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In striking contrast to HIV infection, natural SIV infection of African nonhuman primates is
asymptomatic and usually does not induce significant CD4* T cell depletion despite high levels of
virus replication. Recently, significant progress has been made in understanding the mechanisms
underlying the remarkable difference in infection outcome between natural and nonnatural HIV/
SIV hosts. These advances include the identification of limited immune activation as a key factor
protecting natural SIV hosts from AIDS and the discovery of low CC chemokine receptor 5 expres-

sion on CD4* T cells as a specific and consistent immunologic feature in these animals. Further
elucidation of the pathways by which the differences in immune activation between natural and nonnatural hosts
are manifest holds promise for the design of novel therapeutic approaches to HIV infection.

Simian immunodeficiency viruses (SIVs) are primate lentiviruses
that infect numerous nonhuman primate (NHP) species in Africa.
Two of these viruses, SIVcpz from chimpanzees (Pan troglodytes) and
SIVsmm from sooty mangabeys (SMs, Cercocebus atys), have crossed
species barriers on multiple occasions, resulting in the generation
of HIV-1 and HIV-2, respectively (1). Other African monkey species
that are naturally infected with SIV include African green monkeys
(AGMs), mandrills, sun-tailed monkeys, L’hoest monkeys, Sykes
monkeys, and numerous others (2). A key feature of SIV infec-
tion of natural hosts is the lack of clinical disease, with the ani-
mals living an apparently normal lifespan (reviewed in refs. 2-7).
Instances of AIDS-like diseases in naturally SIV-infected NHPs
are exceedingly rare, with only a few cases of AIDS described in
natural hosts (reviewed in ref. 2). In sharp contrast, experimental
SIV infection of non-natural host Asian monkey species, such as
rhesus macaques (RMs; Macaca mulatta) results in the development
of illness similar to that described in AIDS patients (simian AIDS).
At present, the exact events that make SIV infection generally non-
pathogenic in natural host monkey species and those that induce
immunodeficiency in nonnatural hosts (including humans, who
have only recently become a host species for HIV) are still unclear.
Itis reasonable to propose that a further elucidation of the mecha-
nisms underlying the benign course of SIV infection in its “natu-
ral” hosts will likely provide important insights into the determi-
nants of immune deficiency in HIV-infected humans. Thus, there
is an emphasis on identifying the differences between natural SIV
infection and the typically pathogenic infections of humans and
RMs, with the implicit assumption that phenomena observed
in both settings are less important for disease progression than
those observed in pathogenic infections only. In this review, we
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will summarize a series of recent advances in our understanding
of the benign nature of SIV infection in natural hosts and discuss
the implications of these findings for HIV/AIDS pathogenesis,
therapy, and vaccines.

Basic features of natural SIV infection

SIV infections of natural hosts are typically nonpathogenic and
characterized, in the vast majority of cases, by sustained preser-
vation of peripheral CD4* T cell counts (8-17). CD4" T cell pres-
ervation is sometimes seen in HIV-infected individuals termed
long-term nonprogressors (LTNPs), yet LTNPs characteristically con-
trol HIV replication, while naturally SIV-infected NHPs sustain
levels of viremia that are as high or often even higher than those
observed in HIV-infected individuals with disease progression
(8-18). Figure 1 summarizes the key differences and similarities
between nonpathogenic SIV infection of natural hosts and LTNPs.
In a recent survey of 110 naturally SIV-infected SMs housed at the
Yerkes National Primate Research Center, we found a mean viral
load of 170,000 + 205,000 copies/ml of plasma and a mean CD4*
T cell count of 1,067 + 589 cells/mm? (19, 20). This typical pheno-
type of natural SIV hosts — high CD4* T cell counts despite high
viral loads — is very different from the observation that in both
HIV-infected individuals and experimentally SIVmac-infected
RMs, high levels of virus replication predict faster disease progres-
sion (21-23). On the contrary, difference in the level of viremia
between SMs does not appear to impact the clinical course. That
virus replication is continuously high during nonpathogenic SIV
infection of natural hosts is a consistent finding, the importance
of which cannot be overstated. The first fundamental implication
is that the evolutionary coadaptation between lentiviruses and
their natural primate hosts that permits peaceful coexistence does
not appear to involve better immune control of virus replication.
Indeed, the level of SIV-specific T cell responses in SMs is compa-
rable to that in RMs and is neither stronger nor broader than what
has been found during pathogenic HIV/SIV infections (24-26).
Furthermore, depletion of CD8" T cells in SMs was found to be
followed by minor changes in SIV replication in the only published
Volume 117

Number 11~ November 2007



Natural
hosts LTNPs
Develop AIDS No No
CD4* T cell depletion Rare No
Viral load High Low
Immune control of virus replication No Yes
Immune activation Low Low

Figure 1
Similarities and differences between nonpathogenic SIV infection of
natural hosts and HIV infection of LTNPs.

study at this writing (27). From a vaccine perspective, the fact that
the AIDS resistance of natural SIV hosts appears to be indepen-
dent of effective control of virus replication emphasizes the tre-
mendous challenge of artificially inducing, via immunization, a
type of protective immunity that has not been selected for through
many thousand years of evolutionary pressure posed by lentivi-
ruses on the primate immune system. The second fundamental
implication of the high-level viremia in natural SIV infections is
that we must reevaluate the concept that the direct HIV-mediated
killing of infected CD4" T cells is both necessary and sufficient to
cause progression to AIDS in HIV-infected individuals. Instead,
a more consistent model may be that the HIV-associated immu-
nodeficiency is a complex phenomenon initially triggered by the
virus but ultimately related to the nature of the host response to
infection (28-31).

Natural SIV infections are characterized

by low immune activation

An important common feature of SIV infection in natural hosts is
that these animals consistently show levels of immune activation
that are significantly lower than those observed in HIV-infected
humans or SIV-infected RMs (13, 14, 16-20, 32-34). In SMs, per-
haps the most well-characterized model of natural SIV hosts, it
was shown that chronic SIV infection is associated with (a) low
levels of CD4* and CD8* T cell activation and proliferation in
both peripheral blood and lymph nodes (14, 16-18); (b) no signs
of increased levels of T cell apoptosis either in vivo or in vitro (17,
35-36); (c) absence of the cell-cycle dysregulation associated with
pathogenic HIV/SIV infections (37-39); and (d) preserved function
of the T cell regenerative compartment, i.e., bone marrow, thymus,
and lymph nodes (17, 40). In addition, a strong inverse correlation
was found between the level of circulating effector T cells (reflec-
tive of general T cell activation) and CD4* T cell counts in natu-
rally SIV-infected SMs (19), suggesting that the establishment of
a higher set-point level of immune activation has a negative effect
on CD4* T cell homeostasis even in the setting of a nonpathogenic
infection. Importantly, the levels of T cell activation and prolif-
eration observed during the acute phase of experimental SIVsmm
infection of SMs are blunted compared with those observed dur-
ing pathogenic SIVmac infection of RMs, with a lower peak and a
more pronounced postpeak decline of immune activation (40-42).
Taken together, these findings indicate that limited immune acti-
vation is a consistent and distinct feature of natural SIV infection
when compared with all known models of pathogenic HIV/SIV
infection. It should be noted that this low-level immune activation
in natural hosts does not appear to represent ignorance of or toler-
ance to SIV antigens, as SIV-specific T cells are present in naturally
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SIV-infected SMs (25, 26) and appear to exert some immune pres-
sure on the virus (43). At least in SMs, however, the magnitude of
these SIV-specific T cell responses is lower than the HIV-specific
T cell responses seen in humans (25).

With these findings in mind, we and others have proposed that
it is the low level of immune activation that protects natural SIV
hosts from CD4* T cell depletion and AIDS (2, 6). This postulate
is consistent with the hypothesis that, during pathogenic HIV/
SIV infections, generalized immune activation is an important
driver of disease progression (28-31). The pathogenic impact of
the hyperimmune activation seen in nonnatural hosts has been
emphasized by several important observations, including the fact
that, in HIV-infected individuals, levels of T cell activation are a
very strong predictor of disease progression (44-46).

Intense studies are currently in progress to identify the mecha-
nisms that permit natural SIV hosts to maintain low levels of
immune activation during both acute and chronic infection
despite continuous high-level virus replication. In experimentally
SIVagm-infected AGMs, an early increase in numbers of Tregs is
paralleled by an increase in TGF-f and IL-10 levels in the plasma
during the acute phase of infection (32). This antiinflammatory
milieu may explain the low and transitory T cell immune activa-
tion in this natural host. Normal Treg development after infection
has also been observed in SMs (34, 47). Collectively, these data sug-
gest that Treg responses may be instrumental in attenuating the
immune activation during natural SIV infections. Yet the immune
activation that characterizes pathogenic HIV/SIV infection is too
extensive to be restricted to a few antigenic specificities. Thus,
additional mechanisms have been proposed to be responsible for
the low set-point level of immune activation in natural SIV hosts
that may act at a number of different molecular and cellular levels,
including the dendritic cell-T cell interface, the proinflammatory
cytokine response, the regulation of T cell homing to inflamed tis-
sues, and maintenance of the balance of distinct CD4* T cell sub-
sets (Th1,Th2, Th17),amongvarious others. Interestingly, a recent
study identified a potential role for the nef gene products of vari-
ous SIVs (but not of HIV) in protecting against chronic immune
activation and CD4* T cell depletion during natural SIV infection
by downregulating the expression of the CD3-TCR complex from
the surface of infected CD4* T cells (48). Future experiments in
which natural SIV hosts (i.e., SMs and/or AGMs) are inoculated
with recombinant SIVs expressing nefs that, similar to HIV-1 nef,
have lost the ability to downmodulate expression of the CD3-TCR
complex may be useful for the in vivo assessment of the hypothesis
that SIVnef-mediated downregulation of CD3-TCR protects natu-
ral SIV hosts from disease progression.

Mucosal CD4+ T cells are depleted in natural SIV hosts

A series of recent studies showed that pathogenic HIV infection
of humans and SIV infection of RMs are characterized by an early,
severe, and largely irreversible depletion of mucosal CD4*CCRS*
memory T cells (wWhere CCRS is CC chemokine receptor 5) (49-54).
Based on these studies, a model of AIDS pathogenesis has been
formulated whereby the selective depletion of memory CD4*
T cells from mucosal tissues during acute HIV infection is a key
determinant of disease progression, as it results in a severe impair-
ment of mucosal immunity (55-58). Recently, a mechanistic link
was proposed between this early defect in mucosal immunity and
the establishment of the typically high levels of immune activa-
tion seen during pathogenic HIV/SIV infections (59). Breakdown
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Figure 2

Dynamics of the CD4+ T cell pools during pathogenic and nonpatho-
genic lentiviral infections. This figure represents the changes induced
by HIV/SIV infection in the size of the pools of naive (Tn, blue), mem-
ory (Tem, pink), and effector (Tem, red) CD4+ T cell subsets in both
peripheral blood (PB) and MALT. The top row shows how HIV infec-
tion is associated with rapid decline of the mucosal CD4+ T cells and
much slower, but eventually very severe, depletion of the circulating
pool of CD4+ cells (this latter event is associated with progression to
AIDS). The middle row shows how nonpathogenic SIV infection of
SMs is associated, in approximately 90% of cases, with preservation
of the peripheral pool of CD4+ T cells but a rapid depletion of the same
cells in mucosal tissues. The bottom row shows how a minority of SIV-
infected SMs experience a severe depletion of CD4+ T cells in both
peripheral blood and MALT — and yet do not exhibit any clinical signs
of AIDS. The term “CD4-low” refers to the small subset (~3%—5%) of
SlIV-infected SMs with CD4+ T cell counts below 200 cells/mm?.

of the mucosal barrier as a result of the massive depletion of CD4*
T cells favors the translocation of microbial products (e.g., LPS
and others) from the intestinal lumen to the systemic circulation,
causing broad activation of the immune system via their binding
to certain TLRs (59, 60).

Interestingly, an early, severe, and persistent depletion of muco-
sal CD4" T cells has now also been observed during nonpatho-
genic SIV infection of the natural hosts — SMs and AGMs (42,
61). The kinetics of this early depletion are remarkably similar
in both species to those observed during highly pathogenic SIV-
mac239 infection of RMs (42, 61). It should be noted, however,
that in contrast to SIV-infected RMs (in whom mucosal CD4* T
cell depletion becomes increasingly more severe as disease pro-
gresses to AIDS), the early mucosal CD4* T cell depletion of natu-
ral hosts either does not progress further after reaching a stable
plateau (in SMs) or is followed by a significant recovery of these
cells (in AGMs) (42, 61). The realization that the homeostasis of
mucosa-associated lymphoid tissue (MALT) CD4" T cells but not
blood CD4" T cells is, in fact, disrupted during nonpathogenic
SIV infection indicates that the impact of SIV on the dynamics
of the CD4"* T cell pool in natural hosts is more complex than
previously appreciated (Figure 2). Importantly, the presence of an
early and severe depletion of mucosal CD4* T cells in natural SIV
hosts who remain asymptomatic means that the loss of MALT
CD4* T cells cannot be sufficient for the development of AIDS
but indicates instead that other factors are required to induce
mucosal and systemic immune dysfunction during a primate
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lentiviral infection. Consistent with the hypothesis that natural
hosts maintain normal integrity of their mucosal barrier despite
the severe loss of mucosal CD4" T cells is the important observa-
tion that, in naturally SIV-infected SMs and experimentally SIV-
infected AGMs, plasma levels of LPS are not elevated, remaining
at levels similar to those found in uninfected animals (60, 61).

Collectively, these studies of mucosal immunity in SIV-infected
SMs and AGMs raise a key question: what mechanisms protect
natural SIV hosts from progressing to AIDS in the setting of a
profound depletion of mucosal CD4* T cells? One obvious pos-
sibility is that natural SIV hosts have evolved to be less dependent
on CD4" T cells to maintain the overall function of the mucosal
immune system — a possibility supported by the fact that normal
AGMs show very low levels of CD4* T cells even before infection
(14). This relative “CD4 independence” could be the result of evo-
lutionary pressure placed upon these animals by lentiviral infec-
tions that caused them to progressively adapt to tolerate levels
of mucosal CD4" T cell depletion that would be associated with
disease progression in humans or RMs. An alternative possibility
is that additional factors, in particular the lack of local immune
activation, protect the CD4" T cell-depleted mucosae of natural
SIV hosts from losing their barrier function. This hypothesis is
consistent with the observation that, in both SMs and AGMs, the
level of mucosal immune activation (measured as the fraction of
T cells expressing markers of activation and proliferation) during
both acute and chronic SIV infection is markedly lower than in
SIV-infected RMs (42, 61). An additional possibility is that the
early mucosal CD4" T cell depletion observed in both pathogenic
and nonpathogenic lentiviral infections is not sufficient to ini-
tiate the events leading to AIDS (as it can be tolerated without
clinical manifestations in natural hosts) but rather serves as a key
mechanism to promote virus dissemination and establish chronic
infection by generating a large and diffuse pool of infected cells
during acute infection.

Extreme CD4+ T cell depletion in SMs infected

with dual-tropic SIV

While the majority of naturally SIV-infected SMs maintain nor-
mal CD4" T cell counts throughout the infection, a subset (10%-
15%) of these animals experience a significant depletion (i.e., to
less than 500 cells/mm? of circulating CD4" T cells; ref. 19; Figure
2). Intriguingly, two naturally SIV-infected SMs have been discov-
ered with levels of CD4* T cells below 50 cells/mm?,i.e.,a CD4* T
cell count that would place HIV-infected humans or SIV-infect-
ed RMs at high risk of opportunistic infections and death (19).
Important insights into the pathogenesis of this unusual “CD4-
low” phenotype of a minority of SIV-infected SMs were provided
by a recent study that revealed that extreme (i.e., less than 0.2%
of residual CD4" T cells) and generalized (i.e., observed in blood,
lymph nodes, and mucosal tissues) CD4" T cell depletion can be
observed in SIV-infected SMs in association with the emergence
of SIV strains with an expanded coreceptor tropism (62). The abil-
ity to use CXC chemokine receptor 4 (CXCR4) as well as CCRS as
a coreceptor for virus entry is highly uncommon in SIV-infected
SMs as well as other natural hosts (with only SIVagm.sab strains
using CXCR4), as primary SIV isolates have previously been found
to use mainly CCRS as a coreceptor for host cell entry (63, 64).
It is interesting that the emergence of dual-tropic CXCR4-tropic
viruses results in an almost complete depletion of CD4* T cells, as
asimilar phenomenon has been observed in HIV-infected patients
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Figure 3

Potential synergy between low immune activation and reduced CCRS5 expression in preserving CD4+ T cell homeostasis in SIV-infected SMs
despite high virus replication. This figure shows how, in SIV-infected SMs (natural hosts), low immune activation, expressed as the fraction of
CD4+T cell clones that undergo activation at any given time, may act in concert with reduced and/or delayed expression of CCR5 in promoting
a steady state where immune system homeostasis is preserved despite high virus replication. The top row shows how in HIV-infected humans
and SlV-infected RMs, presence of a high fraction of activated CD4+ T cell clones results in the rapid accumulation of CD4+ T cells expressing
CCRS5 that are infected and killed by the virus, resulting in the disruption of the homeostasis of these activated clones. In SIV-infected SMs (bot-
tom row), a smaller fraction of CD4+ T cells clones are activated, but a delayed and reduced expression of CCR5 on these cells may allow for
their accumulation, resulting in an equally high level of virus replication when CCR5 is finally expressed. In this case, however, the homeostasis

of fewer CD4+ T cells clones is disrupted at any given time.

(65, 66). What is remarkably different, however, is that these
CD4* T cell-depleted SIV-infected SMs have remained complete-
ly asymptomatic for a prolonged period (i.e, more than 5 years)
(62). This fascinating observation suggests the possibility that the
absence of chronic immune activation (as these “CD4-low” SIV-
infected SMs display the typical phenotype of natural SIV hosts
characterized by low levels of T cell activation and proliferation)
is sufficient to protect these animals from developing the clinical
manifestations of AIDS even when their CD4* T cells are almost
completely lost. Conceivably, lower levels of immune activation
may favor the preservation of the number and/or function of
other immune cell types (including CD8" T cells, yd T cells, NK
cells, macrophages, etc.) such that their functional integrity may
compensate for the profound CD4* T cell depletion (62). In this
regard, it should be noted that during chronic, progressive HIV
infection, high levels of immune activation are associated with
decreased function of many immune cell types (67-72).

Low CCR5 expression on CD4+ T cells of natural hosts
As discussed above, the level of immune activation is clearly a

major and consistent difference between natural, nonpathogenic
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and nonnatural, pathogenic HIV/SIV infections. Another striking
immunologic difference that we have identified recently is the level
of CCRS expression on CD4* T cells, which is significantly lower
in natural SIV hosts (73). Low levels of CD4*CCRS5* T cells were
found in the blood, lymph nodes, and mucosal tissues of natural
SIV hosts and were observed across several species including SMs,
AGMs, chimpanzees, mandrills, and solatus monkeys, indicating a
striking evolutionary convergence of this characteristic phenotype
(73). Importantly, the low-level CCRS expression is specific for
CD4* T cells (and, to a lesser extent, for monocytes/macrophages),
as CD8* T cells in these hosts express levels of CCRS comparable to
those observed in nonnatural hosts (73). While the low expression
of CCRS on CD4" T cells is a strikingly clear finding, it does not
protect natural SIV hosts from infection with CCRS-tropic virus
and subsequent high-level virus replication that, similar to patho-
genic infections, occurs predominantly in activated CD4" T cells
(17, 41). Thus, the effects of the low CCRS expression on CD4*
T cells of natural hosts may be more complex; perhaps reduced
homing of activated CD4*CCRS* T cells to inflamed tissues and
diminished signaling in response to these chemokine ligands may
blunt the cycles of HIV/SIV-associated immune activation (73).
Volume 117 3151
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An attractive alternative hypothesis is that, in natural SIV hosts,
expression of CCRS is restricted to CD4* T cells that, after having
encountered their cognate antigen, are in a more advanced stage
of activation and/or differentiation to effectors (see Figure 3). As
such, restricted and delayed expression of CCRS on activated CD4*
T cells may act in concert with a state of attenuated immune acti-
vation to preserve the homeostasis of the pool of “resting” naive
and memory CD4" T cells while supporting similarly high levels of
virus production. During any immune response, the majority of
activated CD4* T cells are likely to die as a consequence of activa-
tion-induced cell death (AICD) (74). Therefore, limiting virus rep-
lication — by virtue of selective CCRS expression — to a subset of
more “expendable” highly activated effector CD4" T cells that are
likely destined for AICD (regardless of their SIV infection status)
could be a very elegant mechanism for the host immune system
to both support and tolerate high virus replication and chronic
destruction of activated CD4* T cells (Figure 3).

Evolutionary considerations

Scientists working in this field generally assume that the coadap-
tation of primate lentiviruses and their natural hosts has slowly
coevolved over many thousands of years of coexistence to result in
the nonpathogenic infection phenotype that has permitted sur-
vival of both (2-7). As the coevolution of SIVs and their natural
hosts did not occur in an otherwise pathogen-free environment,
it is conceivable that the specific adaptations that allowed these
species to avoid AIDS were influenced by the evolutionary pres-
sure placed upon the immune system by other infectious agents.
An alternative possibility is that a singular, relatively abrupt event
in the distant past might have selected for a few animals that were
resistant to disease progression and rapid death. In all of these sce-
narios, the underlying assumption is that SIV infections of natu-
ral hosts were originally pathogenic and thus exerted pressure on
the host genome of the infected animal. Favorable characteristics
in the gene pool of individuals surviving the infection were then
selected for in successive generations. While this line of thinking
is probably correct, it deserves some further qualification. A direct
evolutionary pressure is certainly easy to imagine if the “ancestral”
SIV infection of natural hosts manifested a tempo of disease simi-
lar to that observed in SIV-infected macaques (with progression to
AIDS observed in most cases within 1-2 years of primary infection).
It should be noted, however, that if the original and putatively
pathogenic infections of African monkeys had a course of disease
similar to that observed today in HIV-infected individuals (i.e., tak-
ing an average of 10 years to proceed from infection to death), it
is hard to fathom a strong evolutionary pressure in animals with
a 15-20 year lifespan in the wild that usually acquire infection as
adults (75-78). In this perspective, it is possible to imagine that
the original epidemics of SIV infection in African NHPs generated
strong evolutionary pressure to avoid vertical transmission from
mother to offspring, particularly if one considers (a) the likely
deleterious effect of moving the “clock” of the infection back 4-5
years and (b) the fact that primate lentiviral infections appear to be
more severe in newborns compared with adults (79, 80). As such,
one may speculate that the genetic features of natural SIV hosts
that underline their two main immunological features (i.e., low
immune activation and decreased CCRS expression on CD4* T
cells) may actually reflect evolutionary selection to reduce the inci-
dence of vertical transmission from mother to offspring. Potential
mechanisms whereby low levels of activated CD4*CCRS5* T cells in
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fetuses and newborns may result in decreased frequency of vertical
SIV infection include resistance to perinatal transmission due to
contact with virus-infected maternal body fluids as well as protec-
tion from mucosal transmission caused by breastfeeding. The pro-
vocative corollary of this line of thinking is that these apparently
protective features of natural SIV infection that we and others have
observed in adult animals might be, at least to some extent, an
epiphenomenon of evolutionary adaptations that were originally
selected for as they had a positive impact on reducing or eliminat-
ing the risk of vertical transmission of SIVs.

In any event, the exact mechanisms by which evolutionary coad-
aptation has determined the exquisitely nonpathogenic pheno-
type of natural SIV infections remain to be defined — and it is
certainly possible that different species of naturally adapted hosts
may share some but not all these mechanisms, especially at the
molecular level. A better definition of the evolutionary determi-
nants of these nonpathogenic SIV infections will only be possible
when experimental manipulation(s) of naturally adapted hosts
will turn their nonpathogenic infection phenotype into a patho-
genic one (or vice versa in the case of AIDS-susceptible species such
as Asian macaques).

Future directions and conclusions

While significant progress has recently been made in our under-
standing of the main virological and immunological features of
natural SIV infections, many important questions remain unan-
swered. Further studies are clearly warranted to better elucidate
the mechanisms by which natural SIV hosts avoid disease progres-
sion. Such studies will undoubtedly provide important insights
into the mechanisms of AIDS pathogenesis and will likely lead to
the identification of new therapeutic targets (81, 82).

We have identified three research areas that, in our opinion, rep-
resent important topics for future studies. First and foremost, a
strong effort should be made to elucidate the molecular mecha-
nisms that underlie the dramatic differences in levels of immune
activation during acute and chronic infections in natural and
nonnatural hosts. The importance of this line of research is hard
to overestimate since only the exact clarification of these mecha-
nisms will identify targets for immunomodulatory strategies that
hold promise of being both effective in reversing the course of
disease and also safe in already immunosuppressed HIV-infected
subjects. While targeting HIV-associated immune activation is,
at least in principle, a promising therapeutic strategy for HIV-
infected individuals, the fact that the mechanisms underlying this
immune activation (and the mechanisms whereby natural hosts
have attenuated it) are still poorly understood represents a major
obstacle to the development of rational, targeted immunomodu-
latory interventions. This lack of basic knowledge is particularly
worrisome when one considers that, ultimately, HIV infection
results in a state of chronic immunodeficiency, in which the use
of nonspecific immunosuppressive agents such as cyclosporine A
may be ineffective (83) and even dangerous (84). A second major
goal for future research efforts is to understand how low immune
activation and T cell turnover translate into a better preserva-
tion of CD4" T cell counts. In this regard, the identification of
differences in the regulation of the homeostasis of CD4* T cells
and their main subsets (Tn, Tcm, and Tem; see Figure 2) between
AIDS-susceptible and AIDS-resistant naturally adapted hosts may
have important therapeutic implications. Finally, we believe that
it will be important to conduct studies aimed at identifying the
November 2007
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mechanisms regulating the selectively reduced expression of CCRS

on CD4" T cells of natural SIV hosts.
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Cleveland Immunopathogenesis Consortium for helpful discussions

and sharing of data regarding the hypotheses discussed herein.

Solving the complex riddle of how natural SIV hosts avoid dis-

ease progression will require more time as well as the investment
of a significant amount of scientific resources but will certainly
represent a major step forward in the fight against AIDS.
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