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Interleukin-7 in HIV pathogenesis and therapy
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ABSTRACT. Interleukin-7 (IL-7) is a γ-chain cytokine that plays a key role in T cell development and
homeostasis by signaling through its cognate receptor, IL-7R or CD127, and inducing T cell survival and/or
proliferation. Owing to its ability to promote CD4+ T cell homeostasis, IL-7 has elicited significant interest as a
potential immunotherapy for HIV-infected individuals. Indeed, several studies have indicated that progressive
HIV infection is associated with a complex dysregulation of the IL-7/IL-7R pathway consisting of increased
plasma levels of this cytokine coupled with decreased percentages of CD4+ and CD8+ T cells expressing
CD127. Administration of IL-7 to antiretroviral-treated HIV-infected individuals results in a selective increase
in the fraction of naive and central-memory CD4+ T cells, suggesting a beneficial effect on overall CD4+ T cell
function. For this reason, and given its potential role in depleting the reservoirs of latently infected CD4+
T cells, IL-7 therapy can be considered a promising approach for improving immune function in HIV-infected
individuals.
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BIOLOGY OF INTERLEUKIN-7
AND ITS RECEPTOR

Interleukin-7 (IL-7) is a cytokine and growth factor that
plays a non-redundant role in T cell development, sur-
vival, and homeostasis. Owing to its ability to stimulate
thymopoesis, as well as homeostatic proliferation and
survival of peripheral T cells, IL-7 has a profound effect
on adaptive immunity [1]. Of note, the effects of IL-7 on
thymic and peripheral T cells involve both CD4+ and
CD8+ cells, with homeostatic proliferation of naive
T cells occurring in response to low TCR affinity antigens,
while the pool of long-lived, central memory cells is
maintained by IL-7R signaling without TCR stimulation
[2]. In humans, defects in the alpha chain of the IL-7
receptor (or CD127) results in a SCID phenotype charac-
terized by a complete lack of T cells, but normal B cells
and NK cells [3]. In mice, but not in humans, IL-7 has
also been shown to be critical for B cell development [4].
IL-7 is constitutively produced in stromal, epithelial, and
endothelial cells of lymphoid tissues (primarily the
thymus and bone marrow) [2]. The major producers of
IL-7 in lymph nodes appear to be fibroblastic reticular
cells in the T cell zone [5]. Some mononuclear cells,
including dendritic cells and macrophages, also produce
IL-7 [2].
The IL-7 receptor (IL-7R) is a dimeric complex composed
of a high affinity alpha chain or CD127 and the common
gamma chain or CD132, which it has in common with the

cytokines IL-2, IL-4, IL-9, IL-15, and IL-21 [6]. CD127 is
expressed early in thymopoesis and on peripheral naive as
well as central memory T cells; it is not expressed on
effector or effector memory T cells [6]. CD132 is
expressed throughout T cell development; thus, the pres-
ence of CD127 on the cell surface is the primary determi-
nant of responsiveness to IL-7. In a negative feedback
mechanism, IL-7 down-regulates expression of CD127
on T cells [7]. Importantly, the expression of CD127 influ-
ences which effectors become memory cells; those that
remain CD127 negative are committed to die during the
contraction phase of T cell responses [7]. Binding of IL-7
to the IL-7R results in activation of the JAK/STAT path-
way. This is followed by induction of the anti-apoptotic
mitochondrial protein Bcl-2 and other family members,
with subsequent protection of T cells from programmed
cell death [2]. IL-7 binding to its receptor also causes
activation of the PI3K pathway that triggers T cell
proliferation [2]. Similar to humans, in rhesus macaques,
IL-7 has been shown to drive naive T cells to acquire a
memory phenotype as well as to induce cycling of
memory T cells [8].

THE IL-7/IL-7R PATHWAY IN HIV
AND SIV INFECTIONS

Pathogenic HIV infection of humans and SIVmac infec-
tion of macaques induce a large series of immunological
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abnormalities that eventually lead to a state of severe
immune deficiency defined as AIDS. At the core of the
HIV- and SIV-associated immune dysfunction is the fact
that these infections cause a progressive and irreversible
loss of normal CD4+ T cell homeostasis that manifests
itself in many ways, including: (i) low CD4+ T cell
counts; (ii) relative decrease in naive and central-
memory CD4+ T cells associated with increased fractions
of effector-memory CD4+ T cells; (iii) increased fractions
of activated and/or proliferating CD4+ T cells; (iv) deple-
tion of CD4+ T cells from both lymph nodes and mucosal
tissues, with preferential loss of IL-17 producing cells
(Th17); and (v) reduced proliferative ability and cytokine
production by CD4+ T cells [9]. The discovery of
IL-7 as a potent CD4+ T-cell-tropic cytokine prompted
a series of studies of its potential role in the
pathogenesis of HIV infection and AIDS. Increased
levels of circulating IL-7 were observed during HIV
infection, as well as in other conditions associated with
lymphopenia, including chemotherapy and bone marrow
transplantation. In particular, an inverse relationship
between plasma levels of IL-7 and CD4+ T cell counts
was found in HIV-infected patients, thus suggesting that
increased production of IL-7 represents a homeostatic
response to HIV-associated CD4+ T cell depletion [10].
This hypothesis is consistent with the observation that
IL-7 levels typically rise in the late stages of infection,
particularly when CD4+ T cell counts fall below
200 cells/uL [10]. Consistent with this paradigm is a
study demonstrating that HIV-infected, long-term non-
progressors have lower levels of IL-7 in their plasma
compared to patients who progress to AIDS [11]. Unfor-
tunately, these increased levels of IL-7 are not sufficient
to maintain T cell homeostasis, since in the absence of
antiretroviral therapy most HIV-infected patients will
develop progressive CD4+ T cell decline and clinical
signs of AIDS. An alternative hypothesis to explain the
inverse relationship between IL-7 levels and CD4+ T cell
counts is that increased levels of this cytokine result from
decreased numbers of circulating CD127+ T cells result-
ing in reduced consumption of the cytokine [12]. Along
these lines, it was proposed that owing to CD4+ T cell
depletion in HIV infection, there is less competition for
IL-7, thus resulting in expansion of CD8+ T cells [13].
Later in the natural history of HIV infection, when CD8+
T cells are becoming depleted and/or exhausted,
increased circulating IL-7 may reflect both a homeostatic
signal for increased production and reduced overall
consumption.
Perhaps not surprisingly, a correlation between increase
in IL-7 levels and disease progression has also been
found following SIVmac239 infection of rhesus maca-
ques [14]. Similar to that which was observed in HIV-
infected individuals, the elevated plasma levels of IL-7
found in SIV-infected macaques were not associated
with restoration of CD4+ T cell homeostasis. In the rare
macaques that display a slow-progressor phenotype with
low viral loads, IL-7 levels are similarly increased com-
pared to the normal, progressor macaques, even though
CD4+ T cell counts are relatively normal [14]. This inter-
esting observation suggests that it is the level of virus
replication, rather than IL-7, that appears to have the

greatest effect on disease progression, although the inter-
play of these factors is probably complex. Of note, a
timely increase in the plasma levels of IL-7 was observed
in the early stages of non-pathogenic SIV infection of
sooty mangabeys, a natural host African monkeys species
in which infection is associated with preserved CD4+
T cell homeostasis despite continuous high-level virus
replication [15]. This apparent beneficial effect of IL-7
on CD4+ T cell homeostasis suggests a potentially impor-
tant role for IL-7 early in this model of non-pathogenic
SIV infection. This idea is supported by the observation
that, in SIV-infected mangabeys, increased levels of bone
marrow CD4+ T cell proliferation are associated with bet-
ter preservation of overall CD4+ T cell homeostasis [16].
Pathogenic HIV and SIV infections are also associated
with a complex dysregulation of the expression of the
IL-7 receptor, which is commonly assessed by staining
for the alpha-chain CD127. Several studies have demon-
strated that HIV infection is associated with a progressive
reduction of the fraction of both CD4+CD127+ and CD8
+CD127+ T cell subsets that often declines below 50% of
peripheral T cells [17-21]. In HIV-infected individuals the
loss of CD127 expression on CD8+ T cells defines an
expansion of a subset of cells, specific for HIV as well
as other antigens, that show phenotypic as well as func-
tional features of effector T cells [18]. These
CD8+CD127- cells do not express CCR7 or CD62L
and produce IFNγ, but not IL-2. Of note, the levels of
CD8+CD127- T cells in HIV-infected persons correlated
directly with the main markers of disease progression
(i.e. plasma viremia and CD4+ T cell count), as well as
with the indices of overall T cell activation [18]. CD4+
T cells of HIV-infected individuals display a less dramatic
reduction in the fraction of CD127 expression when com-
pared to CD8+ T cells [19, 20]. Dunham et al. have
shown that HIV infection is associated with a relative
expansion of effector-like (i.e. IFNγ-producing and
perforin-expressing) CD4+CD127- T cells that correlates
directly with the levels of total CD4+ T cell depletion and
immune activation [22]. The HIV-associated perturbation
of the IL-7/IL-7R pathway may also involve an abnormal
activation of the JAK/STAT5 pathway [23].Using
the rhesus macaque model, it was demonstrated that
SIV infection also results in a loss of CD127+ T cells,
both CD4+ and CD8+, in the blood, spleen, GI tract
and GU tract, when compared to uninfected macaques
[24]. The decrease in CD127-expressing cells correlated
directly with the CD4+ T cell count. While the mecha-
nism for the observed reduced fraction of CD127+ T cells
during HIV and SIV infections has not been fully eluci-
dated, several theories have been proposed, including
preferential infection and death of CD127+ cells, chronic
antigen stimulation, expansion of CD127 negative cells,
negative feedback from increased IL-7 levels, and an
effect of HIV Tat protein [13].
An additional role of IL-7 in T cell homeostasis involves
influencing CD95 (Fas)-mediated apoptosis. IL-7 has
been shown to increase the expression of CD95 on
CD127+ T cells (both naive and memory populations),
and thus potentially promote the CD95-dependent
activation-induced cell death that is present during HIV
infection [25-27]. In a contrasting role, IL-7 has also
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been shown to protect CD4+ and CD8+ T cells from
HIV-induced apoptosis by upregulating Bcl-2 [28, 29],
although this finding is controversial [30]. Thus, chroni-
cally elevated levels of IL-7, in the setting of T cell deple-
tion induced by HIV, may support T cell reconstitution
and survival as well as increased immune activation and
T cell apoptosis. This apparent paradox emphasizes the
complexity of the role of IL-7 in T cell homeostasis,
under normal conditions and after infection with HIV.
In addition to the direct effects of IL-7 on the immune
system, several groups have reported that IL-7 enhances
HIV replication. Modulation of HIV transcription by
IL-7-mediated signaling, following engagement of its
receptor, may occur as a consequence of activation of
STAT5 binding to the HIV LTR [31]. IL-7 both increases
the susceptibility of naive CD4+ T cells to HIV infection
and enhances HIV replication in these cells [32, 33].
Importantly, IL-7 has been demonstrated to induce HIV
replication by latently infected cells of HIV-infected
patients in vitro [34, 35]. This effect of IL-7 has a poten-
tial therapeutic role during HIV infection if, in conjunc-
tion with ART, virus replication can be activated from
latently infected cells and then targeted by drugs. It
should be noted however, that administration of high
doses of exogenous IL-7 to non-human primates does
not impact SIV plasma viremia [36-38], thus calling
into question the in vivo significance of the above in
vitro studies.

IL-7 IN HIV THERAPY: PRE-CLINICAL
AND CLINICAL TRIALS

Owing to its potentially beneficial effect on CD4+ T cell
homeostasis, IL-7 has been tested as immunotherapy for
HIV and SIV infection. The primary goal of this interven-
tion was to increase the CD4+ T cell count by selectively
expanding the pool of naive and central-memory cells
that are known to express CD127 and to be progressively
depleted during pathogenic HIV and SIV infection. In this
context, the strongest effect on T cell reconstitution by
exogenous IL-7 would, in theory, be obtained when
patients are treated at earlier stages of infection, i.e.
when there is still a sizeable population of CD127+
naive and central-memory CD4+ T cells that can be suc-
cessfully expanded. In contrast, a less dramatic effect
may be expected in patients with severe CD4+ T cell
depletion and the presence of few CD127+ cells within
the CD4+ T cell pool, i.e. a situation in which even major
increases in endogenous IL-7 do not effectively replenish
the CD4+ T cell pool. As such, providing IL-7 as an
immune-based adjunct to optimal background antiretrovi-
ral therapy earlier in the course of infection would be
expected to boost CD4+ T cell counts more rapidly and/
or to levels above those obtained by ART alone. In this
context, a point to emphasize is that the expected effect
of exogenous IL-7 therapy on CD4+ T cell counts is
markedly different from that of IL-2, another CD4+
T cell-tropic cytokine that has been extensively studied
as an immune therapy for HIV infection. IL-2 administra-
tion to HIV-infected patients resulted in a significant

increase in CD4+ T cells, but no additional clinical
benefit when compared to ART alone [39]. This lack
of effect was likely due to the fact that IL-2 preferen-
tially expands a population of regulatory T cell-like
CD4+ lymphocytes that express the IL-2 receptor
(CD25), but whose function is unclear. In contrast, the
fact that IL-7 selectively acts on CD127+ naive and
central-memory cells suggests a much stronger rationale
for this cytokine.
Preclinical studies of IL-7 therapy in ART-naïve, SIV-
infected rhesus macaques resulted in a significant
increase in T cell numbers that was likely due to
increased proliferation (as indicated by high fractions of
cells expressing the Ki-67 antigen) of peripheral naive
and memory T cells [36, 37]. The rise in T cell counts
was associated with a dramatic, albeit transient, down-
modulation of CD127 expression [36]. Preclinical studies
of IL-7 therapy in SIV-infected, ART-treated rhesus
macaques have also shown an increase in memory CD4
+ and CD8+ T cells, as well as naive T cells [38]. The
effect of stimulating proliferation was expected based
on the observed induction of peripheral T cell cycling
when IL-7 was administered to uninfected cynomolgus
monkeys and rhesus macaques [8, 36]. Similarly, markers
of T cell activation, including HLA-DR, CD25, and
Fas, were upregulated in SIV-infected rhesus macaques
following IL-7 administration [36-38]. Importantly, the
IL-7-induced increase in CD4+ T cell proliferation was
not associated with any significant increase in viral load
[36-38]. The molecular basis for the absence of viral load
increase, despite higher levels of activated CD4+ T cells,
is currently unknown, but may be related to a lack of
CCR5 expression on cells that are recruited into the cell
cycle by IL-7, as well as additional post-entry mechan-
isms. In these non-human primate studies, the increase
in T cell proliferation proved to be relatively transient,
with T cell levels returning to baseline approximately
one month following cessation of IL-7 therapy, coincident
with the development of anti-IL-7 antibodies [38]. Inter-
estingly, more recent work has identified tissues such as
lymph nodes, the GI tract, and skin as the sites of T cell
expansion following treatment of rhesus macaques with
IL-7, suggesting that a process of T cell homing from
blood to tissues then back to the periphery occurs during
homeostatic proliferation [40].
As we mentioned earlier, the fact that endogenous IL-7 is
elevated in HIV-infected patients with low CD4+ T cell
counts raises a theoretical debate as to the usefulness of
IL-7 therapy. In this regard, the work in SIV-infected,
non-human primates helped to provide a rationale for
treatment of CD4+ T cell-depleted, HIV-infected patients,
as exogenous IL-7 administration successfully increased
T cell production, perhaps because the levels of circulat-
ing cytokine achieved by therapeutic administration were
much greater than that seen naturally. Further rationale
for the use of IL-7 during HIV infection derived from
studies in which IL-7 was used in lymphopenic cancer
patients suffering from metastatic melanoma or metastatic
sarcoma for example, that demonstrated an expansion of
circulating, fully functional naive and central-memory
CD4+ and CD8+ T cells with a broadened TCR reper-
toire, and a relative decrease in CD4+ regulatory T cells
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[41, 42]. The conclusions from these studies were that
IL-7 therapy is well-tolerated and may have therapeutic
benefit in lymphopenic states.
Several clinical trials have been completed or are under-
way of IL-7 therapy in HIV-infected patients receiving
ART. Of note, IL-7 is hypothesized to have the most
impact on immunological low- or non-responders to ART
(i.e. 5-30% of all treated HIV-infected subjects), who
achieve full and persistent viral suppression, but do not
recover their CD4+ T cell counts. The first study of IL-7
therapy in HIV infection used a non-glycosylated recom-
binant human IL-7 (rhIL-7), and consisted of an open-
label prospective phase I/IIa trial including patients with
CD4+ T cell counts between 100 and 400 cells/μL and
viral loads < 50 copies/mL plasma for at least six months
while on ART for at least 12 months [43]. This trial, that
had an extended follow-up period of 48 weeks, demon-
strated a significant and sustained increase in the number
of CD4+ and CD8+ T cells, of both the naive and central
memory subsets, in the peripheral blood. Interestingly,
the authors did not observe a statistically significant
increase in T cell activation during the IL-7 treatment.
At the higher dose of IL-7 used, a transient increase in
viremia (to a maximum of 630 copies/mL plasma) was
observed in four out of eight patients. No safety concerns
were raised [43]. The second study of IL-7 therapy for
HIV infection is the ACTG 5214 trial the results of
which were published in June 2009 [44]. In this Phase I
prospective, randomized, placebo-controlled, double-
blinded, multicenter study, a single subcutaneous injec-
tion of non-glycosylated rhIL-7 was administered with
consecutive dose escalation. Key inclusion criteria
were CD4+ T cell counts > 100 cells/uL and HIV
RNA < 50,000 copies/mL plasma, as well as treatment
with ART for at least 12 months. Transient increases in
plasma HIV-RNA levels were observed in six out of 11
IL-7-treated patients. As expected, single-dose adminis-
tration of rhIL-7 was followed by a transient down-
regulation of CD127 in both CD4+ and CD8+ T cells
and, more importantly, by a significant although transient
increase in the numbers of circulating CD4+ and CD8+
T cells, predominantly of central memory phenotype [44].
Interim data on the INSPIRE Study, a Phase I/IIa study of
recombinant human IL-7 in HIV-infected patients with
CD4+ T cell counts between 101 and 400 cells/μL and
viral load < 50 copies/mL plasma after at least 12 months
of HAART, was released in September 2009 [Oral, late
breaker session, 49th Interscience Conference on Antimi-
crobial Agents and Chemotherapy (ICAAC), September
12-15, 2009, San Francisco, California, USA]. In this mul-
ticenter, prospective, randomized, placebo-controlled,
single-blind, dose-escalation study, the enrolled patients
that were classified as immunological nonresponders
experienced a dose-dependent and sustained increase in
CD4+ T cell counts. Of note, this study was the first to
use a glycosylated form of the recombinant human IL-7,
i.e. second generation product that was generated via a
recombinant mammalian cell culture system. Final results
from this trial are eagerly anticipated.
The potential beneficial role of IL-7 in maintaining CD4+
T cell homeostasis and promoting memory T cell differ-
entiation has been also explored in studies of preventative

or therapeutic HIV vaccines. Specific candidate AIDS
vaccines have been constructed to encode HIV antigens
as well as cytokines such as IL-7. In a recent report,
SIVmac251-infected ART-treated rhesus macaques were
immunized with live canarypox vaccines containing
SIV genes and inter-currently treated with subcutane-
ous IL-7 [45]. IL-7 was administered prior to immuni-
zation to increase the number of naïve T cells, and was
continued during the vaccination protocol to expand
the memory pool specific for antigens encoded by the
vaccine. While vaccination appeared to transiently
decrease viral load following discontinuation of ART,
IL-7 administration had no additional effect [45].
Further studies will be needed to better assess the
potential immune-adjuvant role of IL-7 in the context
of HIV vaccines.

CONCLUSION AND FUTURE DIRECTIONS

The IL-7/IL-7 receptor pathway is crucial for maintaining
CD4+ T cell homeostasis, and is clearly dysregulated dur-
ing chronic HIV and SIV infections. For this reason, and
also owing to the potential role of IL-7 in depleting the
reservoirs of latently infected CD4+ T cells, there has
been significant interest in exploring the role of IL-7 as
an immune-based intervention for HIV-infected indivi-
duals. The results of the two initial clinical trials were
indeed quite promising, and show that administration of
IL-7 to ART-treated, HIV-infected individuals with fully
suppressed virus replication results in a global rebalan-
cing of the pool of CD4+ T cells, with selective increases
in both naive and central-memory CD4+ T cells. In our
view, the results of these two pilot studies suggest that
further investigation of this cytokine, for the clinical
management of HIV-infected individuals, is warranted.
In particular, we think that additional clinical studies
should include: (i) the long-term assessment of the effect
of IL-7 on CD4+ T cell homeostasis; (ii) a detailed anal-
ysis of the possible impact of IL-7 on the residual
immune activation and immune senescence observed in
ART-treated, HIV-infected individuals; and (iii) an
assessment of the impact of IL-7 on the size, cellular
distribution, and dynamic evolution of the reservoirs of
latently infected CD4+ T cells. In this regard, we also
think that further studies of the effects of IL-7 in pre-
clinical, non-human primate models of both pathogenic
and non-pathogenic SIV infections would be extremely
useful in elucidating specific aspects of the physiopathol-
ogy of the IL-7/IL-7R pathway during lentiviral infec-
tions that are hard or impossible to test in humans.
Finally, a better mechanistic understanding of how IL-7
signaling results in preserved CD4+ T cell homeostasis
could pave the way to a second generation of IL-7-based
interventions that would fully exploit this pathway for the
treatment of HIV-induced immune deficiency.

Disclosure. None of the authors has any conflict of interest or
financial support to disclose.
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