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Peripheral blood mononuclear cells from a large number of human immunodeficiency virus (HIV)-
seropositive donors were used to analyze the CD8' T-cell response to each part of the Nef protein of HIV-1/LAI.
This report identifies an immunodominant region (amino acids 73 to 144) in the Nef protein that was
recognized by 97% of the NEF responder donors. This peptide sequence was dissected into four epitopic regions
(amino acids 73 to 82, 83 to 97, 113 to 128, and 126 to 144), each of which was recognized under different HLA
class I restrictions. Short overlapping peptides were used to sensitize the target cells for cytolysis and so to
determine if these epitopic regions were multirestricted. Each region was found to contain several epitopes
recognized with different HLA molecules. Thus, the central region of the Nef protein, a regulatory protein
expressed early in HIV-infected cells, is rich in epitopic sequences which are found to be similar in many
infected individuals and which can be recognized in association with at least ten HLA class I molecules. Their
implications for the vaccination of humans with peptide sequences are discussed.

Cytolytic T lymphocytes (CTL) are critical for recovery from
many virus infections. Since recognition by antiviral CTL leads
to lysis of virus-infected cells early in the replication cycle and
prior to the release of infectious virus, we were interested in
identifying the antigenic sequences in human immunodefi-
ciency virus type 1 (HIV-1) regulatory proteins. As Nef is
among the first and one of the major HIV-1 proteins produced
following infection, we have investigated whether it is a recall
antigen in HIV-seropositive individuals. We have previously
shown that the majority (about 2/3) of HIV-seropositive
donors generate Nef-specific CTL (16). These CTL precursors
have also been found with great frequency in the peripheral
blood of humans infected with other virus such as Epstein-Barr
virus (EBV) (3), and their presence is associated with persis-
tent activation of specific CTL. We have also used synthetic
peptides to sensitize target cells in a functional assay (26) and
defined several antigenic regions (amino acid sequences con-
taining more than one T-cell epitope) in the central part of this
protein that are recognized in association with different HLA
class I molecules (5, 6). The present work extends our previous
observations to show that at least 10 HLA class I molecules can
be used as restriction elements by the CTL specific for the
central part of the Nef protein. The study then examines
whether the multiple recognition of a particular protein by
major histocompatibility complex (MHC) class I molecules is
due to cross-restriction or to multiple epitopes in this region.
This type of cross-restriction has been described in other viral
systems, including influenza A virus (1) and murine lympho-
cytic choriomeningitis virus (20).

Direct access to MHC-bound peptides recently became
possible with the development of acid extraction methods
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(reviewed in reference 21). These studies demonstrate the
presence of peptides in the groove of the MHC class I
molecules and the possibility of using peptides eluted from
these molecules to sensitize target cells. The results indicate
that the minimal and optimal peptide length is 8 to 10 amino
acids. We have attempted to determine how the Nef antigenic
region adapts to the structural constraints imposed by haplo-
type-specific motifs in MHC restriction by using a functional
assay to define more precisely the minimum epitopes recog-
nized in the central region of the Nef protein by seropositive
patients according to their HLA typing. These results indicate
that these peptides may be suitable for use in the development
of a human vaccination system.

MATERIALS AND METHODS

Lymphocyte donors. Heparinized blood samples were col-
lected from 32 asymptomatic HIV-1-seropositive individuals
being treated at two Paris hospitals, Hopital Cochin (coded W)
and Hopital Pitie-Salpetrere (coded P). All individuals taking
part in the 4-year study were in Centers for Disease Control
disease stages II or III and had CD4 cell counts of 234 to
905/mm3. Peripheral blood mononuclear cells (PBMC) were
isolated in a density gradient (lymphocyte separation medium;
Flow) and used directly after isolation or after being frozen in
liquid nitrogen. HLA serotyping was performed by the tissue-
typing laboratory of the H6pital Saint-Louis (Paris, France).

Peptides. Peptides corresponding to the Nef sequence of
HIV-1/LAI (18) were synthesized by Neosystem (Strasbourg,
France) and supplied by the Agence Nationale de Recherche
sur le Sida. Two sets of peptides were used in these experi-
ments. The first included eight long overlapping peptides
(corresponding to amino acid sequences 1 to 36, 34 to 71, 66 to
100, 93 to 125, 115 to 146, 137 to 168, 155 to 185, and 182 to
206). The second included 44 shorter peptides (overlapping
peptides 8 to 16 amino acids long) corresponding to the central
region of the Nef protein (sequence 73 to 147). Lyophilized
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peptides were dissolved in water (2 mg/ml) and stored at
-200C.
Generation of polyclonal anti-HIV cell lines. PBMC (106/

ml) were cultured with autologous phytohemagglutinin-acti-
vated lymphocytes (2 x 105/ml) prepared as described by
others (19) and irradiated (10,000 rads). The culture medium
was RPMI 1640 supplemented with 100 U of penicillin per ml,
100,ug of streptomycin per ml, 2mM L-glutamine, nonessential
amino acids, 1 mM sodium pyruvate, 10 mM HEPES (N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer, and
10% heat-inactivated human serum AB. After a 3- to 4-day
incubation, cultures were maintained at a dilution of 106 cells
per ml in culture medium supplemented with 5% interleukin
2-containing medium (12).

Generation of antipeptide cell lines. Primary cultures were
obtained, in the same culture medium as described above, by
coculture of107 PBMC (5 x 106/ml) with the same number of
autologous PBMC previously pulsed with 30,ug of peptide for
90 min and irradiated. Cells were cocultured for 7 to 9 days and
then given a secondary in vitro stimulation by setting up 106
responding cells with the same number of stimulating cells in 1
ml of culture medium supplemented with 5% interleukin
2-containing medium. Thereafter, continuously growing cell
lines were established by similar weekly stimulation. Only short
peptides (8 to 15 amino acids long) were used as stimulating
antigens.
Chromium release test. The target cells used in the chro-

mium release test were lymphoblastoid cell lines obtained by
transforming PBMC with EBV. They were labeled with 100
,uCi of Na2 CrO4 (Dupont de Nemours) for 1 h and washed
twice. Two protocols were used, depending on the length of the
pertide. For smaller peptides (up to 15 amino acids long), 3 x
10 labelled cells were incubated with 10,ug of peptide in 1 ml
of culture medium for 90 min, extensively washed, and then
tested. For longer peptides (about 35 amino acids long), 5 x
105 cells were incubated (before being labelled) with 60,ug of
each peptide in 1 ml of culture medium for 18 h, washed, and
then labelled. The chromium release test was performed with
microtiter plates by mixing of various concentrations of effec-
tor cells and 5 x 103 target cells in culture medium and
incubation of them for 4 h at 370C. The supernatants were then
harvested, and the chromium released was measured in a
gamma counter. Average spontaneous release values were 10
to 20% of the total Cr incorporated. The specific lysis was
calculated as 100 x (experimental - spontaneous release)/
(total Cr incorporated - spontaneous release).

RESULTS

Preferential recognition of the central region of the Nef
protein by Nef-specific CTL. Previous study with four seropos-
itive donors suggested that the Nef-specific CTL were prefer-
entially elicited by the central region of this protein (5). The
epitopic regions of the Nef protein involved in the recognition
by CTL were determined by testing of HIV-specific T-cell lines
from 32 seropositive donors capable of developing Nef-specific
CTL against target cells expressing different parts of this
protein. These target cells were pulsed with each of the eight
long overlapping Nef peptides described in Materials and
Methods. Table 1 shows that the CTL epitopes detected were
preferentially located in three peptide regions, 66 to 100, 115
to 146, and 182 to 206; these were recognized by 69, 63, and
50% of Nef responder donors, respectively. There was no
correlation between the preferentially recognized Nef region
and the CD4+ cell counts of these donors. All but one Nef
responder donor (97%) recognized the 66-to-146 sequence,

indicating that the central region of the protein was immuno-
dominant for the Nef-specific CTL response.

Presence of four epitopic regions in the central part of the
Nef protein. As the recognition of the central region of the Nef
protein was recognized by most responder donors, the epitopes
recognized by these CTL were more precisely located by use of
a panel of short peptides (10 to 16 residues). The effector cells
were derived mainly from polyclonal cell lines. Antipeptide cell
lines were established to amplify weak activities against some
peptides, and recognition of the corresponding endogenous
epitope was checked with target cells infected with vaccinia
virus containing the nef gene, as previously described (5). The
presenting HLA molecules were tested by comparison of the
lysis of autologous and partially HLA-compatible target cells in
the presence of the corresponding peptide. Each HLA-A, -B,
or -C of the donor was tested with several target cells. Only
HLA-A and -B molecules were involved in the presentation of
the Nef peptides to CTL, as illustrated with some of these
target cells in Fig. 1 and further elucidated in Table 2. This
experimental approach allowed us to define four epitopic
regions in the central part of the Nef protein (73 to 82,83 to 97,
115 to 128, and 126 to 144) (Fig. 1). The overlapping epitopes
contained in each of these regions and recognized in associa-
tion with different HLA class I molecules are described below.
CTL epitopes in region 73 to 82. The 73-to-82 region was

recognized by Nef-specific CTL from six donors in association
with three HLA molecules: donor W24 with HLA-A11, donors
W30 and W47 with HLA-A3, and donors W33, W36, and P6
with HLA-B35. Each HIA restriction is illustrated for one
donor in Fig. 1A to C. The use of five truncated peptides
showed that two epitopes could be identified, even in this short
sequence of 10 amino acids (Table 3). W24 and W47 CTL
recognized only peptide 73 to 82, whereas W33 CTL also
recognized peptide 74 to 81 with a similar lysis level. Thus,
amino acids 73 and 82 are not essential to the epitopic peptide
associated with HLA-B35, but they are involved with HLA-A3-
and -All-restricted epitopes. Therefore, the optimum peptide
encompassing this antigenic region will differ with each partic-
ular HLA region.
CTL epitopes in region 83 to 97. The 15-residue region 83 to

97 was not only recognized in association with HLA-A11 by
donors W8 and W24, as previously described (5), but also with
HLA-B62 by donors W19 and Pl and with HLA-B8 by donors
P1 and P10, as illustrated in Fig. 1D to F. This region
contained at least three epitopes, at residues 84 to 92, 84 to 91,
and 90 to 97, presented by HLA-A11, HLA-B62, and HLA-B8,
respectively (Table 4). W8 CTL recognized the 84-to-92 non-
apeptide but not 86 to 94, indicating that amino acids 84 and/or
85 are involved in the epitope recognized in association with
HLA-A11. This 84-to-92 peptide could sensitize target cells at
least at 0.003 ,ug/ml, suggesting that it corresponds to the exact
epitope recognized with the HLA-A11 molecule (data not
shown). On the other hand, P10 CTL lysed only target cells
sensitized with peptide 90 to 97. It is all the more probable that
the epitope recognized with HLA-B8 corresponded to this
octapeptide, because it is still recognized by P10 CTL at a final
dilution of 10-5 ,ug/ml (i.e., about 10-11 M), whereas peptides
86 to 97 and 90 to 100 were recognized only up to dilutions of
10-3 and 10' ,ug/ml, respectively (Fig. 2). The same results
were obtained with P1 CTL when tested on HLA-B8-compat-
ible target cells. This donor, P1, also generated another set of
CTL in vitro that recognized peptides 83 to 94, 84 to 94, 83 to
91, and 84 to 91 on autologous and HLA-B62-compatible
target cells, but not on HLA-B8 target cells. This suggests that
the epitope associated with HLA-B62 corresponds to the
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TABLE 1. Regions of the NEF protein recognized by specific CTL

Specific Cr release with indicated target peptideb
Donoja

1-36 34-71 66-100 93-120 115-146 137-168 155-185 182-206

W2 - ++ +++
W8 - - ++ - +++
W13 - - - - ++- - -
W14 - - - - - - - ++
W16 - - +++ ++ + - - -
W19 - - ++ _ ++ _ _
W20 - - _ _ ++ _
W21 - - - - ++ - - +
W22 - - + + _ +
W24 - - ++ - +++- - -
W30 - - + - - -

W31 - - +++ - - - - +
W33 - - ++ - - - -

W36 - - + - + - -

W41 - - _ +++ _
W42 - - - - ++ - - ++
W44 - - _ +++ _
W47 - - +++- - - - -
W52 - - ++ - + - - +
P1 - - +++ - +++ - -+++
P2 - - +++ - ++ - -+++
P3 - - + - _ _ _ _
Plo - - - - - -

P1l - - + - ++ - - ++
P14 - +++ +++ +++- - - -
P16 + + -++-+
P18 - - + + -

P25 - - + +
P27 - - - -- ±
P29 - - +++- - - - -
P33 - - - + - - - -
P39 - +++ +++ - - - - ++

Frequency (%) 3 6 69 13 63 3 0 50
a Effector cells were generated by polyclonal in vitro stimulation of PBMC with autologous blast cells, as described in Materials and Methods.
b Target cells were autologous EBV-LCL that had been previously pulsed with long peptides, as described in Materials and Methods; target peptides are designated

by amino acid positions. Specific chromium release obtained with effector and target cells in ratios ranging from 60:1 to 120:1, depending on the donor, is indicated
as follows: + + +, >30%; + +, 20 to 29%; +, 10 to 19%; or -, <10%. This 10% cutoff was determined by the observation that nine seronegative donors showed no
cytotoxic activity above 10%, under the same protocol.

84-to-91 octapeptide and is different from the highly overlap-
ping epitope associated with HLA-A11.
CTL epitopes in region 113 to 128. We have previously

shown that two donors, W2 and W8, recognized epitopes
contained in the 115-to-128 Nef sequence. The use of nested
peptides derived from peptide 115 to 128 indicated that W2
CTL probably recognized peptide 115 to 125 in association
with the HLA-B17 molecule and that W8 CTL recognized
peptide 117 to 128 in association not only with the autologous
HLA-B37 molecule but also with the heterologous HLA-B17
molecule (6). We extended these previous results by showing
that both B57 and B58 molecules, two splits of HLA-B17,
functioned with W2 and W8 CTL, since G3-EBV, 44-EBV,
and 27-EBV target cells (HLA-B57+) were recognized, as well
as M3-EBV and W2-EBV target cells (HLA-B58+) (Fig. IG
and H). Furthermore, a new HLA-restricting molecule, HLA-
B62, was defined in the 117-to-128 region, with donors W22
(Fig. 11), W41, and P1. In the absence of enough PBMC, it was
not possible to define these different epitopes more precisely,
but the main point is that the 115-to-128 region (14 amino
acids) can be recognized in association with three HLA
molecules.
CTL epitopes in region 126 to 144. The 126-to-144 region

was recognized by seven donors in association with three HLA

molecules: P11 with HLA-B49, W8 and W42 with HLA-B7,
and P16, W13, W24, and W44 with HLA-B18, as illustrated in
Fig. 1J to L for each HLA restriction. The 126-to-138 peptide
was recognized with W8 CTL, indicating that the epitope
associated with HLA-B7 is included in this sequence (Table 5).
In the absence of nested peptides corresponding to this
sequence, it was not possible to define this epitope more
accurately. On the other hand, the shortest peptide recognized
by P11 and W24 CTL was 135 to 143. Titration curve assays
evidenced that the 135-to-143 peptide could be recognized by
P11 CTL to a final concentration of 10-7 ,g/ml (i.e., about
10-13 M), whereas peptides 134 to 143 and 135 to 144 were
recognized only up to concentrations of 10-5 and 10-3 ,ug/ml,
respectively, strongly suggesting that the 135-to-143 peptide
corresponds to the epitope presented by HLA-B49 molecules
(Fig. 3). This peptide was also the smaller one recognized in
association with HLA-B18, but unfortunately, a lack of corre-
sponding PBMC made us unable to perform a titration curve
assay.

DISCUSSION

Extensive study of Nef epitopes recognized by CTL provides
us with evidence that epitopes conserved within the HIV-1/

J. VIROL.
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A) W24/73-82 B) W47/73-82 C) W33173-82

W8-EBV (All) W31-EBV (A3) 46-EBV (635)26-EBV (A)
W47-EBV (auto)

S25-EBV (All) W58-EBV (A3)

W24-EBV (auto) W33-EBV (auto)
W7-EBV (835)
A15-EBV (635)

19-EBV(A2/B18) W8-EBV(Alt)ro)

3/ 10/1 30/1 10/1 30/1 90/1 10/1 30/1 90/1
D) W8/79-94 E) P1/83-94 W21-EBV (B62) F) P1/89-97 P18-EBV (B8)

Pl-EBV (auto) P1-EBV (auto)
W41-EBV (662)

A19-EBV (All)

W8-EBV (auto)

M39-EBV (Alt) P22-EBV (68)

38-EBV (B7) W14-EBV (B8) 15-EBV (B62)

3/1 10/1 30/1 20/1 60/1 180/1 20/1 60/1 180/1

G) W2/113-128 H) W8/113-128 36-EBV (631) I) W22/117-128 P7-EBV (662)S24-EBV (B37) W19-EBV (B62)
W8-EBV (auto) W22-EBV (auto)

27-EBV (617)
G3-EBV (B17) W2-EBV (B17) W21-EBV (662)
M3-EBV (617)
W2-EBV (auto)
44-EBV (617)

W8-EBV (67) (Alt W8-EBV (hetero)

3/1 10/1 30/1 3/1 10/1 30/1 0/1 30/1 90/1

J) W8/126-138 K) P11/132-147 U) W24/132-147

W8-EBV (auto)

W45-EBV (6) PI1-EBV (auto) 62-EBV (618)

MlI-EBV (B49)

12-EBV (618)
W24-EBV (auto)

W24-EBV (All) W24-EBV ) W1-EV ()W*(A2) (All)

I I I

6/1 17/1 50/1
I I I

10/1 30/1 90/1 3/1 10/1 30/1

EFFECTOR TO TARGET CELL RATIO

FIG. 1. Recognition of Nef peptides by HIV-1-specific CTL. The effector cells were generated from Nef-responding donors, either in polyclonal
cell lines (panels B, C, E, F, I, J, and K) or in antipeptide cell lines (panels A, D, G, H, and L). The peptide used to stimulate antipeptide cell lines
was, in each case, the same as the peptide used to sensitize target cells. The CTL-mediated specific lysis of peptide-pulsed targets was calculated
after substraction of lysis obtained with the corresponding unpulsed targets. This background lysis was in all cases inferior to 12%. The HLA
phenotype of the different targets is indicated in Table 2.
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TABLE 2. HLA phenotype of the different target cells

Donor HLA-A HLA-B HLA-C

A15 3/3a 27/35 4/4
A19 1/11 8/27 2/-
G3 24/28 17(57)/51 1/4
M3 2/29 17(58)/40(60) 3/-
Mul 2/3 35/49 4/-
M39 2/11 27/35 2/4
P1 1/9(24)b 8/15(62) 3/7
P7 28/19.2(30) 14/15(62) 3/7
P1l 2/32 12(44)/21(49) 2/-
P18 11/29 8/18 4/-
P22 2/2 8/35 4/-
Wi 2/9(23) 27/35 1/4
W2 29/9(24) 7/17(58) 6/7
W7 1/2 8/35 2/7
W8 11/26 7/37 6/7
W14 1/28 8/17 4/7
W19 2/19.2 18/15(62) 5/-
W21 2/29 12(44)/15(62) 5/-
W22 28/9(23) 7/15(62) 3/7
W24 2/11 18/- 7/-
W31 1/3 8/35 4/7
W33 10/29 35/12(44) 4/-
W41 2/_C 15(62)/27 2/3
W45 3/19(29) 7/8 1/5
W47 3/34 12(44)/70 4/-
W58 3/34 12(44)/47 7/-
S24 1/32 37/40 1/3
S25 2/11 5/37 1/-
1i 11 35 4
12d 19(30) 18 5
15d 2 15(62) 9
19" 2 18 5
26" 3 7 7
27" 2 17(57) 6
36d 1 37 6
38d 3 7 7
44d 2 17(57) 7
46d 31(19) 35 4
62" 3 18 5

a Serological specificities of the two alleles from the corresponding HLA
molecule.

b Split inside a particular serological specificity.
c, not determined.

d Homozygous cell line provided from the Tenth International Histocompat-
ibility Workshop and Conference of 1987.

LAI isolate and isolates from a large number of infected
individuals are not equally distributed throughout the Nef
protein but are concentrated in three peptide regions (66 to
100, 115 to 146, and 182 to 206). To our knowledge, this is the
first observation of such a phenomenon for epitopes recog-
nized in association with HLA class I molecules. Nevertheless,
it is possible that CTL epitopes are also present in the other
more variable parts of the Nef protein, since the central region
is the most highly conserved among HIV-1 isolates. However,
we cannot exclude that, by use of Nef peptides corresponding
to autologous viral isolates, CTL epitopes could be localized to
other regions of the Nef protein.
The present report shows that, while this response is a

composite of multiple reactivities against different epitopes
within the whole Nef protein, the central region of the
molecule, which contains two of the above-described regions, is
immunodominant for most of the donors tested. The results
presented here also confirm that the recognition of peptide
fragments of the Nef protein by HLA is controlled by the
immunodominance of some HLA molecules, so that a specific

TABLE 3. CD8+ epitopes present in the 73-to-82 region of Nef

Specific Cr release (%)" with indicated
Peptide donor" at indicated effector/target cell ratio

(amino acid Sequence W24 W47 W33
positions)

150/1 50/1 67/1 22/1 70/1 6/1

73-82 QVPLRPMTYK 33 18 38 27 41 12
73-81 QVPLRPMTY <2 <2 <2 <2 32 17
73-80 QVPLRPMT <2 <2 <2 <2 7 2
74-82 VPLRPMTYK 7 2 4 3 45 29
74-81 VPLRPMTY <2 <2 <2 <2 36 25
75-82 PLRPMTYK 5 <2 <2 <2 <2 <2
None 4 <2 4 2 2 <2

a Specific chromium release of autologous target cells was calculated as
described in Materials and Methods.

b Effector cells were generated in polyclonal anti-HIV cell lines as described in
Materials and Methods. For donors W24, W47, and, W33, respectively, the
possible epitopes were amino acid sequences 73 to 82, 73 to 82, and 74 to 81, and
the MHC restrictions were HLA-A11, HLA-A3, and HLA-B35. The presenting
HLA molecule was determined by use of different heterologous target cells, as
illustrated in Fig. 1.

HLA haplotype might be selected as the major T-epitope-
presenting molecule. For example, patient P10 expressed both
HLA-B17 and B8 molecules and produced HLA-B8-restricted
CTL against peptide 90 to 97 but did not generate a CTL
response with a Nef peptide presented by the HLA-B17
haplotype (peptide 117 to 125). Some patients had HLA
molecules that recognized several fragments with the same
restriction. Thus, the CTL from patient W24 recognized both
peptides 73 to 82 and 84 to 92 with an HLA-A11 restriction. A
similar multiple HLA-A11-restricted CTL response against
nuclear antigen 4 of EBV (EBNA-4) has recently been de-
scribed (11).
More surprisingly, a specific region was recognized in asso-

TABLE 4. CD8+ epitopes present in the 83-to-97 region of Nef

Specific Cr release (%)' with
indicated donor" at indicated

Peptide effector/target cell ratio
(amino acid Sequence
positions) W8c pld plod

60/1 20/1 90/1 30/1 110/1 37/1

83-94 AAVDLSHFLKEK 44 17 39 22 <2 <2
83-91 AAVDLSHF <2 <2 27 18 <2 <2
84-94 AVDLSHFLKEK 21 11 19 12 <2 <2
84-93 AVDLSHFLKE 27 10 26 23 NT' NT
84-92 AVDLSHFLK 31 17 NT NT NT NT
84-91 AVDLSHF NT NT 37 16 NT NT
85-94 VDLSHFLKEK <2 <2 <2 <2 NT NT
86-94 DLSHFLKEK 5 <2 <2 <2 <2 <2
86-97 DLSHFLKEKGG NT NT 52 29 42 24
89-97 HFLKEKGG 4 <2 57 41 38 26
90-97 FLKEKGG NT NT 43 28 37 19
90-100 FLKEKGGLEGL NT NT 34 17 31 21
None 3 <2 4 <2 5 3

a Specific chromium release of autologous target cells.
b For donors W8 and P10, respectively, the possible epitopes were amino acid

sequences 84 to 92 and 90 to 97, and the MHC restrictions were HLA-A1 1 and
HLA-B8. For donor PI, there are two possible epitopes, 84 to 91 and 90 to 97,
recognized in association with HLA-B62 and HLA-B8, respectively. The pre-
senting HLA molecule was determined by use of different heterologous target
cells, as illustrated in Fig. 1.

c Effector cells were generated in anti-peptide cell lines.
d Effector cells were generated in polyclonal anti-HIV cell lines.
e NT, not tested.

J. VIROL.
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FIG. 2. Dose titration of the 86-to-97, 90-to-97, and 90-to-100
peptides. Autologous target cells were incubated with the indicated
concentrations of peptide, and effector cells were generated in poly-
clonal anti-HIV cell lines from donor P10. The effector-to-target-cell
ratio was 80/1.

ciation with several HLA-A or HLA-B molecules. Four anti-
genic regions encompassing the Nef 73-to-82, 83-to-97, 113-to-
128, and 126-to-144 sequences were recognized by different
HILA class I molecules, suggesting the existence of multirestric-
tion. A set of 8- to 10-residue peptides were used to determine

TABLE 5. CD8+ epitopes present in the 126-to-144 region of Nef

Specific Cr release (%)' with
indicated donor' at indicated

Peptide effector/target cell ratio
(amino acid Sequence
positions) W8 P11 W24

130/1 44/1 60/1 20/1 90/1 30/1

126-138 NYTPGPGVRYPLT 46 18 <2 <2 4 <2
132-147 GVRYPLTFGWCYKLVP <2 <2 48 35 43 28
132-144 GVRYPLTFGWCYK NTY NT 42 29 NT NT
134-144 RYPLTFGWCYK NT NT 40 26 30 27
134-143 RYPLTFGWCY NT NT 45 44 30 15
135-144 YPLTFGWCYK NT NT 54 42 37 24
135-143 YPLTFGWCY NT NT 40 37 33 27
137-145 LTFGWCYK NT NT 7 5 3 <2
None 4 2 2 <2 2 2

a Specific chromium release of autologous target cells.
b Effector cells were generated in polyclonal anti-HIV cell lines. For donors

W8, P11, and W24, respectively, the possible epitopes were amino acid sequences
126 to 138, 135 to 143, and 135 to 143, and the MHC restrictions were HLA-B7,
HLA-B49, and HLA-B18 (the presenting HLA molecule was determined by use
of different heterologous target cells, as illustrated in Fig. 1).

C NT, not tested.

10 10 10 10 10 10 10 10103 100 101 102 103 104

Peptide concentration (jgIml)

FIG. 3. Dose titration of the 134-to-143, 135-to-144, and 135-to-143
peptides. Autologous target cells were incubated with the indicated
concentrations of peptide, and effector cells were generated in poly-
clonal anti-HIV cell lines from donor P11. The effector-to-target-cell
ratio was 90/1.

fine CTL specificity. The majority of peptides were in fact
recognized only by a single HILA molecule. This fine specificity
will be discussed in relation with known CTL epitopes recog-
nized with the same MHC molecule in other viral systems.
We described two HLA-A11-restricted epitopes, Nef 73 to

82 and Nef 84 to 92. A comparison of their sequences with
sequence 416 to 424 of EBNA-4 (11), a high-affinity ligand for
HLA-A11, indicates that the essential anchoring residues for
HLA-A11 seem to be Val in position 2 (Nef 74 to 81, in which
Val is in position 1, is inactive) and the C-terminal lysine (in
position 9 for the EBNA-4 and Nef 84-to-92 epitopes and in
position 10 for the Nef 73-to-82 epitope) (Table 6).
The decameric peptide Nef 73 to 82 was both HLA-A3 and

HLA-A11 restricted (Table 2). In view of the complete identity
of binding pockets A, B, C, and F and the near identity of
pocket D of HLA-A3 and -All (9, 22), it is not surprising that
the same peptide associates with both molecules. However,
peptide Nef 84 to 92 was recognized only with HLA-A11,
suggesting that the requirements for functional recognition
with a given HLA molecule are not the same for different
peptides. The same is true with HLA-B37, which can present
like HLA-B17 peptide Nef 120 to 128 but not like peptide 116
to 125.
The octameric peptide Nef 74 to 81 and peptide pp65 123 to

131 of human cytomegalovirus (10) are the two functional
epitopes to be described in association with HLA-B35 (Table
6). Interestingly, they shared with peptides eluted from HLA-
B35 molecules proline in position 2 and a C-terminal tyrosine
(8, 25).

In the same way, the octapeptide Nef 90 to 97, which is
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TABLE 6. Comparison of minimal peptides recognized by
the same HLA class I molecule

cHlAs Virus Peptide Sequencea Source orVirus reference

A3 HIV-1 Nef 73-82 QVPLRPMTYK This study
HIV-1 Env 768-778 RLRDLLLIVTR 24

All HIV-1 Nef 73-82 QVPLRPMTYK This study
HIV-1 Nef 84-92 AVDLSHFLK This study
EBV EBNA-4 416-424 IVTDFSVIK 11

B8 HIV-1 Nef 90-97 FLKEKGGL This study
Influenza virus NP 380-388 ELRSRYWAI 23
EBV EBNA-3 339-347 FLRGRAYGI 4

B35 HIV-1 Nef 74-81 VPLRPMTY This study
HCMVb pp65 123-131 IPSINVHHY 10

a Underlined symbols designate essential anchoring residues.
b HCMV, human cytomegalovirus.

recognized in association with HLA-B8, includes the proposed
motif with a lysine or an arginine in positions 3 and 5 and a
leucine or an isoleucine in the C-terminal position (4, 7, 23)
(Table 6).

It seems likely that the decameric sequence 128 to 137 or the
octameric sequence 130 to 137 corresponds to the epitope in
peptide Nef 126 to 138, which was tested in this study and
which was recognized with H[A-B7, since peptides eluted
from this HLA molecule often have a proline in position 2 and
a C-terminal leucine (14).

Lastly, we were able to evidence for the first time functional
peptides which can be recognized in association with HLA-
B18, HLA-B49, and HLA-B62 molecules, for the Nef 135-to-
142 peptide presented by HLA-B49 dilution experiments al-
lowed us to show that it works at very low concentration,
indicating that it probably corresponds to the cognate epitope.
Unfortunately, the same assays cannot be done, to date, for the
other peptides, which are Nef 153 to 142 with HLA-B18 and
Nef 84 to 91 with HLA-B62.
Our use of 8- to 10-residue peptides in a functional CTL

assay enabled us to show that a peptidic sequence of about 70
amino acids can be recognized by numerous MHC class I
molecules. In view of the wide range of HLA molecules used as
restricting elements by Nef-specific CTL (13 different HLA
molecules; see references 13 and 15 and this study), and taking
into account the frequency of the different HILA haplotypes,
this particular region should be able to elicit a CTL response in
almost the entire Caucasian population. Work from our labo-
ratory has recently demonstrated the possibility of inducing
specific CTL in vivo by immunization of mice (17) or macaques
(2) with long lipopeptides, including MHC class I-restricted
epitopes from HIV-1 Env protein or simian immunodeficiency
virus Nef and Gag proteins. These results suggest that a
vaccination protocol may be designed with the most conserved
epitopes in order to induce an efficient CD8+ T-cell response.
The Nef protein is particularly interesting for this, since CTL
directed against this regulatory, early-expressed protein could
lead to the elimination of infected cells before the release of
new viral particles. However, it is probably essential to com-
bine CTL induction with a strong, persistent neutralizing
antibody activity.
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