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SUMMARY

 

In this study, we investigated the cytokine profiles of 14 treatment-naive HIV-infected patients on the
initiation of highly active antiretroviral therapy (HAART). At baseline, plasma levels of TNF-

 

a

 

 and its
mRNA in peripheral blood mononuclear cells (PBMC) were highest in the most severely immunocom-
promised patients (

 

<

 

200 CD4

 

+

 

 cells/mm

 

3

 

). After 12 months of HAART, the virus was undetectable in
the plasma of all patients (

 

<

 

200 copies/ml), and median CD4 T cell counts had increased (

 

+

 

164 cells/
mm

 

3

 

). We also observed a gradual decrease in the number of proviral DNA copies in PBMC and in
immune activation, with lower levels of IFN-

 

g

 

 mRNA in PBMC associated with weaker activation of
CD8

 

+

 

 T cells and lower levels of plasma TNF-

 

a

 

. IL-2 mRNA levels in PBMC were found to increase in
parallel. The decrease in TNF-

 

a

 

 and IFN-

 

g

 

 levels and the increase in IL-2 production appear to be cor-
related with the efficacy of HAART in naive immunocompromised HIV-infected individuals.
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INTRODUCTION

 

The availability of highly active antiretroviral therapy (HAART)
has improved the treatment and outcomes of HIV-1 infection
considerably, with a marked reduction in patient mortality and
morbidity [1,2]. The effects of HAART on immunological and
virological parameters consist of an increase in CD4

 

+

 

 T cell count
and a decrease in plasma viral load in the peripheral blood within
a few months of treatment initiation [3]. These changes in plasma
HIV-1 load and CD4

 

+

 

 T lymphocyte counts, taken together, are
valid predictors of disease progression [4,5]. It is not possible to
achieve complete viral eradication, as illustrated by the continu-
ing presence of latently infected CD4

 

+

 

 T cells with replication-
competent provirus [6,7] and HIV replication, albeit at low levels,
even in patients responding well to HAART in whom plasma
HIV RNA is persistently undetectable (

 

<

 

50 copies/ml) [8].

In the absence of HAART, the decline in CD4

 

+

 

 T cell count
is associated with a dramatic loss of T cell-mediated immune
responses and, particularly, of helper T (Th) cell responses. The
Th1/Th2 balance, defined by the secretion of interleukin(IL)-2,
interferon-

 

g

 

 (IFN-

 

g

 

) and IL-12 (Th1 response) or IL-4, IL-5 and
IL-10 (Th2 response), has been explored intensively in HIV-
infected patients. A decrease in the expression and secretion of
type 1 cytokines and an increase in the expression and secretion
of type 2 cytokines are associated with disease progression [9–12].
In contrast, dominant type 1 cytokine profiles are associated with
a lack of disease progression [13,14]. Furthermore, an increase in
IL-2 production [15,16] and a decrease in IL-4 production [17] in
CD4

 

+

 

 T cells, accompanied by a significant decrease in the num-
ber of IFN-

 

g

 

-producing CD8

 

+

 

 T cells, have been observed in
patients undergoing HAART [16,18]. HAART also affects the
dysregulated immune system by modifying the inflammatory
cytokine profile, as illustrated by the correlations between the
decrease in viral load, the increase in the number of CD4

 

+

 

 T cells
and the decrease in concentration of components of the TNF
system during HAART, and between TNF-

 

a

 

, HIV replication
and persistent TNF-

 

a

 

 activation in subjects in whom HAART
is considered to have failed virologically or immunologically
[19,20].
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Whereas the majority of the previous works assessing the
effects of HAART on the immune system has focused on cross-
sectional studies, we therefore investigated changes in cytokine
profiles, cell markers and plasma and cellular HIV viral loads lon-
gitudinally in patients prior to and after initiating HAART.

 

PATIENTS AND METHODS

 

Patients

 

Fourteen HAART-naive HIV-1-infected patients (13 men, one
woman) were included in this study. The clinical, immunological
and virological characteristics of these patients are shown in
Table 1. Exclusion criteria were acute HIV-1 infection and acci-
dental HIV contamination. The median age at inclusion was
36 years (range: 22–57). The clinical stages of the patients were as
follows: Centers for Disease Control and Prevention (CDC 

 

-

 

 Atlanta, 1993 definition) stage A (10 patients), B (one patient)
and C (three patients). Median CD4

 

+

 

 T cell count was 292 mm

 

3

 

(5–908; six patients 

 

<

 

 200 CD4

 

+

 

 T lymphocytes and eight patients

 

>

 

 200 CD4

 

+

 

 T lymphocytes) and median plasma HIV-1 RNA level
was 80 700 copies/ml (3300–12 568 000). For all patients, HAART
was initiated on inclusion in the study: 12 patients were treated
with a combination of two nucleoside reverse transcriptase inhib-
itors (NRTI) and one protease inhibitor (PI), one was treated
with a combination of one NRTI and one non-nucleoside reverse
transcriptase inhibitor (NNRTI), and one patient was treated
with two NRTI and one IP combined with hydroxyurea. This
study was approved by the local ethics committee, and all patients
gave written informed consent before inclusion. Clinical exami-
nations were carried out and blood samples taken for haemato-
logical and biochemical parameter determination and for
virological and immunological investigations at baseline and 1, 4,
8 and 12 months after HAART initiation.

 

Extraction of plasma and isolation of PBMC

 

Blood samples were processed within 3 h of collection. Plasma
was collected by centrifugation at 1700 

 

g

 

 for 10 min, dispensed
into 1 ml–aliquots, frozen and stored at 

 

-

 

80

 

∞

 

C. Peripheral blood
mononuclear cells (PBMC) were then isolated by Ficoll density
gradient centrifugation and counted by trypan blue exclusion
assay.

 

Immunological parameters
Phenotypic analysis of lymphocyte subsets.

 

 Cell-surface
markers expressed on lymphocytes were analysed by flow cytom-
etry, using three-colour direct immunofluorescence and a FACS-
can flow cytometer (Becton Dickinson–Pharmingen, Mountain
View, CA, USA). Anti-CD3-FITC, anti-CD4-PerCP, anti-CD8-
PerCP and anti-CD14-FITC MoAbs were obtained from Becton
Dickinson–Pharmingen and the MoAbs anti-CD28-PE and
anti-HLA-DR-PE were obtained from Immunotech (Marseille,
France).

 

Levels of plasma cytokines.

 

Cytokines were determined in
plasma, using specific ELISA kits (TNF-

 

a

 

 and sTNF-RII: Bio-
source, Nivelles, Belgium; IL-1

 

b

 

 and IL-6: Cayman Chemical,
Ann Arbor, USA; IL-2, IL-4, IL-10, IL-12p40: Quantikine™
ELISA, R&D Systems, Minneapolis, USA), according to the
manufacturer’s recommendations.

 

Levels of cytokine mRNA in PBMC.

 

The expression levels
of mRNA for the endogenous control, glyceraldehyde-3-

phosphate dehydrogenase (GAPDH), and for TNF-

 

a

 

, IL-1

 

b

 

, IL-
6, IL-2, IFN-

 

g

 

, IL-12p40, IL-4 and IL-10, were quantified by real-
time quantitative RT-PCR (TaqMan, PE Applied Biosystems,
Courtaboeuf, France), as described previously for the quantifica-
tion of cytokine mRNA [21,22]. Briefly, mRNA were extracted by
a method derived from that of Chomczynski [23], and reverse-
transcribed as described previously [24,25]. For each sample,
amplified cytokine signals were normalized with amplified
GAPDH signals. Calculations were carried out according to the
recommendations of PE Applied Biosystems and results are
expressed as arbitrary units. The reproducibility of the method
was checked and each sample was tested in duplicate.

 

Virological parameters
Plasma viral load.

 

Plasma HIV RNA loads were deter-
mined with the RT Assay kit (Roche Products), with a detection
threshold of 200 copies/ml.

 

Cellular viral load in PBMC.

 

Total DNA was extracted
from 3 million PBMC with the MasterPure DNA Purification kit
(Epicentre Technologies, Madison, WI, USA). Proviral DNA
loads were quantified in PBMC by PCR, using primers from the
HIV 

 

gag

 

 gene (SK38: ATAATCCACCTATCCCAGTAGGAG
AAAT 

 

-

 

 SK39: TTTGGTCCTTGTCTTATGTCCAGAATGC;
115 base pair sequence) [26] and from the 

 

b

 

-globin gene (sense
primer: CAACTTCATCCACGTACTCC 

 

-

 

 antisense primer:
GAAGAGCCAAGGACAGGTAC; 380 base pair sequence), a
housekeeping gene. In parallel, we plotted standard curves sys-
tematically, using chronically infected 8E5 cells.

The PCR mixture contained 10 

 

m

 

M

 

 of each dNTP, 100 ng of
each specific primer, 15 m

 

M

 

 or 25 m

 

M

 

 MgCl

 

2

 

, respectively, for the

 

b

 

-globin and 

 

gag

 

 genes, and 1·25 U of 

 

Taq

 

 polymerase (Appli-
gene, Pleasanton, USA) in a final volume of 50 

 

m

 

l. PCR amplifi-
cation was performed in a Crocodile II thermocycler (Appligene),
with 30 cycles of denaturation at 94

 

∞

 

C for 30 s, primer annealing
at 58

 

∞

 

C for 30 s and extension at 72

 

∞

 

C for 30 s for the 

 

b

 

-globin
gene and with 40 cycles of denaturation at 94

 

∞

 

C for 45 s, primer
annealing at 57

 

∞

 

C for 1 min and extension at 72

 

∞

 

C for 1 min for
the 

 

gag

 

 gene. After amplification, 8 

 

m

 

l of the PCR products were
resolved in agarose gels, stained with ethidium bromide, visual-
ized under ultraviolet light and analysed by densitometric scan-
ning (NIH Image 1·52, Bethesda, MD, USA). For each sample,
amplified 

 

gag

 

 gene signals were normalized using amplified 

 

b

 

-
globin gene signals, and the results were expressed in cellular viral
HIV DNA copies per million CD4

 

+

 

 T cells.

 

Statistical analysis

 

If significant results were obtained in a non-parametric Friedman
test, further statistical analysis was carried out, using the non-
parametric Wilcoxon test. Patients were classified into two groups,
corresponding to those with 

 

<

 

200 CD4

 

+

 

 T cells/mm

 

3

 

 (

 

n

 

 

 

=

 

 6) and
those with 

 

>

 

200 CD4

 

+

 

 T cells/mm

 

3

 

 (

 

n

 

 

 

=

 

 8). The results (

 

P

 

) of mul-
tiple tests were corrected by Bonferroni test as follows: 

 

P

 

 

 

¥

 

 2

 

n

 

 (

 

n

 

corresponding to the number of tests). Differences were consid-
ered as significant if 

 

P

 

 

 

<

 

 0·05. Results are given as medians and
10th

 

-

 

90th percentiles (unless stated otherwise), open circles rep-
resenting values above and below the 10th and 90th percentiles.
Mean baseline values and correlations were assessed by using the
nonparametric Mann–Whitney and Kendall tests, respectively.
Statistical analysis was performed with StatView 4·51·1 software
(Abacus Concepts Incorporation, Berkeley, CA, USA).
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RESULTS

 

Clinical events and adverse effects

 

No major clinical event was observed except for one case of CMV
retinitis (patient 3 at month 12). Nevertheless, 11 mild adverse
events were observed in eight patients, consisting mainly of PI-
related hypertriglyceridaemia or hypercholesterolaemia.

 

T cell immunophenotype

 

Significant median increases in CD4

 

+

 

 T cell count and percentages
were observed 12 months after initiating HAART [+ 164 cells/
mm3 (range -180 – +395) and + 8% (-10 – +20), respectively;
P < 0·05]. Subgroup analysis according to CD4+ T cell count
showed that this increase remained significant only in patients
with less than 200 CD4+ T cells/mm3 (P < 0·05). No significant
decrease in CD8+ T cell counts was observed (P = 0·592). Never-
theless, the median CD4/CD8 T cell ratio had increased signifi-
cantly after 12 months of HAART: 0·30 at baseline versus 0·56 at
month 12 (P < 0·01). The percentages of CD3+ CD8+ and of
CD3+ CD8+ HLA-DR+ cells declined significantly after 12 months
of HAART (P < 0·05 and P < 0·01, respectively), and the percent-
age of CD3+ CD8+ CD28+ cells increased, but this trend was not
statistically significant (P = 0·06).

Plasma viral load
During HAART, the number of patients with undetectable levels
of HIV RNA copies gradually increased. Seven of the 14 patients
after 1 month of HAART, 12 after 4 months, and all patients after
12 months of HAART had achieved and maintained the plasma
viraemia nadir (<200 copies/ml; Table 1). The decrease in median
plasma viral load was statistically significant (P < 0·01) as early as
the first month after HAART initiation. Moreover, as expected, a
negative correlation was found at baseline between plasma viral
load and CD4+ T cell count (P < 0·05).

Cellular viral load in PBMC
After 12 months of HAART, the number of proviral DNA copies
had significantly decreased in all patients (P < 0·01). The median
number of copies of proviral DNA was 24 244 copies/million
CD4+ T cells at baseline (range 711–3 236 816), and 4727 copies/
million CD4+ T cells at month 12 (range 5–1 181 253; Table 1). The
median decrease in proviral DNA load was 0·71 log10 copies/
million CD4+ T cells (range 0·01–2·62), with a median half-life of
2·3 ± 1·1 years. The decrease in the median copy number of provi-
ral DNA was detected at all times after HAART initiation. How-
ever, this decrease became significant only after 8 or 12 months of
HAART (P < 0·05 and P < 0·01, respectively). Subgroup analysis
showed that this decrease remained significant at month 12 only
in those patients who had less than 200 CD4+ T cells/mm3

(P < 0·05; data not shown). No correlation was found either
between cellular and plasma viral loads or between CD4+ T cell
count and cellular viral load.

Levels of plasma cytokines
In the absence of blood stimulation, IL-2, IL-4, IL-10 and IL-
12p40 were not detected in any of the plasma samples obtained
from the 14 patients. IFN-g was detected in the plasma of only five
of the 14 patients at baseline, and in two others at month 12 (data
not shown). In contrast, proinflammatory cytokines (TNF-a, IL-
1b and IL-6) and the soluble TNF-a type II receptor (sTNF-RII)
were detected consistently in the plasma of all patients (Fig. 1). At

baseline, plasma levels of these proinflammatory factors were
highest in the most severely immunocompromised patients
(<200 CD4+ T cells/mm3; Fig. 1). The decrease in median plasma
TNF-a levels was statistically significant at months 8 and 12
(P < 0·05 and P < 0·01, respectively, Fig. 2). In subgroup analysis,
this decrease in plasma TNF-a levels remained statistically signif-
icant only in patients with less than 200 CD4+ T cells/mm3 (month
12 versus baseline, P < 0·05; data not shown). Moreover, plasma
levels of TNF-a were inversely correlated with CD4+ T cell counts
12 months after HAART initiation (P < 0·01). Although a corre-
lation was found between TNF-a and sTNF-RII levels at baseline
(P < 0·05), we found no evidence for a decrease in plasma sTNF-
RII levels in response to HAART (Fig. 2). Similarly, no significant
change in plasma IL-1b and IL-6 levels was observed during the
12 months of HAART (Fig. 2).

Cytokine mRNA levels in PBMC
Cytokine and endogenous control (GAPDH) mRNAs were
detected in all samples, except for IL-12p40. At baseline, mRNA
levels were significantly higher for TNF-a and IL-1b than for
the other cytokines (P < 0·05). As expected, a correlation was
observed at baseline between the levels of mRNA for TNF-a and
IL-1b (P < 0·05), TNF-a and IL-6 (P < 0·05), and IL-1b and IL-6
(P < 0·01). Furthermore, a correlation was also found at baseline
between IFN-g mRNA levels and plasma viral load (P < 0·05).

During HAART, levels of TNF-a and IL-1b mRNA
decreased, but this decrease was not significant (Fig. 2). In paral-
lel, IL-2 mRNA levels increased significantly during HAART
(Fig. 3; P < 0·05 at months 8 and 12) whereas IFN-g mRNA levels
decreased significantly (Fig. 3; P < 0·05 at month 8).

DISCUSSION

We analysed prospectively the virological and immune status of
treatment-naive HIV-infected individuals initiating HAART. In
this study, the plasma concentrations of cytokines and their
mRNA levels in PBMC were determined in parallel in unstimu-
lated ex vivo conditions. This experimental procedure has been
validated previously in SIV-infected macaques [24]. This study
shows that informative data can be obtained from the plasma for
proinflammatory cytokines (TNF-a, sTNF-RII, IL-6 or IL-1b) but
not for Th cytokines (IL-2, IL-4, IL-10, IL-12p40 and IFN-g), as Th
cytokines remained undetectable. In contrast, it was possible to
quantify mRNA levels in PBMC for all the cytokines studied by
real-time PCR.

The prognostic value of plasma viral load, associated with
CD4+ T cell count, at any time in HIV infection has been demon-
strated conclusively [5,27]. As expected, HAART interfered with
HIV replication, inducing a strong decrease in HIV plasma
viraemia and an increase in the number of CD4 cells in the 14
patients studied. This increase depended on CD4 T cell counts at
the time at which therapy was initiated. Although HAART
decreased HIV replication in the bloodstream, together with
AIDS-related mortality and morbidity, this treatment alone is
unlikely to eradicate latent reservoirs completely. Some authors
have demonstrated the presence of latently infected CD4 cells in
HIV-infected patients in whom the virus was undetectable in the
plasma and, due to the long half-life of these cells, the estimated
time required to achieve eradication with HAART alone is 12–
60 years [28,29]. We observed a gradual decrease in the number of
copies of proviral DNA in all patients, in response to HAART.
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Fig. 1. Median levels of cytokine mRNA and cytokines at baseline in HIV-infected patients with <200 CD4+ T lymphocytes and
>200 CD4+ T lymphocytes. Results are expressed in arbitrary units and pg/ml, respectively (*P < 0·05). , <200 LT CD4+/mm3 (n = 6); �,
>200 LT/CD4+/mm3 (n = 8).
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This decrease was statistically significant 8 months after HAART
initiation. This slow decay rate for cell populations constituting
latent reservoirs was confirmed by the absence (i) of a significant
decrease in the number of copies of proviral DNA in the least
immunocompromised patients (>200 CD4+ T cells/mm3), and (ii)
of any correlation between plasma HIV RNA and proviral DNA
levels and between CD4+ T cell count and proviral DNA levels.

The initiation of HAART increased CD4+ T cell count and
decreased the percentage of circulating CD8+ T cells and their
level of activation, consistent with previous observations [3,16].

The decrease in viral loads eliminated the antigenic stimuli
responsible for inducing the CD8+ T cell response [30,31]. These
data are consistent with the cellular dynamics underlying CD4+

and CD8+ T cell counts after several months of HAART (i.e. the
combination of a redistribution of CD4+ and CD8+ T cells from
lymphoid tissues and a homeostatic response of the host to HIV-
related CD4 cell death) [32–34].

Before HAART, only the levels of mRNA for TNF-a and IL-
1b and plasma sTNF-RII and IL-6 concentrations were signifi-
cantly higher in the most severely immunocompromised patients
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Fig. 2. Expression of proinflammatory cytokines (mRNA in PBMC and protein in plasma) during the first 12 months following HAART
initiation. Results are expressed as a percentage of baseline values and pg/ml, respectively (*P < 0·05).
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(<200 CD4+ T cells/mm3) than in the other patients. No significant
difference in types 1 or 2 cytokine profiles was observed between
the two groups of patients (< and >200 CD4+ T cells/mm3). After
HAART initiation plasma TNF-a levels decreased, whereas no

significant change in plasma sTNF-RII levels was observed. TNF-
a and sTNF-RII levels were correlated before HAART initiation.
These data are consistent with those previously published by
Aukrust et al. [20]. These authors reported that the decline in

Fig. 3. Expression of Th1 and Th2 cytokines during the first 12 months following HAART initiation. Results are expressed as a percentage
of baseline values (*P < 0·05).
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TNF-a levels may be involved with adequate virological and
immunological responses in HAART-treated patients even if
plasma TNF-a concentrations are not normalized - indicating
that full immunological normalization is not achieved. Moreover,
levels of sTNF-RII decreased transiently and were not significant
at the end of a long-term HAART treatment. Thus, TNF-a could
be considered to be the most appropriate marker in TNF compo-
nents. A significant increase in mRNA levels for IL-2, a type 1
cytokine, was observed 8 months after HAART initiation. As
demonstrated previously, the improvement of CD4+ T cell func-
tions after a few months of HAART is associated with a restora-
tion of the capacity of these cells to produce IL-2 following, or
in the absence of, mitogenic stimulation [15,16]. In parallel,
IFN-g mRNA levels decrease significantly in patients receiving
HAART. The results of a number of studies are consistent with
those reported here, showing high levels of IFN-g mRNA in
PBMC before HAART and a decrease in these levels during
HAART [16,35–37]. The decrease in IFN-g mRNA levels may
reflect the efficacy of HAART, which reduces stimulation by HIV
antigens and subsequent CD8+ T cell activation, as shown by the
decrease in the number of CD3+/CD8+/HLA-DR+ cells, and evi-
dence presented elsewhere [30,31].

In conclusion, quantification of mRNA levels and plasma con-
centrations of proinflammatory cytokines, and of types 1 and 2
cytokine mRNA levels, may be useful in clinical trials for assess-
ment of the response of the immune system to therapeutic
intervention in HIV-infected patients. In this study, decreases in
TNF-a and IFN-g levels and an increase in IL-2 production were
found to be associated with the efficacy of HAART in immuno-
compromised HIV-infected individuals in the first year after
HAART initiation.
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