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Interleukin-7 and Immunorestoration in HIV: 
Beyond the Thymus

TERRY J. FRY and CRYSTAL L. MACKALL

ABSTRACT

One of the hallmarks of untreated HIV infection is a progressive loss of effective immunity to both
HIV-associated and non-HIV antigens. Combination antiretroviral therapy can frequently control
viral replication, resulting in variable levels of immune reconstitution, but has not resulted in restora-
tion of effective immunity to the virus. Understanding the limitations of immune reconstitution fol-
lowing highly active antiretroviral therapy (HAART) and identifying approaches to enhance im-
munity in this context may not only improve outcome for patients with HIV infection but could also
provide insight for immune reconstitution in other conditions associated with T cell depletion.
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FOLLOWING T CELL DEPLETION , immune recovery oc-
curs via a dynamic interplay between thymic-depen-

dent and thymic-independent pathways (Fig. 1). Prevail-
ing evidence suggests that in clinical settings wherein
thymic function is robust, regeneration of new T cells
through the thymus rapidly restores normal T cell num-
bers and repertoire diversity (1–3). However, due to thy-
motoxic effects of the virus itself (4) as well as ongoing
immune responses directed toward the virus, hosts with
less than robust thymic function are more commonly en-
countered in the setting of HIV infection. When thymic
function is limiting, immune reconstitution is dominated
by an ongoing expansion of mature T cells and the ac-
cumulation of cells bearing an activated phenotype (5).
We now know that this peripheral expansion appears to
be largely driven by interleukin-7 (IL-7), which is ele-
vated in states of T cell depletion, and results in an en-
hanced proliferative response to both high-affinity and
low-affinity antigens (discussed later). Hosts that depend
solely on peripheral expansion not only have chronically
reduced T cell numbers, but can, at best, only maintain
a repertoire as diverse as that present at the start of the

expansion process. Indeed, in HIV infection, there is clin-
ical evidence that the nadir of the CD4 count may be pre-
dictive of overall immune competence following
HAART-induced immune reconstitution, illustrating that
expansion of a very limited repertoire is only of marginal
benefit (6,7). These features of thymic-dependent and
thymic-independent pathways to T cell regeneration lead
to the prediction that the degree of immune competence
in a host depends, at least to some degree, on the extent
to which of thymic function can be restored (8). As dis-
cussed elsewhere in this issue, strategies directed at en-
hancing immune reconstitution following initiation of
highly active antiretroviral therapy (HAART) have been
a major area of recent investigation. Ideally, the optimal
strategy employed would be capable of restoring thymic
function so that repertoire diversity could be normalized.
However, although recent evidence has indicated that re-
sidual thymic function can persist well into adulthood,
there is clearly a decline in the overall degree to which
thymic-dependent pathways contribute to T cell regener-
ation with aging, and this process is further hampered by
the direct effects of HIV on the thymus. Furthermore,
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some thymopoietic agents, such as recombinant human
interleukin-7 (rhIL-7), also potently modulate thymic-in-
dependent peripheral expansion. Emerging studies sug-
gest that the capacity of immunomodulators to facilitate
maintenance of repertoire diversity within the context of
peripheral expansion might also impact immune compe-
tence following T cell depletion.

Despite substantial redundancy in the T cell receptor
system in terms of the ability to respond to an individual
antigen, it is generally held that the loss of repertoire di-
versity eventually results in deficiencies in functional im-
mune responses to stringent antigens. At which point re-
sponses to an individual antigen are lost following T cell
depletion likely varies, depending on the precursor fre-
quency of responding T cells as well as other critical fac-
tors (such as the rate of programmed cell death). One po-
tential critical factor pertinent to the immunobiology of
HIV infection is the prediction that an extremely skewed
immune response could enhance the likelihood of im-
mune escape because HIV is known to have a great ca-
pacity for antigenic mutation. Evidence from patients
treated during primary HIV infection has shown that, de-
spite similar levels of post-treatment CD41 T cells when
compared to patients initiating therapy after primary in-
fection, there is an enhanced efficiency of the CD41 re-
sponse to viral antigens (9) potentially due to a more pre-
served CD4 repertoire when treatment is initiated early.
Indeed, evidence that hosts with homozygosity at the ma-
jor HLA Class I loci show a diminished capacity to con-
trol virus directly illustrates the importance of a broad
immune response for immunologic control of HIV in-
fection (10,11). Thus, loss of repertoire related to immune
restoration via a dominance of peripheral expansion
would be predicted to diminish the breadth of an immune
response to the array of antigens expressed by a virus re-
sulting in inferior immunologic control.

IL-7 is a potent T cell active cytokine that may hold
promise as an immunorestorative agent. A major reason
for the clinical interest in IL-7 in HIV infection is the
nonredundant role this cytokine plays in thymopoiesis
(12,13). However, IL-7 also has potent effects on mature

T cells including an essential role in low-affinity antigen-
induced proliferation occurring in T cell-depleted hosts
(14,15). Thus, IL-7 can modulate both thymic dependent
and thymic-independent pathways of T cell regeneration
(Fig. 1). Furthermore, patients with T cell depletion have
increased levels of circulating IL-7 (16,17). On the basis
of these findings, we have postulated that endogenous IL-
7 plays an important role in T cell homeostasis (18).

Using murine models, it has been demonstrated that
pharmacologic administration of IL-7 can enhance T cell
regeneration following bone marrow transplantation
(19,20). This is due to effects on thymopoiesis as well as
to enhancement of peripheral expansion in thymic-defi-
cient mice (21). Because an increase in thymic output re-
sults in increases in T cell numbers and repertoire diver-
sity it would be predicted that the end result would be an
improvement in the ability to respond to antigens. How-
ever, given the degree to which thymic function may be
limited in clinical situations associated with T cell de-
pletion, an important question is the extent to which the
ability for IL-7 to enhance peripheral expansion can re-
store immune competence. Indeed, in a murine model as-
sessing responses to a stringent antigen following T cell
depletion of athymic mice, we have demonstrated that
the administration of IL-7 can potently modulate func-
tional immune responses (22). Thus, even in the com-
plete absence of thymic function, potent effects of IL-7
in the periphery can lead to functional immune compe-
tence, thus improving the function of an otherwise lim-
ited repertoire. Importantly, these results also provide ev-
idence that pharmacologic administration of IL-7
enhances immune reconstitution in hosts with T cell de-
pletion that would be predicted to have physiologic ele-
vations in endogenous IL-7.

The mechanisms through which IL-7 enhances immu-
nity following T cell depletion in athymic hosts may have
important implications for the effects of IL-7 therapy in
clinical situations associated with T cell depletion. One
clear effect of IL-7 on mature peripheral T cells is the in-
hibition of programmed cell death, which is present at
high levels in patients with T cell depletion (22–24). IL-
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FIG. 1. IL-7 enhances both thymic-dependent and thymic-independent pathways to T cell reconstitution. Following T cell de-
pletion, new T cells can be regenerated through thymopoietic pathways when thymic function is adequate. However, when thymic
function is limited, residual T cell expansion is the primary mechanism through which new T cell are generated. The pharma-
cologic administration of IL-7 has been shown to enhance both processes.

FIG. 2. IL-7 may broaden the T cell repertoire expanded in response to antigens in thymic-deficient hosts. Following sub-
stantial T cell depletion, there is a loss of repertoire diversity. Expansion of residual T cells occurs in response to both high-
affinity and low-affinity antigens that are presented during the reconstitution process. In the context of HIV, these antigens may
be provided by endogenous virus or as a therapeutic vaccine. As shown in A, peripheral expansion may result in further loss of
repertoire due to skewing and apoptosis. Pharmacologic dosing of IL-7 (B) may preserve repertoire by inhibiting apoptosis and
by enhancing expansion in response to lower-affinity antigens. The end result is a potentially broader repertoire with the ability
to respond to a larger array of viral antigens.
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7 may also enhance antigen presentation, thus improv-
ing response to nominal antigen. A third, and perhaps
most intriguing, mechanism involves modulation of the
T cells that are recruited into the expansion process.
Peripheral expansion is driven by antigens present in
the host milieu during immune reconstitution. Although
this can result in repertoire skewing when high-affin-
ity interactions involving viral or other antigens are
present, there is now evidence that peripheral expan-
sion also entails proliferative responses toward low- or
intermediate-affinity antigens that may be insufficient
to induce expansion in T cell-replete environments
when IL-7 levels are low. With T cell depletion, as IL-
7 levels increase, expansion in response to these anti-
gens may occur as a result of a decreased threshold for
activation (25). Pharmacologic doses of IL-7 may fur-
ther lower the affinity of T cell receptor (TCR) inter-
actions required to induce a proliferative response.
Thus, by providing exogenous IL-7, it may be possible
to broaden further the array of T cells recruited into the
expansion process for any given antigen by enhancing
low-affinity responses. Certainly, any simultaneous
thymopoietic effects of IL-7 will only help to broaden
further the peripheral repertoire.

These predicted effects of IL-7 therapy in HIV infec-
tion might be beneficial at multiple levels (Fig. 2). First,
in response to the virus itself or to vaccines administered
in the context of IL-7 therapy, the prediction is that IL-
7 will enhance responses to both high-affinity and low-
affinity antigens. Second, by maintaining the repertoire
diversity present at the time of initiation of therapy, loss
of T cells responding to lower-affinity antigens that oc-
curs during skewing in favor of the highest-affinity anti-
gens might be avoided. Finally, recent evidence has
shown that HIV latency in lymphoid tissues represents a
real barrier to eradication of the virus despite profound
suppression of viral replication by HAART (26) (J. Zack,
Personal Communication). If IL-7 can induce both naïve
and resting memory cells harboring latent proviral DNA
into cycle, then viral replication induced under the cover
of antiretroviral therapy may help to purge the latent vi-
ral reservoir.

In summary, despite significant progress in the control
of viral replication with HAART, many challenges re-
main. Among these, limitations in overall immune re-
constitution, limited restoration of antiviral immune re-
sponses, and maintenance of the latent viral pool in
lymphoid reservoirs remain central problems. IL-7 ther-
apy may hold promise in these areas by not only en-
hancing overall immune reconstitution through effects on
thymopoiesis but also by potentially broadening the im-
mune response to the virus and/or purging the latent reser-
voirs in the lymphoid pools through effects on thymic-
independent peripheral expansion.
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