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Abstract

HIV infection is characterized by the reduction of the
CD4+, CD45RA+, CD26+, and CD28+ lymphocyte sub-
sets and of the in vitro production of IL-2, IL-4, and inter-
feron-y; on the contrary, chemokine production is usually
increased. These abnormalities are only partially restored
by antiretroviral chemotherapy. Therapy with interleukin-2
has been proposed to restore the functions of the immune
system, but the mechanisms by which IL-2 exerts its activi-
ties are unknown. The aim of this study was to define the ef-
fects of rIL-2 administration on CD4+, CD45RA+,
CD45R0+, and CD26+ lymphocytes and on the in vitro
production of IL-2, IL-4, IL-10, IFN-y, RANTES, and
sCD30 in HIV + patients.

10 HIV + patients with CD4 cell counts between 200 and
500 cells/mm? were treated with six cycles of subcutaneous
recombinant IL-2 administration, in combination with zi-
dovudine and didanosine. This therapeutic regimen re-
sulted in a remarkable increase in the number of CD4+ cells
and in the prolonged reduction of the levels of viremia.
CD45R01 cells were expanded during the first cycle of ther-
apy, while CD45RA+/CD26+ cells predominated after the
third cycle. At this time, the in vitro production of IL-2, IL-4,
IFN-v, and sCD30 were significantly upregulated.

These results demonstrate that rIL-2 in HIV+ patients
induces the reconstitution of the CD4/CD45RA lympho-
cytes subtype. This expanded cell population recovered the
ability to produce in vitro IL-2, IL-4, and IFN-y. These ef-
fects may be beneficial to HIV+ patients by improving their
immune response to microorganisms or vaccines. (J. Clin.
Invest. 1997. 100:2737-2743.) Key words: interleukin-2 injec-
tions « HIV infection « HIV viremia « CD4-positive T-lym-
phocytes « cytokines

Introduction

In vitro experiments have shown that the natural history of
HIV infection may depend on the imbalanced production of
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certain cytokines secreted by the cells of the immune system
(1-4). HIV itself has been suggested to be the major factor that
alters the production of cytokines during human infection, by
increasing proinflammatory cytokines such as TNF-« or IL-6,
and by progressively reducing Thl cytokines such as IL-2 and
IFN-vy in favor of Th2 cytokines, namely IL-4 and IL-10 (1, 2).
The functions of Th1l and Th2 cells, in fact, correlate with the
distinctive cytokines they produce. Thl cells are involved in
cell-mediated inflammatory reactions, while Th2 cytokines en-
courage antibody production (4, 5).

Therefore, the persistence and progression of HIV infec-
tion could be realized by two mechanisms: first, proinflamma-
tory cytokines increase viral replication; second, the reduction
of IL-2 and IFN-y production reduces cellular immunity
against the virus. The Th1/Th2 switch theory has been ques-
tioned by several authors but, in literature, most studies agree
in finding, during HIV disease, a common pathway character-
ized by reduced IL-2 production (4, 6, 7).

Interestingly, since IL-2 upregulates in vitro chemokine re-
ceptors, a link between IL-2 and chemokines has been recently
proposed (8, 9). Chemokines are very important molecules
acting as chemoattractants for the cells of the immune system
(10). T lymphocytes and, in particular, memory T cells, were
shown to respond very efficiently to RANTES and to mac-
rophage inflammatory proteins MIP-la and MIP-18 (10).
Chemokines have also recently gained great importance in
HIV infection due to their antiretroviral activity and to the
function of chemokine receptors as entry cofactors for HIV
(11-13).

Data in the literature have shown that antiretroviral ther-
apy only partially restores immune function (14) and that cy-
tokine-based immunotherapy may be a very promising ap-
proach to a long-lasting reconstitution of the immune system
and longer survival (15). Based on the above-mentioned in
vitro data, IL-2 has been chosen for in vivo immunotherapy in
HIV+ subjects, and some studies have shown that it induces a
recovery of CD4 cells without increasing viral load and with-
out significant clinical side effects (15-19). Little data on the
effects of IL-2 administration in HIV+ patients on the func-
tions of the immune system are available. In particular, it is not
known how the CD4 cell subsets expressing important func-
tional antigens such as CD45 isoforms, CD26, and CD28 re-
spond to IL-2 therapy, or how cytokine production is modified
by IL-2 administration. Since issues concerning the origin and
immunological function of the expanded CD4+ cells during
IL-2 therapy are relevant to further progress, we undertook a
study to clarify these questions in a cohort of HIV+ patients
treated for 6 mo with subcutaneous IL-2 plus antiretroviral
therapy.

The aim of this study was to investigate the capacity of sub-
cutaneous IL-2 to modify some selected aspects of the immune
system; in particular, we wanted to know whether (a) IL-2 in-
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duces a nonselective or rather the preferential expansion of
phenotypically defined CD4 subsets, and (b) IL-2 modifies the
imbalance of in vitro cytokine and chemokine production ob-
served in HIV disease.

The data obtained indicate that subcutaneous IL-2 admin-
istration is characterized by rapid changes in the phenotype of
the expanded CD4 cells and that a peculiar phenotypic profile
coupled to cellular functional recovery emerges after 6 mo of
therapy.

Methods

Patients. 10 HIV-infected patients (ELISA and Western blot posi-
tive) with CD4 counts 200-500 cells/mmc, stage A2, B2 according to
CDC 1993 classification (20), and without previous antiretroviral
treatment were consecutively enrolled to receive AZT (250-mg bid)
and DDI (100-mg bid below 50 kg, 200-mg bid between 50 and 75 kg,
and 300-mg bid above 75 kg body wt) and self subcutaneous adminis-
tration of 6 MUI of IL-2 (Chiron Corp., Emeryville, CA): day 1-5
and 8-12 of a 28-d cycle for six cycles. Patients were evaluated for he-
matological, pancreatic, hepatic, and renal functions every 2 wk. Im-
munological and virological parameters were evaluated at times 0, 2,
4, and 12 (end of cycle 3), and 24 (end of therapy) wk.

Six HIV+ patients with the same inclusion characteristics and
treated with the same antiretroviral protocol, but without IL-2, were
also included in the study. The clinical results of this protocol will
be detailed elsewhere (Simonelli, C., P. De Paoli, S. Zanussi, and U.
Tirelli, manuscript in preparation). As controls, we included 15
healthy donors of the same age group of the patients.

Lymphocyte phenotyping. Anticoagulated peripheral whole blood
was mixed with the following monoclonal antibodies, alone or in
combinations: CD4-FITC, CD8-FITC (Ortho D.S., Milan, Italy),
CD26-PE, CD25-PE, CD28-PE (Becton Dickinson & Co., Milan, It-
aly); a CD4-PE/CD30-FITC (Dako, Milan, Italy) combination has also
been used. Triple immunofluorescence assay was performed using
CD4-Cy5 (Dako)/CD45RA-PE (Coulter, Milan, Italy)/CD45R0-
FITC (Dako). After incubation, cells were fixed with Immunoprep
(Coulter), and fluorescence was measured in an EPICS XL flow cy-
tometer (Coulter). Appropriate isotypic negative controls were run in
parallel.

Absolute lymphocyte counts were calculated by standard haemo-
cytometric technique.

Cell preparation and in vitro culture. Peripheral blood mononu-
clear cells were separated by centrifugation on Ficoll (Nycomed, Mi-
lan, Ttaly); cells were recovered, washed, and incubated in RPMI 1640,
10% FCS, at 3 X 10° cells/ml concentration, in the presence or ab-
sence of 1% PHA (Gibco Laboratories, Milan, Italy), as previously
described (21). Culture supernatants were harvested after 48 h of in-
cubation, centrifuged, filtered, and frozen until cytokine or sCD30
measurements were performed.

In vitro cytokine and sCD30 production. Cytokine production in
supernatants was measured by commercial ELISA assays (IL-2, IL-4,
IL-10, IFN-y; Biosource, CELBIO, Milan, Italy; RANTES; R & D
Systems, Inc., Milan, Italy). Briefly, the appropriate culture superna-
tant aliquots were added to anticytokine antibody-coated microtiter
wells. After incubation and washings, a second monoclonal antibody
against the assay cytokine and labeled with biotin was added. Horse-
radish peroxidase-labeled streptavidin and the chromogen were
added and the absorbance read at 450 nm. The sample cytokine con-
centrations were calculated by interpolating experimental data with
the absorbance of a standard curve. Results were then expressed in
picograms per milliliter.

Soluble CD30 concentration was determined by a mouse mono-
clonal antibody sandwich assay (Dako) using simultaneous incubation
of samples and peroxidase conjugate in antibody-coated microwells.
Coating and conjugate monoclonal antibodies are noncompetitive
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and react with different epitopes of CD30. A chromogenic substrate
was added to the wells and the absorbance measured at 450 nm. A
standard curve was prepared from six CD30 calibrators and the con-
centration of sCD30 in specimens was determined by interpolation;
the results obtained were expressed as units per milliliter.

Virus plasma concentration. The levels of viremia were evalu-
ated by competitive reverse transcription and polymerase chain reac-
tion, as described previously (22, 23). Briefly, viral RNA was ex-
tracted from the virion pellet after ultracentrifugation (40,000 rpm on
a TST 55.5 rotor [Kontron, Milan, Italy] for 60 min at 4°C) of 5 ml of
plasma. For each quantification, fixed aliquots of sample RNA were
mixed with 3 pl of opportunely diluted competitor RNA and submit-
ted to competitive reverse transcription—-PCR. Cycling profiles were
as follows: denaturation at 95°C for 30 s, annealing at 60°C for 30 s,
and extension at 72°C for 72 s.

After amplification, 20 wl of each PCR product was resolved on
8% nondenaturing polyacrylamide gels, visualized under ultraviolet
light after ethidium bromide staining, and photographed. Quantifica-
tion of the amplification products was obtained by densitometric
scanning of the ethidium bromide-stained gels.

Statistical analysis. Since the variables under study were not nor-
mally distributed, nonparametric 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 analyze
paired values in the same group (24). Results were considered statisti-
cally significant when P =< 0.05 (two tails).

Results

CD4 and CDS8 values, and viremia before and after therapy.
The CD4 and CDS cell counts and the levels of plasma viremia
of 10 HIV+ patients enrolled to received rIL-2 plus AZT/DDI
(group 1), of 6 HIV+ subjects treated only with AZT/DDI
(group II), and the HIV controls (group III) are shown in Ta-
ble 1. Both groups I and II had reduced CD4 levels before
therapy; the data obtained in the two groups after therapy
demonstrate that in group I (IL-2-treated patients), a statisti-
cally significant increase of CD4 percentages (P = 0.01 vs.
group IT) and absolute numbers (P < 0.05 vs. group II) was ob-
tained, while CDS cell values gave similar results. HIV plasma
viremia was not increased in IL-2-treated HIV subjects in com-
parison with patients treated with antiretrovirals alone.

The clinical and virological results of this study will be de-
tailed elsewhere (Simonelli et al., manuscript in preparation).

CD4 subsets before and after therapy. CD4 subsets in re-
sponse to rIL-2 plus AZT/DDI or to AZT/DDI alone were
evaluated before and after therapy (Table II). Two important
patterns of changes were seen in group I as compared with
group II patients. First, both CD4/CD45RA+ and 45R0+ cells
are reduced in HIV+ patients before therapy, but only rIL-
2-treated subjects show a recovery of 4SRA+ cells after ther-
apy (16.7+6% in group I vs. 106% in group II, P = 0.05);
second, a similar change is observed for CD4/CD26+ cells
(13.1=7% in group I vs. 6.2%3% in group II, P = 0.05). The
percentage of CD4/CD25+ lymphocytes before therapy was
1.6x0.7 in group I and 1.6*0.9 in group II. At 24 wk, IL-2
treatment induces a significant increase in CD4/CD25+ lym-
phocytes (5.9+2% in group I vs. 2.4£0.5% in group II, P =
0.01). No significant changes are seen considering CD4/
CD28+ cells and no CD4/CD30+ lymphocytes could be de-
tected before or after therapy (data not shown).

In conclusion, these data demonstrate that the CD4+/
CD45RA+/CD26+ subset is preferentially reconstituted by
IL-2 administration in HIV+ patients.



Table I. CD4 and CD8 Values, and Viremia before and after Therapy

CD4 CDS8
Percentage Absolute numbers Percentage Absolute numbers Viremia
t=0wk t=24wk t=0wk t=24wk t=0wk t=24wk t=0wk t=24wk t=0wk t=24wk

HIV + IL-2 groupI 19.9%5 30.67%*% 331%71 652+£194*% 57.7£8 48+8 1078+640 1071%£360 3.6+4.9 X 10* < 500
9/10

HIV group 11 18.8+10 21.6x7 330115 392+136 59.6x7 57.6+7 1154449 1075+304 4.1*1 X 10° < 500
4/6

Controls group IIT 40.6+10%* 720£160%* 33+12% 555+340%*

Percentage and absolute numbers (cells/mm?) of CD4 and CDS subsets and HIV plasma viremia (RNA copies/ml) of HIV+ patients treated with an-
tiretrovirals plus IL-2 (group I), HIV+ patients treated with antiretrovirals alone (group II) before (t = 0 wk) and after (t = 24 wk) treatment; *P <
0.05; **P = 0.01; P refers to statistical significance of group I vs. group II. Group III includes healthy donors.

Pattern of cytokine and sCD30 production before and after
therapy. In all the experiments, spontaneous cytokine pro-
duction was <10% of the values obtained from stimulated cul-
tures. The data in Table III show stimulated minus spontane-
ous cytokine production (picograms per milliliter).

HIV infection induces a rather nonselective pattern of re-
duction of in vitro cytokine production, since IL-2, IL-4, and
IL-10 are significantly reduced before therapy compared with
controls; rIL-2 administration is able to increase the produc-
tion of all cytokines except IL-10. Although the comparison
between groups I and II at the end of the therapy reveals sta-
tistically significant differences for IL-2 and IL-4 production
(P = 0.05 for both cytokines), a greater increase in group I has
also been found for IFN-y. In the latter case, however, the dif-
ference is not statistically significant because of the low num-
ber of patients in the study groups. Furthermore, the sequen-
tial measurements of cytokine production demonstrate that
IL-2 induces the maximum increase of in vitro IFN-y produc-
tion after 12 wk of therapy (see Fig. 2).

The in vitro production of RANTES is increased at base-
line in both groups of HIV+ patients as compared with con-
trols. After 24 wk, RANTES production is similar in the two
groups of HIV+ subjects, irrespective of IL-2 administration.

Soluble CD30 production (data not shown) was not in-
creased at baseline in HIV+ patients compared with controls
(19%+25 U/ml in group I, 7=6 U/ml in group II, 18+8 U/ml in
controls). After 24 wk, sCD30 levels were 24+20 U/ml in
group I and 117 U/ml in group II (P = 0.01).

Table II. CD4 Subsets before and after Therapy

Based on these results, we can conclude that IL-2 upregu-
lates the in vitro production of all the cytokines we have stud-
ied, with the exception of IL-10.

Sequential changes of CD4 subsets during IL-2 administra-
tion. Next, we have investigated how CD4 subsets behave in
the course of IL-2 therapy. The data obtained at time 0, 2, 4
(end of cycle 1), 12 (end of cycle 3), and 24 (end of therapy) wk
are reported in Fig. 1. The percentage and absolute numbers
of CD4 cells are increased after 2 wk of therapy and remain el-
evated for the entire period of observation. The composition
of the CD4 subset varies according to time, because the per-
centage of CD4+/CD45R0+ cells is increased soon (week 2,
P = 0.01), while the increase of the percentages of naive CD4+/
CD45RA+ and of CD4+/CD26+ cells reach significance only
after 12 wk of therapy (P = 0.01). In particular, the ratio be-
tween the percentage of RA+ and RO+ CD4 cells is 1:1 at
time 0,0.57 at2,1.05 at 4, 1.11 at 12, and 1.45 at 24 wk, demon-
strating that long term IL-2 administration preferentially ex-
pands the pool of naive CD4 cells.

The effects of IL-2 treatment in HIV+ patients may be dif-
ferent from those obtained in the HIV-negative population be-
cause, in the course of HIV disease, precursor cells may have
been eliminated or altered; our data suggest that the recovery
of CD4 cells induced by IL-2 in HIV+ patients is a dynamic
process because CD45R0+ memory cells increase at early
times, while CD45RA+ naive cells constitute the long term
expanded CD4 population.

Sequential changes of cytokine and sCD30 production dur-

CD4/CD45RA

CD4/CD45RO CD4/CD26

Percentage Absolute numbers

Percentage

Absolute numbers Percentage Absolute numbers

t=0wk t=24wk t=0wk t=24wk

HIV + IL2 groupl 93%5 16.7%6* 153=68  337x186* 8.1+3
HIV + group II 97+5  10=6 167=7  160%71  7.6+4
Controls group Il 18.3%6%* 275+112%% 16.8=7%%

t=0wk t=24wk

t=0wk t=24wk t=0wk t=24wk t=0wk t=24wk

11.5+4 141%37
8.6%3 194£58
252+ 114%*

247+138 7*4
15053 4.8%3
12.85%*

13.1£7% 10670  259+101*
6.2x3 82*42 118%69
196+71%#*

Percentage and absolute numbers (cells/mm’) of CD45RA, CD45R0, and CD26 positive cells within the CD4 subset in HIV+ patients treated with
antiretrovirals plus IL-2 (group I), or with antiretrovirals alone (group II) before (t = 0 wk) and after (t = 24 wk) treatment; *P < 0.05; **P < 0.01, P
refers to statistical significance of group I vs. group II. Group III includes healthy donors.
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Table II1. Cytokine and sCD30 Production before and after Therapy

1L-2 IL-4 IL-10 IFN-y RANTES
t= 0wk t=24wk t=0wk t=24dwk t=0wk t=24wk t=0wk t=24wk t= 0wk t=24wk
HIV + IL-2 groupI 41+47 138167 9£5  112%81* 647£370 631%x319 7059£5790 2873022400 5224+5022 9690+5100
HIV group II 43+26 62+41  3.5*5 29+42 360%x116 542+305 1189011200 7520+6100 66904510 11510%+9970
Controls group IIT  320+190** 34£39% 998 +250%* 98509500 2830£9500

In vitro cytokine production (expressed as picograms per milliliter) from PHA-stimulated peripheral blood mononuclear cells from HIV+ patients
treated with antiretrovirals plus IL-2 (group I) or antiretrovirals alone (group II); *P < 0.05; **P =< 0.01, P refers to statistical significance in group I
vs. group II. Group III is composed of healthy controls. Cytokine production from nonstimulated cells was < 10% and was subtracted from stimulated

values.

ing IL-2 administration. The results of cytokine production
during IL-2 therapy are reported in the panels of Fig. 2. The
restoration of a normal cytokine production profile is quite
long, requiring 12 wk of this schedule of therapy with IL-2. At
this time point, IL-2, IL-4, and IFN-y production are signifi-
cantly increased as compared with time 0, while no effects on

IL-10 production can be noticed. On the contrary, RANTES
production is rapidly upregulated, but its production declines
at 12 and 24 wk. Similarly, sCD30 values are increased after 2
and 4 wk, with the tendency of return to baseline values at the
end of therapy.

These data suggest that, in HIV+ patients, IL-2 acts in vivo

50 30
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0
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* s
104
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Figure 1. CD4 lymphocyte subsets
during IL-2 administration. The per-
centages (bars) and standard devia-
tions (/ines) of CD4, CD4/45RA,
CD4/CD45R0, CD4/CD26 cell sub-
sets, and the CD45RA/CD45R0 ra-
tio before (time 0) and at different
times after beginning of IL-2 ther-
apy are shown. Asterisks indicate
statistical significance vs. the pre-
treatment levels. *P =< 0.05; **P <
0.01.
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Figure 2. In vitro cytokine and sCD30 production during IL-2 administration. The graphs show the levels of cytokine (pg/ml) and sCD30 (U/ml)
production by PHA-stimulated peripheral blood mononuclear cells of HIV+ patients before (time 0) and during IL-2 administration. The level
of cytokine production from nonstimulated cell cultures was always < 10% of the respective values obtained from stimulated cells; the plotted

values are the differences between the two measurements. Asterisks indicate statistical significance vs. the pretreatment levels. *P < 0.05; **P <

0.01.

as a pleiotropic cytokine, exerting its maximum activity after
12 wk of in vivo administration.

Discussion

HIV infection produces a progressive reduction of the CD4
pool and a very precocious functional impairment of this sub-
set. The most striking abnormalities seen are the reduction of
the naive pool and the inability to produce in vitro cytokines
such as IL-2, IFN-y and others (1-3, 25, 26). In vivo and in
vitro data demonstrate also that chemokine production is gen-
erally increased in HIV subjects (27, 28).

Antiretroviral chemotherapy is able to increase for a short
time CD4 counts, but its effects on cellular functions are very
limited (14). Thus, in addition to antiretroviral treatment, the
reconstitution of the immune function represents the primary
therapeutic goal of HIV infection. IL-2 appears to be a good
candidate for this purpose since IL-2 depletion is probably one
of the most striking defects in HIV patients. In addition, it
should be considered that a considerable therapeutic experi-
ence on the beneficial effects of this cytokine on the immune
function has been obtained in treating cancer patients (29, 30).
One theoretical concern of IL-2 treatment in HIV+ patients is
related to its ability to induce cellular activation. HIV infec-
tion, in fact, is accompanied by a chronic activation of the im-
mune system; such chronic activation has been proposed as a

mechanism by which continued virus replication is facilitated
(3,15).

Some clinical trials with IL-2 have been performed in HIV
patients. Kovacs et al. (18) and Davey et al. (31) have shown
that intermittent administration of high doses of IL-2 i.v. (18
MUI/d) and/or s.c. (3-18 MUI/d) gave a significant increase of
CD4 counts in asymptomatic patients. The side effects re-
ported in earlier studies (32), like capillary leak, severe flu-like
symptoms, and increased viral load were less relevant in subse-
quent studies, especially when a subcutaneous route of admin-
istration has been used (31).

In our experience, intermediate doses of subcutaneous IL-2
(6 MUI/d, days 1-5 and 8-12 of a 28-d cycle, for a total of six
cycles) were well tolerated as an outpatient regimen: only mild
constitutional effects were observed and all the treated pa-
tients performed their usual daily activities. In conclusion, the
feasibility of our therapeutic schedule was superimposable
with the other trials using subcutaneous IL-2 administration
(17, 31). When the effects of IL-2 treatment on CD4 cell
counts are analyzed, the use of ultra low doses of IL-2 was un-
able to obtain a statistically significant increase of CD4 cell
counts (17); on the contrary, our therapeutic regimen and that
described by Kovacs et al. (18) produce a significant increase
in these cell numbers. Concerning the possible enhancing ef-
fects of IL-2 administration on HIV viremia, only two of our
patients showed a transient increase of viral load after the first
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and third cycle; these results are consistent with previous ob-
servations (18, 31).

None of the above mentioned studies on IL-2 administra-
tion in HIV+ patients, however, investigated the effects of IL-2
on CD#4 cell phenotype and in vitro cytokine production. The
knowledge of how IL-2 influences the functions of the immune
system and the length of its action are important parameters
for a better clinical understanding of its efficacy. For these rea-
sons, we have evaluated the immunological and virological ef-
fects of subcutaneous IL-2 therapy in a group of HIV subjects.

The results obtained by this work show that IL-2 produces
an early increase in CD4 cells that is still present after 24 wk of
therapy. At this time point, IL-2-treated subjects demonstrate
a reconstitution of CD45RA+, CD26+ lymphocytes, a subset
that is partially lost during the natural course of HIV infection
(26, 33). In addition, IL-2 administration also induces, after 12
wk of therapy, a substantial reconstitution of the peripheral
blood lymphocytes that produce IL-2, IL-4, and IFN-y.

Although the use of CD45 isoforms does not fully define
the naive/memory pool, this characterization of the CD4 sub-
set has been widely used for clinical and research purposes (19,
34). In fact, Connors et al. (19) have recently shown that CD4/
CD45RA+ cells are recovered after IL-2 infusion in HIV+
patients. Here, we demonstrate that the balance between CD4/
CD45RA+ and CD4/CD45R0+ cells is a dynamic event: the
first cycle of IL-2 preferentially expands the CD4/CD45R0+
memory cells, while a CD4/CD45RA+ population becomes
predominant after 12 wk of therapy. We cannot formally ex-
clude the theory that the CD4/CD45R0 expansion in the pe-
ripheral blood of patients during IL-2 administration depends
on the redistribution of cells from lymphoid organs. This ex-
planation, however, is unlikely to be correct, considering that
in vivo data have demonstrated that there is a > 10-fold in-
crease in the percentage of lymphocytes that proliferate in
response to IL-2 (16). Furthermore, although the CD45RA/
CDA45RO0 transition is not an irreversible event (35), CD45RA+
naive cells have been generally considered to be the precursors
of memory cells because they predominate at the thymic level
and, once matured, convert to a CD45R0+ phenotype upon in
vitro mitogen stimulation and in response to IL-2 (36). There-
fore, we favor the hypothesis that in vivo IL-2 administration
drives CD4 lymphocytes to a memory phenotype. As shown
by in vitro experiments, the continuous stimulation probably
induces these cells to die preferentially (activation-associated
lymphocyte death, AALD; reference 37). The naive CD4 cells
are more reluctant to activate signals, but possess longer telo-
meric restriction fragments, indicating higher replicative po-
tential (38), and are more resistant to AALD (37); for these
reasons they may be preferentially expanded in our patients
after long term IL-2 administration.

Experimental data have recently demonstrated differences
in the rate of viral production and susceptibility between
naive and memory subpopulations (39). The ability of CD4/
CD45RA+ cells to replicate HIV-1, in fact, appear to be re-
stricted by a labile postfusion complex that requires cellular
activation signals beyond that provided by IL-2 alone for pro-
ductive infection (39). We herein show that preservation of the
naive pool is operative in vivo in HIV+ patients undergoing
cytokine administration. The limited capacity of naive cells to
sustain HIV replication and their greater replicative potential,
indicating a major capacity to sustain levels necessary for in-
tact immune competence (38), are strong arguments suggest-
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ing that their IL-2-induced expansion may be considered a
very favorable event in HIV+ subjects.

We have also observed that the CD4 increase during sub-
cutaneous IL-2 administration was reflected by improved cel-
lular immune functions, namely an increased capacity to pro-
duce cytokines in vitro. IL-2 acts in vivo as a pleiotropic
cytokine, inducing the synthesis of IL-2 itself, IL-4, and IFN~y.
The effects on cytokine production are slow but persistent, ap-
pearing after 12 and still present after 24 wk of therapy. It is
very difficult to reconcile these data with the simple notion
that a Th1/Th2 cell switch parallels the progression of HIV in-
fection. On the contrary, the cellular and cytokine interplay
that are modulated in vivo by the therapy with IL-2 appear far
more complex, due to the following considerations. First, the
HIV+ patients in our study show before therapy a nonselec-
tive pattern of reduced cytokine production, rather than a se-
lective Thl-like, IL-2, or IFN-y defect. Second, while the Th1-
or Th2-inducing capacity of several soluble mediators is well
known (4, 5), the importance of IL-2 in priming in vitro T cells
to develop into Thl or Th2 cells is made difficult by the impor-
tance of IL-2 itself in growth and survival of cells in the course
of priming culture (5). The in vivo upregulation of IL-4 pro-
duction by IL-2 is not, however, surprising since Ben-Sasson et
al. (40) have shown that IL-2 is required for in vitro IL-4 pro-
duction by T cells from naive donors. Third, IL-2 administra-
tion in our patients is followed by pleiotropic effects on the im-
mune system, including an increase of Thl (IL-2, IFN-y,
CD26) (4, 5, 41, 42), as well as Th2 (IL-4, sCD30)-associated
immune markers (4, 5, 43, 44). Fourth, it is conceivable that in
vivo IL-2 administration during HIV infection might allow
only a time-limited modulation of the cytokine response with-
out permanently altering the T cells.

The serum levels of RANTES are elevated in HIV+ pa-
tients compared with healthy controls as a part of the immuno-
logical response to viral infections (11, 27, 45) and in vitro
experiments have shown that IL-2 upregulates chemokine pro-
duction by lymphocytes (11). Similarly, in vivo IL-2 adminis-
tration to HIV+ subjects is able to induce a rapid upregulation
of in vitro RANTES production, but results obtained after 24
wk are similar in IL-2-treated patients and in subjects treated
with antiretrovirals alone. Because of the sensitivity of
memory cells to chemokine actions, it is possible that these
molecules may act as a cofactor for the expansion of CD4/
CD45R0+ cells during the first cycle of IL-2 administration,
but our data suggest that, in long lasting IL-2 therapy, their
role, if any, is probably limited.

Although previous studies have shown that the CD4 T cell
repertoire is not fully restored by immune-based therapies
(19), the reconstitution of CD4 lymphocytes that are similar
for phenotype and cytokine production to the corresponding
cells in healthy controls is a favorable event obtained by IL-2
therapy. This therapy could have an important impact on HIV
disease, not only because the phenotype of the long term
CD4+ expanded cells corresponds to that of cells having a re-
stricted pattern of HIV replication in vitro, but also by tempo-
rarily influencing host immune response to microorganisms or
to appropriate vaccines.
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