483-506)
HP-30
HP-33

PCLUS5(787-820)
HP-47
HP-50
HP-51

PCLUS6(828-860)
HP-52
HP-53
HP-54
HP-55
HP-56

EQMHEDIISLWDQSLKPCVK
EQMHEDIISLWDQSL

QMHEDIISLWDQSLK
HEDIISLWDQSLK
HEDIISLWDQSLR

DIISLWDQSLKPCVK
FVTIGKIGNMRQAHC(NIS) RAKWNNTLKQIDSKL
FVTIGKIGNMRQAHC

RAKWNNTLKQIDSKL
KQIINMWQEVGKAMYAPPISGQIR
KQIINMWQEVGKAMYA

NMWQEVGKAMYAPPI
VGKAMYAPPISGQIR

RDNWRSELYKYKVVKIEPLGVAPT
RDNWRSELYKYKVVK

KYKVVKIEPLGVAPT
RIVELLGRRGWEALKYWWNLLQYWSQELKNSAVS
RIVELLGRRGWEALK

KYWWNLLQYWSQELK
LLQYWSQELKNSAVS

AVAEGTDRVIEVVQGAYRAIRHIPRRIRQGLER
AVAEGTDRVIEVVQG

DRVIEVVQGAYRAIR
VIEVVQGAYRAIRHI

QGAYRAIRHIPRRIR
AIRHIPRRIRQGLER

only ones to elicit a positive response in mice of all four MHC
haplotypes. Cluster peptide 6 stimulated most strongly in
BlO.BR (AkEk) and BlO.A(5R) (AbEb) mice, and gave weaker
but significantly positive and reproducible responses in
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B1O.S(9R) (ASE5) and B1O.D2 (AdEd). Cluster peptide 4 stimu-
lated most strongly in BlO.S(9R), but was significantly and
reproducibly positive in the other strains as well. Cluster pep-
tide 3 stimulated very strongly in BlO.S(9R), and gave weak

Figure 1. Proliferative response of T cells from
gpl60-immune mice to the six cluster peptides.

-- Mice were immunized subcutaneously with 20-30
jig of recombinant gpl6O in CFAand draining
lymph node cells assayed as described in Methods.

2 Shown is the stimulation index as a function of
peptide concentration in the culture, for four con-

2 genic strains of mice representing four distinct
MHChaplotypes. Each value is the geometric

BR * mean stimulation index of 4 (or 3 in the case of
cluster peptide 3) independent experiments. Al-
though the results of the several experiments were
qualitatively similar, the absolute values of the
stimulation indices varied sufficiently as to make
error bars difficult to read on these plots. Instead,
values for which the mean stimulation index of all
experiments is statistically significantly different
from background (1) as measured by a Student's t
test (P < 0.05) are indicated with an asterisk. Re-

*___________ sults were considered positive only if this statistic
2 was significant and the mean stimulation index~ration (gm) of all experiments was > 2.

878 Berzofsky, Pendleton, Clerici, Ahlers, Lucey, Putney, and Shearer

Sequences

Peptide concentration (gM)

BlO.A(5R)
A

PcLusl
PCLUS2
PCLUS3

----O- PCLUS4
ft PCLUS5

---D PCLUS6
-A

el

0 1



but statistically significant responses in the other three strains.
The responses were more strongly positive in some experi-
ments for these other strains, but some variability in magnitude
of response reduced the geometric mean, although they re-
mained statistically significant. These three peptides thus fulfill
the predictions of the hypothesis (18) that by making an ex-
tended peptide encompassing overlapping antigenic determi-
nants recognized by mice of multiple haplotypes, the resulting
construct would be broadly recognized in all or most haplo-
types.

The remaining three peptides elicited responses in fewer
strains of mice than expected. Cluster peptide 2 was strongly
positive in only two strains, BlO.D2 and B1O.BR, despite the
fact that all four strains had recognized at least one site encom-
passed within this multideterminant region in our earlier study
(18). Similarly, cluster peptide 1 was recognized by one strain,
BO.BR, strongly, and by another strain, BlO.S(9R), only mar-
ginally, despite the fact that three strains had recognized com-
ponents of this multideterminant region. The most disappoint-
ing peptide was cluster peptide 5, which failed to elicit a signifi-
cant response in three strains, and gave only a marginal
response in the fourth strain, BIO.BR. These results suggest
that the larger peptide is not simply the sum of its parts, but
may fail to stimulate in strains that a smaller subcomponent
would stimulate, perhaps because parts of the larger structure
hinder interaction with MHCor T cell receptor, or because
they cause the peptide to fold back on itself (37-40), or because
of different processing requirements.

Immunization with peptides to induce Tcells responding to
intact gpJ60 in vitro. If these peptides are to be useful compo-
nents of a vaccine, it is important that they not only be recog-
nized by T cells immune to the HIV envelope protein gpI60,
but also that they be immunogenic to elicit T cells in vivo that
can respond to gp 160. Of course, the immunizations could not
be performed yet in the clinically relevant species, (uninfected)
humans, but we wanted to be sure in strains of mice shown
above to have T cells responsive to these peptides, that we
could immunize the mice in vivo with the peptides and elicit T
cells that responded to intact gpl60 in vitro. Wetested each
peptide by immunizing mice of the strains responding best to
that peptide based on the data in Fig. 1. BIO.BR mice immu-
nized with cluster peptide 1, cluster peptide 5, or cluster pep-
tide 6 all produced T cells that could be stimulated by recombi-
nant gpl 60 in vitro (Fig. 2 A). As a control for possible mito-
genicity of the recombinant gp 160, T cells from B lO.BR mice
immunized with only CFAdid not respond significantly to the
gpl 60 in vitro (Fig. 2 A). Therefore, the in vitro response was a
result of immunization with the peptides. Similarly, T cells
from B lO.S(9R) mice immunized with either cluster peptide 3
or cluster peptide 4 responded to recombinant gp 160 in vitro,
whereas similar mice immunized with adjuvant alone made a
weak (mitogenic) response at only the highest concentration
(Fig. 2 B). Likewise, BlO.A(5R) mice immunized with cluster
peptide 6 and BlO.D2 mice immunized with cluster peptide 2
produced T cells responsive to gpl 60 in vitro (Fig. 2, Cand D).
All of these responses show high dose inhibition typical of T
cell proliferative responses, but in this case the decreased re-
sponse at 30 ,ug/ml also may be due to some toxicity of the
recombinant gpl 60 preparation, which was solubilized in 8 M
urea and sodium dodecyl sulfate. Although the gp 160 was dia-
lyzed before use, it is possible that residual detergent that is

hard to remove was toxic at the highest dose. Nevertheless, the
clear response at 10 gg/ml in all cases indicates that all six
cluster peptides elicit in vivo T cells that can react with gpl 60.

Responses of peripheral blood T cells from HIV-infected
human subjects. Although there was precedent that peptides
that elicit responses in murine T cells also do so with human T
cells (16, 17, 41-45), there were no data on human T cells to
some of the components of the cluster peptides. Therefore, this
phase of the project was to test the hypothesis that peptides that
elicit responses in mice of multiple MHCtypes were likely to
elicit responses in humans of multiple HLAtypes as well. It was
known from earlier work that peptide envT2 (residues 112-
124) contained within cluster peptide 1, peptide envTl (resi-
dues 428-443) contained within cluster peptide 3, and peptide
TH4.1 (residues 834-848, also known as HP53) contained
within cluster peptide 6 all stimulated responses in 50-67% of
HIV-infected human subjects who could still respond to posi-
tive-control recall antigens such as influenza A virus (flu) or
tetanus toxoid (17). However, we had no prior experience with
peptides from these other multideterminant regions in hu-
mans. Because the proliferative and IL-2 productive responses
to soluble protein antigens are lost early in HIV infection, fre-
quently when patients are still asymptomatic and have normal
CD4' cell numbers (17, 35, 46), responses to flu and tetanus
toxoid were used as positive controls in these experiments to
exclude donors unresponsive to all such recall protein antigens.

All six cluster peptides were tested for the ability to stimu-
late IL-2 production by peripheral blood T cells from a series of
HIV-seropositive but asymptomatic volunteers, as well as
HIV-seronegative controls. All 15 seronegative controls re-
sponded to the control recall antigen influenza virus (flu), but
only 42 of the 59 HIV-seropositive donors responded to flu.
Because of our previous experience that seropositive donors
who fail to respond to control recall protein antigens such as flu
or tetanus toxoid also fail to respond to HIV peptides (17), the
17 donors who failed to respond to flu were excluded from
further study. Because some of the peptides had not been puri-
fied at the time some of the donors were available, these pep-
tides were tested on cells from a subset of the donors. Results
for the six cluster peptides in the 42 HIV-seropositive flu-posi-
tive donors and 15 control HIV-seronegative donors are given
in Table II, and summarized in Table III.

All six cluster peptides stimulated IL-2 production in more
than half of the HIV-seropositive, flu-positive donors. Cluster
peptides 1 and 3 were most broadly recognized, giving re-
sponses in 64 and 73%of the donors. Cluster peptides 2, 5, and
6 were close seconds, positive in 58, 59, and 58%of the donors,
respectively. The least broadly recognized was cluster peptide
4, but even this stimulated 52%of the donors. In contrast, none
or only one of the control seronegative donors responded to
any of the peptides except cluster peptide 2, which stimulated 2
of the 15 control donors (13%). Thus, none of the peptides were
nonspecifically mitogenic. The human donors were unrelated
Air Force personnel, originally from different parts of the
United States, and of diverse HLA types. Because of limited
availability of blood, only 13 of the HIV+ donors could be
HLA-typed, and only 8 could be typed for DRand DQ, which
require more blood (Table IV). In this limited sample, no
correlation between response to any peptide and any HLAtype
could be detected. Weconclude that all of these cluster peptides
fulfill the hypothesis that peptides that are broadly recognized
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Figure 2. Immunization with cluster peptides
in adjuvant, but not adjuvant alone, elicits T
cells proliferating in response to whole gpl60.
Mice of the four strains shown were immu-
nized subcutaneously in the tail with 8-10
nmol of the indicated cluster peptide in a 1:1
emulsion with CFA, final volume per mouse
50 yl except for cluster peptide 2, which was
in 75 /J. 12 d later, the draining lymph nodes
were harvested from two mice of each group
(strain and peptide combination) and assayed
as described in Methods. Results are shown
as stimulation indices, the ratio of experimen-
tal cpm over cpm from stimulation with me-

30 dium alone, which ranged from 3,000-7,000
cpm for the different groups.

by murine T cells are likely to be broadly recognized by human
T cells as well. Indeed, some of the peptides, such as cluster
peptides 1 and 5, were more broadly recognized by humans of
diverse HLA types than by different strains of inbred mice
tested.

The results in Table II indicate that 31 (86%) of the 36
donors responsive to the positive control antigen flu who were

tested with at least three peptides responded to at least one of
them. To further test the extent of the population that could
respond, an additional 13 HIV-seropositive donors responsive
to flu, not overlapping with the donors listed in Table II, were

tested for their response to a mixture of the six cluster peptides,
each at 2.5 ,uM. 10 of these 13, or -77%, responded, whereas
none of four seronegative donors responded to the mixture of
peptides, although all four responded to flu (data not shown).
Although it is possible that the peptides in the mixture may

compete with each other for binding to some MHCmolecules,
given the small sample sizes in the two groups studied, there is
probably not a statistically significant difference between the
fraction responding to at least one peptide in the first group and
the fraction responding to the mixture in the second. In either
case, we conclude that a sizable majority of people are capable
of making T cell responses to these peptides.

Discussion

Weset out to test the hypotheses that by encompassing multi-
determinant regions of the HIV- I envelope protein gpl60 with
synthetic peptides we could construct antigens that would be
recognized by mice of multiple H-2 types, and second, that
such cluster peptides might also be recognized by human T

cells from HIV-infected patients representing a broad array of
HLA types. Both of these hypotheses were fulfilled, at least in
part. Three of the cluster peptides stimulated immune T cells
from all four independent H-2 types of congenic mice as pre-

dicted. For example, whereas peptide HP53 was positive in two
strains, BlO.BR and BlO.A(5R), and HP55 was strongly posi-
tive in BlO.D2 and BlO.A(5R), and HP56 was positive in
BlO.BR and BlO.S(9R) (18), cluster peptide 6 which spans
these was positive in all four strains. Similarly, whereas peptide
HP26 (also called envTl in some papers) did not elicit a re-

sponse in H-2b or BlO.A(5R) mice (15, 18), cluster peptide 3,
spanning HP26 to HP29, did stimulate T cells from
BlO.A(5R), presumably because it also contained HP29, which
was positive in this strain (18). However, the other three pep-
tides stimulated T cells from fewer strains than expected. These
three peptides indicate that a larger peptide does not necessar-

ily mediate all of the functions of its subcomponents, possibly
because of the additional sequence of the peptide can fold back
on itself and sterically obstruct interaction with the MHCmole-
cule or T cell receptor, or can otherwise alter the conformation
of the determinant in question. Similar findings in model sys-
tems such as myoglobin, lysozyme, or staphylococcal nuclease
have suggested that such hindering structures do occur (37-
40). Also, the fact that whole protein immunization elicits T
cells that can respond to the smaller synthetic peptides but not
some of the larger ones containing these suggests that the larger
peptides may be processed differently from the whole protein.
Such differences may be due to differences in accessibility of
certain bonds caused by different conformational preferences
of the longer peptides compared with the whole protein. There-
fore, because it is not yet possible to predict such obstructive
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Table I. IL-2 Production by T Cells from HIV-seropositive and -seronegative HumanBlood Donors

Cluster peptide number
Donor

number Flu 1 2 3 4 5 6

HIV+ Donors
317 64.5 11.4 (NS) 1.9 NT NT NT 29.7
453 91.4 5.0 (NS) 30.2 NT NT NT 16.3
909 6.3 7.8 9.1 NT NT NT 9.4
360 4.0 2.7 2.2 NT 2.3 2.8 3.3
396 3.2 2.4 1.7 NT 2.2 7.5 3.1
131 8.2 2.8 5.7 NT 1.4 2.3 5.2
208 5.1 0.5 1.9 NT 1.2 0.1 0.4
335 26.4 9.2 9.0 NT 9.0 9.4 6.4
69 3.6 2.3 4.7 NT 0.2 2.4 1.6

556 3.4 4.0 0.8 NT 1.0 2.1 1.5
212 37.9 21.9 13.1 NT 0.8 0.8 1.2
375 15.1 6.1 0.8 NT 0.2 0.2 5.7
564 7.8 4.8 4.1 NT 1.7 2.8 2.9

83 26.5 2.7 13.3 NT 8.4 1.8 1.0
621 112.3 54.8 39.1 NT 0.6 36.3 14.4
920 5.5 2.1 1.7 NT 0.5 1.3 2.2 (NS)
90 16.0 2.4 4.4 2.9 7.0 4.2 1.5

224 3.1 1.3 1.4 NT 3.2 1.6 1.0
430 7.9 3.1 2.8 NT 1.3 2.5 3.0
698 6.5 2.6 4.7 NT 3.4 4.6 4.4
399 6.7 1.7 1.4 NT 1.0 1.3 1.2
923 7.9 2.4 1.6 NT 1.4 2.8 3.0

75 14.2 0.8 5.4 4.8 0.4 3.6 5.0
281 16.1 5.9 1.1 NT 3.3 7.9 1.1
357 26.1 2.0 (NS) 5.8 NT 12.2 6.3 5.1
395 36.7 4.1 7.9 NT 11.3 2.3 (NS) 7.0
916 36.2 12.0 2.7 NT 3.8 11.7 5.8
232 7.5 2.1 (NS) 0.3 NT NT NT 1.9
755 8.6 0.5 0.2 NT NT NT 1.8
193 22.3 1.4 13.2 NT NT NT 54.9
911 15.8 2.1 3.1 NT NT NT 3.1
419 12.9 0.9 6.6 NT NT 0.9 1.7
914 9.3 0.4 0.5 NT NT 0.3 0.5
132 18.9 1.8 1.4 1.5 4.9 1.4 NT
504 20.4 5.3 13.8 9.6 13.8 9.1 NT
933 17.7 9.6 1.4 7.7 9.7 0.3 NT
213 6.8 NT NT 0.5 NT NT NT
421 12.7 NT NT 10.9 NT NT NT
604 6.1 NT NT 1.7 NT NT NT
851 5.6 NT NT 8.9 NT NT NT
904 22.5 NT NT 8.1 NT NT NT
906 3.1 NT NT 5.7 NT NT NT

HIV- Controls
HCI 6.6 0.8 1.0 NT NT NT 3.1
HC2 8.4 0.2 0.4 NT 2.5 0.2 0.1
HC3 2.9 0.3 0.7 NT 0.4 0.3 0.6
HC4 7.3 1.0 0.9 NT 0.1 0.7 1.1
HC5 10.9 0.6 2.2 NT 0.5 0.2 1.9
HC6 7.0 0.7 0.5 1.0 NT 0.3 0.7
HC7 3.9 1.8 0.9 0.8 NT 1.1 1.0
HC8 4.4 0.9 0.8 0.2 NT 1.4 0.7
HC12 6.2 0.7 0.2 0.9 0.1 0.1 NT
HCbbl 6.3 0.7 0.7 0.4 1.0 0.5 NT
HCbb2 17.6 0.2 0.4 0.2 0.7 0.6 0.4
HCbb3 5.5 0.6 0.1 0.2 0.1 0.4 0.4
HCbb4 74.6 1.3 1.9 0.9 0.7 0.8 0.5
HCbb5 6.7 2.9 15.3 1.2 0.2 0.5 0.7
HCbb6 6.5 1.1 .8 1.2 1.2 1.8 NT

Values shown are stimulation indices for proliferation of an IL-2-dependent CTLL cell line in the presence of a 1:2 dilution of culture superna-
tant from triplicate cultures of PBL from the indicated donor with a 2.5 AMconcentration of the indicated peptide, as described in Methods.
All of the seropositive donors and controls studied were responsive to the positive control recall protein antigen flu. For a value to be considered
positive, it had to simultaneously meet two criteria: The replicates had to be statistically significantly different from the control replicates for
that donor by Student's t test (p < 0.05), and the stimulation index had to be greater than twice the medium control. Six cases marked NSwere
stimulation indices >2.0, which were not counted as positives because the replicates were not statistically significant. In several cases with SI
< 2.0, the replicates were significantly different from background, but these were not considered positive because of the low stimulation index.
The requirement for both criteria is thus more conservative than using either alone.
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Table III. Summary of Human T Cell IL-2 Responses to Cluster Peptides

Cluster Cluster Cluster Cluster Cluster Cluster
peptide 1 peptide 2 peptide 3 peptide 4 peptide 5 peptide 6

HIV'Flu' donors 23/36 21/36 8/11 14/27 17/29 19/33
64% 58% 73% 52% 59% 58%

HIV-Flu+ controls 1/15 2/15 0/10 1/11 0/14 1/12
7% 13% 0% 9% 0% 8%

See legend to Table II for criteria for positivity.

interactions or processing differences, it is necessary to test any
such construct empirically. Nevertheless, the fact that three of
the peptides stimulated responses in mice of all four H-2 types
indicates that it is possible to make such broadly recognized
constructs, and that they do not need to be more than 30 or 35
residues to do so. Thus, such peptides are still within the easily
accessible range of solid-phase peptide synthesis, and are also
small enough to be able to exclude potentially deleterious sites
on the native viral protein, providing a potential advantage
over intact viral subunit vaccines. Moreover, the peptides are
also immunogenic in vivo, and elicit T cells that respond to
intact HIV envelope protein, as one would want a vaccine to
do. Therefore, although these peptides alone do not constitute
a vaccine, these results are encouraging for the future develop-
ment of rationally designed synthetic or recombinant viral vac-
cines for HIV.

Second, the broad recognition of these cluster peptides by
from 52 to 73% of outbred, HLA-diverse infected human do-
nors indicates that it is possible to develop peptides of reason-
able size that will be broadly useful in the large outbred human
population. Indeed, 31 (86%) of the 36 HIV-infected donors
who were tested with three or more peptides and who could still
respond to the control antigen flu were responsive to at least
one of the six cluster peptides, despite the fact that many of
them were not tested with all six peptides. Confirming this high
frequency of responsiveness, we found that 77% of an addi-
tional group of 13 HIV-seropositive donors, still responsive to
flu as a positive control, responded to a mixture of all six pep-

Table IV. HLA Typing of HIV-seropositive Donors

Donor HLA-A HLA-B HLA-C DQ DR

90 24,29 7,44 2,3
208 9 (23),32 7,17 3 1,2 2,3
281 23,33 17 3 2 1,3
375 2,24 35,61 2,4 1 3
131 1,3 7,62 3 1,3 2,4
909 30,33 17 3 1 1,2
232 9,31 14,18 3 2,3 3,5
755 2,28 35,15 2,3 1,3 2,4

75 30 7,18 2
360 2,31 51 2
317 28 12 3 1,2 2,4
395 1,3 7,8

tides. Weconclude that it will not require an unwieldy number
of peptides to stimulate a response in most of the human popu-
lation, so that the problem of MHCrestriction can be over-
come. These cluster peptides may be useful components of a
vaccine, and may also be useful diagnostic or prognostic re-
agents. Preliminary results indicate that some seronegative but
HIV-infected individuals may develop IL-2-productive T cell
responses to these peptides before they seroconvert (46a). It is
expected from the sequence of events in the antibody response
that helper T cells should arise before antibodies. Thus, these
reagents may be useful for screening donors for infection when
individuals at risk remain negative by antibody tests.

It should be noted that these high percentages of response
were observed despite the fact that the subjects tested were
presumably infected with a large number of different substrains
of HIV- 1. Four of the six cluster peptides have sequences that
are relatively conserved among North American and European
isolates of HIV- 1, and the others, cluster peptides 2 and 6, span
boundaries between conserved and variable sequences (47). It
is also of interest that five of the peptides, all but cluster peptide
4, contain regions that would be amphipathic if folded as a
helix, consistent with the preponderance of such structures
among immunodominant T cell epitopes (48-51).

Although these peptides by themselves do not constitute a
complete vaccine, these results give hope that it will be possible
to design a synthetic or recombinant vaccine that can exclude
potentially harmful regions of viral proteins while retaining the
ability to induce an immune response in most of the human
population. Synthetic peptide or recombinant protein vaccines
are known to be able to elicit antibodies and helper T cells, but
until recently it would have been necessary to make a synthetic
gene encoding the engineered vaccine and express this in a live
viral vector such as vaccinia to be able to elicit CD8+CTL (52,
53). However, it has been recently demonstrated that incorpo-
ration of purified proteins into immunostimulatory complexes
(ISCOMs) of quil A and cholesterol produces a nonliving vac-
cine that can elicit in vivo CD8+, class I MHC-restricted CTL
responses (54). Similarly, attachment of a lipid tail to short
synthetic peptides allows induction of CD8+CTLin vivo (55).
Thus, the hope of developing a synthetic vaccine that can elicit
all three major arms of the immune response now appears real-
istic. Because viral proteins may be naturally selected during
evolution to evade the immune response, the ability to con-
struct immunogenic rationally designed and engineered vac-
cines may make it possible to produce vaccines that are more
immunogenic and have fewer deleterious side effects than any
natural subunit vaccine or even whole virus.
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