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“CD4+ T cells are not all created equal. Several recent important 
studies have begun to suggest a role for various subsets of CD4 

T cells in HIV disease progression.”

Despite the urgent need, no HIV vaccine
currently exists. While binding antibody
responses to HIV are readily generated
in vivo, eliciting broadly neutralizing
antibody responses to HIV has proven
extraordinarily difficult [1]. Studies dem-
onstrating the importance of HIV- and
SIV-specific CD8+ T cells (cytotoxic
T lymphocytes [CTLs]) in the initial
control of viremia during acute infection
led to a glut of vaccines designed to
induce specific CTL responses [2]. The
recent failure of adenovirus-vector HIV
vaccines (which typically induce robust
HIV-specific CTL responses) in proof-of-
efficacy Phase IIb trials, highlights the
enormity of the challenge [3]. 

Compared with HIV-specific CD8+

CTL and antibody responses, less atten-
tion has been paid to CD4+ T-cell
responses in controlling or preventing
HIV. The contribution of HIV-specific
CD4+ T cells to control of viremia or pre-
vention of infection remains controver-
sial. The importance of CD4+ T cells in
HIV infection is, however, firmly estab-
lished: CD4+ T-cell decline is a hallmark
of HIV infection. 

However, CD4+ T cells are not all cre-
ated equal. Several recent important
studies have begun to suggest a role for
various subsets of CD4 T cells in HIV

disease progression. Compelling evi-
dence now exists that CD4+ T-central
memory (TCM) and T-regulatory (Treg)
cell subsets play a significant role in
mediating the control of HIV viremia
and survival.

Loss of CD4+ TCM cells

Depletion of CD4+ T cells during acute
HIV infection occurs primarily within
the CC chemokine receptor (CCR)5+

memory population, which comprise the
majority of CD4+ T cells in the GI tract
[4]. Selective infection and depletion of
CD4+ memory T cells is also observed in
SIV-infected nonhuman primates [5–7].
During late HIV infection, as the pro-
portion of CCR5+ memory CD4+

T cells declines, there is frequently a
shift to CX chemokine receptor
(CXCR)4-tropic virus targeting naive
CD4+ T cells [8,9]. Moreover, chimeric
SHIV, which use CXCR4 (expressed on
virtually all naive and a large proportion
of memory CD4+ T cells), leads to a
rapid and almost complete loss of naive
and CD4+ TCM in macaques [10]. Further
compounding loss within the CD4+

memory T-cell compartment is the
observation that HIV preferentially
infects HIV-specific memory CD4+

T cells in vivo during all stages of HIV
infection [11]. Taken together, these stud-
ies highlight a crucial problem: if the
majority of CD4+ T cells, including a
large number of CD4+ TCM cells, are
rapidly infected during primary infec-
tion, then therapeutic intervention
needs to occur before this initial rapid
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depletion of CD4+ T cells [12]. On the other hand, there is evi-
dence to suggest that although a large number of CD4+

T cells are lost to direct infection, the majority of CD4+

T cells remain uninfected during HIV/SIV infection; thus,
loss of CD4+ TCM cells during chronic infection via other
mechanisms may still be managed by HIV immunotherapy
throughout the later stages of infection.

Fas-mediated apoptosis has also been proposed as a primary
cause of CD4+ T-cell loss during HIV/SIV infection. In SIV-
infected macaques, CD4+ but not CD8+ T cells undergo
apoptosis, which parallels CD4+ T-cell decline [7]. The apop-
tosis-related FasR (CD95), which is expressed on acti-
vated/memory but not naive T cells, is increased on CD4+

T cells during HIV infection and correlates with CD4+ T-cell
decline and disease progression. Likewise, apoptosis of CD95
upregulated CD4+ T cells also occurs during acute and
chronic SHIV infection. More importantly, since CD4+ TCM
and T-effector memory (TEM) cells express high and interme-
diate levels of CD95, respectively, it appears that the former
are more susceptible to Fas-mediated apoptosis than either
TEM or naive CD4+ T cells. Preferential apoptosis of HIV-
specific CD4+ T cells has also been reported [13]. Control of
CD95-mediated apoptosis would be a useful adjunct to HIV
immunotherapy of HIV-infected individuals [14].

In addition to the death of infected cells and apoptosis of
uninfected bystander cells, chronic virus-induced immune
activation also drives CD4+ T-cell depletion and the develop-
ment of opportunistic infections [15,16]. Translocation of
microbes and microbial products across the GI tract following
massive depletion of mucosal CD4+ T cells is one cause of
chronic immune activation. Plasma levels of lipopolysaccha-
ride (LPS), a marker of microbial translocation, correlate with
immune activation and are higher in chronically HIV-
infected humans and SIV-infected rhesus macaques [17]. The
intensity of apoptosis correlates with degree of immune acti-
vation in HIV-infected individuals. If chronic immune activa-
tion, driven by circulating plasma LPS or other bacterial
products, is causing CD4+ T-cell loss, it may be possible to
target plasma LPS in HIV-infected patients in order to limit
the extent of CD4+ T-cell loss, which ultimately compromises
effective control of HIV.

HIV/SIV-infected primates that are naturally resistant to
disease progression provide clear evidence for the importance
of limiting chronic immune activation. HIV-infected chim-
panzees and SIV-infected sooty mangabeys that are relatively
resistant to AIDS exhibit a lack of chronic immune activa-
tion. In fact, sooty mangabeys that are naturally infected with
SIV maintain normal CD4+ T-cell counts and remain disease
free despite high-level viremia and attenuated SIV-specific
T-cell responses [18]. Furthermore, CD4+ T cells in SIV-
infected sooty mangabeys are relatively resistant to anergy and
this anergy resistance resides predominantly within the CD4+

TCM population, which may be crucial in conferring disease
resistance in this species [19]. 

Preservation of CD4+ TCM subset

The targeting of CD4+ TCM cells via direct infection, apopto-
sis and chronic immune activation during HIV/SIV infection
suggests that this cell population may be crucial to effective
immune control of HIV/SIV. Additional evidence for the
importance of CD4+ TCM cells in HIV/SIV infection comes
from studies demonstrating preservation of CD4+ TCM cells is
associated with survival in vaccinated and SIV-challenged rhe-
sus macaques [20] and maintenance of Gag-specific TCM CD4+

T cells in macaques that control viremia compared with ani-
mals that have progressive disease [21]. However, although the
association between preservation of CD4+ TCM cells and con-
trol of viremia or survival is evident, the cause and effect rela-
tionship remains unclear. Notably, highly active antiretroviral
therapy (HAART) of HIV-infected individuals increases total
as well as CD4+ TCM cell counts, yet antigen-specific CD4+

TCM cell responses remain functionally impaired [22] indicat-
ing that merely increasing total CD4+ TCM cell counts may be
insufficient to effect improvement in the immune control
of HIV.

Regulatory T cells in HIV/SIV infection

Another important subset of CD4+ T cells are CD4+CD25+

forkhead box transcription factor (Foxp)3+ Treg cells. Given
the lack of chronic immune activation observed in AIDS-
resistant HIV-infected chimpanzees and SIV-infected sooty
mangabeys, there is growing interest in the role of natural
(nonantigen specific) Treg cells in HIV/SIV infection.
Although it is plausible to hypothesize that Treg cells play a
beneficial role in HIV/SIV infection by moderating immune
activation, there is considerable debate as to whether Treg
cells facilitate or hinder control of HIV/SIV infection. Treg
cells could contribute to HIV/SIV pathogenesis by suppress-
ing HIV-specific immune responses, as shown in vitro [23,24].
Premature induction of Treg cells during acute SIV infection
in rhesus macaques appears to facilitate establishment of
chronic infection by blunting SIV-specific T-cell responses
before the virus can be cleared [25]. This is supported by stud-
ies in humans showing proportions of circulating and lym-
phoid Treg cells correlate with viral load [26,27]. A direct inter-
action between HIV and Treg cells, probably via glycoprotein
120, may drive accumulation of Treg cells in lymphoid tissues
and facilitate disease progression [28]. On the other hand, sig-
nificantly lower viral loads and higher CD4+ T-cell counts
have also been reported for HIV-infected individuals with
strong Treg cell function in vitro [29]. Furthermore, high levels
of Treg cells are present in the cord blood of HIV-exposed,
uninfected infants, potentially limiting T-cell activation and
reducing vertical transmission [30]. 

Some of these apparently conflicting results may reflect dif-
ferences in phenotypic analyses used to identify Treg cells, com-
partments monitored, measurement of Treg cells based on
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absolute numbers versus total CD4+ T-cell frequency and vari-
ous animal models (e.g., humans, rhesus macaques, sooty
mangabeys and pigtail macaques). However, whatever the role
of Treg cells in HIV/SIV, they probably play a crucial role in
modulating not only virus-specific immunity, but the overall
immune milieu during the course of infection.

Defining a role for Treg cells in HIV/SIV infection

If Treg cells dampen HIV-specific immune responses, would
HIV vaccines that target and disable Treg cells generate better
immunity to HIV? Therapeutic treatment of HIV may benefit
from the coupled use of agents to selectively target Treg cells to
boost HIV-specific T-cell immune responses. Transient depletion
of Treg cells in macaques with (or prior to) SIV infection could
be illuminating. 

T regulatory cells express T-cell receptors with broad specif-
icity and recognize a number of diverse pathogens, including
tumor, bacterial and viral antigens. HIV-specific Treg cell
activity has also been reported, although not yet mapped to
specific epitopes [29]. Unfortunately, screening for antigen-
specific Treg cell responses by measuring Treg cell-associated
cytokines, such as IL-10 and TGF-β, has proven difficult.
Methodologies that can be used to identify and fine-map
putative Treg epitopes are needed, particularly in view of the
high failure rate of HIV vaccine trials to date. Recent studies
highlight the use of surface markers CD25+127lo as accurately
identifying Treg cells [31]: sorting or gating on this population
should help identify live HIV-specific Treg cells without the
requirement to fix cells to intracellularly stain for Foxp3. Vac-
cines designed to elicit HIV-specific T-cell immunity may also
inadvertently stimulate and expand HIV-specific Treg cells
that prevent optimal production of T-cell responses. Selec-
tively inducing or avoiding HIV/SIV-specific Treg responses
(once the relevant epitopes are known), for example using
peptide-pulsed blood cells [32], would help sort out the utility
of Treg cells in vivo. 

Conclusion

Much remains to be done in determining how to generate pro-
tective immunity against or long-term control of HIV. Lump-
ing all CD4 T-cell responses together belies the extraordinary
complexity of this cell population. CD4+ TCM and Treg subsets
and their potential contribution to the development of HIV
vaccines and immunotherapies warrant further examination,
and the following questions need answers:

• What influences preservation of CD4+ TCM cells during
HIV/SIV infection? 

• Is there a critical threshold for CD4+ TCM cell counts for
disease progression?

• Could lack of immune escape in CD4+ T-cell epitopes be
consequence of loss of CD4+ TCM cells?

• Can different HIV/SIV antigens preferentially induce
HIV/SIV-specific CD4+ memory responses that are skewed
towards expansion of either TCM or TEM cells? Could this
account for different associations between T-cell responses to
different HIV antigens and control of viremia?

• Do CD4+ Treg cells facilitate or suppress HIV infection?

• Do HIV-specific Treg cells exist and can HIV Treg epitopes
be targeted or avoided with vaccines?

There is an imperative to explore all avenues that might lead
to generating more effective immunity to HIV. 
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