
Introduction

Use of highly active antiretroviral therapy (HAART) has
made it possible to achieve effective suppression of HIV
virus replication [1]. However, not all patients respond to
therapy, and the immune system recovers slowly. There
have been reports of patients who have undetectable
viremia and no disease progression over long-term fol-
low-up, even in the absence of antiretroviral therapy, so-
called ‘nonprogressors’ [2]. Studies comparing the
activity of cytolytic CD8+ T lymphocytes (CTLs) in

patients characterized as rapid progressors versus those
who are nonprogressors have shown that a CTL
response occurs in both types of patients after the acute
infection. However, detectable CTLs quickly disappear
in rapid progressors, whereas nonprogressors maintain a
strong CTL immune response [3]. Accordingly, a vigor-
ous HIV-specific CTL immune response correlates with
the lack of progression to AIDS [2]. By comparison, lack
of detectable HIV-specific helper T-cell reactivity is asso-
ciated with more rapid progression to AIDS. In experi-
mental animal models, it has been shown that the
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There is now a great deal of interest in therapies focused on improving the function of
the immune system in the treatment of individuals infected with the Human
Immunodeficiency Virus (HIV). Although the antiviral drugs effectively suppress repli-
cation of the virus, they cannot cure the infection. Therefore, it now appears that both
antivirals and immune system stimulants will be necessary to maximally suppress
residual latent virus, thereby allowing the discontinuation of the antivirals without
relapse of detectable plasma virus. Interleukin 2 (IL-2) the first cytokine to be discov-
ered at the molecular level has been used as a therapeutic in HIV infection, because
it is critical for a normal functioning immune response. IL-2 is essential for the survival
and proliferative expansion of antigen-activated T cells and Natural Killer (NK) cells,
and also for promoting their differentiated functions of cytokine secretion and cytoly-
sis. However, as IL-2 stimulates both the innate and acquired immune responses,
when used as a therapeutic it can lead to severe toxicity when given in high doses.
This review focuses on low dose, daily IL-2 therapy, used to accelerate the recovery
of the immune system when viral replication is suppressed maximally with antivirals.
In addition, the principles of the use of IL-2 to activate HIV-specific immune reactiv-
ity are discussed. At least two signals are required to promote the proliferative expan-
sion and function of antiviral effector lymphocytes, HIV antigens and IL-2.
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antigen-specific proliferative expansion of CD8+ T cells
is dependent on CD4+ T helper cells and the inter-
leukin (IL)-2 that they produce [4–7]. Accordingly, at
this time, because of the inability of HAART to provide
complete immune restoration of the CD4+ helper
T cells, there has been a quest for innovative methods to
accelerate immune system recovery. In addition, both
patients and physicians alike now realize that neither
antiviral drugs nor massive stimulation of the immune
system has been successful in purging latent viral reser-
voirs [8,9].Therefore, attention is now focused on ther-
apies that promote the immunologic maintenance of
viral latency, thereby hopefully permitting the discontin-
uation of antiviral medications.

IL-2 is an immune system cytokine that has been tested
as a therapeutic agent for accelerating immune system
recovery. It has been used successfully in clinical trials to
augment the immune systems of HIV-infected individu-
als [10–14]. However, the US Food and Drug
Administration (FDA) has not approved its use, so it is not
yet available for clinical practice: despite data that show
accelerated recovery of immune function, the FDA has
taken the position that it must be shown to prolong life
before it will be granted approval. Several different IL-2
doses have been used, ranging from low doses (i.e.
~ 2 million Units/day) to high doses (i.e. 15 million
Units/day). As well, both intermittent dosing regimens
and daily dosing regimens have been explored.This article
provides the rationale and potential benefits of low-dose,
nontoxic IL-2 therapy in HIV-infected patients, both for
accelerating the recovery of the immune system and for
the augmentation of HIV-specific immunity.

Historical overview of IL-2

IL-2 was first described as an ‘activity’ found in lympho-
cyte-conditioned media that functioned to promote the
long-term growth of human T lymphocytes (T cells) [15].
In a series of experiments, we isolated, characterized, and
purified the IL-2 molecule from lymphocyte-condi-
tioned media, and showed that it is the molecule respon-
sible for the T-cell growth factor activity [16–18].We then
radiolabeled the purified IL-2 and discovered the IL-2
receptor (IL-2R) [19].Armed with purified IL-2, the IL-2
radio-receptor assay, and monoclonal antibodies reactive
with both IL-2 and IL-2R, we showed that IL-2 is criti-
cal for normal cellular immune responsiveness; it stimu-
lates both T-cell and natural killer (NK)-cell proliferation,
and enhances cell-mediated cytotoxicity and cytokine
production by both T cells and NK cells [20,21].

Role of IL-2 in clonal expansion of antigen-
specific T cells

Development of lymphocytes from precursor cells in the
bone marrow and thymus is independent of IL-2.

However, once lymphocytes populate peripheral lym-
phoid tissues of the spleen and lymph nodes, IL-2
becomes the principal growth factor for T cells [21].
Only antigen-activated T cells, of both the CD4+ and
CD8+ subsets, produce IL-2. Therefore, IL-2 can be
detected in blood only during an ongoing immune
reaction, and it becomes active only on introduction of
a foreign antigen to the host. Moreover, when the anti-
gen is cleared, IL-2 once again becomes undetectable.
Understanding the antigen-dependent and transient par-
ticipation of IL-2 in the immune response is critical in
the therapeutic use of IL-2.

The antigen specificity of the T-cell immune response is
determined by antigen activation of the T-cell receptor,
which activates transient expression of the IL-2Rs
[22,23]. Therefore, the effects of IL-2 are restricted to
cells that have recently received signals to express IL-2Rs.
If the host clears the antigen, or if therapy reduces the
microbe to very low levels as occurs during HAART, the
T cells lose expression of their IL-2Rs and become unre-
sponsive to IL-2.Thereafter, many of these cells die.

As in other antigen systems that have been studied,
exposure to HIV leads to the clonal expansion of
HIV-reactive T cells, which results from HIV antigen-
specific activation of IL-2 production and expression of
IL-2Rs by both HIV-specific CD4+ and CD8+ T cells
[24]. It has now become established that this clonal
expansion of both HIV antigen-activated CD4+ T cells
and CD8+ T cells primarily occurs in the secondary
lymphoid tissues; i.e., the lymph nodes and spleen
[25,26]. Moreover, suppression of viral replication in the
secondary lymphoid tissues with HAART leads to a
rapid redistribution of cells (both CD4+ T cells, CD8+
T cells and B cells) from the lymph nodes back into the
circulation [27]. Animal studies have shown that clonal
expansion and immune reactivity to viral antigens are
dependent on the production and effects of IL-2 [7].
This was demonstrated conclusively in viral infection
experiments conducted in IL-2 ‘knockout’ mice (i.e.,
IL-2 gene deleted), which showed that antigen-specific
T-cell clonal expansion in these mice is attenuated by
greater than 90% [7]. Consequently, a persistent infec-
tion occurs instead of immune activation and viral clear-
ance. Furthermore, the chronic infection persists even in
the presence of other cytokines with T-cell growth fac-
tor activity, such as IL-4, IL-7, IL-9, and IL-15.
Therefore, these data underscore the unique properties
of IL-2 as the primary in vitro and in vivo T-cell growth
factor for mature, peripheral antigen-activated T cells.

Previous studies have suggested that CD4+ T cells pro-
duce more IL-2 than do CD8+ T cells, and recent exper-
iments using single-cell analysis by flow cytometry have
shown that, in healthy individuals, approximately 60% of
CD4+ T cells produce IL-2 on polyclonal activation,
compared with only 30% of CD8+ T cells (Smith,
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unpublished data). In addition, there are about twice as
many circulating CD4+ T cells as CD8+ T cells (900 ver-
sus 500 cells/µl, respectively). Consequently, the majority
(80%) of IL-2 production is normally attributed to CD4+
T cells.Therefore, the ability to expand antigen-activated
cytotoxic CD8+ T cells during a viral infection is highly
dependent on IL-2 produced by the CD4+ T cells,which
accounts for calling CD4+ T cells ‘helpers’.

In addition to their effect on CD8+ T-cell clonal expan-
sion,CD4+ T cells influence the cytotoxic capabilities of
CD8+ T cells via the IL-2-promoted expression of
cytolytic molecules [4]. Consequently, in the absence of
CD4+ T cells and the IL-2 that they produce, CD8+
T-cell expansion and development of cytotoxicity are
attenuated, leading to the persistence of the viral infec-
tion [5,6]. Experiments conducted in vitro and in vivo
have also shown that the duration of CD8+ T-cell
expansion is similarly dependent on exogenous IL-2
[28]. On disappearance of the antigen, the expanded
antigen-specific CTLs undergo rapid apoptosis due to
the withdrawal of the survival stimuli provided by IL-2.
Accordingly, therapeutic IL-2 administration can pre-
serve and extend the life span of the expanded IL-2-
dependent antigen-specific T cells [28].

Role of IL-2 in innate immunity

Both T cells and NK cells are important target cells for an
immune response (Fig. 1); however, NK cells differ from
T cells in several ways. Natural killer cells account for only
10% of total circulating peripheral blood mononuclear

cells, whereas T cells account for 60%. In an individual
with a total blood volume of 5 l, there are approximately
1 billion circulating NK cells. Unlike T cells, the effects of
NK cells are antigen nonspecific, as they do not express
antigen-specific receptors. Although all NK cells express
IL-2Rs constitutively, approximately 90% of these cells
express an intermediate-affinity IL-2R that lacks the
α-chain [29]. Consequently, these NK cells have 100-fold
lower affinity for IL-2 than do T cells, and require 100-fold
greater concentrations of IL-2 for an equivalent response.
As the IL-15R shares the IL-2Rβ and the IL-2Rγ chains
with the IL-2R, the expression of these receptor chains by
NK cells is most probably a result of IL-15R expression
and not IL-2R expression [30]. However, if exposed to
IL-2, NK cells certainly respond. On activation by IL-2,
the NK cells proliferate, become better killers and produce
additional cytokines, such as interferon gamma (IFN-γ),
tumor necrosis factor alpha (TNF-α), and granulocyte–
macrophage colony–stimulating factor, all cytokines that
are potent stimulators of macrophages [29].

A large part of innate host defense is dependent on the
interaction between NK cells and macrophages, which
are ultimately responsible for microbial destruction via
phagocytosis. The secretion of IFN-γ and TNF-α by
NK cells augments macrophage antiviral activity, so that
secretion of these cytokines further prevents the spread
of viral infection prior to the antigen-specific T-cell
response. As IL-2Rs are expressed on both T cells and
NK cells, IL-2 connects the antigen-specific T-cell
immune response with the innate host defenses medi-
ated by the NK cells and macrophages [24].
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Fig. 1. Relationship between interleukin-2 (IL-2) concentration and percent of occupied IL-2 receptors on T cells and B cells
(combined), and on natural killer (NK) cells.



As discussed earlier, only 10% of NK cells express high-
affinity IL-2Rs, which may be the first to be activated by
the low concentrations of IL-2 produced during the ini-
tial T-cell response. Exposure of NK cells to high con-
centrations of IL-2 is likely to activate more of the
NK cells, leading to the release of large amounts of
potent pro-inflammatory cytokines, such as IFN-γ and
TNF-α, that can cause systemic effects. Hence, the sys-
temic toxicities of IL-2 are dose dependent [31].

Principles of IL-2 pharmacology

When contemplating the use of IL-2 as a therapeutic, it
is vital to understand the pharmacodynamics and phar-
macokinetics of IL-2, as these can serve as guides in
minimizing the potential systemic toxicities of IL-2.
The pharmacodynamics are based on the structure,
function, and distribution of IL-2Rs, whereas the phar-
macokinetics depend on the characteristics of the IL-2
molecule itself.

Pharmacodynamics of IL-2: the IL-2 receptor
The IL-2R is comprised of three separate polypeptide
subunits: α, β, and γ [19,32,33]. The IL-2Rα chain
binds to IL-2 with a dissociation constant (Kd) of
10–8 mol/l, whereas the intermediate-affinity receptor,
which is comprised of the β and γ chains, binds to IL-2
with a Kd of 10–9 mol/l [34].The high-affinity IL-2R,
IL-2Rαβγ, is comprised of all three subunits and binds
to IL-2 with a Kd of 10–11 mol/l, allowing saturation of
these receptors at very low plasma IL-2 concentrations
(< 100 pmol/l) [35].Therefore, lack of α-chain expres-
sion by the majority of NK cells results in a 100-fold
lower affinity for IL-2, and thus requires 100-fold
higher IL-2 concentrations for equivalent saturations
(Fig. 1) [24].

The high-affinity IL-2Rs are transiently expressed by
antigen-activated T cells and by only 10% of NK cells
[29].The β and γ chains of the IL-2R are expressed by
both T cells and NK cells, and signal the interior of the
cell, whereas the α-chain does not participate in signal-
ing [33].Therefore, as IL-2 doses increase, the IL-2 con-
centrations are eventually reached that permit binding to
a substantial fraction of the β/γ IL-2Rs expressed by
most NK cells [35].The ultimate effect is activation of a
cascade of secondary and tertiary cytokine release, first
by NK cells and then by macrophages. Many of these
secondary and tertiary cytokines are the so-called pro-
inflammatory cytokines that elicit systemic symptoms
such as fatigue, malaise, fever, and capillary leakage of
cells and plasma.As higher and higher doses of IL-2 are
administered, higher and higher IL-2 concentrations
accumulate, which result in greater toxicity as more
NK cells are activated. Therefore, to administer IL-2
without undue toxicity, it is necessary to understand
IL-2 pharmacokinetics so that high systemic IL-2 con-
centrations can be avoided.

IL-2 pharmacokinetics
The pharmacokinetic properties of IL-2 are summarized
in Table 1 [36]. IL-2, a prototypic member of the inter-
leukin/hematopoietic cytokine family, is characterized
as a globular glycoprotein of small molecular size
(molecular weight, ~15 kDa) [17].These physical prop-
erties allow IL-2 to freely pass between capillary
endothelial cells so that, after intravenous (i.v.) adminis-
tration, it distributes rapidly into the total body extracel-
lular compartments, both intravascular and extravascular.
The total extracellular space in a normal human adult is
approximately 14 l.Therefore, to generate IL-2 concen-
trations high enough to saturate even the high-affinity
IL-2Rs (100 pmol/l, 1.5 ng/ml), at least 20 µg IL-2
must be administered, assuming that all of the molecules
are native and active. Following i.v. administration of
recombinant human IL-2 (16.7 µg/m2), the initial elim-
ination half-life (T1/2) is 11 min, followed by a subse-
quent slow decay (T1/2 = 45 min) that is attributable to
renal excretion (Smith, unpublished data). The IL-2 is
filtered by the glomeruli, then reabsorbed and metabo-
lized by the tubular epithelia [31].

Subcutaneous (s.c.) administration of IL-2 at identical
doses results in peak plasma concentrations (Cmax) of
25 pmol/l after 3 h (Tmax) with a 2.8 h elimination T1/2
(Table 1). This longer T1/2 allows IL-2 to bind more
than half of the high-affinity IL-2Rs expressed by the
antigen-activated T cells and NK cells for at least 12 h.
Therefore, s.c. administration is preferable to i.v. admin-
istration because it allows sufficient plasma IL-2 concen-
trations to bind to more than one-half of the
high-affinity IL-2Rs for at least 12 h.The systemic tox-
icity of IL-2 is thus avoided by keeping the IL-2 con-
centration in the extracellular compartment below
25–30 pmol/l.This IL-2 concentration will only bind to
~2–3% of the intermediate-affinity IL-2 receptors on
the majority of NK cells (Smith, unpublished data) [24].

IL-2 in HIV-specific T-cell immunity Smith S31

Table 1. Pharmacokinetics of interleukin-2 (Smith, unpublished
data).

Absorption

Rapidly absorbed following subcutaneous administration

Plasma levels detected within 15 min

Cmax = 25 pmol/l

Distribution

Distributed into the extracellular space (~14 l in a normal adult)

Metabolism and elimination

Renal excretion

Filtered by the glomeruli, then reabsorbed and metabolized by
tubular epithelia

T1/2 (subcutaneous administration) ~ 2.5 h

Cmax, Maximum plasma concentration; T1/2, elimination half-life.



Clinical rationale for IL-2 therapy in HIV
infection
Acceleration of the recovery of the immune system
In HIV disease, cytokines exert both positive and nega-
tive effects on the virus and virus-infected cells. Pro-
inflammatory cytokines (TNF-α, IL-1, and IL-6)
produced by the innate host cells, especially during the
initial infection, facilitate viral entry to the cell, proviral
integration into the cellular genome, viral replication,
and production of new virions [37]. However, subse-
quent to the T-cell recognition and response to HIV, the
IL-2 produced stimulates T-cell and NK-cell prolifera-
tion and differentiation to cytotoxic effector cells, and
inhibits apoptosis of antigen-activated CD8+ T cells, so
that the IL-2-promoted activation of an antiviral cellular
immune response is responsible for killing the virus-
infected cell [7].Thus, as emphasized earlier, a vigorous
cellular immune response correlates with control of the
viral infection, so that the initial peak plasma viral con-
centration is reduced to lower levels after the onset of
the cellular immune response [38–40].

As viral load is suppressed to undetectable levels by
HAART, the number of detectable HIV-specific CD4+
and CD8+ T cells decline, probably due to decreased
antigen stimulation [41].This is thought to be due to the
decline in antigen-induced production of IL-2 and lack
of stimulation of expression of IL-2Rs.The rationale for
the administration of IL-2 to patients undergoing treat-
ment with HAART is to accelerate the recovery of the
CD4+ T-cell concentrations [24,35,42]. However, IL-2
does not target progenitor cells of the bone marrow or
thymus. Instead, IL-2 is thought to only expand the
existing mature peripheral T-cell compartment.
Therefore, one would anticipate that IL-2 would act pri-
marily on those T cells in the periphery that have been
recently activated by HIV antigen. Actually, in clinical
trials in which either low-dose daily IL-2 [12,14] or
high-dose intermittent IL-2 was administered [11,13],
an accelerated recovery of the circulating CD4+ T-cell
concentrations is observed, and there is an accelerated
increase in both naïve and memory cell subsets in the
circulation. Also, there is a marked increase in the con-
centration of circulating NK cells when low-dose daily
IL-2 therapy is administered [12,14,24,43]. By compar-

ison, intermittent high-dose IL-2 only causes a transient
increase in circulating CD4+ T-cell concentrations,
while NK-cell concentrations do not change [11,13].

Low-dose daily IL-2 therapy versus high-dose
intermittent IL-2 therapy
There has been considerable controversy over the dose
and regimen of IL-2 therapy (Table 2). This stems in part
from the adaptation of the high-dose intermittent regi-
men originated in cancer therapy for use in HIV infec-
tion [10,44]. This high-dose intermittent approach was
established empirically, and was based upon the maximum
tolerable dose [31]. IL-2 causes severe dose-dependent
systemic side effects characteristic of the systemic inflam-
matory response syndrome, which are attributable to
NK cell-derived release of proinflammatory cytokines,
including TNF-α, IFN-γ, and granulocyte–macrophage
colony stimulating factor [45]. Unfortunately, there have
been more trials employing the high-dose intermittent
regimen than the low-dose daily regimen. At the high
doses currently in use in intermittent regimens (i.e.,
9–15 million international units/day × 5 days every
6–8 weeks), clinical Grade II and III toxicities are com-
mon [10,13].These doses are clearly unphysiologic, in that
they cause the severe pathologic signs and symptoms
characteristic of the systemic inflammatory response syn-
drome. The intermittent regimen of administering IL-2
only every 2 months is also unphysiologic, in that the sud-
den withdrawal of IL-2 from IL-2-dependent cells leads
to rapid apoptosis [21,28].Therefore, the intermittent dos-
ing regimen may very well select against the very cells
that one would like to generate.

By comparison with high-dose intermittent IL-2
administration, low doses of IL-2 avoid activation of the
majority of NK cells so that the secondary release of
pro-inflammatory cytokines is attenuated.Consequently,
this low dose of IL-2 yields physiologic IL-2 concentra-
tions in vivo, so that IL-2 can be administered daily con-
tinuously [24]. We now have individuals who have
self-administered IL-2 daily for more than 6 years with-
out untoward effects (K.A. Smith, unpublished data).
Moreover, by avoiding long periods without adequate
IL-2 concentrations, cytokine withdrawal apoptosis is
minimized. Consequently, a progressive accelerated
accumulation of circulating CD4+ T cells and NK cells
occurs. Moreover, because there are no systemic side
effects of low-dose daily IL-2 therapy, individuals do not
lose time from work or school, etc. In other words, this
is the ‘kinder, gentler approach’ to IL-2 therapy.

Augmentation of HIV-specific immunity
It is now realized that HAART is effective therapy for
HIV, capable of suppressing viral replication, but it can-
not cure the infection.Thus, when HAART is discon-
tinued after successful suppression of HIV replication,
even for several years, all individuals have suffered a viral
relapse within a few days [46,47]. Consequently, most
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Table 2. Interleukin-2 (IL-2) doses and regimens.

IL-2 protein
Dose IUa (× 106) (mg) Regimen

Ultra-high 150 10 3–5 days

High 15 1 5 days every 8 weeks

Intermediate 9 0.6 5 days every 4–8 weeks

Low 2 0.133 Daily

a Defined as 15 million international units (IU)/mg IL-2 protein,
based on the IL-2 cytotoxic T-cell lines [16].



practitioners continue to treat with HAART continu-
ously, to prevent the inevitable viral relapse. However, as
the chronic long-term side effects of HAART continue
to increase with prolonged therapy, the prospect of long-
term HAART is becoming less and less tenable.

Often, in vivo assays of immunity are more representative
of the capacity of a host to mount an immune response to
a microbe than are in vitro correlates. However, until
recently, it was impossible to devise in vivo methods to
detect host reactivity to HIV. We developed a method to
monitor in vivo antiviral reactivity in individuals who had
recovered normal levels of circulating lymphocyte subsets
and had achieved undetectable plasma virus RNA by the
most sensitive assays [48]. After obtaining written
informed consent, we perform a supervised treatment
interruption (STI) and, subsequently, viral and lympho-
cyte dynamics are monitored carefully. In contrast to most
STI protocols, we follow the course of viremia with fre-
quent HIV determinations (i.e., twice weekly) until the
HIV concentration reaches a trough, defined as at least
four successive determinations that are within 25% of one
another. By comparison, most STI protocols reinstitute
HAART if the plasma HIV concentration exceeds an
arbitrary level (e.g., ≥ 5000 RNA copies/ml). Using our
approach, we have found that there is readily detectable in
vivo antiviral reactivity, even in individuals who were
infected chronically before they received HAART. Upon
STI, all individuals suffer a viral relapse,with HIV becom-
ing detectable in the plasma within a mean (± SEM) time
interval of 19 ± 3 days. Subsequently, there is a rapid
increase in plasma HIV concentration, with a doubling
time of 1.6 ± 0.3 days, eventually reaching a peak con-
centration within 17 ± 2 days. Afterwards, the plasma
virus concentration declines progressively with
T1/2 = 3.5 ± 0.7 days over the course of the next 2 weeks,
eventually reaching a trough concentration within
18 ± 3 days. Coincident with the rise and fall of the
plasma HIV concentration, there occurs a doubling of cir-
culating CD8+ T cells, which remain elevated as the
plasma HIV decreases. Simultaneously, there is only a
transient, decrease of circulating CD4+ T cells coincident
with the peak HIV concentration, while the concentra-
tion of NK cells remains unchanged.

Upon a second STI, we have found that 5/6 individuals
followed thus far have had a greater than 10-fold reduc-
tion in their peak viral concentrations.We have followed
these subjects for a mean of 194 days (range,
92–330 days) off HAART, and the plasma viral concen-
trations have consistently measured between 2000 and
20 000 HIV RNA copies/ml. Accordingly, it appears
that there is an effective host response to HIV, which is
detectable by monitoring viral and lymphocyte dynam-
ics after a short-term STI.These data suggest that further
experiments, exploring therapies designed to augment
HIV-specific antiviral reactivity to the point where a
viral relapse is prevented, are now warranted.

The role of STI in research and therapy of HIV
infection
A recent publication exploring STI in individuals who
were diagnosed and treated early with HAART has
revealed results very similar to ours [49], which were
obtained in individuals infected chronically before diag-
nosis and therapy [48]. The investigators involved with
the early-treatment study interpreted their results as sup-
porting the concept of the early diagnosis and treatment
as important for sparing the immune system. However,
our data indicate that, even in individuals infected for
several years prior to the institution of HAART, there is
a readily detectable in vivo antiviral host response [48].
This is very important, in that the vast majority of indi-
viduals are infected chronically before the diagnosis is
made. In addition, data from early diagnosis and treat-
ment studies in progress indicate that early treatment
cannot prevent establishment of integrated proviral
DNA. Consequently, new immunotherapy strategies are
needed to target the immune system, to promote the
maintenance of viral latency, and to prevent viral repli-
cation when antiviral treatment is discontinued.

At this time, it is unclear how STI should be used.There
are some advocating STI to circumvent the cumulative
side effects from continuous HAART. Others are
attempting to use STI as a means to promote an endoge-
nous immunization. It is important to stress that these
goals are worthy, but that STI should remain an experi-
mental procedure until its safety and efficacy have been
demonstrated. Thus far, our experience indicates that
‘short-term’ interruption of therapy (i.e., for
8–12 weeks) is safe: we have not seen the development
of drug-resistant mutants and we have observed only
transient decreases in circulating CD4+ T cells.
However, longer interruptions may well lead to progres-
sive decreases in CD4+ T cells. It seems inherent that a
therapeutic vaccine administered during HAART is
much safer than allowing the endogenous virus to
resume replication. Therefore, we plan to use the viral
and lymphocyte dynamics observed after short-term STI
as end-points in studies designed to examine the efficacy
of immunotherapies administered during maximal sup-
pression of endogenous viral replication with HAART.
The goal of these studies will be to augment HIV-spe-
cific host defenses, so that relapse of detectable plasma
viremia is prevented when HAART is discontinued.

Conclusions

Following the introduction of HAART, great advances
have been made in HIV virus suppression; however,
HAART does not promote the kind of immune restora-
tion that is essential for maintaining a competent
immune system and for preventing viral relapse when
HAART is discontinued. Fortunately, immunotherapeu-
tic agents such as IL-2 are available, and a great deal of
basic and clinical research data indicate that IL-2 can be
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used in a way that is safe and nontoxic. Consequently,
the return of circulating lymphocytes to their normal
concentrations can be accelerated. From the natural his-
tory of HIV infection, as well as our results and those of
others of the viral and lymphocyte dynamics after STI,
it is now clear that the immune system can be instru-
mental in containing the virus, even without aid from
antiviral drugs. Therefore, the availability of nontoxic
immunotherapy increases the prospects for generating
effective protective immunity to HIV, as well as the
prospects for the immunologic containment of latent or
persistent HIV, in a fashion similar to the way the
immune system contains the residual herpes viruses
(e.g., Epstein–Barr virus, cytomegalovirus, herpes sim-
plex viruses) and the way it contains latent HIV in long-
term nonprogressors.

It is known that IL-2 stimulates the proliferation and dif-
ferentiation of both CD4+ and CD8+ T cells, and also
activation and stimulation of NK-cell proliferation and
differentiation. Moreover, IL-2 prevents cytokine with-
drawal apoptosis of antigen-activated T cells. Clinical
evidence with IL-2 therapy thus far is yielding promis-
ing results: continuous low-dose IL-2 can be adminis-
tered safely (i.e., without stimulation of viral replication)
and without systemic toxicity, and the data indicate that
daily IL-2 therapy accelerates the normalization of the
concentrations of circulating T cells and NK cells over
the course of several months.

Our data [48], and those of Rosenberg et al. [49] regard-
ing the demonstration of better control of viremia after
a second STI compared with the first STI, suggest that
repetitive antigenic stimulation may augment antigen-
specific immune reactivity. Also, the knowledge that
antigenic stimulation is necessary for the production of
IL-2 and for the expression of IL-2Rs suggests that two
signals, antigen and IL-2, may be more effective than
either alone.Therefore, combining a therapeutic vaccine
with continued daily low-dose IL-2 therapy should
result in marked expansion of HIV-specific CD8+
T cells, thereby promoting protective immunity. The
most effective vaccines remain to be determined.
However, it is now clear that the best way to monitor
the effectiveness of different immunotherapeutic
approaches in vivo is to follow viral and lymphocyte
dynamics after short-term STI.
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