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Changes in thymic function in HIV-positive patients treated with highly active
antiretroviral therapy and interleukin-2
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SUMMARY

Despite its potent antiviral activity, highly active antiretroviral therapy (HAART) only exerts a marginal
effect on CD4™ T-cell regeneration in HIV-infected subjects. Combination therapies aimed at boosting
T-cell activity and maturation may provide an important contribution to the restoration of immune
function. Here, we report the results obtained by a two-year follow-up of a cohort of HIV-infected
patients treated with a combination of HAART and interleukin-2 (IL-2). In these patients, in addition to
a series of quantitative virological and immunological parameters, we investigated T-cell regeneration
by an immunophenotypic assay monitoring CD4 " naive T cells, and by analysis of thymic function,
through the quantification of the excision DNA products of T-cell receptor rearrangement (TRECs) in
lymphocytes. Compared with HAART alone, we found that the IL-2 combination therapy was equally
effective in reducing the levels of viremia and marginally more effective in decreasing proviral DNA
load. Strikingly, the IL-2 combination produced a marked increase in the number of CD4" T cells
bearing a naive phenotype (CD45SRA ™", CD62L™), which was apparent for over 96 weeks after therapy.
To assess whether these cells were the product of improved T-cell generation, we exploited a
competitive quantitative molecular assay to quantify TRECs in peripheral blood lymphocytes.
Surprisingly, we found that the levels of these molecules were unchanged in these patients. These
findings indicate that improved thymic function does not account for the early rise of CD4 naive cells in
HIV-positive patients treated with IL-2, and suggest that alternative mechanisms of T-cell maturation

and differentiation are responsible for this event.
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INTRODUCTION

Infection with HIV-1 results in a progressive destruction of
immune cells and impairment of immune functions [1-4]. Highly
active combination antiretroviral therapies produce sustained
reduction of HIV plasma viremia and recovery of CD4" T cells.
However, recent studies suggest that these therapies are unable to
eradicate viral infection and provide only a partial immune
reconstitution [5—7]. Thus, alternative approaches have to be
attempted in order to achieve more complete elimination of HIV
and recovery of immune function. Among these novel therapeutic
strategies, interleukin-2 (IL-2) has been used as a potential means
to circumvent the immune impairment in HIV-positive patients
[8-11].

Besides CD4 T-cell counts, reliable markers of immune
reconstitution in treated HIV-positive patients are the levels of
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lymphocyte subsets

thymus

CD45RA™Y/CD62L" CD4 naive T cells and their capacity to
proliferate in response to specific antigens and to increase
cytokine production. We have previously shown that treatment
of HIV-positive patients with IL-2 actually induces a rapid
increase in CD4 cells bearing a naive phenotype, both in
peripheral blood and in lymphoid tissue, and that it increases
the production of selected endogenous cytokines, such as IL-2
itself, interferon-y and IL-16 [12—-14].

As evaluated by computer-assisted tomography of the thymus,
a correlation was found between the thymus size and the number
of naive T lymphocytes in peripheral blood. Therefore, the authors
hypothesized that the levels of naive cells may represent a marker
of thymic function [15,16]. More recently, it was shown that
during intrathymic stages, T-cell precursors undergo rearrange-
ment of the a3 T-cell receptor, resulting in the formation of T-cell
receptor rearrangement excision circles (TRECs) that remain
stable for a few divisions after T-cell migration from the thymus
to the peripheral blood [16,17]. For this reason, the concentration
of TRECs in the peripheral blood can be exploited to assess the
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levels of recent thymic emigrants and, accordingly, to estimate
thymic function quantitatively.

In HIV infection, critical questions are whether the virus
affects thymic output and whether this impairment could be
reversed by current or innovative therapies [18,19]. Douek et al.
showed that a substantial thymic output was maintained in healthy
subjects also into late adulthood, and that HIV infection
diminished TREC values in untreated patients [20]. Zhang et al.
suggested that antiretroviral effective therapy was able to increase
TREC levels only in those patients whose baseline TREC values
were significantly lower compared with controls [21]. Finally,
Hatzakis et al. found that the concentration of TRECs in the
peripheral pool of T cells was moderately correlated with CD4
T-cell counts and inversely correlated with HIV-1 RNA load.
These authors concluded that the concentration of TRECs
complements HIV-RNA and CD4 T-cell count in predicting the
rate of HIV disease progression, and possibly has a role in the
pathogenesis of HIV disease [22].

The aim of this study was to investigate, in a controlled,
randomized clinical trial, the effects of IL-2 and highly active
antiretroviral therapy on TREC numbers in HIV-positive patients.
We also examined in these patients the effects of the above-
mentioned therapeutic combinations on CD4 naive T-cell counts,
HIV plasma viremia and on HIV-1 proviral load.

MATERIALS AND METHODS

Fatients

The patients included in this study were enrolled to participate in a
mono-institutional randomized study for the evaluation of clinical,
immunological and virological effects of highly active antiretro-
viral therapy (HAART) plus interleukin-2 (IL-2) versus HAART
alone. Patients were included if they met the following eligibility
criteria: documented HIV infection, stage Al, A2, Bl, B2
according to the 1993 CDC classification [23]; naive for anti-
retroviral therapy or pre-treated only with the combination of two
reverse transcriptase inhibitors (RTIs); CD4 counts >200/mmc
and HIV viremia > 500 RNA copies/ml in naive patients, or two
consecutive HIV viremia values 1 log above the nadir value
observed during RTIs therapy in pre-treated patients; no previous
IL-2 therapy; at least 18 years of age; granulocyte counts >1000/
mmc; platelet counts >100 000/mmc; haemoglobin > 10 g/dl;
GOT, GPT, ALF and yGT no more than three times the normal
values; bilirubin 2 mg/dl or less; creatine 1-5 mg/dl or less.
Thyroid abnormal function and significant cardiac, pulmonary and
CNS impairment were considered as exclusion criteria.

The protocol was approved by the Institutional review board
and informed consent was obtained from the participants. Patients
were randomized to receive RTIs plus Indinavir, or 2RTIs plus
indinavir plus IL-2. IL-2, administered s.c. with the following
schedule: 6 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 pre-
medication. 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 [12,13].
Toxicity was evaluated according to NCI criteria as described
[13]. In the case of toxicity greater than grade 2, IL-2 adminis-
tration was delayed until toxicity became lower than grade 1.
When toxicity of grade 2 or greater persisted for more than

2 weeks, reduction of IL-2 administration to half dosage was
planned. In the case of toxicity or intolerance to Indinavir, patients
were allowed to switch to Ritonavir or Saquinavir.

Eighteen healthy subjects of the same age as the HIV patients
were included as controls.

CD4 and CD8 lymphocyte counts

Peripheral blood samples were obtained in EDTA and evaluated
by a whole blood lysis technique [12,14]. Briefly, 100 wl of blood
were added to the appropriate monoclonal antibody combination
and incubated for 15 min. After incubation, samples were lysed
and fixed by a commercial preparation (Immunoprep, Coulter,
Milan, Italy). The four-colour CD3/CD4/CD8/CD45 monoclonal
antibody combination (Coulter) was used to stain peripheral blood
lymphocytes. Cell suspensions were then analysed in a Coulter
EPICS XL flow cytometer.

CD4 naive cells were measured by adding a CD4/CD45RA/
CD62L monoclonal antibody combination (Dako, Milan, Italy) to
100 wl of fresh peripheral blood. Cell preparations were then
lysed, fixed and analysed in a Coulter EPICS XL flow cytometer
[24].

HIV plasma viremia

Plasma viremia was measured by the commercial bDNA system
(Chiron Corporation, Emeryville, CA), following the manu-
facturer’s instructions. The lower detection limit of this assay is
50 copies/ml.

HIV-1 provirus copy numbers

HIV provirus copy number in peripheral blood mononuclear cells
(PBMCs) was determined by a quantitative competitive PCR
approach described elsewhere [25,26]. Briefly, PBMCs were
obtained from 10 ml of peripheral blood by density gradient
centrifugation on Ficoll-Hypaque (Amersham Pharmacia, Little
Chalfont, UK). For each patient, proviral DNA was extracted
simultaneously from the different therapeutic time points (time O,
24, 48 and 96 weeks) by standard methods [25].

Extracted DNA (2 pl) was co-amplified with decreasing
amounts of the pSLPI-II competitive template in a 100 nl PCR
reaction containing specific primers for the reference single copy
B-globin gene (primer set PCO3—-PCO4), or for the HIV-1 gene
gag (primer set 1-2II). The construction and use of this plasmid
for the quantification of HIV-1 nucleic acids have been described
previously [25,26]. After amplification, 20 pl of each reaction
were resolved in an 8% non-denaturing polyacrylamide gel,
stained with ethidium bromide, visualized under ultraviolet light
and analysed by densitometric scanning.

Detection of T-Cell receptor rearrangement excision circles
(TRECs)

T-cell receptor rearrangement excision circles (TRECs) were
detected in total PBMCs by quantitative competitive PCR. Primer
sets were selected for the quantification of the 3-globin gene [25],
and of the extrachromosomal circle corresponding to the rearrange-
ment event producing a signal-joint TREC [27] (Fig. 2a). For the
latter amplification, primer sequences were selected located
approximately 180 bp on either side of the recombination joints
(molecular size of the signal joint amplification product: 360 bp).
Primers for signal-joints TRECs were: 5’AAAGAGGGCAGCCC
TCTCCAAGGCAAA3’ and 5’AGGCTGATCTTGTCTGACATT
TGCTCCG3'.
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Table 1 Demographic, immunological and virological characteristics of patients and controls at enrolment

GROUP NUM AGE CD4/mmc CD8/mmc HIV-RNA
HAART 10 39 £ 320 = 45 995 + 290 38700 = 65-000
HAART/IL-2 12 40 = 10 300 £ 120 811 £ 350 50-700 = 28-000
Controls 18 42 = 732 = 100 487 = 133

Age = years; HIV-RNA is expressed as copies/ml.

To construct a single competitor for competitive PCR ampli-
fication, an amplification product corresponding to the [3-globin
segment and containing an additional 20 bp inside [25], was re-
amplified with 48 nt long primers carrying, at the respective 5’
extremities, the sequences corresponding to the two strands of the
sjTREC primers (Fig. 2b).

sjTREC copy numbers in PBMCs were determined by com-
petitive PCR on genomic DNA from the mononuclear cells
obtained from 10 ml of peripheral blood by density gradient
centrifugation on Ficoll-Hypaque (Pharmacia). For each patient,
genomic DNA was extracted simultaneously from the different
therapeutic time points (time 0, 24, 48 and 96 weeks) by stan-
dard phenol—chloroform purification and ethanol precipitation
procedures.

These DNAs (2 pl) were co-amplified with decreasing
amounts of the competitive template in a 50 pwl PCR reaction
containing specific primers for the reference single copy -globin
gene (primer set PCO3-PCO4), or primers delimiting the signal
joint sequence of the T-cell receptor a chain (primer set SJ1-SJ2)
[27]. PCR conditions for B-globin amplification were previously
reported [25]. PCR conditions for SJ primer amplification were:
95°C for 8 min, followed by 95°C and 72°C, respectively, for 30 s
and 50 s, and for overall, 40 cycles. Each competitive PCR reaction
contained 1-25 U Taq Gold (Perkin Elmer, Milan, Italy), 1-2 mm
MgCl,, 0-2 mM dNTPs, 0-8 uMm each primer. To each PCR reaction,
different amounts of the diluted competitive template were added.

After amplification, 20 .l of each reaction were resolved in an
8% non-denaturing polyacrylamide gel, stained with ethidium
bromide, visualized under ultraviolet light and analysed by
densitometric scanning. syTREC copy numbers were adjusted to
CD4 counts and expressed taking into account the (-globin
dosage, indicating the number of analysed PBMCs.

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 the Wilcoxon rank sum test was used to analyse
paired values in the same group [28].

RESULTS

Here, we report the results obtained by studying the effects of the
combination therapy of HAART plus IL-2, compared with
HAART alone, in two cohorts of patients. Twelve patients (mean
age 40-5 *= 10 years) were included in the HAART/IL-2 group;
after six cycles, IL-2 was discontinued and they received HAART
alone. Ten patients (mean age 39-8 = § years) were included in
the HAART group. The demographic, immunological and

virologic characteristics of these patients at enrolment are shown
in Table 1.

All patients were observed for 96 weeks, a period that is
considerably longer that other previous studies [8,9,12,13].

Viral RNA and proviral DNA load

At the time of enrolment, plasma viremia was 38 700 = 65 000
copies/ml in the HAART group and 50-700 % 28-000 copies/ml
in the HAART/IL-2 group. In the IL-2 group, viremia was
undetectable in 12/12, 11/12 and 10/12 patients at 24, 48 and
96 weeks, respectively, while in the HAART group, viremia was
not detectable in 10/10 patients at 24 weeks, in 9/10 at 48 weeks
and in 8/10 at 96 weeks.

By taking advantage of a competitive PCR procedure that
simultaneously measures the number of copies of HIV DNA and
the cellular B-globin gene to quantify the number of mononuclear
cells [25], we assessed proviral DNA levels in these patients. The
results obtained (shown in Fig. 1a) indicate that both therapies
produced a remarkable decline in proviral load during the first
year of treatment. The mean values for pre-treatment proviral
DNA levels were 2600 and 950 copies per 10° peripheral blood
mononuclear cell in the HAART and HAART/IL-2 group,
respectively (which were deemed not to be statistically signifi-
cant), while it these were reduced to 720 and 520 copies after
24 weeks, to 320 and 370 after 48 weeks, and to 400 and
230 copies after 96 weeks, for the HAART and HAART/IL-2
group, respectively. Compared with the respective pre-treatment
levels, the decrease in proviral DNA copies was significant at all
time points. In both groups, however, this decrease was observed
only during the first year of treatment; after this time period, the
proviral DNA pool remained stable.

CD4 T-cell subsets

Both HAART and HAART/IL-2 combination therapies were
highly active in increasing total CD4 T-cell counts at all time
points, in accordance with results already reported [24]. In the
HAART group, CD4 counts were 320 = 45 cells/mmc at enrol-
ment, 500 = 80 cells/mmc at 24 weeks, 561 = 195 cells/mmc at
48 weeks and 640 £ 215 cells/mmc at 96 weeks. In the IL-2
group, the values were 300 *£ 120 cells/mmc before therapy,
508 = 182 cells/mmc at 24 weeks, 585 = 208 cells/mmc at
48 weeks and 670 = 250 cells/mmc at 96 weeks. Compared with
pre-treatment values, the increase in CD4 counts was statistically
significant at all the time points in both groups. The numbers of
CD4 naive T cells bearing the CD4/CD45RA/CD62L phenotype
are reported in Fig. 1b. As observed earlier [12,24], the
combination therapy with HAART and IL-2 produced a signifi-
cant increase in this subset of cells, starting as early as 24 weeks
and persisting for the following observation periods. The mean
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Fig. 1. Proviral DNA levels and number of CD4 cells with a naive
phenotype. (a) Box plot representation of the number of proviral DNA
copies in peripheral blood mononuclear cells in patients treated with
HAART (0OJ) or HAART plus IL-2 (W) and analysed for the indicated time
periods. Values were obtained by the simultaneous quantification of
proviral DNA molecules and of the single copy B-globin cellular gene, a
precise indicator of cell number. Quantifications were obtained using a
single competitor for both measurements, as already described [25,40].
Each horizontal line in the box plot shows the Sth, 25th, 50th, 75th and
95th percentile distribution of values, from top to bottom (boxed are values
from the 25th to the 75th percentiles). (b) Naive T cells bearing the CD4/
CD45RA/CD62L phenotype at different times after treatment. The box
plot representation is as described in the legend for (a).

percentage values of CD4/CD45RA/CDG62L cells were 8:5% and
11:6% at enrolment, 11-5% and 18-9% after 24 weeks of therapy
(P = 0-015,t = 0), 13:5% and 19-0% after 48 weeks (P = 0-037,
t =0), 152% and 20-5% after 96 weeks (P = 0-055, t = 0) for
the HAART and HAART plus IL-2 group, respectively. CD4
naive cell values between the two groups were not statistically
significant at t = 0, while they were statistically higher in the IL-2
group after 48 (P = 0-007) and 96 weeks (P = 0-05).Thus, a
remarkable difference exists between the two groups, which is
pronounced during therapy with IL-2 and persists for several
weeks after IL-2 withdrawal.

T-cell receptor rearrangement excision circles (TRECs)
In order to understand whether the observed selective increase of
CD4 T lymphocytes bearing a naive phenotype in patients
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Fig. 2. Quantification of sjTRECs by competitive PCR. (a) Schematic
representation of the localization of the two primer pairs used for quan-
tification of sjTRECs, and of the cellular 3-globin gene. (b) Competitor for
competitive PCR amplification. Two long primers, corresponding to the
SJ1/PCO3 and to the SJ2/PCO4 sequences, were used to amplify a DNA
competitor corresponding to the B-globin PCO3-PCO4 amplification
product and containing an additional 20 bp in its middle. Construction of
this competitor has already been described [40]. The resulting DNA
fragment contains primer recognition sequences for both the $-globin and
sjTRECs primer pairs, and amplifies DNA segments of a different size to
those obtained from the respective target DNA sequences. (c) Competitive
PCR. For each quantification, DNA extracted from peripheral blood
mononuclear cells was mixed to a different concentration of competitor (as
indicated on top of each photograph) and amplified with the two primer
pairs. According to the principles of competitive PCR, the ratio between
amplification products for the competitor (C) and the target syTRECS (T),
or between the competitor and the target genomic DNA (G), accurately
reflects the ratio of these species in the input reaction. The quantitative
results obtained by the competitive PCR experiments shown in the two
gels are indicated on the left side of each photograph. M: molecular weight
markers.

receiving IL-2 could be correlated with increased thymic output,
we quantitatively determined the levels of signal joint T-cell
receptor rearrangement excision circles (sjTRECs) in the two
groups of patients. Previously reported evidence indicates that
measurement of TRECs is a valuable indicator of lymphocytes
which recently underwent T-cell receptor rearrangement, and a
reliable marker of thymic function [17,20-22]. To determine the
levels of TRECs quantitatively, we developed a quantitative
competitive PCR procedure that measures the number of sjTRECs
and the number B-globin DNA molecules in the same DNA
samples. This procedures takes advantage of a single competitor
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Fig. 3. Results of quantification of sjTRECs in patients treated with
HAART (O) and HAART plus IL-2 (") at different time points during
therapy. The box plot representation is as described in the legend of
Fig. 1a. Quantification of sjTRECs in a group of normal individuals is
shown in black (H). The levels of sjTRECs are expressed as number of
DNA molecules per peripheral blood mononuclear cell, according to the
simultaneous quantification of sjTRECs and (-globin cellular gene copy
numbers.

DNA fragment which contains primer recognition sequences for
both amplification species and is added to the DNA samples to be
quantified. This strategy allows for standardization of sjTREC
measurement in total extracted DNA, and takes into account
variations in DNA extraction and amplification efficiency that
occur among different samples. A schematic outline of this
competitor and the results of a representative competitive PCR
experiment are shown in Fig. 2b and 2c, respectively.

The levels of sjTREC DNA molecules in peripheral blood
mononuclear cells in the patients treated with HAART or
HAART/IL-2 are presented in the box plots of Fig. 3, which
show the percentile distributions of the values for the two groups
at the various time points. At study entry, the mean sjTREC levels
were 600 molecules per 10° peripheral blood mononuclear cells in
the HAART group, and 370 molecules in the HAART/IL-2 group.
In agreement with other studies that measured sjTREC levels in
patients with HIV infection [20,21], these values were signifi-
cantly lower than those detected in a group of normal uninfected
individuals (mean 1990 sjTRECs molecules/10® PBMCs). During
treatment, the mean levels of sjTRECs in both groups of patients
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Fig. 4. Longitudinal analysis of TRECs in patients with very low pre-
treatment TREC values. Individual TREC values showed a distinct pattern
of variations in patients treated with HAART and IL-2 versus HAART
alone. (®), Patient no. 8§, HAART + IL-2; (W), patient no. 11, HAART +
IL-2; (A), patient no. 8, HAART; (x), patient no. 10, HAART.

did not show remarkable differences as compared with pre-
treatment levels (300, 760 and 400 molecules/ 10° PBMCs in the
HAART group, and 650, 630 and 230 molecules/10° PBMCs in
the HAART/IL-2 groups at 24, 48 and 96 weeks, respectively).

We also analysed individual TREC variations in patients with
the lowest level of TREC before therapy. Figure 4 shows that
injection of IL-2 produced an early and transient increase of
TREC levels in these patients.

These results indicate that neither HAART nor HAART in
combination with IL-2 had a long-term impact on the extent of
thymic lymphocyte regeneration in these patients. However, in
two patients with very low TREC levels before therapy, the early
rise of TREC levels observed during IL-2 injections may deserve
a more detailed investigation in clinical trials involving a larger
number of IL-2-treated patients.

DISCUSSION

Infection with HIV-1 clinically correlates with progressive
reduction of the CD4 T-lymphocytes subset in peripheral blood
and lymphoid organs. In the last few years, the mechanisms by
which HIV depletes the lymphoid compartment have been a
subject of several, often contrasting, studies [1,2,29,30]. Recently,
Hellerstein and co-workers provided compelling evidence that the
decrease of CD4 T cells in HIV infection is caused by shortened
survival time and failure to increase T-cell production [29]. One
potential site of CD4 T-cell renewal blockade could be the thymus
and therefore, much interest has been generated about the
possibility of finding therapeutic options able to increase thymic
T-cell output. Eventually, these therapeutic modalities could result
in a potentiation of the immune reconstitution in HIV-infected
patients. Initial studies by Zhang et al. on the effects of antiretro-
viral therapy on thymic functions suggested that HAART had no
appreciable effects on the extent of thymic regeneration in
individuals whose TRECs baseline values were within the normal
range. In contrast, significant increases were observed in those
with a pre-existing impairment [21]. In a very recent study,
Hazemberg et al. [31] did not find any TRECs increase in HIV
patients after one year of antiretroviral therapy. These authors
suggested that a rapid decrease in T-cell division during therapy
resulted in a slow recovery of TRECs content. In this study, we
have explored the relationship between thymic function and
response to IL-2 associated with antiretroviral therapy in a group
of HIV-positive patients, treated with a combination of HAART
and IL-2, who were analysed for almost two years after initiation
of therapy. From a virological standpoint, we observed that both
therapy with HAART alone and HAART plus IL-2 produced a
remarkable reduction in plasma viremia and a consensual decline
of proviral load in peripheral blood during the first year of
treatment. After this period, even in patients with persistent
suppression of plasma viremia, the proviral pool did not undergo
appreciable variations. These findings reinforce the notion that
HAART alone fails to eradicate HIV infection. They also indicate
that the additional use of IL-2 seems to have a limited extra
benefit in purging cells constituting the latent HIV reservoir. This
conclusion is in apparent contrast to our previous findings,
obtained by analysing the combination of IL-2 with less potent
antiretroviral combinations [26], where a remarkable additive
effect of the cytokine was observed early on, on the proviral DNA
pool of treated patients. The findings also disagree with those of
other groups [32—34] who observed a substantial reduction in the
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pool of resting CD4™ T cells that contain replication-competent
HIV-1 in patients treated with this cytokine. In our patients, it
might be envisaged that the marginal effects of IL-2 on HIV DNA
purging could be related to the powerful activities of HAART
during the first year of treatment, and that the additional effect of
the cytokine could require longer observation periods to be
appreciated.

In contrast to the above-mentioned virological findings, IL-2
produced more remarkable effects on immunological parameters.
We have already observed that treatment of HIV patients with this
cytokine produces an expansion of selected CD4 and CDS8 sub-
populations, promotes the functional recovery of CD4 subsets, and
influences the production of cytokines by various cell types
[12,14,24]. In particular, we confirm here that in patients treated
with IL-2, a remarkable expansion of CD4 T cells bearing the
naive CD45 RA/CD62L phenotype occurs, and that this expansion
lasts for as long as several months after discontinuation of IL-2
administration. Surprisingly, analysis of the sjTREC levels
revealed that thymic function is not increased in patients with
early stage HIV disease, thus suggesting that the expanded naive
CD4 T cells are not recent thymic emigrants. Our limited obser-
vation concerning the increase in TREC levels in patients with
the lowest numbers of recent thyimic emigrants before therapy,
and the recent data from Saint-Mezard ef al. in patients with
CD4 < 200/mmc, may suggest a role for IL-2 of increasing
thymic function in those subjects with advanced immunosuppres-
sion [35]. It could be argued that an elevated T-cell division rate,
which may occur during IL-2 therapy, could obscure the
interpretation of TRECs data [36]. As far as this is concerned,
unpublished evidence recently obtained by measuring Ki67
expression in CD4 and CDS8 subsets suggests that increased
T-lymphocyte proliferation could affect TRECs content only
during the first two to four weeks of IL-2 administration, while it
is no longer observed for more extended periods of treatment
(Caggiari et al. submitted). Although a dilution effect of IL-2
treatment on TRECs measurement cannot be ruled out, it is
probably limited to the first month of treatment, while later on, the
results obtained in the IL-2 group and in the HAART group of
patients do not reflect different kinetics of proliferation. This
observation indicates that most probably, an increase in thymic
function does not account for the rise in the levels of naive T cells
in IL-2-treated patients. Recently, Sempowski et al. [37] studied
the effect of thymectomy on peripheral blood T cells in
myasthenia gravis. These authors concluded that thymectomy
resulted in a decrease in TREC levels, while no significant effect
on naive T-cell numbers was observed. This observation
reinforces the possibility, already suggested by other in vitro
and in vivo results [38,39], that naive T cells can derive either
from memory cells reverting to a naive phenotype after
immunological activation by an appropriate stimulus such as
antigenic challenge or IL-2 itself, or from extra-thymic sites. In
conclusion, although several studies have investigated the immune
system in HIV disease, the mechanisms contributing to the
immune recovery in HIV-positive-treated patients still remain a
matter for discussion and further investigation.
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