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Abstract

Several issues of HIV pathogenesis remain unsolved. Among them, the reason for uncontrolled viral
replication in the majority of infected patients is one of the most investigated but still not completely
understood. In the last four years a new player has been incorporated into the HIV field: T regulatory
(Treg) cells. They are a subset of CD4+ T-cells whose main function is to maintain peripheral tolerance
in order to avoid autoimmunity. However, their role in chronic viral and parasitic infections has also
been recognized. Several papers have been published in the last years on the potential role of these
cells on HIV disease pathogenesis. From the data available so far, two main, nonexclusive roles have
been attributed to Treg cells in HIV: a detrimental effect mediated through the impairment of HIV-
specific responses, and a beneficial effect by limiting immune activation. The topic is currently
highly controversial for different reasons, one of the most important being the lack of standardized
assays to measure levels and function of Treg cells. (AIDS Reviews 2007;9:54-60)
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without provoking autoimmune diseases in most individu-
als. This is because of several mechanisms of peripheral
tolerance, including T-cell anergy and ignorance. Among
all of these mechanisms, studies ongoing for more than a
decade in rodents have provided firm evidence for the
existence of several professional CD4+ T-lymphocytes
with different phenotypes that have the ability of inhibiting
the response of other T-cells. They have been grouped
under the name “T regulatory (Treg) cells” and seem to
have an important role in preventing some autoimmune
diseases by keeping autoreactive T-cells that have es-

: . - } caped other mechanisms of tolerance from both the acti-
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without the prior Wﬁ{fﬁfvﬂag@tpmwye@ wn that these cells appear

naturally in the thymus, thus being called “natural Treg

Biology of T regulatory (Treg) cells

The immune system is constantly recognizing self and
nonself structures, being capable of destroying foreign
pathogens and at the same time respecting self. The abil-
ity of the immune system to recognize self without causing
any damage is controlled by different mechanisms of cen-
tral and peripheral tolerance. Immunologic self-tolerance
is critical for the prevention of autoimmunity and mainte-
nance of immune homeostasis. Central tolerance involves
deletion of most high-affinity, self-reactive T-lymphocytes
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Figure 1. Origin and maturation of natural and induced T regulatory cells. DP: double positive thymocytes; SP: single positive thymocytes;
HA: high affinity; IA: intermediate affinity; LA: low affinity; DC: dendritic cells. Th: T helper lymphocyte.

expressed on thymic antigen-presenting cells (APC). This
affinity is too low for negative selection, yet too high to allow
the T-cells to pass through to the periphery. As a result of
this process of activation in the thymus, CD4+CD25+ are
rendered non-responsive and suppressive. Lower avidity
interactions would predominantly promote the develop-
ment of conventional CD4+CD25- single positive thymo-
cytes and higher avidity interactions would lead to clonal
deletions* (Fig. 1).
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because Treg cells also prevent IL-2 production by nor-
mally responsive T-cells®. These data suggest several
immunosuppressive properties of naturally occurring
CD4+CD25+ T-cells. But how are they carried out? In vitro
studies show that although when conveniently stimulated
these cells are capable of producing small amounts of
IL-10 and transforming growth factor-beta (TGFB), none
of these cytokines seem to be necessary for these cells
to carry out their regulatory function. This function is main-
ly mediated through a cell contact-dependent mechanism
independent of suppressor cytokines. There is conflicting

a on, whether the csall contact-dependent inhibitory
E? &@t@malm@y ebere mediated via APC. In fact,
some authors show that co-culture with activated
d to reduced amounts of the co-

sﬂmulatory mogéﬁles D80 and CD86 on dendritic cells
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press high levels of cytotoxic T-lymphocyte-associated
so involved

55



56

AIDS Reviews 2007;9

The main problem hindering the study of Treg cells has
been the lack of a unique marker that defines all cells with
regulatory activity. Although CD25 expression is a useful
marker to distinguish Treg cells from resting T-cell popula-
tions and seems to be highly specific for their immuno-
regulatory activity, a complete characterization of natural
Treg cells has been difficult to achieve because of the
problems to distinguish them from the recently activated
CD25+ effector cells. Nevertheless, it has been shown that
the expression of CD25 is highly stable on CD4+ regulatory
T-cells, in contrast to transient CD25 expression on acti-
vated T-cells'”. Based on this, some authors have classified
CD4+CD25+ Treg cells according to the level of CD25
expression. This has been demonstrated to roughly divide
activated (low CD25 expression) from regulatory T-cells
(intermediate-to-high or only high CD25 expression) in the
peripheral blood of healthy subjects® 8.9,

Other surface markers such as high expression of CD5
(CDb5high), CD28, CD38, CD45R0, low expression of
CD45RB (CD45RBlow), CD62L, CD134 (OX-40), GITR
(glucocorticoid-induced TNF-related receptor), CD127,
CD152, CD154 (CD40L) or forkhead box protein 3 (Foxp3)
have been correlated to a certain extent with phenotype
and/or function of CD4+CD25+ Treg cells'>7:2-22. Among
them, Foxp3, a member of the “forkhead” or winged helix
family transcription factors, seems to be the one which
has a stronger association with regulatory T-cell function.
In fact, the finding that enforced expression of Foxp3, either
via retrovirus or transgene, can convert T-cells to a Treg
phenotype suggests its determinant role. These data,
coupled with other studies showing that T-cell receptor
stimulation of human CD4+CD25- T-cells induces both
Foxp3 expression and Treg activity, suggest an active role
for Foxp3 in suppressor function. Because of the fact that
Foxp3 is expressed in more than 95% of peripheral blood
CD4+CD25+ T-cells with high CD25 expression and only
in 35% of CD4+CD25+ T-cells with intermediate CD25
expression, some authors conclude that most CD4+CD25+
Treg cells would be included in the CD4+ T-cells expressing
high intensity of CD252.
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Like natural Treg cells, they must be first activated. How-
ever, they require IL-10 for their formation, and once ma-
ture, they carry out their regulatory function mainly through
the secretion of large amounts of this cytokine, moderate
amounts of TGFB, interferon (IFN)-y or IL-5, or low amounts
of IL-2. They are abundant in the intestine and their chief
function may be to make animals or humans tolerant to
the many antigens being part of their diet. These Tr1 cells
have been obtained in vitro from peripheral blood CD4+
T-naive cells cultured with exogenous IL-10%4%°, On the
other hand, Th3 cells are induced following oral adminis-
tration of antigens. They are also prevalent in the intestine,
but unlike Tr1, their main cytokine to carry out their regula-
tory function is TGFB. Like Tr1, they predominantly suppress
immune responses to ingested antigens®?” (Fig. 1).

Regulatory T-cells in HIV infection

Immune responses mediated by T-cells are essential in
the control of virus infections. After antigen encounter, a
tightly regulated and orchestrated set of phenomena take
part in the successful control and, in most cases, eradication
of the inflicting pathogen. Among these phenomena, the
successive expansion and differentiation of several types
of T-cells with different functional abilities are essential to
accomplish the task. However, after pathogen removal,
the burst of expansion/differentiation vanishes and a pool
of memory cells remains for future encounters with the
same pathogen.

The HIV infection is the paradigm of chronic infectious
disease and is associated with progressive loss of CD4+
T-cells and immune dysfunction. Diverse immune altera-
tions are already present before a substantial decline of
CD4 T-cells occurs®. Lack of immune competence against
HIV and other pathogens, as well as a heightened immune
activation, are among the most relevant alterations present
in patients with chronic infection®®%®, The precise mecha-
nisms underlying these alterations are not completely un-
derstood. The recognition of the role of Treg cells in other
ctions.has stimulated the search for a potential role of

E&Q mnem\aiymb@ immune dysfunction. So far,
it is not clear if Treg cells play a detrimental effect in HIV
hf;]goell responses and thus facilitating
viral persistence, or conversely, if they exert a protective
't@aﬁon, in which case a decline

in its level |d contribute to aberrant T-cell activation

these cells have been called “induced T regéa]tom Is” Libigﬁéfdd complexity to this issue, the study of Treg
and would be represented by two main subsets. hp | I pered by the lack of consensus on what are

one hand, Tr1 cells resemble natural Treg cells in several

the best markers to identify them. Most studies have
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Figure 2. Dual role for T regulatory cells (Treg cells) in HIV infection. Treg cells, either in an specific or non-specific manner, inhibit HIV-
specific T-cell proliferation by direct cell contact and also produce cytokines such as IL-10 that polarizes the response toward a T-helper 2 (Th2)
type. On the other hand, they also limit T-cell activation that is one of the main mechanisms involved in T-cell dysfunction and depletion.

other markers such as human leukocyte antigen (HLA)-DR
suggests that the regulatory subset may comprise a low-
er percentage of total CD4+ cells. Other markers such as
cytotoxic T-lymphocyte associated protein 4 and gluco-
corticoid-induced TNF receptor have also been reported
to be expressed by Treg cells®"*, although they can also
be expressed on T-effector cells, making the immunophe-
notyping problematic. A significant advance in this field
was the identification of the transcription factor Foxp3 as
a marker closely associated to Treg cell development and
function®. The addition of this marker has enabled re-
searchers in the field to mor%c@@ﬂef@j a%

titate levels of Treg cells in different diseases. In this re-

gard, most studies in the field of IH@@’(&@(drU@@de@[’ @h@%@@@@;

performed in the last three years. However, it must be kept
in mind that Foxp3 is not

baaf) U

IL-7-receptor (CD127) has been proposed as a new
biomarker to identify Treg cells in humans®.

Treg cells and HIV-specific
immune responses

Several groups have analyzed the level and function of
these cells in peripheral blood of HIV-infected patients,
supporting the conclusion that Treg cells may contribute
to HIV pathogenesis by altering the function of HIV-spe-
E)if'o effector T-cell responses®-3.

R T ERaRYeR fevels of CD+CD25 el
in HIV patients taking antiretroviral therapy. They found a
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ripheral blood that were able to potently inhibit prolifera-
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tioned whether all Treg cells are Foxp3+ oral(lggsrx;i;ﬁérep ti&%vrbbéfecreting TGFB and IL-10, although its sup-
Treg cells®'. Secondly, it has been suggested'th n L@Q i ivity was not dependent on these molecules.

sient expression of Foxp3 may be a normal consequence

Similar conclusions were drawn from the study of Aandahl,
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produce cytokines, although in their study, levels of
CD4+CD25+ regulatory cells were not significantly elevated.
In a study including both treated (with undetectable viral
load) and untreated patients, Tsunemi, et al.¥” analyzed
the relationship between levels of Treg cells and levels of
Th1 and Th2 responses, and found a significant increase
of Treg cells in peripheral blood of untreated patients with
normal levels in the treated group. In both groups of pa-
tients, Treg cells were negatively correlated with Th1 and
positively with Th2 frequency. Furthermore, in untreated
patients, Treg cells were inversely correlated with CD4
counts. The authors conclude that increased levels of Treg
cells are associated to more severe stages of infection
and to polarization toward Th2 immune responses. In a
recent study, Nilsson, et al.% analyzed the level and func-
tion of Treg cells in lymphoid tissues of untreated HIV
patients with progressive or non-progressive disease.
They found increased numbers of Treg cells (Foxp3+) in
HIV progressors as compared to nonprogressors that
were not correlated with immune activation. This increase
in Treg cells in progressors impaired cellular immunity, as
evaluated by production of different cytokines by CD8+
T-cells present in lymphoid tissues. Furthermore, in an in
vitro model in which CD4 Treg cells were exposed to in-
activated HIV, they demonstrate that gp120-CD4 interac-
tion promotes the survival of these cells by inhibiting
apoptosis, concluding that the selective expansion of Treg
cells is driven by HIV.

Treg cells and immune activation

As counterpoint to the detrimental effect of Treg cells
commented above, some authors have suggested that
these cells could have a protective role in HIV pathogenesis
by limiting T-cell activation, which is one of the main
mechanisms involved in T-cell dysfunction and depletion.
This idea has been specially advocated by Oswald-Ritcher,
et al.® and by Eggena, et al.%, In the first study, the au-
thors/demonstrate in an in vitro system that Treg cells
(CD4+CD25+Foxp3+) do e ess CCR
susceptible to HIV infection. Q—II@@;E
greatly decreased levels of CD4+CD25+Foxp3+ Treg
cells as compared to HIV—seroneg@@@fc@dlu @r@@
patients with the lower numbers of Treg cells had higher
levels of T-cell activation aw I?

thors conclude that disruption of this cell population may
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that they strongly correlated with both CD4 and CD8
activation. In a multivariate model, this association was
stronger than with any other clinical factor examined, in-
cluding CD4 count and viral load. They conclude that Treg
cell depletion is a contributing factor to the high level of
immune activation typically observed in untreated patients.

A double-edged role for Treg cells in HIV pathogenesis
is drawn from the studies of Kinter, et al.*' and Epple, et al.*?.
In the first study, there was a significant increase in the
proportion of CD4+CD25+ Treg cells in HIV as compared
to controls, and these cells were able to suppress both
the proliferation and cytokine production of HIV-specific
CD4 and CD8 cells, as well as the proliferation in response
to polyclonal stimulation. Interestingly, the strongest HIV-
specific suppressive activity was observed in patients with
low levels of plasma viral load and high CD4:CD8 ratios
and this activity was absent in patients with more ad-
vanced disease. These data suggest that Treg cell sup-
pressive activity is maximal early in HIV infection and is
lost with disease progression. Epple, et al. quantified Treg
cells in the gastrointestinal mucosa of 26 HIV patients (13 of
them treated and with undetectable levels of viral load), and
found an increase in both the frequency and the absolute
count of these cells only in the untreated patients. In con-
trast, neither the absolute numbers nor the frequency was
significantly increased in peripheral blood. The authors
conclude that active HIV replication induces accumulation
of Treg cells in the gastrointestinal tract, and that this may
reflect either an attempt to slow disease progression by
inhibiting immune activation, or a higher susceptibility of
the gastrointestinal tract to opportunistic infections.

Level of Treg cells and changes
with HAART

Although most of the abovementioned studies have as-
sessed the levels of Treg cells in HIV infection, the question
of whether they are increased, decreased, or unchanged
remains unresolved. Firstly, not all studies have found an

tered f ency of these cells in HIV patients®, Sec-
% %[jat&eéu E}ﬁl(/:a na\Jg}éaxértEQ)encreased85 87.384143 whereas

others have reported decreased frequencies or absolute
rné]rgnorease and a decrease depend-
ing on vvhether cells are expressed as absolute numbers

m § @)rj+ cells®0. At least two rea-
sons account fort ese discordant results: firstly, it is obvi-

contribute to hyperactivation of T-cells and Li: gﬁg ?)Lmj y%ahé ults can dramatically change depending on
progression. Eggena, et al. analyzed a coho@ f ti a are presented as absolute numbers or as

retroviral-naive, HIV-infected Ugandans, and found that

proportions, smce total CD4 cells are diminished in HIV
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aspect to consider is that changes observed in periph-
eral blood may not be representative of what is happening
in other tissues such as intestinal mucosa or lymphoid
nodes as some of these studies have demonstrated®®4,
It must be pointed out that changes in peripheral blood
may be the consequence of redistribution of Treg cells to
other tissues with active viral replication*. Finally, chang-
es in number andfor frequency of Treg cells may not al-
ways be paralleled by an increase in activity of these cells,
since cells detected by surface markers staining may not
be functional. In fact, some studies have found that de-
spite an increase of CD25 expression on CD4 cells in
peripheral blood, functional Treg cells decrease with disease
progression and increasing viral loads*'.

Another important aspect of Treg cells in HIV patients
is the modulation of this population with antiretroviral treat-
ment and successful control of viral replication. Based on
the hypothesis that Treg levels are modulated by HIV
replication3®38 one may expect that control of viral replica-
tion will induce opposite changes. Andersson, et al.** and
Epple, et al.*? analyzed the effect of HAART on the levels
of Treg cells and both found a decrease when viral load
was controlled with treatment. In the first study, levels of
Treg cells were increased in lymphoid tissue and decreased
in peripheral blood of untreated patients. Control of viral
replication with HAART induced a decrease of these cells
in lymphoid tissue and an increase in peripheral blood.
The authors conclude that Treg cells migrate from periph-
eral blood to lymphoid tissue during periods of active HIV
replication, and that this is reversed when viral replication
is controlled with treatment. Similar results were obtained
by Epple, et al. when they analyzed levels of Treg cells in
gastrointestinal mucosa. However, in contrast to the work
of Andersson, they found a slight increase in peripheral
blood Treg cells that normalize after treatment.

Treg cells in HIV infection:
a consensus model

On the basis of the abovementioned studies, we can
conclude that several issu Qnﬁa ﬁ$ Qfa b«l

some of them pertaining to pivotal questions and others
more related to practical aspects @epgr
to be clarified if Treg cells have a protective or a detri-
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Figure 3. A proposed model for Treg cells dynamics in HIV infection.
Active viral replication is the main driving force of Treg cells expansion
in HIV-infected patients. In the early stages of infection, patients with
poor control of viral replication will have higher levels of Treg cells and
as a consequence greater impaiment of virus-specific T-cell responses.
In advanced stages of disease, the functionality of Treg cells may be
compromised and its role limiting T-cell activation will fail, thus leading
to higher levels of immune activation and immune dysfunction.

measure the levels of these cells in peripheral blood or
any other body compartments are also necessary to stan-
dardize results from different laboratories.

In a presentation in the last retrovirus conference, Dr.
Chougnet* presented a model of Treg cells in HIV infec-
tion, based on the published reports and on its own work,
which could serve as a tentative consensus model of the
dynamics of these cells (Fig. 3). According to this model,
HIV directly induces Treg cell expansion and accumula-
tion in lymphoid tissues, and such accumulation plays an
important role in the inability of the immune system to
control viral replication. In the early stages of HIV infection,
higher viral loads will induce higher levels of these cells
and thus a greater impairment of HIV-specific T-cells,
whereas in patients with a better control of viral replication,
lower levels of Treg cells will be generated and thus a
better preservation of HIV-specific responses will be at-
Si ed. In.advanced stages of infection, one may specu-

Qﬁ;—d@& Eﬁr@yﬁ published studies'’, that a

diminished functionality of Treg cells would tilt the balance

h@l’h@c@@@yqﬂ@se cells to control T-cell activation

and this would result in"higher rates of CD4 depletion and

mental role in HIV pathowﬁ?h@ufvm@d @f V\fﬁeteféﬁog@?im'issmﬂ

depending on disease stage. The answer to this ‘question

is of paramount relevance since any attempt tb:tatﬁéﬁj Lﬁ)ohgﬁ\lélfdgements

these cells as a new tool in HIV treatment-hec
requires understanding their role in disease progression.
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