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Abstract

HAART in HIV-1-infected individuals has a broad spectrum of clinical outcomes. In the majority of
patients, plasma viral load becomes undetectable and CD4+ T-cells increase over time. However, in
a number of subjects a discrepancy between plasma viral load and the CD4+ T-cell recovery is ob-
served. CD4+ T-cell count can rise despite persistently detectable plasma viral load (virologic nonre-
sponders), or conversely does not increase despite full plasma viral load suppression (immunologic
nonresponder).

Defective immune reconstitution may depend on several factors including previous therapeutic failure,
duration of antiretroviral therapy, low CD4+ T-cell count at the initiation of HAART, advanced stage
of disease, low adherence to HAART, and previous treatment interruption. There is no definitive evi-
dence that age, viral strain/clade, or host genetic factors play a role in these different responses to
HAART. The roles of T-cell subsets, thymic function, and cytokines have been investigated. The in-
creased T-cell activation/apoptosis has been associated with a lack of effective immunologic res-
ponse. Unabated virologic replication in lymphoid tissues, despite undetectable plasma viral load,
has been proposed as the underlying mechanism of cellular activation. However, this “paradoxical
response” probably can be associated with other events. Insufficient CD4+ T-cell repopulation of
lymphoid tissues may be due to a thymus failure or a defect in bone marrow function. Lifelong infec-
tion, the toxic effect of antiviral drugs on T- and B-cell precursors, the stage of disease, and the low
number of CD4+ T-cells before HAART may also account for thymus exhaustion and insufficient T-cell
renewal. Finally, an imbalance in the production of cytokines such as TNF, IL-2 and IL-7 may also be
a crucial event for the induction of immune system failure.

In patients in which CD4+ T-cells are not increased by HAART, therapeutic strategies aimed at increas-
ing these cells and reducing the risk of infections are needed. IL-2 and/or other cytokines may be of
benefit in this setting.

Some antiviral drugs may be better than others in immunologic reconstitution. Protease inhibitors
may have additional, independent positive effects on the immune system. On the other hand, there
may be little rationale for using immunosuppressive agents such as cyclosporine or hydroxyurea in
this subgroup of immunologic nonresponder patients, as these molecules may increase T-cell decline
and/or favor susceptibility to infections. (AIDS Reviews 2006;8:88-97)
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(HIV-1)'. With the combinations of three different classes
of antiretroviral drugs, the majority of individuals that
adhere to treatment show a good response as defined
by the decrease of viral load to undetectable levels
and an immunologic reconstitution with a significant
increase of CD4+ T-cell levels from baseline values?3.
However, immunologic response shows a large indi-
vidual variability. Some subjects with only modest viro-
logic response occasionally have large rises of CD4+
T-cells, whereas others with undetectable viral load
show only small increases of CD4+ T-cells*. The time
and extent of immune reconstitution depend on se-
veral factors. Some are immunologic, others are viro-
logic or host-related (i.e. genetic) factors, but all might
play an important role in reconstitution of the immune
system®8,

There is no agreement on the definition of good im-
mune response, but in general a significant increase
up to 20-30% of the CD4+ T-cell number from baseline
value in the first 6-12 months of HAART has been con-
sidered positive'. This immune response has been ob-
served in 70-80% of treated patients with undetectable
plasma viral load (pVL). Apart from the treatment success,
a certain percentage of patients may present a so-called
“paradoxical response”, defined as a discrepancy be-
tween the pVL values and the CD4+ T-cell count”.

Two main situations relevant for the course of the
disease may occur. The first is characterized by a
CD4+ T-cell count rise despite persistently detectable
pVL as defined in virologic nonresponders and immu-
nologic responder patients. This may be due to a se-
lection of mutant viruses with low fitness induced by
HAART compared to wild-type viruses, or by a modest
benefit from antiviral drugs that causes only a partial
reduction of pVL in comparison to baseline values®°.
This condition could also be sustained, with some bene-
fits to the immune system, directly induced by protease
inhibitors (PI) that may act independently from their
antiviral effects'"'3,

The second type of * rﬁE@emal re po
when the CD4+ T-cell cou spﬁtr c@
a full suppression of viral replication: this condition
includes virologic responders b{itd
sponder individuals, briefly defined as immunologic
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HAART because of the slow decline of pVLS. We will
not include these patients in the definition of immuno-
logic nonresponder patients.

Since low levels of viral replication are also able
to damage the immune system, we believe that only
the patients with sustained undetectable viral load
(< 50 HIV-RNA copies/ml) for a prolonged period (at
least one year) of HAART may be considered viro-
logic responders. In the majority of studies, the rise
of CD4+ T-cells was considered defective when the
CD4+ T-cells increased < 50/mm?3 from baseline in six
months, while in others they were considered defec-
tive when they did not increase, or decline at all,
despite sustained undetectable viral load'™ ", We
suggest in the future considering as immunologic
nonresponders only those patients that do not show
any (or a very low) increase in their CD4+ T-cells
(< 50/mm?3) after one year of continuous HAART be-
cause these subjects will probably never ameliorate
their immune response.

Several factors are associated with impaired CD4+
T-cell reconstitution, including older age, previous
therapeutic failure, previous duration of antiretroviral
therapy, low level of CD4+ T-cells before HAART,
persistent HIV-1 replication at lymphoid tissues, low
adherence to HAART, and previous treatment inter-
ruption'”.

The studies describing HIV-1 positive patients under
HAART with a good viral control and a poor immuno-
logic response were of two types: the first were retros-
pective cohort (monocentric or multicentric) and the
second prospective monocentric®'®2!, This difference
demonstrates one of the difficulties in having homoge-
neous data. In addition, a variation also depends on
the heterogeneity of the cohorts, such as demogra-
phics, CDC stage, years of infection, previous therapy,
nadir of CD4+ T-cells, levels of pVL, presence of coin-
fections, type of HAART, associated treatments for op-
portunistic infections, and adherence to therapy. In

tients the absence of CD4+ T-cell increase
51“@554% maaypbied of 6-12 months, in others
only within the first six months®22.

hi@(’[@({f ||§]goor immune reconstitution after

HAART have been analyzed by several investigators in
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stable from baseline values or below the critical thre-

I, or in a single center with a low number of en-

shold of 200 cell/mm3. This could occur |h1f ﬁh bL‘Lﬁ Féﬁfé?ms by sample statistical methods. Other
patients treated with HAART '8, Several ;% e conducted in order to investigate the bio-

reported patients treated with HAART with a delayed
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Factors involved in the pathogenesis
of immunologic nonresponse despite
effective HAART

Demographic factors

An important sex-related difference in immune recov-
ery is suggested in several studies, showing a remark-
ably greater increase in CD4+ T-cell counts after HAART
in women225_ None of these studies reported a signifi-
cant relevance of ethnic origin (Hispanic, Caucasian,
Black, Asian) or HIV-1 transmission groups (drug abus-
ers, previous drug abusers, homosexuals, heterosexu-
als). No studies are available on hemophiliacs or blood-
transfused individuals, probably because of the low
number of persons involved in these trials. In contrast,
the majority of papers reported the importance of age. In
the evaluation of immune recovery under HAART, young-
er age predicted greater early CD4+ T-cell gain, support-
ing the importance of thymic function or its surrogate®26:27,
Older patients were more likely to experience poorer im-
munologic response®. In one study, older age seems to
correlate with a decreased number of low responder
patients to HAARTS®, while in another paper advanced
age seems not to be correlated to the absence of im-
mune response; however no statistical difference has
been reported®. These discrepancies probably are cor-
related to the low number of investigated persons or to
the different stage of their disease?®.

Stage of HIV disease

The stage of the disease, according to the CDC clas-
sification, is not relevant to the degree of the immune
reconstitution. In fact, patients belonging to stage C,
corresponding to full-blown AIDS, seem to respond to
HAART as well as patients in stage A or B, whereas in
another study, patients with previous AIDS seem to
have lesser immune response than stage B or A. The
duration of the disease as valuated Eo@j riod

of the seroconversion or fr @1@@5

not relevant in terms of the presence or absence of

immune reconstitution®6:2129, l’eprOduced or o J[@G’@
Drug-naive or experigiged) 0atigREs prior iy

and type of therapy
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HAART in 1996, PI, boosted Pl and non-nucleoside re-
verse transcriptase inhibitor (NNRTI)-based regimens
are not significantly different in achieving increased
CD4+ T-cell counts in individuals who commence thera-
py with a low CD4+ T-cell count (< 200 cells/mmq)%. In
early stages of HIV-1 infection, a Pl-based regimen
was more effective than an NNRTI-based treatment
in reducing plasma and lymphoid tissue-associated
HIV-RNA to undetectable levels. However, the effective-
ness in improving the immune system function was
similar in both groups, although the Pl was more effec-
tive in increasing the CD4+ T-cell counts and in reduc-
ing disease-induced T-cell activation®:%. A therapeutic
Pl-containing regimen may have a positive action on the
recovery of CD4+ T-cell numbers as well as of T-cell
functions that is independent from the antiviral effect33-3,
Recently, some investigators demonstrated a decrease
of apoptosis of T-cell subsets and an increase of colony-
forming cells (CFC) at bone marrow level in patients
under HAART®. Such positive effects on the immune
system have also been demonstrated in vitro in bone
marrow cells of normal subjects exposed to PI'3.

An increased prevalence of immunologic nonresponse
in patients treated with two nucleoside reverse transcrip-
tase inhibitors (NRTI) plus tipranavir in comparison to one
NRTI plus one NNRTI or a PI plus tipranavir has been
recently described®. In this case it may be hypothesized
that the combination of two NRTI may be responsible for
the accumulation of purine toxic metabolites with a situ-
ation similar to that observed in children affected by con-
genital deficiency of purine nucleoside phosphorylase
(PNP)®. The accumulation of purine bases may be
responsible for the damage in cells with a high proliferative
activity, such as thymocytes, bone marrow cells, T- and
B-cells, platelets, and erythrocyte progenitor cells®.

Role of coinfections

In some studies*!*?, hepatitis C virus (HCV) coinfec-
n has, been associated with a poorer immunologic
b &asg@mimayng)ﬁgreater risk of clinical pro-
gressmn although not all investigators have agreed on
eplicates in lymphoid tissue in
has been suggested that HCV is

d@ Scspcynmmune system and this
y impede the |mmune recovery*?. Moreover, in a

coinfected pa Ents

analysis by Miller, et al.*® it has been
No differences have been reported on th@fi Eagop L‘Lbﬁgﬁ:éiﬁpahents with HIV-HCV coinfection have

immune reconstitution acoordmg to the type of HAART
(Pl-sparing
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Table 1. Factors involved in the immunologic nonresponder status

Cause Degree of evidence References

Residual viral replication in tissues evidence Furtado et al. N Engl J Med 1999
Garcia, et al. J Acquir Immune Defic Syndr 2004
Ostrowski, et al. J Infect Dis 2005

Type of virus not defined Hejdeman, et al. AIDS Res Hum Retroviruses 2001
CDC Stage (3 >1 and 2) controversial data Palella, et al. N Engl J Med 1998

Egger, et al. Lancet 2002
Previous type of therapy evidence Viora, et al. Immul Infectious Dis 1994
(mono or dual therapy or three NRTI) Grabar, et al. Ann Intern Med 2000

Benveniste, et al. Eur J Clin Microbiol Infect Dis 2001
Previous HAART failure evidence Knobel, et al. AIDS Patient Care STDs 2001
Adherence controversial data Reynolds, et al. AIDS Reader 1999

Casado, et al. Antivir Ther 1999
Smith, et al. Patient Educ Couns 2003

Age and race not defined Viard, et al. J Infect Dis 2001
Kaufmann, et al. AIDS 2002
Frater, et al. AIDS 2002
Tumbarello, et al. BMC Infect Dis 2004

Gender controversial data Moore, et al. J Acquir Immune Defic Syndr 2001
Poundstone, et al. AIDS 2001

Genetic factors not defined Nasi, et al. Imlmunogenetics 2005

Baseline CD4+ T-cell levels strong evidence Grabar, et al. Ann Intern Med 2000

(< 200/mm?3) Kaufmann, et al. AIDS 2002

Bone marrow failure evidence Isgro, et al. AIDS Res Hum Retroviruses 2005
Thymus failure evidence Teixeira, et al. AIDS 2001

Defective naive T-cell production strong evidence Fleury, et al. Proc Natl Acad Sci USA 2000

Hellerstein, et al. Nat Med 1999

Increased (or persistent) T-cell activation strong evidence Sloand, et al. Blood 1999
and apoptosis Benveniste, et al. J Infect Dis 2005
General immunologic factors in patients with advanced immunodeficiency (CD4+

< 350/mmd) as long as durable treatment-mediated

Several immunologic factors were independently as-  viral suppression can be maintained. Moreover, start-
sociated with a poor immunologic reconstitution after ing HAART with more severe immune suppression
HAART initiation and might, be involved |_F muno- bD4+ <. 100/mm3) dogs not seem to influence the

i
logic nonresponder status. an@ Eﬁe@ h |t§ee}au HL@FM%M& @*y in one study by Smith,

clearly demonstrated in the past few years. et al.*. In fact, those starting HAART at low CD4+

Several groups attempted to @cp{(bdtq@@d;k@r p}mte@e{[sopgﬂzmg to respond in a similar manner
D

between full viral suppression and CD4+ T-cell gains®®. 1o those starting at higher CD4+ T-cell counts. Similar

Some authors have repor\tmﬂqteegm-ggrp ﬁ% W Trtp\ﬁar @WPS@ i@ﬁher retrospective study“®,
e -n

T-cell trends in patients with sustain duced showing that immune recovery is possible regardless
viral suppression, showing a failure to achi Vf 15D4+ Tfitiée CD4+ T-cell count. In HIV-1-infected sub-
T-cell count > 500/mm?3 in the majority of ;@t e @nrp ; gte of CD4+ T-cell gain is comparable after

CD4+ T-cells < 200/mm? pretherapy®44. On the con- one year of commencing HAART to the rate of naive
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rate of CD4+ T-cell recovery may be also due to an
HIV-1-induced process that limits T-cell production
(i.e. thymic or bone marrow damage) or enhances per-
ipheral destruction, because T-cell activation is de-
pendent on other stimuli“®%%, Moreover, in another pa-
per we demonstrated that immune recovery, as tested
by T-cell function assays and CD4+ T-cell subsets, is
less pronounced in patients starting HAART with se-
vere immunodeficiency®'. According with these find-
ings, a depressed bone marrow activity with impaired
numbers of CFC and long-term culture-initiating cells
(LTC-IC) have been observed before therapy in ad-
vanced patients treated with HAART. Controlling HIV-1
replication by HAART could determine a restoration of
stem cell activity, probably because of the suppression
of factors that inhibit normal hematopoiesis®%',
Anthony, et al.® showed that a persistently elevated
level of CD4+ T-cell turnover after HAART is associated
with incomplete CD4+ T-cell recovery despite that the
HIV-RNA level was < 50 copies/ml. The increased levels
of T-cell turnover are closely linked to immune activation,
revealed by the persistent elevation of CD4+ and CD8+
T-cells expressing activation markers®, even after long-
term HAART. A possible explanation for this ongoing T-cell
activation and turnover is that compartmentalized viral an-
tigens provide continuous immune stimulation®. Moreover,
in patients initiating HAART with CD4+ T-cell counts
< 350/mm?3, these findings are more pronounced than in
subjects with less severe immune suppression. These data
strongly suggest that T-cell activation and turnover may
influence the potential for immune reconstitution in patients
with low CD4+ T-cells before therapy®®%6. We recently
studied a group of immunologic nonresponder patients
demonstrating a defective proliferation of naive T-cells,
particularly of thymic origin, associated with increased ex-
pression of CD95 on CD4+ T-cells. In addition, a reduced
proliferation of progenitor cells, together with decreased
production of interleukin (IL)-2, interferon-y (IFN-y) and
IL-127and increased values of tumor necrosis factor
(TNF)-B has been observed one m rrow | (Mar-
ziali M, in preparation). Thes&)@tap\ag
role of cytokine production in |mmune reconstltutlon

Specific immunologic facto
Immune activation

Persistent chronic activation of T-cells is Qih
istic of HIV-1-infected immunologic nonresponder sub-
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this condition and lead to an upregulation of apopto-
sis®®’. This upregulation is suggested by the presence
of high levels of activation marker expressions on the
T-cell surface of immunologic nonresponder patients.
This may be explained by the persistence of low level
viral replication in vivo, perhaps in compartments not
accessible for the measurements. We also found that
when studying T-cell receptor expression during several
years of effective HAART, an increased expansion of
both CD4+ and CD8+ T-cell repertoire could be ob-
served®. So, despite the absence of viral replication in
plasma, stimulation of the immune system continues to
occur at lymphoid tissue level for the persistent activation
of memory cells®. An alternative explanation is that other
antigenic stimuli by viral or bacterial antigens may be
involved in chronic immune stimulation in HIV-1 infec-
tion%8. It is well known that regulatory T-cells, character-
ized by the expression of CD4+*CD25P1NCDE2LNN on
their surface, are actively involved in the downregulation
of the immune system. Recently, their loss during HIV-1
infection has been associated with the high levels of
CD4+ and CD8+ T-cell activation in the advanced stages
of the disease®. Moreover, it might be hypothesized that
a persistent skewed rate of regulatory T-cells could be
involved in the persistence of a low number of CD4+
T-cells in immunologic nonresponder subjects who show
high levels of T-cell activation.

Immune phenotype of immunologic
nonresponder patients

In order to explain the pathogenesis of the failure of
immune response, several investigators studied T-cell
subsets, thymus function, and production of cytokines.
In a recent paper, the two main characteristics ob-
served were the increased mortality rate of T-cells and
the decrease of proliferation and de novo central pro-
duction of T-cells?'. It has been observed that in these
patients there is an increased apoptosis in comparison

mmunolo ic responder subjects, and increased Fas

f}w mﬁe)/p | blood and bone marrow
Ievels. The mechanisms involved in this excessive
' ||]ngear. Persistent low levels of viral
replication and/or an unbalanced pattern of cytokine

Wlthout the pr|0|’ V\ﬂ*‘?ﬁ’geﬁn ggﬁmpsm@ yed. In addition, after one

the immunologic nonresponder  indi-

L@t@ﬂj&/ed lower levels of naive T-cells as tested by
rp D62L+ phenotype or by T-cell rearrange-

ment excision C|rc|es (TREC) in comparison to normal
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In these immunologic nonresponder individuals there is
also a defective production of some cytokines (i.e. IL-2,
IL-4, IL-12), whereas the TNF levels are increased®2-6,
Besides the thymus defect, an impaired immune res-
toration in immunologic nonresponder subjects could
be attributed to a defective activity of the other central
immune system organ, the bone marrow®*. According
to our recent observations studying bone marrow pro-
genitor cells activity in immunologic nonresponder pa-
tients, we were able to demonstrate a severe prolifera-
tive defect in bone marrow progenitor cells of these
subjects using CFC assays®.

The role of Fas/FasL interactions in the homeostasis
of the immune system and during HIV-1 infection has
been well known for several years®®6”. Recently, the
role of the Fas/FasL gene polymorphisms in the im-
mune reconstitution after antiretroviral therapy was in-
vestigated®, showing that some polymorphisms of
these genes can affect the increase in CD4+ T-cells
during HAART. Starting therapy with low CD4+ T-cell
numbers in the presence of unfavorable Fas/FasL genes
could be a cause of poor CD4+ T-cell recovery.

Due to the positive effects of IL-7 on survival and
homeostatic proliferation of T-cells, a recent demon-
stration has shown that the downregulation of the alpha
IL-7 receptor on T-cells correlates with the depletion of
CD4+ T-cells in HIV-1 infected subjects, including in-
creased concentration of serum IL-75°,

Virologic factors

It has recently been demonstrated that viral replication
might continue in patients with undetectable HIV-RNA
levels’™®7". Intensification of HAART in this condition
leads to significant reduction of virus replication and
T-cell activation”7. Low level viremia may be associ-
ated with T-cell activation and higher proviral DNA
levels, and these findings indicate that periods of low
level viremia during HAART are negatively associated
with CD4+ T-cell gain and,immune recopstitution’.
Moreover, a higher proviralﬁil@k @é&i&ﬁei

increased proportion of effector CD4+ T-cells and a
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Therapeutic approaches for the correction
of the immunologic nonresponder status

The role of IL-2

Progressive depletion of CD4+ T-cells is associated
with an increased risk of opportunistic infections and
is the hallmark of HIV-1 disease. HAART has been
shown to have a profound impact in reducing mortality,
hospital admission and AIDS-defining ilinesses also in
subjects with discordant immuno-virologic response’®’8,
but these findings were lost when the discordant status
persisted during time®. IL-2 is a T-cell growth factor
relevant for the function of the immune system?”. HIV-1
infection is characterized by an impairment of antigen-in-
duced IL-2 production”®7°. Starting from 1995, several
clinical studies®2! using intermittent administration of
recombinant (r) IL-2, alone or in combination with anti-
retroviral therapy, in patients with HIV-1 infection have
revealed that this regimen gives rise to significant and
sustained increases in peripheral CD4+ T-cell counts
without a significant impact on virus load®?#, Following
rlL-2 administration, memory CD4+ T-cells initially con-
tributed to the CD4+ T-cell increase, but the subse-
quent expansion of the CD4+ T-cell population was a
consequence of an increase in naive T-cells. A sig-
nificant rise in CD4+CD28+ T-cells (CD28 is a co-
stimulatory molecule important for antigen presenta-
tion) was seen in the rlL-2 recipients. These findings
also suggest that the expansion of T-cells achieved with
the use of rlL-2 is functionally competent®485. Conse-
quently, rlL-2 has been proposed as the treatment of
choice for immunologically discordant patients with low
CD4+ T-cell counts after HAART. These patients have
a higher risk of developing AIDS-defining events, and
rlL-2 may increase CD4+ T-cell counts even in the
presence of a severely immunocompromised condition
(CD4+ < 50/mm?q) and should be considered as part
of the treatment in patients with an immuno-virologic

iscordant to HAARTES.
pifeation May’ be

The possible role of immunosuppressive

reduction of naive CD4+ and C@@f@dm{@dt@r yh@$ i 'ﬂg:hibitors and other

presence of proviral DNA interferes with immune re-

constitution during HAART arld st fin PFY(ﬂe

attributed to replication-competent or replication-de-

cytokines in"thecorrection of the
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teins. The presence of residual HIV-1 replicati
or peripheral lymphoid tissue through the mechanisms

To reduce immune activation and/or the apoptosis of
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retroviral drugs, in the treatment of patients at different
stages of HIV-1 disease®®®. At present, there are no
studies with these drugs in immunologic nonresponder
patients. We believe that in the immunologic nonre-
sponder condition the theoretical advantage derived
from the use of drugs capable of inducing a reduction
of T-cell activation will be overwhelmed by the dange-
rous immunosuppressive effect exerted in patients with
low CD4+ T-cell counts despite HAART.

Anti-TNF treatments

Anti-TNF drugs have been successfully used in pa-
tients affected by rheumatoid arthritis and other auto-
immune disorders, and the beneficial effects observed
in these conditions have been correlated with the re-
duction of the immune activation that characterizes the
disease, but at the cost of heightened susceptibility to
a variety of infections®!. The possible use of anti-TNF
in the treatment of patients with HIV-1 infection, despite
its ability to reduce immune activation of T-cells, could
be dangerous due to the high risk of severe infections
and tuberculosis in these patients®. Experience in
treating individuals with HIV-1 infection with anti-TNF
based therapies is limited, but collectively suggests
that such therapies may be given with a reasonable
ratio of benefits to risks only if the patients’ underlying
infections are controlled and they are not severely im-
munosuppressed®-%,

Other cytokines

IL-7 plays an important role at various stages of
T-cell development, from the T-cell precursors at bone
marrow level to the mature T-cells in the peripheral
bloodstream. Despite the well-known thymopoietic and
lymphopoietic effects of IL-7 in humans, its role in the
course of HIV-1 disease is controversial. It has been
demonstrated that IL-7 induces virus replication and
increases proviral DNA levels in natural J&i/%?)cted

B

CD84 peripheral blood monbhudiéat/delQ

tures and augments naive T-cell susceptibility to HIV-1

Holl

could stimulate T-cell renewal and peripheral T-cell ex-
pansion without increasing viral replication®® 1%, There-
fore, whether the beneficial effects on T-cell recovery
will outweigh the risk of HIV-1 reactivation needs to be
assessed in further studies. In HIV-1 infected subjects,
we observed the decline of elevated stromal IL-7 levels
when CD4+ T-cell recovery occurred following effec-
tive antiviral therapy'®'. In addition, elevated IL-7 levels
have been observed in HIV-1 infected adults with low
CD4+ T-cell counts. These findings suggest that IL-7,
through its potent effect on mature T-cells, plays a
central role in modulating peripheral T-cell expansion
in the presence of T-cell depletion’®. Another interest-
ing cytokine is IL-15, which has been demonstrated to
exert various roles in the innate and adaptive immune
systems, including the development, activation, hom-
ing, and survival of immune effector T-cells. IL-15 plays
a role in the survival and antigen-independent expan-
sion of naive and memory CD8+ T-cells'®. IL-15 pro-
duction by PBMC was significantly decreased in anti-
retroviral-naive patients and in those with treatment
failure. On the contrary, in patients with good response
to HAART, IL-15 production was comparable to that of
healthy donors'®. IL-15 is also able to stimulate the
anti-HIV-1 response, as determined by IFN-y secretion
in vitro. Recently, the adjuvant activity of recombinant
human IL-7 (rhIL-7) and rhiL-15 has been studied by
Melchionda, et al.'®. The results confirm the adjuvant
activity of rhlL-15 and demonstrate that rhiL-7 also
serves as a potent vaccine adjuvant. In fact, IL-7 is
able to broaden vaccinal immunity by augmenting res-
ponses to subdominant antigens and improving the
survival of the CD8+ T-cell memory pool. These find-
ings suggest that IL-15, as well as IL-7, or the combi-
nation of both, alone or in association with IL-2, could
be used as immunomodulatory agents in a novel anti-
HIV-1 strategy, particularly in patients with poor immu-
nologic response after HAART'%. However, only exten-
sive trials with these cytokines will give answers on the

aaffg and efficiency orbthis therapeutic approach in

@UW%% & patients.

in vitro®97. Wang, et al.® ShOVY'&@plTE(’Dd{Zl(\Z\@dS@r ph@!@ﬂ@’ﬁylng

nificantly more effective in enhancing HIV-1 proviral

reactivation than either Mﬁ?@jﬂ H‘feomgad
with phytohemagglutinin (PHA) in CD8-deplete .
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immunologic responders and those subjects who do
not show any increase in CD4+ T-cells. This “para-
doxical response” probably recognizes the intervention
of other mechanisms; differences in the capability of
achieving an extensive immune repopulation might be
altered in these patients due to a thymus failure or to
a defect at the bone marrow precursor level. The real
problem is that, despite several hypothetical mecha-
nisms proposed so far, we do not know exactly why
CD4+ T-cells decrease in the course of HIV-1 infection.
What are the true causes of the progressive immune
system depletion? Probably the viral replication control
achieved using HAART is able to positively act on
some mechanisms involved in the CD4+ T-cell deple-
tion associated with HIV-1 disease, but not in all indi-
viduals. In other subjects, perhaps with different ge-
netic characteristics, or in whom the immune system
damage has been more pronounced, the antiretroviral
treatment also fails to partially reconstitute the immune
system. Immunologic nonresponder patients actually
represent a paradigm of our poor knowledge on seve-
ral pathogenetic aspects of HIV-1 disease. This condi-
tion urges appropriately based guidelines regarding
both structural interventions to improve therapeutic
strategies to stimulate immune system and to reduce
the higher risk of opportunistic infections.
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