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CD8* cytotoxic T lymphocytes of a cynomolgus macaque

Infected with simian immunodeficiency virus (SIV) mac32H-J5

recognize a nine amino acid epitope in SIV Gag p26
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A detailed analysis of simian immunodeficiency
virus (SIV)-specific cytotoxic T lymphocyte (CTL)
responses and the identification of the proteins and
epitopes they target may improve the design of
iImmunotherapeutic interventions and provide in-
sights into AIDS pathogenesis. Here, we identified a
new CTL epitope in the SIV Gag protein, recognized
by CD8* and MHC class I-restricted CTL clones from
a long-term asymptomatic cynomolgus macaque
(Macaca fascicularis) infected with SIVmac32H-J5.
Using overlapping synthetic peptides, the optimal
minimal epitope was characterized as a nine amino
acid peptide representing amino acids 242-250 of
p26 (SVDEQIQWM). CTL recognition was shown to
be abolished by amino acid substitutions observed
within homologous human immunodeficiency virus

(HIV)-1 and HIV-2 sequences.

[nfection of macaques with several strains or clones of
simian immunodeficiency virus (SIV) shows remarkable simi-
arities with human immunodeficiency virus (HIV) infection of
numans and provides a valuable model for investigating the
role of cytotoxic T lymphocyte (CTL) immunity in the host
defence against lentiviruses (Desrosiers, 1990; Letvin et al,
1994). A number of studies have shown that detailed analysis
of SIV-specific CTL responses and the identification of the
proteins and epitopes they target may help the design of
immunotherapeutic interventions and provide insights into
AIDS pathogenesis (Chen et al., 1992; Yasutomi et al., 1995;
Hulskotte et al., 1995). Extending our previous studies of HIV-
[-infected humans (Van Baalen ef al., 1996), we present here a
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minimally defined CTL epitope in SIV Gag, recognized by CTL
of the CD8" and MHC class I-restricted phenotype. The
epitope was identified using CTL clones and bulk cultures
of peripheral blood mononuclear cells (PBMC) isolated from
a cynomolgus macaque (designated K71) during the first
4 months of infection with the pathogenic molecular clone
SIVmac32H-J5 (Rud et al., 1994). Following the initial virus
burst at week 2 after infection, the monkey showed effective
virus containment (Hullskotte et al., 1995), and remained
asymptomatic with stable CD4" cell counts during the
subsequent 22 months of observation (not shown).

Effector cells were generated from PBMC under limiting
dilution conditions. Cells in R-10 medium (RPMI 1640
containing 10% FCS) were cultured with autologous
paraformaldehyde-fixed B-lymphoblastoid cell lines (B-LCL)
(10* per well) infected with a recombinant vaccinia virus (rVV)
expressing Gag p55 of SIVmac32H, and with autologous
irradiated (2500 rad) feeder PBMC (10" per well), as described
(Geretti et al., 1996). Cultures received recombinant interleukin-
2 (rIL-2, 10 U/ml) from day 3, and were restimulated on day 7.
On day 14, they were tested in split-well assays against
autologous *'Cr-labelled B-LCL either infected with SIV Gag
rVV, or infected with a vaccinia virus control (186-poly,
containing a polyclonal site without insert; Transgene), or
incubated with medium alone. Individual positive cultures of
dilutions showing < 33% positive wells underwent a third
cycle of SIV Gag-specific stimulation and were subsequently
subcloned by non-specific stimulation with PHA-L (1 pg/ml),
irradiated (2500 rad) allogenic PBMC (10° per well), irradiated
(3500 rad) allogenic human B-LCL (10* per well) (Van de
Griend, 1984) and rIL-2 (50 U/ml). These CTL are opera-
tionally referred to as lines. Eleven CTL lines were established
and maintained in culture for at least 3 months by alternate
(every 14—21 days) cycles of specific and non-specific stimu-
lation. The CTL lines’ surface phenotype was CD2" CD8"
CD4~ (not shown). Their fine specificities were determined
with three sets of 20-mer synthetic peptides, overlapping by
10 amino acids, together spanning the p26 (ADP714/1-22),
pl7 (ADP775/1-13) and p15 (ADP776/1-14) sequences of
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A-M* GEFE_'l'Ei and others

% Specific lysis

Peptide Sequence
p26.11 IAGTTSSVDEQIQWMYRQQN
p26A.1  GTTSSVDEQIQWMYRQQN
p26A.2 SVDEQIQWMYRQQN
p26A.3 DEQIQWMYRQQN
p26A.4 VDEQIQWMY
p26A.5 SVDEQIQWM
P26A.6 SSVDEQIQW
p26A.7 TSSVDEQIQ

Monkey Matfa - A Mafa - B | AIFIL N

K71 2 35 21

K74 2 6 10
K65 2 29 23 27
K80 32 35 5 B
K73 13, 25 21 23
K81 29 31 3 6
K83 32 10 33
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Fig. 1. Fine mapping of an MHC class I|-restricted epitope in SIV Gag p26. CTL line K71/E26 was tested against: (a)
autologous target B-LCL either pulsed with 30 uM synthetic peptides (20 residues long, with a 10 amino acid overlap)

covering the p26 (peptides 1-22), p17 (peptides 1—13) and p15 (peptides 1-14) sequences of SIVmac251 ;

(b) autologous

target B-LCL sensitized with 30 uM synthetic peptides (9-20 residues long) spanning amino acids 236-255 of p26; (c)
autologous, MHC class | mismatched and partially matched target B-LCL pulsed with 30 uM peptide p26A.5. Results are
expressed as mean percentage specific lysis with standard errors from duplicate well estimations at an E: T ratio of either 5: 1

(@) or 10: 71 (b, €).

Table 1. CD8" cytotoxic T lymphocytes expanded by
stimulation with peptide p26A.5

Effector cells generated by stimulation with autologous, peptide
p26A.5-sensitized B-LCL were separated into positively isolated CD8"
(CD8", > 99% CD8" cells) and CD8-depleted (CD8", < 2% CD8"
cells) fractions immediately before testing for cytotoxicity at difterent
E: T ratios. Target cells were autologous B-LCL, either sensitized with
30 uM of peptide p26A.5, or infected with SIV Gag rVV or vaccinia
virus (vv) control, or incubated with medium alone. Results are
expressed as mean percentage specific lysis from duplicate well
estimations with standard error < 10%.

% Specific lysus
SIV Gag
Effector cells E:T p26A.5 rvv vV Medium
Total 50:1 72 63 13 I3
25+ 65 D 10 11
[2:1 95 34 8 7
CDg" 50:1 76 59 10 9
25:1 ol I 8 8
121 29 39 7 5
CD8 041 8 5 0 o
291 5 4 0 4
L2 5 1 2 0

SIVmac251. As shown in Fig. 1(a) for the CTL line designated
K71/E26, of the 49 peptides tested, only peptide p26.11,
covering amino acids 236—255 (IAGTTSSVDEQIQWMYR)
of p26, sensitized targets for lysis by the CTL lines. The two
contiguous peptides p26.10 and p26.12 were not recognized,
indicating that the CTL epitope was contained in the central
region of peptide p26.11. To define the minimal epitope within
peptide p26.11, the CTL lines were tested for recognition of
synthetic peptides spanning amino acids 236—255 of p26 and
varying in length from 20 to 9 residues (European Veterinary
Laboratory, Woerden, The Netherlands). As shown in Fig. 1(b)
for CTL line K71/E26, the 9-mer peptide p26A.5, representing
amino acids 242-250 (SVDEQIQWM) ot p26, optimally
sensitized targets for lysis by the CTL lines. Two truncated
peptides lacking either the N-terminal S residue (p26A.4:

VDEQIQWMY) or the C-terminal M residue (p26A.6:
SSVDEQIQW) were considerably less efficient. Further trunc-
ation at either terminus abolished recognition, probably by
destroying MHC anchor residues. To study MHC class |
restriction, the CTL lines were tested against MHC class |
mismatched and partially matched B-LCL pulsed with peptide
p26A.5. As shown in Fig. 1(c) for CTL line K71/E26, lysis was
restricted to targets sharing the Mafta-A2 allele, indicating
recognition in the context of this macaque MHC class I
molecule. It should be noted, however, that MHC class I alleles
were defined by serological techniques, and one-dimensional
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isoelectric focusing may be required to confirm the restriction
element (Watkins, 1994).

In reciprocal experiments, PBMC (2 X 10* per well) were
cultured for 10 days with autologous irradiated (5000 rad) B-
LCL (10" per well) sensitized with 30 pM of peptide p26A.5,
autologous irradiated feeder PBMC (10* per well) and rlL-2
(10 U/ml) from day 4. As a control, PBMC were stimulated
with B-LCL sensitized with peptides p26.4, p26.5 or p17.6. No
cytotoxic responses were mediated by these control cultures
(data not shown), whereas effector cells expanded by peptide
p26A.5 recognized autologous targets sensitized with the
inducing peptide, as well as targets expressing endogenously
processed antigen after infection with SIV Gag rVV (Table 1).
The CD8" phenotype of peptide p26A.5-specific CTL was
confirmed by depletion studies (Table 1), using anti-CD8
antibody-coated magnetic beads (Dynabeads M-450, Dynal)
as described (Geretti et al., 1993).

The amino acid region 242—-250 of p26 partially overlaps
with CD4" T helper epitopes previously identified in im-
munized cynomolgus macaques (Mills & Jones, 1994). In
addition, the homologous consensus sequences of the HIV-1 A
and B clades fulfil the requirements for binding the human
HLA-A2.1 molecule (Brander et al, 1995). The region is
conserved among several strains of the HIV-2/SIV D clade,
including SIVmac251, SIVmac32H, SIVmaclAIl and
SIVmac239. The consensus sequence of the HIV-2/SIV D and
C clades shows one amino acid substitution at position 242
(S = T), whereas the consensus sequence of the HIV-2/SIV A
and B clades shows two amino acid substitutions, at positions
242 (S—T) and 244 (D — E) (Myers et al., 1994). The
homologous sequence is highly conserved among most HIV-
[ clades (A—H). However, comparison of the SIVmac251 and
HIV-1.., sequences reveals four amino acid substitutions at
positions 242 (S—T), 243 (V—-L), 244 (D — Q) and 248
(Q = G) (Myers et al., 1994). As shown in Fig. 2(a), targets
that were either pulsed with peptide p24.11 (ADP 788/11),
covering amino acids 235-254 of HIV-Ig,, p24
(GSDIAGTTSTLQEQIGWMTN), or infected with an rVV
expressing HIV-1, ,; Gag (TG1144; Iransgene) were not
recognized by CTL line K71/E26. These effector cells also

failed to recognize targets infected with an rVV expressing
HIV-2. ., Gag (TG2112; Transgene), suggesting either lack
of generation of the epitope, or that the two amino acid
substitutions at positions 242 (S — T) and 244 (D — E) of HIV-
2 on P26 were sufficient to abolish recognition.

These observations suggest that variations in the p26A.5
epitope may generate virus variants able to escape or
antagonize the CTL response of monkey K71, thereby
potentially affecting virus containment (Franco et al., 1995).
Longitudinal studies are in progress to address this hypothesis,
providing an additional basis for investigating the role of CTL
immunity in the control of lentiviral infections.

We thank Professor A. McMichael (Institute of Molecular Medicine,
Oxford, UK) for providing the SIVmac32H Gag p55 rVV, Dr H. C.
Holmes (MRC AIDS Directed Programme, Potters Bar, South Mills, UK)
for providing the ADP peptides, Dr E. W. Rud (Health Canada, Ottawa,
Ontario, Canada) and Dr M. P. Cranage (Centre for Applied Micro-
biology and Research, Porton Down, Salisbury, UK) for providing
SIVmac32H-J5, and Dr R. Bontrop (Biomedical Primate Research Centre,
Rijswijk, Netherlands) for MHC typing.

References

Brander, C., Pichler, W. J. & Corradin, G. (1995). Identification of HIV
protein-derived cytotoxic T lymphocytes (CTL) epitopes for their
possible use as synthetic vaccine. Clinical and Experimental Immunology
101, 107—-113.

Chen,Z, W., Shen, L., Miller, M. D., Ghim, S. H., Hughes, A. L. & Letvin,
N. L. (1992). Cytotoxic T lymphocytes do not appear to select for
mutations in an immunodominant epitope of simian immunodeficiency
virus gag. Journal of Immunology 149, 4060—4060.

Desrosiers, R. (1990). The simian immunodeficiency viruses. Annual
Review of Immunology 8, 557—578.

Franco, A., Ferrari, C., Sette, A. & Chisari, F. V. (1995). Viral mutations,
TCR antagonism and escape from the immune response. Current Opinion
in Immunology 7, 524—531.

Geretti, A. M., van Els, C. A. C. M., van Baalen, C. A, Poelen, M. C. M.
& Osterhaus, A.D.M.E. (1993). Preservation of phenotype and
function of positively selected virus-specific CD8" T lymphocytes
following anti-Fab detachment from immunomagnetic beads. Journal of
Immunological Methods 161, 129—133.

Geretti, A. M., Dings, M. E. M., van Els, C. A. C. M., van Baalen, C. A,
Wijnholds, F. J., Borleffs, J. C. C. & Osterhaus, A. D. M. E. (1996). HIV-

823




1 and EBV specific cytotoxic T lymphocyte precursors exhibit different
kinetics in HIV-1 infected persons. Journal of Infectious Diseases 174,

34—45.

Hulskotte, E. G. J., Geretti, A. M., Siebelink, K. H., van Amerongen, G.,
Cranage, M. P., Rud, E. W., Norley, S. G., de Vries, P. & Osterhaus, A.
D. M. E. (1995). Vaccine-induced virus-neutralizing antibodies and
cytotoxic T cells do not protect macaques from experimental infection
with simian immunodeficiency virus SIVmac 32H (J5). Journal of Virology
69, 6289—-06296.

Letvin, N. L., Reimann, K. A., Yasutomi, Y., Ringler, D. J. & Yamamoto,
Y. (1994). The SIVmac specific cytotoxic T lymphocyte response in the
acutely infected rhesus monkey. Current Topics in Microbiology and
[mmunology 188, 175—184.

Mills, K. H. G. & Jones, W. C. (1994). CD4" T cell responses to simian
immunodeficiency virus. Current Topics in Microbiology and Immunology
188, 161-173.

Myers, G., Wain-Hobson, S., Henderson, L. E., Korber, B., Jeang, K. &
Pavlakis, G. N. (1994). Human Retroviruses and AIDS: A Compilation and
Analysis of Nucleic and Amino Acid Sequences. Los Alamos National
Laboratory Data Base, Los Alamos, N. Mex., USA.

Rud, E. W., Cranage, M., Yon, J., Quirk, J., Ogilvie, L., Cook, N.,
Webster, S., Dennis, M. & Clarke, B. (1994). Molecular and biological
characterization of simian immunodeficiency virus macaque strain 32H

proviral clones containing nef size variants. Journal of General Virology 75,
529-543.

Van Baalen, C. A, Klein, M. R., Huisman, R.C., Dings, M. E. M,
Kerkhof Garde, S. R., Geretti, A. M., Gruters, R., Van Els, C. A. C. M,,
Miedema, F. & Osterhaus, A.D. M. E. (1996). Fine specificity of
cytotoxic T lymphocytes which recognize conserved epitopes of the Gag
protein of human immunodeficiency virus type 1. Journal of General

Virology 77, 1659—-1665.

Van de Griend, R. J., van Krimpen, B. A., Bol. S. J., Thompson, A. &
Bolhuis, R. L. (1984). Rapid expansion of human cytotoxic T cell clones:

growth promotion by heat-labile serum component and by various types
of feeder cells. Journal of Immunological Methods 66, 285—298.

Watkins, D. |. (1994). MHC of nonhuman primates. Current Topics in
Microbiology and Immunology 188, 145—159.

Yasutomi, Y., Koenig, S., Woods, R. M., Madsen, J., Wassef, N. M.,
Alving, C. R,, Klein, H. J., Nolan, T. E., Boots, L. J., Kessler, J. A., Emini,
E. A., Conley, A. J. & Letvin, N. L. (1995). A vaccine-elicited, single viral
epitope-specific cytotoxic T lymphocyte response does not protect
against cell-free simian immunodeficiency virus challenge. Journal of

Virology 69, 2279-2284.

Received 8 November 1996; Accepted 15 December 1996



