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ABSTRACT. IL-7 is a crucial cytokine regulating lymphopoiesis and peripheral T lymphocyte homeostasis.
Plasma IL-7 levels increase during HIV infection and, although antiretroviral therapy (ARV therapy) decreases
these levels, they fail to return to normal. Immune reconstitution in most ARV-treated patients is only partial. We
tested the possibility that the IL-7R system might be affected by ARV drugs. The effects of the antireverse
transcriptase AZT and the anti-protease saquinavir on CD3- and CD3+CD28-induced T lymphocyte stimulation,
in the presence (or absence) of IL-7, were studied in vitro. Small amounts of the drugs did not interfere with the
capacity of IL-7 to stimulate T cell proliferation, but higher concentrations significantly decreased IL-7-induced
T cell proliferation both in cells from HIV-infected patients and in cells from healthy donors. IL-7 is known to
down-modulate its own receptor on the surface of CD4 and CD8 T lymphocytes in vitro. In CD4 lymphocytes from
healthy donors or HIV-infected patients, neither AZT, nor saquinavir, nor a combination of the two, interfered
with this property. In contrast, AZT + saquinavir worsened the IL-7-induced down-regulation of CD127
expression by CD8 T cells from HIV-infected patients, while no such effect was observed with CD8 T cells from
healthy donors. Our data suggest that, under certain conditions, antiretroviral therapy could interfere with the
expression and function of the IL-7/IL-7R system, and more particularly it may affect the CD8-lymphocyte
compartment of HIV-infected patients.
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IL-7 is a pleiotropic cytokine essential for the early, human
T-cell development [1-3]. In addition, IL-7 plays an essen-
tial role in peripheral T cell homeostasis, and is involved in
controlling specific immune responses [4, 5]. The interleu-
kin 7 receptor (IL-7R) consists of an a-chain (CD127),
which confers specificity, and a c chain, which is common
to several cytokines (IL-2, IL-4, IL-9, IL-15 and IL-21)
[6].
Untreated HIV-infected patients show increased plasma
IL-7 levels [6, 7], and a negative correlation has been noted
between IL-7 levels and the CD4 T cell count, suggesting
that IL-7 is part of a feedback loop regulating the size of the
CD4 pool [7, 8]. Plasma IL-7 decreases during highly
active antiretroviral therapy (HAART), but fails to return
to normal. HAART-treated HIV-infected patients show
only partial immune reconstitution, and restoration of the
CD4 count. Many hypotheses have been discussed to ex-
plain the corresponding defects. Here we tested the possi-
bility that IL-7 reactivity could be impaired by antiretrovi-
ral (ARV) drugs, an issue that is crucial to the
understanding of the role played by IL-7 during HAART-

driven immune reconstitution, and to the further documen-
tation of the therapeutic potential of IL-7.

We used an in vitro model to address this question. The in
vitro effects of the antireverse transcriptaseAZT, and of the
anti-protease saquinavir, were evaluated either alone or in
combination, on lymphocytes taken from treatment-naive,
viraemic, HIV-infected patients and healthy donors, cul-
tured in the presence, or absence, of IL-7. The proliferation
of T cells stimulated by limited amounts of anti-CD3 mAb
was investigated first. The IL-7 induced down-modulation
of the IL-7Ra chain (CD127) on CD4 and CD8 T lympho-
cytes was then analyzed. The results suggest that AZT
affects T cell proliferation, and that AZT + saquinavir af-
fect the expression of CD127 by CD8 lymphocytes from
HIV-infected patients. These results will serve as a basis
for further discussion of the putative mode of action of
ARV drugs in HAART-treated patients. This investigation
into the effects of ARV drugs on the IL-7/IL-7R system
should be followed by an extensive analysis of this issue in
order to fully characterize the side effects caused by the
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variousARV drugs employed in the immune reconstitution
of HAART patients.

DONORS AND METHODS

Patients

Patients selected for this study were naive of any antiret-
roviral treatment, and presented with a detectable viral
load at inclusion. Patient characteristics are given in
table 1. Viral load at inclusion was very heterogeneous and
ranged from 9,560 to 750,000 mRNA copies/mL. CD4
counts ranged from 220 to 803 CD4/mm3.
Healthy donors were from the Établissement Français du
Sang, rue Lecourbe, 75015 Paris.

Chemicals

RhIL-7 was supplied by Cytheris (Vanves) France. The
antireverse transcriptase (RT) inhibitor AZT (Zidovudine)
was obtained from Sigma (Paris, France). The anti-
protease saquinavir was from Roche (Paris, France). AZT
and saquinavir solutions were prepared in accordance with
the manufacturers’ instructions.

Proliferation assay

Freshly isolated PBMC from HIV-infected patients were
resuspended and seeded at 2.105 PBMCs per well in 96-
well, flat-bottomed microtitre plates coated with
0.1 lg/mL anti-CD3 monoclonal antibody (clone UCHT 1
from DAKO) and with goat anti-mouse IgG (H + L)
(Beckman Coulter). When indicated, stimulation was also
induced by soluble anti-CD3 or anti-CD3 + anti-CD28
mAb. PBMC were cultured in RPMI 1640 medium supple-
mented with 0.5% AB human serum in the presence or
absence of rhIL-7 (10 ng/mL). A mixture of AZT and
saquinavir (1 lM/10 nM and 10 lM/100 nM of AZT and
saquinavir, respectively) was prepared and added at the
start of the culture. The ARV drugs (AZT 0.1, 1, 10,
100 lM) or saquinavir (1, 10, 100 nM/1 lM) were also
tested alone. The microtitre plates were placed in a cell
incubator, in a humidified atmosphere containing 5% CO2

for 96h. Proliferation was assessed by incorporation of
[3H] thymidine (0.125 lCi/well) for the last 17 hours of the
culture.

Flow cytometry analysis of CD127 expression

Freshly isolated PBMC from HIV-infected patients were
seeded in 24-well plates containing 2.106 PBMC per well
in medium alone (RPMI 1640, serum AB 0.5%) or in the
presence of rhIL-7 (10 ng/mL). When indicated, AZT or
saquinavir were added as described above. Flow cytometry
was performed after six days of culture. Immunostaining
was performed with conjugated mAbs. CD4-APC (clone
MT310) and CD8-APC (clone DK25) were from DAKO
(Paris, France). The anti-CD127 PE-conjugated mAb
(R34-34) was from Coulter-Immunotech (Marseille,
France). The stained preparations were analyzed on a
cytofluorometer (FASCalibur) running Cellquest software
(Becton Dickinson).

Statistical analyses

Statistical analyses were performed using the Statview
version 5.0 with paired or unpaired tests selected depend-
ing on the parameter. Significant variations were defined as
p < 0.05.

RESULTS

IL-7-induced T cell proliferation in PBMC
from HIV-infected patients, and healthy donors:
effects of the antiretroviral drugs AZT and saquinavir

We first studied the impact of the antiretroviral drugs on
T cell proliferation in vitro. AZT and saquinavir were
tested in combination at two concentrations: 1lMAZT+10
nM saquinavir, and 10 lM AZT+100 nM saquinavir. The
results obtained with lymphocytes from five HIV-infected
patients are shown in figure 1A. IL-7 alone did not induce
T cell proliferation. However, in the presence of small
amounts of coated anti-CD3 (0.1 lg/mL), IL-7 increased
T cell proliferation 5-fold (p < 0.01). Although the low
drug concentration (1 lMAZT + 10 nM saquinavir) failed

Table 1
Characteristics of viremic HIV-infected patients at inclusion

Patient Age Gender Months after
HIV detection

Stage of
infection

VL CD4/mm3 CD8/mm3

D12 28 M 36 A 12800 447 531
D13 27 M 14 A 57700 566 1613
D14 56 M 39 A 750000 494 1656
D15 32 F 1 B 84600 367 751
D16 33 F 9 A 19400 320 1454
D17 33 M 78 A 26300 524 1007
D18 41 M 21 A 177000 444 906
D19 24 F 1 A 9560 386 1958
D21 45 M 8 A 25000 803 1032
D22 21 F 2 A 53100 364 2113
D23 30 F 3 A 17300 220 464
D24 37 M 120 A 145000 601 1709
D25 35 F 180 A 44800 579 1421

VL: viral load in mRNA copies/mL. All patients were treatment naive at inclusion.
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A. HIV - infected patients n = 5

B. HIV-infected patient D25 + AZT

C. HIV-infected patient D25 + saquinavir
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Figure 1
Proliferation of PBMCs in the presence of IL-7 and antiretroviral drugs.
A) Results from five patients are presented as x-fold increase over proliferation in medium alone. IL-7-increased T cell proliferation induced by
anti-CD3 mAb was always significant (* p < 0.01). The effects of AZT + saquinavir at two different concentrations are shown (for the highest
concentration ** p < 0.05).
B) Effect of AZT on T cell proliferation in the presence, or the absence of IL-7. T cells were stimulated in vitro by soluble anti-CD3 + anti-CD28
mAbs as indicated in Donors and Materials. Results from one representative HIV-infected patient are shown.
C) Effects of saquinavir on T cell proliferation in the presence or absence of IL-7. PBMC were stimulated as above. The results are from one
representative HIV-infected patient.
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to affect IL-7-induced T cell proliferation (p < 0.01), the
high drug concentration (10 lM AZT + 100 nM
saquinavir) significantly decreased IL-7-induced prolif-
eration (p < 0.05) (figure 1A). Similar experiments were
performed with PBMC from five healthy individuals. Here
again, IL-7 alone did not induce T cell proliferation
(table 2). IL-7-induced proliferation was observed only in
the presence of limited amounts of anti-CD3 (table 2). At
low doses, AZT + saquinavir were found to reduce the
proliferative responses. At higher doses of the drug com-
bination, the data indicated that the ARV drugs had a
negative effect on CD3 + IL-7-induced T cell responses,
as with PBMC from HIV-infected patients.
The effects of the drugs were further investigated by test-
ing AZT and saquinavir separately in PBMC from HIV-
infected patients. AZT alone inhibited anti-CD3 + anti-
CD28-induced T cell proliferation in a dose-dependent
manner. The results obtained in a representative HIV-
infected patient (D25) are shown (figure 1B). At low con-
centrations (0.1, 1, and 10 lM) AZT failed to have a
significant impact, but at 100 lM it markedly inhibited 3H
TdR incorporation induced by anti-CD3 + anti-CD28 in
the presence or absence of IL-7. In contrast, saquinavir
failed to affect anti-CD3 + anti-CD28-induced T cell pro-
liferation in the presence or absence of IL-7. These results
obtained with a representative, HIV-infected patient (D25)
are shown in figure 1C.

CD127 cell surface expression by CD4 and
CD8 T lymphocytes from HIV-infected patients:
effects of IL-7 in the presence of AZT and saquinavir

IL-7 is known to down-modulate its own receptor on the
surface of CD4 T cells. Freshly isolated PBMC from HIV-
infected patients were cultured with, or without IL-7
(10 ng/mL), and AZT, or saquinavir, or both, added at the
start of the culture period as indicated in figure 2. CD127
expression of the T cells was measured by flow cytometry
after six days. The results shown are those obtained with
lymphocytes from one representative individual (D15)
(figure 2A). It can be seen that IL-7 (10 ng/mL) caused a
significant reduction in CD127 expression. Adding AZT
(10 lM) + saquinavir (100 lM) did not modify the ampli-
tude of this down-modulation. An analysis of the results
obtained with five HIV-infected patients is shown
figure 2B. When IL-7 was added to the culture, neither
AZT (10 lM) nor saquinavir (100 nM), nor a combination
of the two, affected CD127 cell surface down-modulation
in CD4 T cells (p > 0.2; figure 2B).

We then studied the effects of IL-7 on CD127 expression
by CD8 lymphocytes from HIV-infected patients. We
showed that, in the absence of IL-7, the constitutive ex-
pression of CD127 was unaffected by the presence of AZT
or saquinavir alone. However, a combination of the two
antiretroviral drugs reduced basal, steady state CD127
expression (p < 0.03, figure 3). Culturing these CD8 T
lymphocytes from HIV-infected patients in the presence of
IL-7 down-modulated their CD127 surface expression
(p < 0.01). Such IL-7-induced down-modulation of
CD127 was unaffected by AZT or saquinavir alone
(p > 0.4). It is interesting to note that when the two drugs
were combined, IL-7-induced CD127 down-regulation
was more pronounced (figure 3). The down-regulation of
the basal constitutive expression of CD127 caused by
AZT + saquinavir in CD8 T cells from HIV-infected pa-
tients, and the worsening of the IL-7-induced CD127
down-modulation on CD8 lymphocytes from these pa-
tients were both statistically significant (p < 0.03).
In comparison, we analyzed the effects of AZT and
saquinavir on CD127 expression and modulation on the
surface of both CD4, or CD8 T cells from healthy indi-
viduals. We observed that AZT + saquinavir affected nei-
ther CD127 basal expression by CD4 nor CD8 T cells from
healthy individuals, nor the IL-7-induced down-regulation
of CD127 expression on the cells from these donors
(table 3).

DISCUSSION

In addition to its central role in lympopoiesis, IL-7 plays a
critical role in controlling T cell homeostasis. It protects
T cells from death, and accelerates T cell reconstitution by
enhancing T cell proliferation [5, 9-11]. IL-7 also plays a
role in the specific immune response and, more particu-
larly, it potentiates CD8 cytotoxicity [12-14]. Some publi-
cations have also shown that IL-7 potentiates the specific
responses to viral antigens, including HIV antigens [13,
15]. All these properties highlight the potential involve-
ment of IL-7 in HIV infection. We have previously shown
that plasma IL-7 levels before HAART can be used to
predict the magnitude of CD4 T cell regeneration during
treatment [8]. Despite increased levels of IL-7, immune
reconstitution remains limited after HAART, and the rea-
sons for this impairment are not well understood. Here we
studied the possibility that ARV drugs may interfere with
IL-7R expression and function, and to do this we measured

Table 2
IL-7-induced T cell proliferation of PBMCs from healthy donorsa

Healthy donors H12 H13 H14 H15 H16 Mean
Media 156 56 123 49 78 92
IL-7 209 163 239 374 344 266
aCD3 0.1 lg/mL 964 938 3199 12752 9775 5526
IL-7 + aCD3 0.1 lg/mL 6663 7054 11528 20939 19286 13094
IL-7 + aCD3 0.1 lg/mL +
AZT1 lM + saq 10 nM

4446 4921 6242 13068 10258 7787b

IL-7 + aCD3 0.1 lg/mL +
AZT 10 lM + saq 100 nM

2588 3376 2849 8114 7768 4939b

a T cell proliferation was measured by 3H Td R incorporation and expressed in cpm.
b Responses in the presence of ARV are significantly different from those in the absence of ARV (p < 0.002).
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the effects of AZT and saquinavir on CD127 expression
and IL-7R function.
With regards to T cell proliferation, we observed that IL-7
was able to increase the cellular proliferation of PBMC
from HIV-infected patients and normal donors when these
cells were co-stimulated by limited amounts of anti-CD3
mAb. In the presence of the ARV drugs, we observed a
significant reduction in IL-7 co-stimulatory capacity, both
with PBMC from healthy individuals and from HIV-
infected patients. Such effects may, in part, be attributed to
the direct effect of AZT on T cell proliferation (figure 1B).
We cannot rule out thatAZT has toxic effects, although our
study of CD4 and CD8 T cells by FACS argued against this
possibility (figures 2 and 3). Saquinavir alone did not
show any effect on IL-7-dependent T cell proliferation.

We then tested the effects of AZT and saquinavir on
constitutive CD127 expression and IL-7-induced
CD127 down-modulation. When examining CD4 lym-
phocytes taken either from healthy individuals or from
HIV-infected patients, we observed that the drugs had
no impact on CD127 expression, either alone, or in
combination. In contrast, CD127 basal expression on
the surface of CD8 T cells from HIV-infected patients
was decreased when these cells were cultured in the
presence of high-dose AZT and saquinavir. In addition,
the two drugs further decreased CD127 expression lev-
els when the cells from HIV-infected patients were
cultured in the presence of IL-7. These effects were not
seen when AZT + saquinavir were tested in CD8 lym-
phocytes from healthy individuals.
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Figure 2
CD127 expression of CD4 T lymphocytes from HIV-infected patients.
PBMC were cultured in complete medium alone or with IL-7 (10 ng/mL). When indicated AZT and/or saquinavir were added at the indicated
doses. CD127 expression of the CD4 lymphocytes was analyzed by flow-cytometry after six days of culture.
A) Fluorescence histogram showing intensity of CD127 expression on CD4 T cells from one representative HIV-infected patient. Black curves
show CD127 fluorescence observed on CD4 lymphocytes cultured in complete medium alone. White curves show CD127 fluorescence observed
on CD4 lymphocytes cultured in complete medium plus IL-7. The dotted line indicates the location of MFI with isotype control mAb.
B) Data from 5 HIV-infected patients expressed as mean CD127 MIF on CD4 cells. IL-7-induced down modulation of CD127 was statically
significant (p < 0.04). Differences in levels of CD127 expression between CD4 T cells from cultures in the presence or absence of ARV drugs
were not significant (p > 0.2).
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Table 3
CD127 expression by CD4 and CD8 lymphocytes from healthy donors in the presence of IL-7 and antiretroviral drugsa

A. CD127 expression (MFI) by CD4+ cells from healthy donors

Healthy donors H2 H3 H4 H5 H6 Mean

Media 70 117 79 64 75 81 ± 21
AZT 1 lM + saq 10 nM 69 114 76 67 74 80 ± 19
AZT 10 lM + saq 100 nM 68 97 82 58 62 73 ± 16
Media + IL-7 15 36 8 9 8 15 ± 12b

AZT 1 lM + saq 10 nM + IL-7 23 52 9 8 8 20 ± 19b

AZT 10 lM+ saq 100 nM + IL-7 14 44 8 9 8 17 ± 16b

B. CD127 expression (MFI) by CD8+ cells from healthy donors

Healthy donors H2 H3 H4 H5 H6 Mean
Media 69 106 71 49 47 68 ± 24
AZT 1 lM+saq 10 nM 73 97 77 49 43 68 ± 22
AZT 10 lM+saq 100 nM 67 97 86 48 47 69 ± 22
Media + IL-7 23 44 9 7 7 18 ± 16b

AZT 1 lM+saq 10 nM+IL-7 33 54 8 7 7 22 ± 21b

AZT 10 lM+saq 100 nM + IL-7 19 47 9 7 9 18 ± 17b

a CD127 expression was measured at the surface of CD4 and CD8 T lymphocytes after six days of culture in the absence (media) or the presence of IL-7. The Mean Fluorescence
Intensity (MFI) of the positive cells is reported.
b Down modulation of CD127 by CD4 and CD8 lymphocytes was always significant when compared to the MFI of the same cells in the absence of IL-7 (p < 0.002).
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Figure 3
CD127 expression of CD8 T lymphocytes from HIV-infected patients.
PBMCs from five HIV-infected patients were cultured and the CD127 expression on CD8 T cells analyzed as indicated in figure 2. Data from five
HIV-infected patients were expressed as mean MFI on CD8 T cells. CD127 IL-7-induced down-modulation of CD127 was statistically
significant (p < 0.04). When combined, AZT (10 lM) and saquinavir (100 nM) significantly decreased the CD127 expression levels of CD8
lymphocytes cultured either in the presence or absence of IL-7 (p < 0.03).
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Altogether, the data show that the ARV drugs have signifi-
cant effects on the IL-7-driven proliferation of PBMC
from healthy donors and from HIV-infected individuals.
The mechanisms involved are therefore not strictly HIV-
dependent. Nevertheless, they may have a substantial
negative impact during the partial immune reconstitution
that takes place following HAART. With regard to their
effects on IL-7R expression, the results indicate that these
ARV drugs have no effects on the IL-7R expression of
CD4 lymphocytes. In contrast, the drugs selectively impair
the expression of CD127 by CD8 lymphocytes from HIV-
infected patients. Finally, the combined effects of inhibi-
tion of T cell proliferation and the decrease in CD127
expression by CD8 T cells, may significantly affect resto-
ration of the cytotoxic T cell response in HAART-treated
patients
Further studies on the effects of ARV drugs on the IL-
7/IL-7R system are needed to unravel the mechanisms by
which, despite efficient control of HIV replication, ARV
drugs may hinder immune reconstitution of the immune
system during HAART.
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