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SUMMARY

This study presents the immunophenotypic and functional analysis of lymphocyte subsets obtained from
peripheral blood and lymphoid tissue from HIVþ individuals treated with highly active anti-retroviral
therapy (HAART) alone or in combination with 6 million units international (MUI) s.c. IL-2. Before
treatment, the HIVþ patients had reduced CD4 and increased CD8 values in the peripheral blood and
lymphoid tissue and impaired cytokine production by peripheral blood mononuclear cells (PBMC).
After 24 weeks of treatment, all the HIVþ patients demonstrated increased CD4 values in peripheral
blood and lymphoid tissue. The use of IL-2 did not promote an additional CD4 expansion compared
with HAART alone; increased ‘naive’ and CD26þ CD4 cells and reduced CD8 cells were found in the
peripheral blood and lymphoid tissue of the IL-2-treated, but not of the HAART-treated patients. Both
types of treatment induced a significant reduction of the CD8/CD38þ cells. While HAART alone had
negligible effects on cytokine production by PBMC, the combined use of HAARTþ IL-2 was unable to
increase the endogenous production of IL-2, but caused an increase of IL-4, IL-13 and interferon-
gamma (IFN-g) and a reduction of monocyte chemoattractant protein-1 (MCP-1) production. These
data suggest that, although in this schedule IL-2 has minimal efficacy on CD4 recovery when compared
with HAART alone, it produces an increase of ‘naive’ and CD26þCD4 cells and a partial restoration of
cytokine production. These data may be used to better define clinical trials aiming to improve the IL-2-
dependent immunological reconstitution of HIV-infected subjects.
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INTRODUCTION

HIV causes immunodeficiency through the progressive destruction
of CD4þ lymphocytes in the peripheral blood and in the lymphoid
tissue [1–6].

Among CD4 cells, the CD45RAþ/CD62Lþ subset defines
the ‘naive’ cells, whose appearance after depletion of the
immune system is considered to be a marker predictive of host
immune reconstitution [7–10]. In contrast, CD45ROþ lympho-
cytes represent mature ‘memory’ pre-existing cells. CD4 cells can
be further phenotypically defined by the measurement of costimu-
latory molecule expression, such as CD26 and CD28 [11–14]. HIV
infection affects also the CD8þ lymphocyte subpopulations by

inducing the expression of activation markers and of cytolytic-
specific and non-cytolytic markers and activities that may be
involved in the control of HIV replication and ultimately in HIV
disease progression [14–20]. These phenotypically defined CD4
and CD8 subsets appear to be deeply perturbed by ongoing HIV
infection and their measurements are used to establish the degree
of immune reconstitution after anti-retroviral therapies [5,10,15].
This description, however, represents an over-simplification of a
complex phenomenon, where functional abnormalities of the
immune system, such as reduced cytokine production and
decreased lymphocyte proliferation to HIV- or non-HIV-specific
antigens, can be present in association with normal CD4 counts
[21,22].

The data available in literature agree with the fact that the most
recent anti-retroviral therapies allow a significant suppression of
HIV replication and a reversal of immune activation, but do not
permit a complete reconstitution of the immune system [21,22]. In
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addition, the information available on this complicated topic is still
incomplete, because most of the previously obtained data refer to
treatments with reverse transcriptase inhibitors, are limited to
peripheral blood, and the immunophenotypic investigations
restricted to some markers or functional assays have not been
performed [3,5,6,10,15,23].

Because of the limited activity of anti-retroviral regimens,
immune-based therapies have been attempted to improve the
efficacy of these drugs; in particular, the peculiar ability of IL-2
to directly expand the CD4 T cell pool has been used to ameliorate
immune reconstitution in HIV-infected patients [24–26].

Based on the above-mentioned considerations, we aimed in this
study to investigate the dynamic changes of selected CD4 and CD8
subpopulations in the lymphoid tissue and in the peripheral blood of
HIVþ patients receiving HAART and to observe the efficacy of the
addition of IL-2 to this therapeutic regimen in order to reconstitute
phenotypically defined CD4 and CD8 lymphocyte subsets and to
improve thein vitro production of selected cytokines.

PATIENTS AND METHODS

Patient population
Since January 1997, the patients seen at the Division of Medical
Oncology and AIDS at the Aviano Cancer Institute, Italy, were
enrolled to participate in a mono-institutional randomized study for
the evaluation of clinical, immunological and virological effects of
HAART plus IL-2 versusHAART alone. Patients were included in
the study if they met the following criteria: documented HIV
infection, stage Al, A2, B1, B2 according to the 1993 CDC
classification [27], naive for anti-retroviral therapy or pretreated
only with the combination of two reverse transcriptase inhibitors
(RTIs), CD4 counts> 200/mm3 and HIV viraemia>500 RNA
copies/ml in naive patients or two consecutive HIV viraemia
values 1 log above the nadir value observed during RTI therapy
in pretreated patients; no previous IL-2 therapy, at least 18 years of
age, granulocytes< 1000/mm3, platelets<100 000/mm3, haemo-
globin <10 g/dl, GOT, GPT, FAL andgGT no more than three
times the normal values, bilirubin# 2 mg/dl, creatinine# 1·5 mg/
dl. Thyroid abnormal function and significant cardiac, pulmonary
and central nervous system (CNS) impairment were considered as
additional exclusion criteria.

The study protocol was approved by the Institutional review
board and informed consent was obtained from the study partici-
pants. Patients were randomized to receive RTI plus Indinavir or
two RTIs plus Indinavir plus IL-2: IL-2 was subcutaneously
administered with the following schedule: 6 million units interna-
tional (MUI) of Proleukin (Chiron, Emeryville, CA) at days 1–5
and 8–12 of a 28-day-cycle for a total of six cycles (overall
24 weeks duration). IL-2 was administered once a day and just
before injection patients received 1 g of paracetamol as premedica-
tion. This therapeutic schedule was chosen because of the excellent
immunological and clinical results obtained in previous trials
where RTIs have been used in association with IL-2 [26,28].
Toxicity was evaluated according to NCI criteria, as described
[28]. In cases of toxicity greater than grade 2, IL-2 administration
was delayed until toxicity became lower than grade 1. When
toxicity grade 2 or greater persisted for more than 2 weeks, an
IL-2 half reduction was planned. In cases of toxicity or intolerance
to Indinavir, patients were allowed to switch to Ritonavir or
Saquinavir. Peripheral blood samples and lymphoid tissue samples
for immunological analysis were obtained just before (t ¼ 0) and

after therapy (t ¼ 24 weeks). Plasma viraemia was determined at
the same time points. As controls, we used 10 consenting HIV¹

persons from the same age group of HIVþ patients, attending at the
ENT clinic for non-inflammatory problems.

Immunophenotypic analysis
Peripheral blood samples were obtained in EDTA and evaluated by
a whole blood lysing technique, as previously described [26,28].
Briefly, 100ml of blood were added to the appropriate MoAb
combination and incubated for 15 min: after this incubation the
samples were lysed and fixed by a commercial preparation
(Immunoprep; Coulter, Milan, Italy). Mononuclear cells were
also isolated from a sample of the lymphatic tissue (LT) of the
posterior nasopharyngeal wall; this type of sample has been
shown to be representative of the immunological and virological
phenomena occurring during HIV infection [29]. The naso-
pharyngeal biopsy was taken under local anaesthesia, passing
through the nose a biopsy forceps and a flexible nasopharyngo-
scope. Each LT biopsy was minced and filtered through a 40-mm
nylon mesh; cells were then separated by density gradient centri-
fugation (Lymphoprep; Nycomed, Oslo, Norway). Lymphocyte
yield was from 5 to 10 million cells per biopsy and, to exclude
epithelial cell contamination, lymphocytes were gated on the basis
of scatter properties and CD45 reactivity. The following MoAb
combinations were used to stain peripheral blood or LT cellular
preparations: CD3–FITC/CD19–PE, CD4–Cy5/CD45RA PE/
CD62L–FITC, CD4–FITC/CD45RO–PE, CD4–FITC/CD28–PE,
CD4–FITC/CD26–PE, CD3–Cy5/CD8–FITC/CD38–PE, CD3–
Cy5/CD8–FITC/CD28–PE, CD3–Cy5/CD8–FITC/C1.7.1–PE (C1.7
is a MoAb from Immunotech, Marseille, France, that stains
cytotoxic effector cells) [30] and CD45–FITC.

In vitro cytokine production in culture supernatants
In vitro cytokine production was measured as previously described
[26]. Briefly, peripheral blood mononuclear cells (PBMC) were
separated by centrifugation on Ficoll–Hypaque (Nycomed, Milan,
Italy), washed and incubated in RPMI 1640, 10% fetal calf serum
(FCS), at 3×106 cells/ml in the presence or absence of 1%
phytohaemagglutinin (PHA; GIBCO Labs, Milan, Italy). Culture
supernatants were harvested after 48 h, centrifuged, filtered and
frozen until cytokine measurements by commercial ELISA assays
(IL-2, IL-4, IL-13, interferon-gamma (IFN-g) from Biosource,
Celbio, Milan, Italy, and monocyte chemoattractant protein-1
(MCP-1) from Endogen, Tema Ricerca, Bologna, Italy) had been
performed.

Plasma viraemia measurements
Plasma viraemia was measured by the commercial bDNA system
(Chiron Corp., Emeryville, CA) following the manufacturer’s
instructions.

Statistical analysis
Since the variables under study were not normally distributed, non-
parametric statistical tests were chosen. The Mann–Whitney test
was used to compare the distributions of variables between two
groups, and Wilcoxon rank sum test was used to analyse paired
values in the same group [31].

RESULTS

Clinical and virological data
Ten patients were evaluated for the immunological analysis in the
peripheral blood and in the LT before and after 24 weeks of
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therapy; five were treated with HAART alone and five with
HAART plus IL-2. The five patients treated with HAART were
three males and two females, mean age 29 years (range 28–54years),
four were naive for anti-retroviral therapy and the pretreated one
switched to new RTIs. The median plasma HIV viraemia before
treatment was 31 000 copies/ml (range 1000–204 000, mean
52 0306 76 000 copies/ml) and resulted in< 500/copies/ml in all
the patients after 24 weeks of treatment. All the patients were fully
adherent to HAART and toxicity was limited to grade 1. In the
HAART plus IL-2 group, four patients were males and one a
female, mean age was 31 years (range 23–49 years), three were
naive for anti-retroviral therapy and the two pretreated switched to
new RTIs. None of the patients interrupted therapy and toxicity
was limited to grade 2, except for two episodes of grade 3
hyperbilirubin that remained asymptomatic without an increase
of serum transaminase levels. It remains to be established whether
IL-2 can potentiate the hepatotoxicity induced by the use of
Indinavir.

The median plasma HIV viraemia was 21 500 copies/ml (range
8700–141 500, mean 46 3006 49 000 copies/ml) before treatment
and became<500 copies/ml after 24 weeks of therapy.

CD4þ and CD8þ lymphocytes and CD4/CD8 ratios in lymphoid
tissue and peripheral blood before and after therapy
The percentage and absolute numbers of CD4 and CD8 subsets did
not differ, before therapy, in the patients who were treated with
HAART alone or HAART in combination with IL-2. All the HIVþ

patients considered in this study had reduced CD4 and increased
CD8 values when compared with controls (Table 1,P<0·05).

After therapy, both groups of HIVþ patients demonstrated a
superimposable increase in the percentage and absolute numbers of
CD4 cells. In contrast, only IL-2-treated subjects demonstrated a
significant reduction of the percentage of CD8þ lymphocytes and
an increase of the CD4/CD8 ratio reaching statistical significance
in the LT (P<0·05).

Based on this findings, we suggest that the addition of IL-2 to
HAART in the treatment of HIVþ patients does not have sig-
nificant effects on the percentage and absolute numbers of CD4þ

cells in comparison with HAART alone. However, because of the
reduction of the CD8 subset numbers, this therapeutical combina-
tion was associated with a preferential increase of the CD4/CD8
ratios in LT and peripheral blood of HIVþ patients.

‘Naive’ and ‘memory’ CD4þ lymphocytes in lymphoid tissue and
peripheral blood before and after therapy
Table 2 shows the data regarding the proportion of CD4 ‘naive’ (as
defined by the percentages of CD4 cells expressing the CD45RA/
CD62Lþ phenotype) and ‘memory’ (as defined by the percentages
of CD4 cells expressing the CD45ROþ phenotype) lymphocyte
subsets in lymphoid tissue and peripheral blood of HIVþ patients
and controls. Because the CD4 subset in the lymphoid tissue was
mostly constituted by ‘memory’ cells, the ‘naive’ to ‘memory’
ratio in this site was<0·25 both in patients and controls; in
contrast, in the peripheral blood the two subpopulations were
equally represented (‘naive’ to ‘memory’ ratios around 1). The
data shown in Table 2 suggest that, while treatment with HAART
did not modify the ratio because of an increase of both subsets, the
use of IL-2 caused an increase of the ‘naive’ to ‘memory’ ratios by
preferentially expanding the ‘naive’ cells.

CD4þ/CD28þ and CD4þ/CD26þ lymphocytes in lymphoid tissue
and peripheral blood before and after therapy
We also measured the proportions (expressed as the percentages of
CD4 cells expressing the CD28þ or the CD26þ phenotype) and
absolute numbers of the CD4/CD28þ and CD4/CD26þ subsets
before and after treatments (Table 3). The CD4þ cells expanded
after treatment both in the LT and peripheral blood were consis-
tently CD28þ in all the patients studied. In contrast, the CD4/
CD26þ subset, that was depleted by ongoing HIV infection, was
statistically significantly increased in the peripheral blood and LT
only in IL-2-treated patients. From these data, we can suggest that
the treatments with HAART alone or with IL-2 produced peculiar
modifications of discrete CD4 lymphocyte subsets.

Phenotype of CD8þ lymphocytes in the lymphoid tissue and
peripheral blood before and after therapy
An immunophenotypic evaluation of the CD8 subset was also
performed (Table 4). Irrespective of the type of treatment used,
after 24 weeks of therapy the proportions (expressed as percentages
of CD8þ cells expressing CD38) and the absolute numbers of CD8/
CD38þ activated cells were reduced in LT and peripheral blood of
the patients. This observation suggests that the suppression of viral
replication induced by HAART is probably sufficient to reduce the
expression of CD38. The proportions and absolute numbers of
CD8/CD28þ lymphocytes, a subset that has been suggested to play
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Table 1. Percentages and absolute numbers of CD4 and CD8 subsets in lymphoid tissue (LT) and peripheral blood (PB) of HIVþ patients
before (t ¼ 0) and after (t ¼ 24 weeks) treatment with HAART alone or HAARTþ IL-2

HAART HAART þ IL-2

Phenotypic marker t ¼ 0 t ¼ 24 weeks t ¼ 0 t ¼ 24 weeks Controls

% CD4 LT 316 3 366 8* 31·66 5 39·46 7* 54·66 8**
% CD4 Blood 20·46 8 28·46 8* 24·66 3 33·66 6* 42·46 7**
CD4/mm3 Blood 3486 33 5576 117* 3146 63 5046 188* 7326 100**
% CD8 LT 34·36 3 27·86 10 36·66 10 21·46 5* 12·26 8**
% CD8 Blood 586 9 506 11 566 5 446 5* 27·56 4**
CD8/mm3 Blood 10146 70 10106 330 8186 164 6576 236 4876 133**
CD4/CD8 LT 0·96 0·2 1·296 0·7 0·866 0·2 1·846 0·6* 4·56 0·8**
CD4/CD8 Blood 0·356 0·1 0·566 0·2 0·446 0·1 0·776 0·2 1·56 0·3**

* P< 0·05 compared witht ¼ 0; ** P< 0·05 compared witht ¼ 0 of HIVþ patients.



a role in the control of HIV replication through a non-cytotoxic
response [20], were not modified after either type of treatment. The
proportion of CD8þ cells expressing the C1.7 38-kD activation
antigen was reduced in the LT by IL-2 treatment.

In conclusion, our results suggest that the additional thera-
peutic use of IL-2 did not significantly modify the composition of
the CD8þ subset in comparison with HAART alone.

Pattern of cytokine production before and after therapy
In all the experiments, spontaneous cytokine production was
<10% of the values obtained from stimulated cultures. The data
in Table 5 show stimulated minus spontaneous cytokine production
(pg per ml) in culture supernatants. Baseline production of IL-2
and IFN-g were reduced, while the production of IL-13 and of
MCP-1 were increased in HIVþ patients before treatment com-
pared with controls. While HAART alone did not produce sig-
nificant effects on the cytokine production of treated patients, the
combined use of HAARTþ IL-2 produced a statistically significant
increase of IL-4 and IFN-gproduction and a significant decrease of
IL-13 and MCP-1 production after 24 weeks of treatment.

DISCUSSION

The objective of this study was to assess whether treatment of HIVþ

subjects for a 6-month period with HAART alone or in combination

with IL-2 would produce significant immunophenotypic and
functional improvements of the immune system

Our data show that in these patients CD4 lymphocytes were
depleted in LT and peripheral blood before treatment and that the
CD4/CD45RA/CD62Lþ and the CD4/CD26þ were the most
affected subpopulations; an expansion of activated CD8þ cells
expressing CD38þ and the 30-kD antigen was also present in these
subjects, while both the CD28þ and CD28¹CD8þ populations
were equally increased.

Therapy with HAART alone produced an augmentation of
CD4þ cells without altering the proportion of ‘naive’ and
‘memory’ lymphocytes, while it did not affect CD8 percentages
and cell numbers. These modifications were observed in peripheral
blood and lymphoid tissue, suggesting that 6 months of anti-
retroviral therapies produced true benefits on the patients’ immune
system. The data obtained in this study suggest also that the same
therapeutic regimen including IL-2 that we have demonstrated to
powerfully increase CD4 T cell numbers in HIVþ patients treated
in association with transcriptase inhibitors [26,28] is less active
when used in combination with HAART. Due to problems regard-
ing patients’ enrolment and obtaining tissue samples, other ther-
apeutical trials have investigated a limited number of HIVþ

subjects when using peripheral blood and/or lymphoid tissues
[4,5,32–34]; therefore, although the number of patients included
in this study does not allow definitive conclusions, our data may be
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Table 2. The proportions (expressed as percentages of CD4þ cells) and absolute numbers of ‘naive’ and ‘memory’ subsets and ratio in
lymphoid tissue (LT) and peripheral blood (PB) of HIVþ patients before (t ¼ 0) and after (t ¼ 24 weeks) treatment with HAART alone or

HAART þ IL-2

HAART HAART þ IL-2

Phenotypic marker t ¼ 0 t ¼ 24 weeks t ¼ 0 t ¼ 24 weeks Controls

% CD4 ‘naı̈ve’ LT 18·36 3 22·56 8 15·86 3 31·66 2* 186 5
% CD4 ‘naive’ Blood 51·26 23 49·86 17 49·16 8 57·66 9* 42·46 7
CD4 ‘naive’/mm3 Blood 1796 108 2726 145 1586 48 2666 71* 3226 65**
% CD4 ‘memory’ LT 72·96 6 67·76 19 76·56 22 62·96 17 77·56 16
% CD4 ‘memory’ Blood 45·16 9 50·16 10 45·66 8 39·26 14 49·86 7
CD4 ‘memory’/mm3 Blood 1596 56 2836 88 1386 34 1826 39 3636 33**
‘Naive’/‘memory’ LT 0·246 0·1 0·326 0·1 0·196 0·1 0·56 0·1* 0·226 0·1
‘Naive’/‘memory’ Blood 1·176 0·3 1·06 0·3 1·126 0·4 1·406 0·4 0·886 0·3

* P<0·05 compared witht ¼ 0; ** P<0·05 compared witht ¼ 0 of HIVþ patients.

Table 3.The proportions (expressed as percentages of CD4þ cells) and absolute numbers of CD4/CD28 and CD4/CD26 subsets in lymphoid
tissue (LT) and peripheral blood (PB) of HIVþ patients before (t ¼ 0) and after (t¼ 24 weeks) treatment with HAART alone or HAARTþ IL-2

HAART HAART þ IL-2

Phenotypic marker t ¼ 0 t ¼ 24 weeks t ¼ 0 t ¼ 24 weeks Controls

% CD4/CD28 LT 88·16 16 96·16 8 92·96 12 91·96 20 96·56 8
% CD4/CD28 Blood 90·66 14 84·96 33 97·16 12 96·96 17 96·96 16
CD4/CD28/mm3 Blood 2886 50 4626 210 3086 57 4676 98* 7106 105**
% CD4/CD26 LT 13·86 3 18·86 5 12·36 6 31·26 7* 42·66 10**
% CD4/CD26 Blood 14·76 9 24·26 21 20·96 8 57·66 9* 50·96 21**
CD4/CD26/mm3 Blood 476 30 1476 160 706 44 2566 102* 3626 115*

* P< 0·05 compared witht ¼ 0; ** P< 0·05 compared witht ¼ 0 of HIVþ patients.



useful to compare the immunological effects obtained in this study
with those of previous clinical trials [32–34]. We here propose
that, when used in combination with HAART, the specific effects
of IL-2 consisted of an increase of the ‘naive’, of the CD26þ CD4
subset and of the CD4/CD8 ratios in the lymphoid tissue and the
peripheral blood of treated individuals. Based on the data obtained
in HIV¹ patients during bone marrow regeneration after chemo-
therapy, it was postulated that the expansion of the ‘naive’
population after therapy in HIVþ patients could also be considered
as an index of a renewal mechanism of thymic or extrathymic
origin [7–9]. How active the thymus is before and after treatment
for HIV disease remains to be determined, however: in fact, on one
hand, Walkeret al. [35] suggested that the CD45RAþ lymphocytes
emerging in HIVþ patients after anti-retroviral treatments can
derive also from pre-existing memory phenotype cells reverting
in vivo to assume the ‘naı¨ve’ phenotype; on the other hand, Douek
et al. [36] demonstrated that in HIVþ patients treated with HAART
there is a sustained increase in thymic output in most subjects.
Irrespective of the origin of ‘naive’ cells appearing after treat-
ments, and in view of their inherent resistance to productive HIV
infection [37,38], the use of an immune-based therapy able to
expand the CD4 ‘naive’ population that is probably not infected
with HIV represents, in our opinion, a result that may contribute to
delaying the progression of HIV disease. The correlation recently

observed to occur between a reduction of HIV proviral load and the
emergence of CD4/CD45RAþ cells in HIVþ patients treated with
RT inhibitors and IL-2 further substantiates this hypothesis [39].

HIV infection is able not only to produce a depletion of CD4þ

lymphocytes, but also to reduce immune functions sharply, as
measured by cytokine production and lymphocyte proliferation. In
this study we provide evidence that HAART alone did not modify
cytokine production after 24 weeks, with the exception of a
(moderate) increase ofin vitro IL-2 secretion. We have previously
shown that IL-2 treatment produced a sustained increase of IL-2,
IL-4 and IFN-g in vitro production when associated with RTIs [26]
and the present study suggests that IL-2 plus HAART is equally
able to increase the production of those cytokines with the notable
exception of IL-2, that is not modified after this type of treatment.
We have preliminary evidence that this may be associated with an
early inability of CD4 cells to produce endogenous IL-2 upon
stimulation and we are currently investigating the possibility that
longer periods of therapy (>1 year) may reverse this abnormality in
patients treated with this cytokine.

MCP-1 is a chemokine normally produced upon monocyte-
macrophage cell stimulation [40]; it has been suggested that
in vitro infection with HIV superinduces its production in human
cells and that this phenomenon can be modulated by cytokines
[41]. We have found in this study that thein vitro production of
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Table 4.The proportions (expressed as percentages of CD8þ cells) and absolute numbers of CD8/CD38, CD8/CD28 and CD8/C1.7 subsets in
lymphoid tissue (LT) and peripheral blood (PB) of HIVþ patients before (t ¼ 0) and after (t ¼ 24 weeks) treatment with HAART alone or

HAART þ IL-2

HAART HAART þ IL-2

Phenotypic marker t ¼ 0 t ¼ 24 weeks t ¼ 0 t ¼ 24 weeks Controls

% CD8 CD38 LT 33·56 11 9·66 3* 30·66 8 11·66 4* 2 6 0·7**
% CD8 CD38 Blood 13·96 6 6·86 6 13·76 7 8·66 5 3·76 1**
CD8/CD38/mrn3 Blood 1456 75 646 66* 1036 67 556 39* 286 10**
% CD8/CD28 LT 49·86 14 51·76 14 55·66 27 58·16 23 706 20*
% CD8/CD28 Blood 27·76 8 35·86 20 38·66 8 42·56 15 55·26 14*
CD8/CD28/mm3 Blood 2776 98 3706 310 2896 95 2756 114 2726 102
% CD8/C1.7 LT 51·86 30 476 27 60·16 8 42·56 9* 44·26 16
% CD8/C1.7 Blood 65·56 24 49·46 18 60·76 14 54·16 11 46·96 14
% CD8/C1.7/mm3 Blood 6506 200 4126 242 4376 105 3706 98 2276 88**

* P< 0·05 compared witht ¼ 0; ** P< 0·05 compared witht ¼ 0 of HIVþ patients.

Table 5.Cytokine production (pg per ml) in culture supernatants from peripheral blood phytohaemagglutinin (PHA)-stimulated
mononuclear cells from HIVþ patents before (t ¼ 0) and after (t¼ 24 weeks) treatment with HAART alone or HAARTþ IL-2

HAART HAART þ IL-2

Cytokine t ¼ 0 t ¼ 24 weeks t ¼ 0 t ¼ 24 weeks Controls

IL-2 1956 85 2586 60* 2106 90 1996 45 3356 80**
IL-4 186 14 216 15 176 10 556 10* 306 15
IL-13 6256 165 6006 280 7456 110 2106 73* 2046 59**
IFN-g 57506 2100 81006 1980 45006 2430 14 5006 4150* 91006 4730**
MCP-1 2166 35 1436 80 2006 45 1156 56* 956 28**

* P<0·05 compared witht ¼ 0; ** P<0·05 compared witht ¼ 0 of HIVþ patients.



MCP-1 is in fact increased in PBMC from HIVþ subjects before
treatment [42] and that the suppression of viral replication by
HAART alone does not influence such a production. In contrast,
the combined use of HAART plus IL-2 reduced MCP-1 secretion
in treated patients. More extensive investigations are needed to
clarify whether IL-2 may also influence the interactions between
HIV and cells of the monocyte-macrophage lineage.

Recently published data have provided important information
about the use of s.c. IL-2 in HIVþ subjects by showing that the s.c.
route has an equivalent efficacy when compared with the i.v. route
[43], and that the effect of IL-2 on immunological recovery is dose-
dependent [44]. Since we have previously shown that this 6 MUI
s.c. IL-2 therapeutic schedule did result in a powerful additional
cell recovery of CD4 T cell numbers and functions when used in
association with transcriptase inhibitors [26], the limited immuno-
phenotypic and functional effects obtained when associating IL-2
with HAART suggest that the immunological efficacy of s.c. IL-2
is influenced also by the type of anti-retroviral treatment used.

In conclusion, our data may improve the current knowledge
of the therapeutic use of s.c. IL-2 and contribute to the definition of
clinical trials inducing a better immunological reconstitution of
HIVþ patients. For these reasons, we suggest that an increased
dosage or prolonging therapy for longer periods should be attempted
to improve the beneficial effects of IL-2 in HIV-infected subjects.
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