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Simian immunodeficiency virus (SIV) uses the CCR5
chemokine receptor as the main co-receptor to
enter CD4M cells. RANTES, MIP-1α and MIP-1β have
been suggested as the major human immuno-
deficiency virus-suppressor factors produced by
CD8M T-cells. The aim of this study was to in-
vestigate the CD8M T-cell production of anti-viral
factors and of β-chemokines in six cynomolgus
macaques vaccinated with live attenuated
SIVmacC8 in relation to protection against infec-
tious intrarectal SIVsm challenge. Three of the
vaccinated animals were completely protected and
one was partially protected against the challenge
virus. Interestingly, these monkeys showed higher
in vitro anti-viral CD8M cell suppressor activity and
β-chemokine production both before and after
vaccination as compared to the infected monkeys.
The results indicate that β-chemokines may play a
role in protective immunity but also that genetic
and/or environmental factors may influence their
production.

Replication of human immunodeficiency virus type 1 (HIV-
1) has been shown to be suppressed by a soluble factor
secreted by activated CD8+ T-cells via a non-lytic mechanism
(Walker & Levy, 1989). This T-cell anti-viral factor (CAF)
appears early after HIV infection (Mackewicz et al., 1994) and
is maintained in asymptomatic individuals but seems to decline
as HIV-infected patients progress to AIDS (Landay et al.,
1993). However, the efficiency of CAF differs among indi-
viduals (Walker et al., 1989). The HIV-1 anti-viral factor is also
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active against different strains of HIV-2 and simian immuno-
deficiency virus (SIV) (Walker et al., 1991). CD8+ lymphocytes
from SIV-infected monkeys can block SIV replication in vitro
(Kannagi et al., 1988) and CD8+ cells from HIV-2-infected
baboons can control HIV-2 replication (Blackbourn et al.,
1997).

The β-chemokines RANTES (regulated upon activation,
normal T-cell expressed and secreted), MIP-1α (macrophage
inflammatory protein) and MIP-1β have recently been
suggested to be the major HIV-suppressive factors produced
by CD8+ T-cells (Cocchi et al., 1995). However, interleukin-16
and macrophage-derived chemokine (Baier et al., 1995 ; Pal et
al., 1997), together with so far unidentified factors, account for
some of the T-cell-mediated suppression in vitro (Rubbert et al.,
1997).

It is now well-documented that different HIV isolates differ
in cellular tropism and, in addition to CD4, they use different
co-receptors for entry into target cells. Macrophage-tropic
viruses use CCR5, a ligand for RANTES, MIP-1α and MIP-1β

(Alkhatib et al., 1996 ; Deng et al., 1996 ; Dragic et al., 1996), and
CXCR4, a ligand for stromal cell-derived factor 1, is the co-
receptor for T-cell-tropic viruses (Feng et al., 1996 ; Oberlin et
al., 1996). Besides CCR5 and CXCR4, CCR2b and CCR3 have
been identified as co-receptors for HIV-1 entry into CD4+ cells
(Choe et al., 1996 ; Doranz et al., 1996). In contrast to HIV-1
both macrophage-tropic and T-cell-tropic strains of SIV use
CCR5 for fusion and not CXCR4 (Chen et al., 1997 ; Hill et al.,
1997). SIV strains can also infect cells lacking CCR5 by using
other recently identified co-receptors. BOB and Bonzo are
closely related to the chemokine receptor family and are shown
to facilitate SIV virus entry in vitro (Alkhatib et al., 1997 ; Deng
et al., 1997).

The importance of CCR5 as a co-receptor for HIV-1 in vivo
was indicated by the finding that some multiply exposed
individuals resistant to HIV-1 had a homozygous defect in
their CCR5 gene (Liu et al., 1996 ; Samson et al., 1996).
Furthermore, deletion of one CCR5 gene allele appears to
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Table 1. Suppressive effect on SIV replication and chemokine production of CD8+ cell culture fluid in relation to
outcome of intrarectal SIVsm challenge of macaques vaccinated with SIVmacC8

The cells were collected 2–3 weeks after vaccination while SIVmac C8 could still be isolated from the PBMCs. The β-chemokines were analysed in
duplicate on at least three different occasions. The percent inhibition was determined by an in-house HIV-2}SIV antigen capture ELISA. The assay
was performed in triplicate at least three times. The average maximum antigen concentration without inhibition was 2500 pg, equivalent to
approximately 375 pg p24 antigen}ml.

Chemokine production (pg/ml)

Monkey Outcome of SIV challenge Inhibition (%) RANTES MIP-1α MIP-1β

C15 Protected 52 715 414 13380
C17 Protected 55 941 394 6440
B177 Protected 45 1442 531 8980
B194 Partially protected 33 1146 512 12740
C29 Infected 31 556 167 4520
C30 Infected 9 198 240 2880

protect against HIV disease progression (Meyer et al., 1997).
These findings suggest that blocking of the CCR5 receptor by
chemokines in vivo might be beneficial. Induction of β-
chemokines by prophylactic or therapeutic vaccines might be
a useful complement to other immune mechanisms. In a
vaccination experiment by Lehner et al. (1996) protection
against infectious challenge with SIVmac of macaques was
associated with significantly increased levels of CD8 sup-
pressor factor and the β-chemokines RANTES and MIP-1β.

In our previous vaccine experiments using whole
inactivated HIV-2 (Putkonen et al., 1994), native HIV-2 gp125
(Nilsson et al., 1995) or recombinant HIV-2-canarypox virus
(Andersson et al., 1996) we have shown complete protection
against challenge with infectious HIV-2 in 30–50% of the
animals. The protective efficacy of the vaccines was correlated
neither to humoral immunity as determined by titres of
binding antibodies, neutralizing antibodies and antibodies
active in antibody-dependent cellular cytotoxicity nor to
cellular immunity as determined by the presence of HIV-2-
specific T-cell proliferative responses and cytotoxic T-
lymphocytes. Humoral and cellular immunity were demon-
strable at variable frequency and levels in both protected and
infected animals. However, other studies have implicated the
role of neutralizing antibodies or cytotoxic T-lymphocytes in
controlling HIV or SIV infection (reviewed in Haigwood &
Zolla-Pazner, 1998 ; Gotch et al., 1997).

The objective of this investigation was to determine the
antiviral activity of CD8+ cell supernatants and production of
β-chemokines in phytohaemagglutinin (PHA)-stimulated
CD8+ cells before and after vaccination of six cynomolgus
monkeys with an attenuated SIVmac 32H molecular clone pC8
(SIVmac C8) and to study any correlation with protection
against infectious SIVsm challenge, since we had not been able
to correlate protection with neutralizing antibodies or CTL, as
reported in our previous study (Nilsson et al., 1998).

Four of the monkeys (C15, C17, C29, C30) were challenged
8 months after vaccination intrarectally with 10 monkey
infectious doses (MID

&!
) of SIVsm when they were virus-

isolation-negative but PCR-positive, along with four naive
control animals. The other two monkeys (B177, B194) were
challenged after 16 months, as were two unimmunized
controls. The experiment is described by Nilsson et al. (1998).
Briefly, three of the monkeys (C15, C17, B177) were
completely protected against SIVsm challenge as determined
by negative virus isolation and discriminative PCR. Monkey
B194 was partially protected during the first year of follow up,
as it showed replication of the challenge virus only at 2 and 4
weeks post-inoculation. Monkeys C29 and C30 and the
controls were repeatedly virus-isolation- and PCR-positive for
the challenge virus. The six control macaques were not
included in the present study.

CAF was produced by enriched CD8+ cells after 3 days
stimulation with PHA (Difco). Culture fluids were collected
every 2 days thereafter as described by Mackewicz et al.
(1995). CAF content in the CD8+ cell culture fluids was
assayed by testing for anti-SIV activity in an acute infection
microtitre assay as described earlier (Lehner et al., 1996). The
culture supernatants collected on day 7 were screened by an
HIV-2}SIV antigen assay (Thorstensson et al., 1991). The
ability of CD8+ cell supernatant from SIVmacC8-vaccinated
monkeys to suppress the replication of SIV in purified CD4+

monkey PBMCs is shown in Table 1. The culture fluids
collected after SIVmacC8 immunization from the completely
protected monkeys suppressed the SIV replication by 45–55%
as compared with those induced by CD8+ cell supernatant
obtained from the partially protected B194, and the infected
monkeys (C29, C30) which were clearly lower (33, 31 and 9%
respectively) (Table 1). Although the number of animals
investigated in this study is small, our results showed that all
macaques vaccinated with live attenuated SIVmacC8 vaccine
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Fig. 1. Chemokine production of PHA-stimulated CD8+-enriched peripheral
blood lymphocytes from monkeys before (white bars) and 6–8 months
after (black bars) vaccination with live attenuated SIVmac C8 vaccine. (a)
RANTES, (b) MIP-1α, (c) MIP-1β. Monkey B194 was partially protected as
it controlled the replication of challenge virus during the first year of follow
up (*). nd, Not determined.

which were resistant to infectious SIV challenge had higher in
vitro anti-viral suppressor activity than the animals that became
infected. Suppressor cell activity could only be determined in
supernatants of cells collected 2–3 weeks after inoculation with
SIVmacC8 due to the lack of cellular material.

To determine the possible role of RANTES, MIP-1α and
MIP-1β in suppression of SIV replication in monkey CD4+

cells, we measured the concentrations of chemokines in the
culture supernatants used in the suppressor cell assay by use of
reagents from R&D Systems. Higher concentrations of each of
the three β-chemokines were generated in the CD8+ cell
culture supernatants of all of the completely or partially
protected monkeys (C15, C17, B177, B194) as compared with
animals which became infected after SIV challenge (P 0±06,
determined by the Mann-Whitney U test for non-parametric
observations) (C29, C30) (Table 1). We showed an association
between high levels of RANTES, MIP-1α and MIP-1β and
percentage suppression of SIV infection, suggesting that the β-
chemokines were the major suppressive factors. However, by
neutralizing the β-chemokines with antibodies others have
demonstrated that the HIV-suppressive effects of soluble

factors produced by activated CD8+ cells cannot be explained
solely by the β-chemokines (Kinter et al., 1996 ; Paliard et al.,
1996 ; Rubbert et al., 1997). Several studies have shown that
CD8+ suppressor factors (Blackbourn et al., 1997 ; Ennen et al.,
1994 ; Kannagi et al., 1988 ; Landay et al., 1993 ; Levy et al.,
1996 ; Mackewicz et al., 1994 ; Walker & Levy, 1989 ; Walker et
al., 1991) as well as β-chemokines (Cocchi et al., 1995 ; Kinter et
al., 1996 ; Mackewicz et al., 1997 ; Pal et al., 1997) can control
virus replication in vitro. Our present results as well as some
previous findings indicate that these factors also play an
important role in vivo. Indeed, significant increases in the levels
of CD8 suppressor factor, RANTES and MIP-1β were
associated with protection against rectal SIVsm challenge in
macaques immunized with SIV envelope and core vaccine
(Lehner et al., 1996) or with HIV-1 envelope vaccine (Heeney
et al., 1998). High CD8+ T-cell-dependent virus suppression
correlated with low virus load in macaques able to control their
SIV infection in vivo (Abimiku et al., 1997).

To study the effect of live attenuated SIVmacC8 vaccine on
β-chemokine production the concentrations of RANTES, MIP-
1α, and MIP-1β before and after vaccination were quantified in
CD8+ cell culture supernatants collected and tested at the same
time and under identical conditions. In general the CD8+ cell
production of β-chemokines was very similar before and 6–8
months after vaccination (Fig. 1). However, increased level of
RANTES was observed in the two monkeys (C29, C30)
producing the lowest amount of RANTES before vaccination.
Increased CD8+ cell production of MIP-1α after vaccination
was observed in two animals (C17, C30), while MIP-1β

production was unchanged in all the investigated monkeys.
However, it is possible that we did not investigate the
chemokine production at the optimal time-points after vac-
cination since it has been shown that infection with attenuated
SIV clones induces low transient expression of chemokine
genes (Zou et al., 1997).

It is noteworthy that the six macaques vaccinated with live
attenuated SIVmacC8 showed significantly increased MIP-1β

production 2–3 weeks after immunization as compared to the
levels obtained before vaccination and at the time of challenge
(compare Table 1 and Fig. 1). Whether the increased production
was induced by the vaccine or only reflected differences in
capacity of the CD8+ T-cells to proliferate in response to PHA
is unclear. It is intriguing that the increased production was
only in the concentration of MIP-1β and appeared to be
transient. All animals completely or partially protected against
infectious SIVsm challenge showed higher production of β-
chemokines after vaccination as compared to the monkeys that
became infected (Fig. 1). Surprisingly, higher CD8+ cell-
dependent β-chemokine production was observed in the
protected macaques before they were vaccinated and without
any obvious pre-selection of animals. The mitogen-induced
CD8+ cell production of β-chemokines was also investigated in
33 naive macaques prior to inclusion in any HIV}SIV
experiments (Fig. 2). The median levels were 771, 342 and 799
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Fig. 2. β-Chemokine production of PHA-stimulated CD8+-enriched
peripheral blood lymphocytes from 33 naive cynomolgus macaques. The
three naive monkeys showing the highest RANTES and MIP-1α production
were among the animals which resisted infectious SIVsm challenge after
vaccination.

pg}ml RANTES, MIP-1α and MIP-1β, respectively. Substantial
variations in β-chemokine production were observed between
different monkeys. Interestingly the four naive monkeys
showing the highest RANTES production were among the
animals which resisted infectious SIVsm challenge after
vaccination with live attenuated virus (Table 1). Three of these
four animals also produced the highest concentrations of MIP-
1α in vitro.

Apparently β-chemokines and HIV}SIV-specific immune
responses have synergistic effects, since high chemokine levels
were not sufficient to protect the macaques from infection with
the vaccine inoculum. Furthermore among more than 150
monkeys tested we have not seen any naive animal being
protected from an infectious challenge with HIV-2 or SIV
given intravenously or intrarectally (Andersson et al., 1996 ;
Nilsson et al., 1995 ; Putkonen et al., 1994 ; our unpublished
observations). In these experiments & 10 MID

&!
have been

used to ensure infection of all monkeys. If lower challenge
doses were used the relative role of β-chemokines may have
become apparent. One control monkey with very high levels
of CD8 suppressor factor and chemokine production by lymph
node cells as well as by PBMCs was reported to be protected
against a high dose (25 MID

&!
) of SIV given intrarectally

(Lehner et al., 1996).
Our results suggest that genetic or environmental factors

influence the production of β-chemokines and that this may
help in generating HIV}SIV-suppressive responses upon the
first exposure to HIV}SIV. Resistance to HIV and SIV has been
associated with high levels of β-chemokines in humans (Furci et
al., 1997) and in the macaque model (Lehner et al., 1996),
respectively.

Several studies have shown HIV}SIV-specific cellular
immunity in repeatedly exposed but persistently uninfected
individuals and monkeys (Shearer & Clerici, 1996 ; Putkonen et
al., 1997). Infection with HIV increases the mitogen-induced
production of β-chemokines by PBMCs, CD8+ and CD4+ cells
(Mackewicz et al., 1997), but also HIV-1 p24 antigen-specific
induction of β-chemokines and IFN-γ has been demonstrated in
CD4+ T-cells of long-term non-progressors (Rosenberg et al.,

1997). High levels of β-chemokines are also secreted by CD4+

T-cells in response to an HIV-1 env-specific peptide in multiply
HIV-1 exposed but persistently uninfected individuals (Furci et
al., 1997). Thus, it seems that live vaccines may induce
protective chemokine production.

Sexual transmission of HIV occurs mainly by macrophage-
or dual-tropic virus strains which preferentially use the CCR5
co-receptor (Zaitseva et al., 1997). Therefore induction of
immune responses aiming at blocking the virus entry mediated
by CCR5 should be considered in future HIV vaccine
development. Thus, vaccines able to induce a Th1-type
immune response should be favourable as they may have the
potential to induce β-chemokine production besides induction
of virus-specific immune mechanisms. Further studies are
needed to determine the relative role of the β-chemokines and
the specific immune responses for protection and how to
obtain the best synergistic effects of these protective
mechanisms.

This project was supported by grants from the Swedish International
Development Cooperation Agency (SAREC) Department for Research
Cooperation and the Swedish Medical Research Council.

We thank Reinhold Benthin for excellent animal care.

References
Abimiku, A. G., Robert-Guroff, M., Benson, J., Tartaglia, J., Paoletti, E.,
Gallo, R. C., Markham, P. D. & Franchini, G. (1997). Long-term survival
of SIV

mac#&"
infected macaques previously immunized with NYVAC-SIV

vaccines. Journal of Acquired Immune Deficiency Syndromes and Human
Retrovirology 1, S78-S85.

Alkhatib, G., Combadiere, C., Broder, C. C., Feng, Y., Kennedy, P. E.,
Murphy, P. M. & Berger, E. A. (1996). CC CKR-5 : a RANTES, MIP-1α,
MIP-1β receptor as a fusion cofactor for macrophage-tropic HIV-1.
Science 272, 1955–1958.

Alkhatib, G., Liao, F., Berger, E. A., Farber, J. M. & Peden, K. W. C.
(1997). A new SIV co-receptor, STRL33. Nature 388, 238.

Andersson, S., Ma$ kitalo, B., Thorstensson, R., Franchini, G., Tartaglia,
J., Limbach, K., Paoletti, E., Putkonen, P. & Biberfeld, G. (1996).
Immunogenicity and protective efficacy of a human immunodeficiency
virus type 2 recombinant canarypox (ALVAC) vaccine candidate in
cynomolgus monkeys. Journal of Infectious Diseases 174, 977–985.

Baier, M., Werner, A., Bannert, N., Metzner, K. & Kurth, R. (1995). HIV
suppression by interleukin-16. Nature 378, 563.

Blackbourn, D. J., Locher, C. P., Ramachandran, B., Barnett, S. W.,
Murthy, K. K., Carey, K. D., Brasky, K. M. & Levy, J. A. (1997). CD8­
cells from HIV-2 infected baboons control HIV replication. AIDS 11,
737–746.

Chen, Z., Zhou, P., Ho, D. D., Landau, N. R. & Marx, P. A. (1997).
Genetically divergent strains of simian immunodeficiency viruses use
CCR5 as a coreceptor for entry. Journal of Virology 71, 2705–2714.

Choe, H., Farzan, M., Sun, Y., Sullivan, N., Rollins, B., Ponath, P. D.,
Wu, L., Mackay, C. R., LaRosa, G., Newman, W., Gerard, N., Gerard, C.
& Sodroski, J. (1996). The β-chemokine receptors CCR3 and CCR5
facilitate infection by primary HIV-1 isolates. Cell 85, 1135–1148.

Cocchi, F., DeVico, A. L., Garzino-Demo, A., Araya, S. K., Gallo, R. C. &
Lusso, P. (1995). Identification of RANTES, MIP-1α and MIP-1β as the

BFHC



β-Chemokines in macaque protective immunityβ-Chemokines in macaque protective immunity

major HIV-suppressive factors produced by CD8­ cells. Science 270,
1811–1815.

Deng, H., Liu, R., Ellmeier, W., Choe, S., Unutmaz, D., Burkhart, M., Di
Marzio, P., Marmon, S., Sutton, R. E., Hill, C. M., Davis, C. B., Peiper,
S. C., Schall, T. J., Littman, D. R. & Landau, N. R. (1996). Identification
of a major co-receptor for primary isolates of HIV-1. Nature 381,
661–666.

Deng, H., Unutmaz, D., KewalRamani, V. N. & Littman, D. R. (1997).
Expression cloning of new receptors used by simian and human
immunodeficiency viruses. Nature 388, 296–300.

Doranz, B. J., Rucker, J., Yi, Y., Smyth, R. J., Samson, M., Peiper, S. C.,
Parmentier, M., Collman, R. G. & Doms, R. W. (1996). A dual-tropic
primary HIV-1 isolate that uses fusin and the β-chemokine receptors
CKR-5, CKR-3 and CKR-2b as fusion cofactors. Cell 85, 1149–1158.

Dragic, T., Litwin, V., Allaway, G. P., Martin, S. R., Huang, Y.,
Nagashima, K. A., Cayanan, C., Maddon, P. J., Koup, R. A., Moore, J.
P. & Paxton, W. A. (1996). HIV-1 entry into CD4­ cells is mediated by
the chemokine receptor CC-CKR-5. Nature 381, 667–673.

Ennen, J., Findeklee, H., Dittmar, M. T., Norley, S., Ernst, M. & Kurth,
R. (1994). CD8­ T lymphocytes of African green monkeys secrete an
immunodeficiency virus-suppressing lymphokine. Proceedings of the
National Academy of Sciences, USA 91, 7207–7211.

Feng, Y., Broder, C. C., Kennedy, P. E. & Berger, E. A. (1996). HIV-1
entry cofactor : functional cDNA cloning of a seven-transmembrane G
protein-coupled receptor. Science 272, 872–877.

Furci, L., Scarlatti, G., Burastero, S., Tambussi, G., Colognesi, C.,
Quillent, C., Longhi, R., Loverro, P., Borgonovo, B., Gaffi, D., Carrow,
E., Malnati, M., Lusso, P., Siccardi, A. G., Lazzarin, A. & Beretta, A.
(1997). Antigen-driven C-C chemokine-mediated HIV-1 suppression by
CD4­ T cells from exposed uninfected individuals expressing the wild-
type CCR-5 allele. Journal of Experimental Medicine 186, 455–460.

Gotch, F. M., Koup, R. A. & Saffrit, J. T. (1997). New observations on
cellular immune responses to HIV and T-cell epitopes. AIDS 11, S99-
S107.

Haigwood, N. L. & Zolla-Pazner, S. (1998). Humoral immunity to HIV,
SIV, and SHIV. AIDS 12 (Suppl. A), S121-S132.

Heeney, J. L., Teeuwsen, V. J. P., Van Gils, M., Bogers, W. M. J. M., De
Giuli Morghen, C., Radaelli, A., Barnett, S., Morein, B., A/ kerblom, L.,
Wang, Y., Lehner, T. & Davis, D. (1998). β-Chemokines and neutralizing
antibody titers correlate with sterilizing immunity generated in HIV-1
vaccinated macaques. Proceedings of the National Academy of Sciences, USA
95, 10803–10808.

Hill, C. M., Deng, H., Unutmaz, D., KewalRamani, V. N., Bastiani, L.,
Gorny, M. K., Zolla-Pazner, S. & Littman, D. R. (1997). Envelope
glycoproteins from human immunodeficiency virus types 1 and 2 and
simian immunodeficiency virus can use human CCR5 as a coreceptor for
viral entry and make direct CD4-dependent interaction with this
chemokine receptor. Journal of Virology 71, 6296–6304.

Kannagi, M., Chalifoux, L. V., Lord, C. I. & Letvin, N. L. (1988).
Suppression of simian immunodeficiency virus replication in vitro by
CD8­ lymphocytes. Journal of Immunology 140, 2237–2242.

Kinter, A. L., Ostrowski, M., Goletti, D., Oliva, A., Weissman, D., Gantt,
K., Hardy, E., Jackson, R., Ehler, L. & Fauci, A. S. (1996). HIV
replication in CD4­ T cells of HIV-infected individuals is regulated by
a balance between the viral suppressive effects of endogenous β-
chemokines and the viral inductive effects of other endogenous cytokines.
Proceedings of the National Academy of Sciences, USA 93, 14076–14081.

Landay, A. L., Mackewicz, C. E. & Levy, J. A. (1993). An activated
CD8­ T cell phenotype correlates with anti-HIV activity and asympto-
matic clinical status. Clinical Immunology & Immunopatholgy 69, 106–116.

Lehner, T., Wang, Y., Cranage, M., Bergmeier, L. A., Mitchell, E., Tao,
L., Hall, G., Dennis, M., Cook, N., Brookers, R., Klavinskis, L., Jones, I.,
Doyle, C. & Ward, R. (1996). Protective mucosal immunity elicited by
targeted iliac lymph node immunization with a subunit SIV envelope and
core vaccine in macaques. Nature Medicine 2, 767–775.

Levy, J. A., Mackewicz, C. E. & Barker, E. (1996). Controlling HIV
pathogenesis : the role of noncytotoxic anti-HIV response of CD8­ T
cells. Immunology Today 17, 217–224.

Liu, R., Paxton, W. A., Choe, S., Ceradini, D., Martin, S. R., Horuk, R.,
MacDonald, M. E., Stuhlmann, H., Koup, R. A. & Landau, N. R. (1996).
Homozygous defect in HIV-1 coreceptor accounts for resistance of some
multiply-exposed individuals to HIV-1 infection. Cell 86, 367–377.

Mackewicz, C. E., Yang, L. C., Lifson, J. D. & Levy, J. A. (1994). Non-
cytolytic CD8 T-cell anti-HIV responses in primary HIV-1 infection.
Lancet 344, 1671–1673.

Mackewicz, C. E., Blackborn, D. J. & Levy, J. A. (1995). CD8­ T cells
suppress human immunodeficiency virus replication by inhibiting viral
transcription. Proceedings of the National Academy of Sciences, USA 92,
2308–2312.

Mackewicz, C. E., Barker, E., Greco, G., Reyes-Teran, G. & Levy, J. A.
(1997). Do β-chemokines have clinical relevance in HIV infection?
Journal of Clinical Investigation 100, 921–930.

Meyer, L., Magierowska, M., Hubert, J. B., Rouzioux, C., Deveau, C.,
Sanson, F., Debre, P., Delfraissy, J. F., Theodorou, I. and the SEROCO
study group. (1997). Early protective effect of CCR-5 ∆32 hetero-
zygosity on HIV-1 disease progression : relationship with viral load.
AIDS 11, F73-F78.

Nilsson, C., Thorstensson, R., Gilljam, G., Sjo$ lander, S., Hild, K.,
Broliden, K., A/ kerblom, L., Morein, B., Biberfeld, G. & Putkonen, P.
(1995). Protection against monkey-cell grown cell-free HIV-2 challenge
in macaques immunized with native HIV-2 envelope glycoprotein gp125.
Vaccine Research 4, 165–175.

Nilsson, C., Ma$ kitalo, B., Thorstensson, R., Norley, S., Binniger-
Schinzel, D., Cranage, M., Rud, E., Biberfeld, G. & Putkonen, P.
(1998). Live attenuated simian immunodeficiency virus (SIV)mac in
macaques can induce protection against mucosal infection with SIVsm.
AIDS 12, 2261–2270.

Oberlin, E., Amara, A., Bachelerie, F., Bessia, C., Virelizier, J.-L.,
Arenzana-Seisdedos, F., Schwartz, O., Heard, J.-M., Clark-Lewis, I.,
Legler, D. F., Loetscher, M., Baggiolini, M. & Moser, B. (1996). The
CXC chemokine SDF-1 is the ligand for LESTR}fusin and prevents
infection by T-cell-line-adapted HIV-1. Nature 382, 833–835.

Pal, R., Garzino-Demo, A., Markham, P. D., Burns, J., Brown, M., Gallo,
R. C. & DeVico, A. L. (1997). Inhibition of HIV-1 infection by the β-
chemokine MDC. Science 278, 695–698.

Paliard, X., Lee, A. Y. & Walker, C. M. (1996). RANTES, MIP-1α and
MIP-1β are not involved in the inhibition of HIV-1

SF$$
replication

mediated by CD8­ T-cell clones. AIDS 10, 1317–1321.

Putkonen, P., Nilsson, C., Walther, L., Ghavamzadeh, L., Hild, K.,
Broliden, K., Biberfeld, G. & Thorstensson, R. (1994). Efficacy of
inactivated whole vaccines with various adjuvants in cynomolgus
monkeys. Journal of Medical Primatology 3, 89–94.

Putkonen, P., Ma$ kitalo, B., Bo$ ttiger, D., Biberfeld, G. & Thorstensson,
R. (1997). Protection of human immunodeficiency virus 2-exposed
seronegative macaques from mucosal simian immunodeficiency virus
transmission. Journal of Virology 71, 4981–4984.

Rosenberg, E. S., Billingsley, J. M., Caliendo, A. M., Boswell, S. L., Sax,
P. E., Kalams, S. A. & Walker, B. D. (1997). Vigorous HIV-1-specific
CD4­ T cell responses associated with control of viremia. Science 278,
1447–1450.

BFHD



R. K. S. Ahmed and othersR. K. S. Ahmed and others

Rubbert, A., Weissman, D., Combadiere, C., Pettrone, K. A., Daucher,
J. A., Murphy, P. A. & Fauci, A. S. (1997). Multifactorial nature of
noncytolytic CD8­ T cell-mediated suppression of HIV replication : β-
chemokine-dependent and -independent effects. AIDS Research and
Human Retroviruses 13, 63–69.

Samson, M., Libert, F., Doranz, B. J., Rucker, J., Liesnard, C., Farber,
C.-M., Saragosti, S., Lapoumeroulie, C., Cognaux, J., Forceille, C.,
Muyldermans, G., Verhofstede, C., Burtonboy, G., Georges, M., Imai,
T., Rana, S., Yi, Y., Smyth, R. J., Collman, R. G., Doms, R. W., Vassart,
G. & Parmentier, M. (1996). Resistance to HIV-1 infection in Caucasian
individuals bearing mutant alleles of the CCR-5 chemokine receptor
gene. Nature 382, 722–725.

Shearer, G. M. & Clerici, M. (1996). Protective immunity against HIV
infection : has nature done the experiment for us? Immunology Today 17,
21–24.

Thorstensson, R., Walther, L., Putkonen, P., Albert, J. & Biberfeld, G.
(1991). A capture enzyme immunoassay for detection of HIV-2}SIV
antigen. Journal of Acquired Immune Deficiency Syndromes 4, 374–379.

Walker, C. M. & Levy, J. A. (1989). A diffusible lymphokine produced by
CD8­ T lymphocytes suppresses HIV replication. Immunology 66,
628–630.

Walker, C. M., Moody, D. J., Stites, D. P. & Levy, J. A. (1989). CD8­
T lymphocyte control of HIV replication in cultured CD4­ cells varies
among infected individuals. Cellular Immunology 119, 470–475.

Walker, C. M., Thomson-Honnebier, G. A., Hsueh, F. C., Erickson, A. L.,
Pan, L.-Z. & Levy, J. A. (1991). CD8­ T cells from HIV-1-infected
individuals inhibit acute infection by human and primate immuno-
deficiency viruses. Cellular Immunology 137, 420–428.

Zaitseva, M., Blauvelt, A., Lee, S., Lapham, C. K., Klaus-Kovtun, V.,
Mostowski, H., Manischewits, J. & Golding, H. (1997). Expression and
function of CCR5 and CXCR4 on human Langerhans cells and
macrophages : implications for primary HIV infection. Nature Medicine 3,
1369–1375.

Zou, W., Lackner, A. A., Simson, M., Durand-Gasselin, I., Galanaud, P.,
Desrosiers, R. C. & Emilie, D. (1997). Early cytokine and chemokine
gene expression in lymph nodes of macaques infected with simian
immunodeficiency virus is predictive of disease outcome and vaccine
efficacy. Journal of Virology 71, 1227–1236.

Received 20 October 1998; Accepted 16 March 1999

BFHE


