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ABSTRACT

HIV infection is a highly complex phenomenon
involving different actors of the immune system
like cells and molecules. All the actors interact
each other in order to shut down viral replication
in infected cells and also to promote the activation
of the immune response. Natural Killer (NK)
cells represent a key cells in HIV infection by
mediating anti-viral immunity through lysing
infected cells, producing pro-inflammatory cytokines
and modulating adaptive immunity. Dendritic
cells (DCs) also are crucial in the generation and
regulation of adaptive immunity and are key
regulators of the host response to human
immunodeficiency virus-1 (HIV-1) infection by
driving the activation of T lymphocyte cells and
the production of antibodies. When activated,
adaptive immunity modulates the innate immune
response against HIV through Tregs cells, which
have the potential to limit excessive inflammatory
immune responses and to reduce tissue damage.
Tregs cells can also suppress antimicrobial immune
responses and promote pathogen persistence. This
crosstalk between innate and adaptive immunity
helps to “contain” the infection for many years
without symptoms.
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1. Introduction

Global statistics from UNAIDS (United Nations
program on HIV and AIDS) indicate nearly 35
million people are currently infected with human
immunodeficiency virus (HIV), the causative
agent of acquired immunodeficiency syndrome
(AIDS) with 2 million people infected each year.
Since the first identification of the disease in the
early 1980s, over 25 million people have died
from AIDS [1].

While therapeutic interventions and prevention
education efforts are ongoing, there remains a
pressing need for an in-depth understanding of the
cooperation between the different actors of immune
system and the development of an effective
vaccine in order to control this global pandemic.

AIDS is the obvious consequence of HIV-1
infection. Despite different studies on this topic
our understanding of the interaction of virus with
the immune system and the consequences of their
relation are still limited. HIV-1 infection is
strongly associated with activation of the immune
system. Different studies have shown that the
main clinical features of AIDS are CD4+ T cell
reduction, excessive immune activation, and rapid
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increase in HIV viral load [2, 3]. The defining
features of the acquired immunodeficiency are the
persistent and profound selective decrease in the
function as well as number of T lymphocytes of
the helper/inducer subset and a possible activation
of the suppressor/cytotoxic subset. Pathogenesis
of the disease is considered multifactorial, in that
no unique immune alteration has been identified
that can fully explain the plethora of dysregulations
described so far.

This review presents the various aspects of the
HIV-1-associated immune dysregulation that we
consider critical for pathogenesis. Some of these
immune dysregulations may suggest new directions
for immune-based therapy and vaccines.

2. Innate responses in HIV infection

2.1. Protective role of the innate response in
HIV-infected patients

Innate immunity against HIV is induced when
pathogen recognition receptors of the host cell
sense viral products including nucleic acid as
“non-self”. The immune response against viral
infection begins then with the detection of
Pathogen-Associated Molecular Patterns (PAMPs)
in viral products using host cell Pathogen
Recognition Receptors (PRR). This interaction
triggers an intrinsic innate immune response that
directs antiviral defenses and viral restriction [4].

Different subsets of cells have been described as
effectors for innate immune protection in HIV-
infected patients. All cells derived from the bone
marrow express distinct sets of innate immune
receptors, giving them a unique capacity to
respond to incoming pathogens. These cells include
monocytes/macrophages that are important for
antigen clearance; Natural Killer (NK) cells that
are responsible for the destruction of the pathogen
or pathogen-infected cells; and Dendritic Cells
(DCs), the professional antigen-presenting cells,
which aim to capture foreign antigens and to
present them to the adaptive immune system for
the induction of immunological memory [5, 6].

NK cells are the critical antiviral effectors of the
innate immune system that can recognize signals
of stress, transformation or infection with immediate
effector function. These cells can recognize and
kill virus-infected cells through different mechanisms.

Among these mechanisms there is the direct
recognition of viral proteins or virus-induced
stress ligands by the activating NK cell receptors,
the loss of NK cell inhibitory signals resulting
from virus-mediated downregulation of HLA
class I molecule in infected cells and the process
of antibody-dependent cell-mediated cytotoxicity
(ADCC). Moreover, NK cells express Killer
Immunoglobulin-like Receptors (KIRs) that
heavily influence NK cell activation governed by
the integration of activating and inhibitory signals
via the Human Leukocyte Antigen (HLA)
molecules. The interactions between KIRs and
HLA molecules set a threshold for NK activity
and have been associated with the pace of disease
progression [7, 8] and protection against disease
acquisition [9, 10]. For HIV-1 infection, pathogen
sensing and innate immune induction typically
occur in CD4+ target cells, including innate
immune cells and CD4+ T cells.

HIV-1 infection results in increased expression of
stress signal on infected cells and reduced
expression of some HLA class I molecules
rendering infected cells more susceptible to NK
cell-mediated lysis via the interaction between
KIR and HLA molecules [11, 12]. In addition to
KIRs, NK cells express the FcRIIIA receptor
(CD16) that binds to the constant (Fc) domain of
IgG antibodies. CD16 engagement is a strong
activator of NK cell function, and allows antigen-
specific recruitment of NK responses for ADCC
mechanism that have been shown to be associated
with slower disease progression and the control of
HIV-1 infection [13].

NK cells can also be activated via the cytokine
cascade such as Interleukin IL-12, IL-15 and IL-2.
In fact, IL-15 is a master regulator of NK cell
maturation, survival, and functional competence.
IL-15 preferentially expands cytotoxic NK subsets,
with less proliferative stimulus for regulatory
T cells than IL-2, shifting the net balance towards
activation. This cytokine is secreted primarily by
monocytes and macrophages activated by products
of viral infection. DCs can also be induced to
secrete IL-15 in vitro by engagement of CD40
molecules. This IL-15 activity is relevant to HIV
cure strategies and enhancing innate surveillance
by NK cells [14].
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The synergistic effect of IL-15 and IL-12
associated to IL-18 can induce high levels of
interferon (IFN)-gamma production by NK cells
[15]. IFN-gamma production by NK cells plays a
central role in the regulation of immune response,
inducing the development of type 1 T cell
response. Type 1 T cells, in turn, secrete IL-2 and
TNF-alpha [16]. [FN-gamma is in fact the main
cytokine produced by NK cells early in the
immune response. Although cytokines produced
by macrophages and DCs are potent inducers of
IFN-gamma secretion by NK cells, these cells can
also produce IFN-gamma upon their activation,
independently from cytokine stimulation [17].
IFN-gamma is also secreted by T lymphocytes
under certain conditions of activation and was
originally defined as an antiviral agent. But, its
activity is much more general, modulating several
aspects of the immune response, including antigen
presentation, development of specific activation
of NK cells, cell proliferation and apoptosis [18].

Although NK cells can be activated by PRR-
PAMPs, KIR-HLA interaction and the cytokine
pathway, it seems that the activation of NK cells
by virus-encoded PAMPs depends on both the
presence and the activation status of macrophages
and/or DCs [19].

DCs are professional antigen-presenting cells
required for generation of adaptive immunity.
They are motile cells, migrating continuously
around the body even under steady-state conditions
[20-22]. These cells express the CD4 receptor and
co-receptors such as CCRS5, CXCR4 that are
required for HIV fusion and entry into a cell,
making them one of the initial target cells for
HIV-1 infection at the site of transmission [23, 24].

The role of DCs in HIV pathogenesis is currently
an issue of much debate but their motility likely
allows virus that has been captured by them to
rapidly move to lymphoid tissues, where virus
can be efficiently amplified upon encountering
permissive target cells, like CD4 T cells and
macrophages [25]. At least two major subsets of
DCs have been identified; myeloid DCs (mDCs)
that originate from myeloid precursors and the
plasmacytoid DCs (pDCs), which are thought to
share precursor cells with lymphocytes. While
mDCs are more frequently found and secrete high
levels of IL-12, pDCs have the unique ability to

produce high levels of Type I IFN (IFN-alpha) in
response to microbial stimuli that are potent
inhibitor of early and late stages of HIV replication.
pDCs are activated upon recognition of common
structural patterns of viruses, particularly single-
stranded viral RNA and unmethylated CpG-rich
DNA which trigger Toll-like receptors (TLR) 7
and 9, respectively [26]. The response of mDCs
and pDCs to HIV differs greatly, as pDCs secrete
very high amounts of IFN-alpha in response to
HIV and partially mature, whereas mDCs secrete
little if any type I IFN and do not mature.

HIV replication is severely limited in DCs and
several restrictions factors have been shown to
block HIV replication at different stages of
infection in DCs [27]. The major component of
DCs’ responses triggered by viral infections is the
production of type I IFN. Type I IFN creates a
cellular environment that is hostile to the virus by
increasing the degradation of virus RNA, arresting
progression through the cell cycle and eventually
favouring the apoptotic death of the target cell.
Furthermore, type I IFN directly induces the
expression of major histocompatibility complex
and co-stimulatory molecules on antigen-presenting
cells, thus promoting efficient antigen presentation
and the priming of adaptive immune responses
[28]. Despite the multiple blocks to infection by
the innate immune system, HIV was shown to
exploit an innate immune signalling pathway to
facilitate productive infection of DCs and
monocytes/macrophages. Immunodeficiency viruses
have taken advantage of a unique capacity of
antigen-presenting cells to efficiently capture
pathogens and present them to the adaptive
immune system to facilitate the infection and the
dissemination of the virus to surrounding permissive
cells.

2.2. Dysregulation of the innate response in
HIV-infected patients

Activation of NK cells and production of type I
IFN by pDCs are the main effector arms of innate
antiviral responses. Both mechanisms are severely
affected during HIV-1 infection, with potential
consequences for pathogenesis [29].

2.2.1. Dysregulation of NK cells

Chronic HIV-1 infection alters maturation,
distribution and functional capacity of NK cells.
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Based on their expression of CD56 molecules,
NK cells are divided into subsets and these
subsets are thought to represent stages in NK cell
differentiation. In healthy subjects, NK cells are
divided into two subsets: CDS56bright, which
represents a minor population with relatively
limited cytotoxic capacity and CD56dim, which
represents about 90% of the total population of
NK cells with strong production of cytokines, less
proliferative potential, increased cytotoxic capacity,
and progressive acquisition of KIRs and other
markers including CD57 during differentiation. A
third subset is present in negligible frequencies:
the dysfunctional CD56neg NK cell subset [30].
These cells have been difficult to characterize
with their limited expression of lineage markers
[31]. In immunodeficiency syndromes both
CD56bright and CD56dim populations contribute
to antiviral immunity. Dysfunctional CD56neg
NK cells are defective in the production and
secretion of important immune regulatory cytokines
such as IFN-gamma, TNF-o and Granulocyte-
macrophage colony-stimulating factor (GM-CSF)
[19, 32]. The chronic HIV-1 infection and the
prolonged cellular activation represent the major
factors likely driving the expansion of the
dysfunctional CD56neg. These NK cells have a
strong negative impact on their interplay with
DCs. The expansion of CD56neg NK cells is
associated with a reduced ability of NK cells to
induce an optimal maturation of DCs, an impaired
NK cell-mediated clearance of HIV-1 infected and
immature DCs [32, 33]. In addition to the
abnormal expression of CD56, chronic exposure
to the HIV-1 also induced changes in the NK cell
expression of KIRs. The impact of viral replication
in inducing these phenotypic abnormalities has
also been confirmed by experimental evidence
[34]. Thereby, NK cells from those HIV-1
infected patients with low/undetectable levels of
viral replication are similar and undistinguishable
from the ones from uninfected healthy individuals
[13].

NK cells also actively participate in the control of
viral replication by releasing p-chemokines,
which represent the ligand for the co-receptor
CCRS that facilitates the entry process of HIV in
target cell. These B-chemokines could inhibit the
entry of HIV-1 in the target cells by preventing

the binding of CCRS with viral envelope [35, 36].
The NK cells from HIV-infected patients secrete
low amount of [-chemokines that actively
participate in the control of viral replication by
inhibiting the entry of HIV-1 into the target cells.
This effector function is highly impaired in active
and chronic HIV-1 infection [13].

In chronic HIV-1 infection, NK cells also express
lower levels of CD16 together with an impaired
downstream signal pathway of this FcyRIII. This
was directly correlated with a decrease of the
ADCC mechanism [37, 38]. Nevertheless, the role
of NK cell-mediated ADCC in the pathogenesis of
HIV-1 remains controversial and a few studies
have shown that NK cells in HIV-1-infected patients
remain capable to mediate ADCC [39, 40].

2.2.2. Dysregulation of DCs

There is increasing evidence that HIV selectively
modulate immature DCs’ function to favor virus
spread. In HIV-infected patients, during the acute
phase of HIV-1 infection and phases of high
viremia, the frequencies of both mDCs and pDCs
in blood decrease. The depletion of mDCs in
blood correlates closely with the increase of
plasma virus load, whereas this correlation is not
so clear for pDCs [41, 42]. There are also
evidences that frequencies of mDCs in the skin
and in the mucosa are also reduced during HIV-1
infection [43-45]. However, in patients with
recent HIV infection, an increase in the number of
both subtypes of DCs after 12 months of anti-
retroviral treatment (ART) was observed. But, in
previously treated patients for a median of 54
months with undetectable HIV load, both mDC
and pDC and the expression of IL-12 and IFN-
alpha were significantly lower when compared
with those controlled after only 12 months of ART
suggesting a decrease of DCs after a prolonged
period of viral load undetectability [46]. These
findings together point to a redistribution of DCs
during active stages of the infection. Moreover,
during acute HIV-1 infection, DCs are found to
have reduced expression of the co-stimulatory
molecules CD80 and CD86 [44] that may be a
direct effect of HIV-1 on DCs or the outcome of
lower expression of CD40 ligand, CD28 and/or
other receptors on T cells whose interactions are
essential for the induction of full maturation of DCs.
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Therefore, a downregulation of co-stimulatory
molecules could negatively affect antigen presentation
and generation of T cell immunity [44].

Considering CD4 expression and cytokine production,
infected DCs exhibit a downregulation of CD4
and changed cytokine production profile compared
to uninfected DCs [47]. The downregulation of
CD4 expression were also found in vitro in mDCs
exposed to HIV-1 [48]. Moreover chronic immune
activation is a hallmark of progressive HIV
infection and it was shown that in HIV-infected
patients, pDCs accumulate in the gut mucosa and
associated lymphoid tissue and contribute to
immune activation by secreting inflammatory
cytokines [49, 50]. This is characterized by a
systemic increase in inflammatory cytokines and
high levels of viral replication [51]. Inflammatory
cytokine secretion by DCs as type I IFN probably
plays a major role in disease progression in HIV-
infected patients. Indeed, high plasma titers of
type I IFN in acute and chronic infection correlate
with disease progression [52], and lymphoid
tissue of progressor patients express higher levels
of IFN alpha [53]. Importantly, it has been shown
that prolonged type I IFN signalling in chronic
viral infection induces the expression of inhibitory
surface molecules on DCs, secretion of suppressive
cytokines and decreased IFN-alpha secretion by
CD4+ T cells. Consequently, blockade of type I
IFN signaling helped resolve persistent infection
[54, 55].

Functional analysis showed that mDC infected by
HIV stimulated lower T cell responses [45, 56].
Furthermore, both mDC and pDC from chronically
infected individuals were less responsive to toll-
like receptor (TLR 7/8) stimulation that play a key
role in the innate immune system by ensuring
maturation marker upregulation and IFN-alpha
secretion [57]. In addition, viral replication leads
to T cell death, either via infection or indirect
mechanisms [58]. This cell death leads to the
appearance of apoptotic microparticles in the
plasma [51] leading to immunologically active
environment that can potently affect DC function.

3. Adaptive immunity in HIV infection

HIV infects and deletes CD4 T cells that normally
coordinate the adaptive T cell and B cell response

to defend against intracellular pathogens leaving
a damaged immune system to contend with a
lifelong infection.

3.1. Adaptive immunity against HIV

Antiviral CD8 T cells were first identified as T
cells that mediate lysis of virus-infected cells and
are often referred to as Cytotoxic T Lymphocytes
(CTLs) [59]. During HIV infection, CTLs play a
central role in the clearance of infected cells and
the control of virus replication. These cells play
an important role in control of HIV-1 by direct
cytolysis of infected cells and the secretion of
factors that suppress viral replication. During acute
infection, plasma viral load initially increases
followed by a period of control, which directly
coincides with the initiation of an HIV-specific
CD8+ T cell response. Non-human primate
models confirm the critical role of CD8+ T cells
in controlling HIV disease progression. SIV
(simian’s immunodeficiency virus)-infected rhesus
macaques with CD8+ T cell depleted present
immediately uncontrolled viremia. Upon the
reappearance of CD8+ T cells, viral load decreased
[60]. This pattern was consistent in both acute and
chronic SIV-infected animals. The CD8+ T cell
functional properties responsible for control of
HIV remain unclear, especially whether the
cytokines produced from CD8+ T cells play an
active role in limiting HIV replication. In addition
of the activity on infected cells lysis, CTLs can
use other effector mechanisms including production
of IFN-gamma, IL-2, and TNF-alpha [61, 60]. But
all CD8+ T cells do not display all functions at
all times [62]. Thereby, naive CD8+ T cells are
quiescent and require days of antigen stimulation
to show these functions [63, 64]; in contrast
memory CD8+ T cells respond rapidly producing
IFN-gamma within a few hours [65]. The expression
of the different functions of CTLs depends also on
the state of the infection. For example, the lysis of
infected cells is the most important antiviral
function of the CD8+ T cells in acute infection
whereas during chronic infection, once viral set
point is established; the other functions of CD8+
T cells may become more important, although
lytic potential may still be essential [66, 67].

Generally, in HIV-1 infected individuals, T cell
responses are dominated by CD8 + T cells
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compared to CD4+ T cells. CD8+ T cell responses
are much stronger than CD4+ T-cell responses,
which are damaged by the virus. But persons who
progress very slowly to AIDS, in the absence of
treatment, make stronger CD4+ T-cell responses
and there is a correlation between the strength of
CD4+ response and slow progression of disease
[68]. In murine models with CD4+ T cells
depleted, CD8+ T cell responses are greatly
impaired [69-71]. Likewise, cross-sectional data
in chronically infected persons indicate a link
between strong CD4+ T-cell responses and
effective CD8+ T-cell responses [72]. This has
been confirmed by more recent data showing that
CD4+ T cells are particularly important in
maintaining CD8+ responses [73].

3.2. Dysregulation of adaptive immunity in
HIV-infected patients

CD4+ T cell lineages are classically divided into
either Thl cells, which initiate a cellular immune
response, or Th2 cells, which initiate a humoral
immune response. However, CD4+T cells can
also become IL-17-producing Thl7 cells,
immunosuppressive T regulatory cells (Treg), or
T follicular helper cells (Tth). Each of these
subsets likely plays an important role in nearly
every normal immune response, and in the context
of HIV, each of these subsets has probably been
shown at some level to be protective, defective, or
pathogenic. CD4+ T-cell responses, in particular
anti-HIV-1 CD4+ T-cell responses are profoundly
altered in HIV-infected patients. Underlying
mechanisms include both cellular depletion and
functional abnormalities [74]. In acute HIV-1
infection, memory CD4+ T cells are massively
depleted from the lymphoid system, particularly
in the gut involving both direct targeting by the
virus and bystander activation-induced cell death
[75, 76]. In addition, impaired production of new
cells may also be implicated, as evidenced by
defective thymocyte proliferation [68].

Functional CD4+ T-cell abnormalities are well
described in HIV-infected individuals. These
defects occur early in the course of HIV-1
infection, prior to the decline of circulating CD4+
T-cell numbers [77]. Several abnormalities have
been defined ex vivo such as decreased
polyfunctionality of HIV-specific T CD4+ cells.

Activated CD4+ T cells in HIV-infected patients
also exhibit decreased proliferation and production
of IL-2, but not IFN-gamma and tumor necrosis
factor (TNF)-a, and defective upregulation of
the activation marker CD40 ligand cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) and
programmed cell death protein 1 (PD-1) [78].
There is also evidence that expression of
apoptosis markers and the percentage of CD4+ T
cells entering apoptosis have increased [53].

T-cell signaling induced by T-cell receptor (TCR)
cross-linking, IL-2 or phorbol esters/ionomycin
is also attenuated in HIV infected patients.
Interestingly, there is a discrepancy between the
ex Vivo picture, in which CD4+ T cells from HIV-
infected patients exhibit increased expression of
many activation markers, including increased
basal level of kinase phosphorylation and CD40L,
and the in vitro picture, in which patients respond
poorly to stimulation [79, 80].

Loss of in vitro CD4+ T-cell responses and of
in vivo delayed-type hypersensitivity is predictive
of disease progression and time to death in
untreated HIV-1 infection [81]. Though greatly
depleted, CD4+ T cells in HIV-infected patients
are not entirely absent, but abnormalities in the
development of CD8+ T-cell responses could be
consistent with partial loss of CD4+ T-cell help,
or impaired function of what cells remain [82].

Defect of CD4+ T Cell function may affect the
different lineage of T cell lymphocytes. For
example, regulatory T (Tregs) cells, identified by
expression of CD25 and FOXP3, are important
for maintaining homeostasis in the immune
system [83]. They help to prevent autoimmunity
and limit tissue damage during infection by
suppressing activation and effector functions,
mainly through expression of IL-10 and TGF-
[84]. In HIV infection, Treg cells can be both
helpful and harmful. Tregs have been shown to
suppress general immune activation, which has
been closely linked to HIV disease progression.
However, strong Treg responses may contribute to
HIV pathogenesis by suppressing HIV-specific
immune responses, particularly effector T cells [85].

Tregs may also contribute to HIV-related gut
damage by inhibiting Thl7 cell recovery.
Examination of T cell populations in the rectal
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mucosa show increased percentages of Tregs in
chronic progressors compared to elite controllers,
which positively correlate with viral loads and
immune activation but Treg CD4+ T cell
suppression can be blocked by inhibition of IL-13.
The deregulation of regulatory T cells (Treg) and
Th17 cells in blood and mucosal tissues of HIV-
infected patients may result in the breakdown of
the mucosal barrier and microbial translocation
[86, 87]. On the other hand, T follicular helper
cells (Tth) are found in lymphoid germinal centers
and are responsible for driving B cell memory
differentiation and plasma cell formation. Tth are
classified by their expression of the transcription
factor Bcl-6, CXCRS, ICOS, PD-1 and production
of large amounts of IL-21, which is necessary for
B cell differentiation [87]. These helper T cells
are likely targets for HIV infection given their
location in a tissue that undergoes significant
remodeling during HIV infection. During HIV
infection, IL-21-producing CD4+ T cells are
upregulated in the Peripheral Blood Mononuclear
Cell population and have been associated with
maintenance of the CD8+ T cell pool and control
of viremia, but whether these cells are related to
Tth is unclear.

4. The innate immune system modulates
adaptive immunity against HIV

NK cells and DCs have a central role in antiviral
immunity by modulating the adaptive immune
response and hence in HIV infection. These two
cells’ crosstalk results in maturation of DC. After
maturation, DC in turn up regulates NK cell
effector function. This is due to the production of
cytokine and cell-to-cell contact. IL-12 and IL-18
are conventionally produced cytokines by activated
DCs, and these cytokines promote Thl response
with the induction of IFN-gamma production by
NK cells [88-91].

Immature DC can also produce type I IFN, which
promotes NK cell proliferation and cytotoxicity
leading to infected cells lysis. Lysis of infected
cells by NK cells provides a microenvironment
with apoptotic bodies for immature DCs that will
lead to their maturation and promote viral antigen
presentation to T cells [92].

With focus on NK cells, recent studies have
shown a critical role for NK cells in the shaping

of adaptive immune responses. NK cells have
emerged as multifunctional effector cells with the
potential to control infections and shape adaptive
immune responses. NK cells exert immune
pressure on HIV and contribute to protective
vaccine responses and some phenotypes of
immune control [91]. Thus the HIV wvaccine
literature has identified the critical importance of
ADCC, mediated predominantly by NK cells, via
non-neutralizing antibodies as a pathway to
protective vaccine responses [93].

NK cells have also been shown to shape the
induction of antibodies that are involved in ADCC
mechanism. Indeed, in the lymph node, it has
been shown that the elimination of Tth cells by
perforin produced by NK cells disturbs the
formation of the germinal center, thus limiting the
development of immune memory. Studies carried
out in mouse models have shown that in early
moments of infection, NK cells can inhibit the
generation of long-lived specific memory T and B
cells, as well as specific antibodies by eliminating
CD4+ activated T cells and Tfth [94]. In fact, in
mouse models, the NK cell depletion results in
higher numbers of CD4+ and CD8+ memory
T cells with increased polyfunctionality during
acute infection and higher numbers of antibody-
secreting cells. However the control mice showed
reduced number of antibody-secreting cells [95].
In addition, the cytotoxic activity of NK cells
and their IFN-gamma production can enhance
immunoglobulin class switching [96].

5. Adaptative Immunity modulates innate
response in HIV patients: Focus on TReg cells

Treg cells have been shown to be essential for the
development and the maintenance of peripheral
tolerance and immune homeostasis. Indeed, Treg
dysfunction is associated with allergy, autoimmunity,
cancer or early graft rejection [97]. In the context
of infectious diseases, Tregs have the potential to
limit excessive inflammatory immune responses,
thereby reducing tissue damage, but can also
suppress antimicrobial immune responses and
promote pathogen persistence [98].

Regulatory T cells have been associated with
several roles in HIV infection, which may occur at
different times during the infection process and
may be affected by ongoing therapy. The negative
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roles of Tregs in HIV infection include inhibitory
effects on effector T cells during early infection;
may serve as possible targets for HIV replication;
and may have the ability to suppress HIV-specific
responses that can lead to inhibition of T cell
responses to HIV and increase viral persistence,
leading to immune exhaustion. Possible beneficial
roles of Tregs may be their ability to reduce
immune activation, particularly in situations of
increased lipopolysaccharide (LPS) concentrations,
and this restriction of activation of CD4 T cells
could limit their loss [99].

According to the peripheral CD4 T-cell depletion
associated with progressive HIV infection,
absolute numbers of peripheral CD4 Tregs and
proportions of Tregs among total CD3 T cells
were mainly found to be decreased in HIV-
infected patients compared with healthy donors
[100]. Thus, results of Treg numbers or frequencies
among total T cells could be solely interpreted as
a direct consequence of changes in CD4 T-cell
counts. In contrast, most studies that assessed the
frequency of Tregs among CD4 T cells found an
expansion of peripheral Tregs [101].

However little data on Treg cells is available
during acute and chronic untreated infection. Treg
proportions among CD4 T cells were reported to
be lower compared with healthy controls [102].
In contrast, an increase in Treg frequencies was
consistently reported in untreated patients with
chronic infection compared with healthy donors
when Tregs were assessed by flow cytometry
[103]. The increased frequency of peripheral and
mucosal Tregs, which seems to be a characteristic
feature of untreated HIV infection, triggers
various effects that are either beneficial or
detrimental. The influence of natural Treg cells on
disease outcome depends on the equilibrium
between a balanced Treg to effector T-cell
response and immune activation.

Although Tregs are able to suppress HIV-specific
cellular immune responses in vitro, there is no
clear evidence that these responses are suppressed
in vivo, at least in viremic patients who exhibit
high CD8 T-cell responses. Regarding the control
of immune activation, Tregs seem to be somewhat
efficient in controlling residual immune activation
in patients with ART-mediated viral suppression
[104].

6. Conclusion

A broader understanding in the HIV immunology
field over the last few years implies the need to
study the immune compartments and attributes
importance to HIV pathogenesis. Monitoring
cellular immune markers that are relevant for
control of replication, immune activation and
inflammation, and the alteration or exhaustion of
the immune functions remains essential. The
failure of recent HIV-1 vaccine trials to induce
protective immunity in humans has highlighted
our lack of understanding of the correlates of
immune protection in HIV-1 infection.
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