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Summary

Cytokines are involved in regulating HIV-1 infection. They are also placental
environment major components. We assessed the potential impact of HIV-1
infection and/or anti-retroviral drugs on the placental cytokine profiles that
may be involved in controlling HIV-1 placental dissemination. Placental
explants were obtained after elective caesarean section from anti-retroviral-
treated HIV-1-infected pregnant women and from HIV-1 non-infected preg-
nant women. The main placental cytokines were assessed for protein secretion
in the supernatants of 24-h placental culture explants and/or in uncultured
placental explants for mRNA expression levels. The cytokine profiles were
different between the HIV-1-infected and the non-infected groups. Higher
medians of leukaemia inhibiting factor (LIF), tumour necrosis factor
(TNF)-a and interleukin (IL)-8 secretion were found in the 24-h culture
supernatant of term placenta from HIV-1-infected women. High median
levels of IL-16 and regulated upon activation normal T cell expressed and
secreted (RANTES) levels were found in both groups. The mRNA expression
medians were lower for TNF-a and IL-8 and higher for stromal cell-derived
factor-1 (SDF-1) in uncultured placental explants from HIV-1-infected
women. In the HIV-1-infected group, but not in the non-infected group, the
secretion levels of TNF-a and IL-8, as well as their mRNA expression levels,
were highly positively correlated; furthermore, their secretion levels were cor-
related positively with LIF and IL-10 secretion levels. We found no correlation
between the cytokine levels and the immunovirological status of the HIV-1-
infected mothers or the type or duration of treatment. These results highlight
the potential impact of HIV-1 and of the anti-retroviral treatments on the
placental cytokines pattern, independently of their anti-viral activity.
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Introduction

Mother-to-child-transmission (MTCT) of HIV-1 has
decreased from 15% to 20% to less than 2% in Northern
countries since the widespread use of anti-retroviral prophy-
laxis during pregnancy [1–4]. However, at the same time, the
relative proportion of in utero MTCT to intrapartum MTCT
has increased from less than 25% to 80%, showing that in
utero transmission still remains an issue [5].

Even in the absence of anti-retroviral drugs, 90% of
fetuses seem to be protected from in utero HIV-1
transmission [6–9]. Despite placental cells and, in particular,

trophoblasts being in close contact with the maternal blood,
the placenta acts as a materno–fetal barrier that prevents the
in utero MTCT of various pathogens, including HIV-1
[10–12].

The placental environment contains many soluble factors,
including cytokines and hormones, which have regulatory
activities [13,14]. Several cytokines and chemokines present
in the placental environment are involved in establishing and
maintaining pregnancy [13,15–20]. The principal placental
cytokines are also known to have different effects on HIV-1
replication: leukaemia inhibiting factor (LIF), interferon
(IFN)-g, interleukin (IL)-16, regulated upon activation
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normal T cells expressed and secreted (RANTES) and
stromal cell-derived factor-1 (SDF-1) inhibit replication;
tumour necrosis factor (TNF)-a and IL-8 increase replica-
tion; and IL-10 can both inhibit and increase replication
depending on the HIV-1 cell targets [21–30].

Several studies have suggested that cytokines and chemok-
ines may be major regulators of transplacental transmission
of HIV-1 [8,21,31–35].

After infection by HIV-1, the immune system is activated
in the lymphoid compartment and there is increased
expression of various cytokines, particularly proinflamma-
tory cytokines, which leads to immunodeficiency [36–38].
Anti-retroviral drugs can decrease HIV-1 induced activa-
tion at the onset of HIV-1 infection and also HIV-1 plasma
viral replication, both leading to an increase of T CD4+ cell
numbers.

Until now, the impact of HIV-1 infection and/or of anti-
retroviral drugs on the principal cytokine expression pat-
terns within the local placental compartment has not been
evaluated clearly and extensively. As highly active anti-
retroviral therapy (HAART) is now used widely during
pregnancy, the decrease in maternal viral load is one of
the primary determinants of MTCT reduction. An anti-
retroviral monotherapy such as zidovudine does not
decrease the plasma HIV RNA viral load of the infected
mothers significantly, despite reducing MTCT efficiently
[39,40], suggesting that anti-retrovirals may decrease MTCT
through mechanisms other than reducing maternal viral
load.

This study aimed to assess the impact on the placental
cytokine environment of HIV-1 infection and of the anti-
retroviral drugs used to prevent MTCT. We evaluated, in a
group of HIV-1-infected pregnant women being treated
with different preventive anti-retroviral regimens in France,
the level of production and/or mRNA expression in the pla-
cental environment of several major cytokines/chemokines
involved in HIV-1 regulation. We compared these profiles
with those of non-infected non-treated pregnant women.
Finally, modulation of the placental cytokine pattern in HIV-
1-infected pregnant women by both the virus and the anti-
retroviral drugs independently of their anti-viral action is
discussed.

Materials and methods

Placentas

Human term placentas were obtained aseptically immedi-
ately after elective caesarean section at the maternity unit of
the Antoine Béclère Hospital, Clamart, France for HIV-1
non-infected women (n = 15) and at the maternity units of
the Bichat Hospital, Paris, France (n = 18), the Jean Verdier
Hospital, Bondy, France (n = 3) and the Tenon Hospital,
Paris, France (n = 1) for HIV-1-infected women. Clinical
data concerning the age, co-infections, term at delivery,

anti-retroviral treatment during pregnancy, HIV RNA viral
load (log copies/ml, Roche®) and CD4 cell count (cells per
mm3) at delivery for HIV-1-infected women were collected
anonymously. The study was conducted according to French
ethics procedures.

Twenty-four-hour culture of placental explants

Placental chorionic villi were isolated, minced and exten-
sively washed three times with phosphate-buffered saline
(PBS) (Dulbecco, Invitrogen, Paisley, Scotland, UK) within
the 2–3 h following collection of each placenta. We cultured
3 g of placental chorionic villi in 20 ml RPMI-1640 medium
supplemented with 10% heat-inactivated fetal calf serum
(FCS), 1% l-glutamine, 1% penicillin–streptomycin (all
from Gibco Ltd, Paisley, Scotland, UK). Cultures were main-
tained at 37°C in a 5% CO2 humid incubator. Supernatants
were collected after 24 h of culture, centrifuged at 1000 g for
10 min, separated into aliquots and frozen at -80°C.

Evaluation of cytokine levels in the supernatants of
24-h cultured placental explants

The supernatants of the 24-h cultured placental explants
were analysed by enzyme-linked immunosorbent assays
(ELISAs) using commercial kits according to the manufac-
turer’s instructions. Quantification kits for TNF-a, IL-10
and IFN-g were from Immunotech (Beckman Coulter,
Marseille, France) (sensitivity: 10 and 5 pg/ml and 0·08 IU/l,
respectively); for IL-16 from Biosource International,
Nivelles, Belgium (sensitivity: 5 pg/ml); and for IL-8
and RANTES from Quantikine R&D Systems Europe Ltd
(Abingdon, Oxon, UK) (sensitivity: 3·5 and 8 pg/ml,
respectively). We measured human LIF using a non-
commercial sandwich ELISA using two anti-human LIF-
specific monoclonal antibodies, 1F10 and 7D2, as described
previously [41] (sensitivity: 19 pg/ml). We also measured
IFN-a in a limited number of placentas (six placentas from
HIV-1-infected pregnant women and six from non-infected
pregnant women) using a kit from RDI (Flanders, NJ, USA)
(sensitivity: 5 pg/ml).

Detection of cytokine and chemokine mRNA
expression in the placental explants by quantitative
real-time reverse transcription–polymerase chain
reaction (RT–PCR)

For each collected placenta, about 100–200 mg of exten-
sively washed placental villi were frozen immediately at
-80°C in RNA stabilization reagent (RNA later®; Qiagen,
Hilden, Germany). After thawing, the tissue was homog-
enized using a homogenizer (Ultraturax®, IKA-Werk,
Staufen, Germany) and columns (QIAshredder®; Qiagen).
Total RNA from each sample was extracted using an
RNeasy® mini kit (Qiagen) followed by DNase treatment
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(Qiagen) according to the manufacturer’s recommenda-
tions. We obtained cDNA with the Taqman® reverse tran-
scription kit (Applied Biosystems, Branchburg, NJ, USA) by
adding 90 ml of reaction mix (1¥ RT buffer, 5·5 mM MgCl2,
500 mM deoxyribonucleoside triphosphate (dNTP), 2·5 mM
random hexamer, 0·4 U/ml RNase inhibitor, 1·25 U/ml Mul-
tiscribe® RT enzyme, Applied Biosystems) to 0·1–1 mg RNA
in 10 ml RNase DNase free water (Bio101 Systems, Q.Bio-
gene, Illkirch, France). After 10 min incubation at 25°C,
reverse transcription was carried out for 30 min at 48°C
followed by a reverse transcriptase inactivation for 5 min at
95°C. The cDNAs were then amplified by quantitative real-
time PCR using the ABI-PRISM 7700 Sequence Detector
(PE Applied Biosystems, Foster City, CA, USA). The specific
oligonucleotide primer sets and Taqman® probes used to
amplify SDF-1 and IL-10 have been described previously
[42]. For detection of TNF-a, IL-8 and IFN-g mRNA
expression, we used the specific oligonucleotide primer sets
and the Taqman® probes of the Taqman® predeveloped kit
(Applied Biosystems). RNA levels were normalized by
including 18S RNA quantification (20¥, Applied Biosys-
tems) in the same reaction. Each sample was analysed in
triplicate. For SDF-1 and IL-10 mRNA detection, real-time
PCR was carried out as described previously [42,43]. We
quantified gene expression levels in each sample using the
comparative threshold cycle (CT) method according to the
manufacturer’s recommendations. The levels of SDF-1,
IL-10, TNF-a, IL-8 and IFN-g were reported to a reference
term placental tissue (reference calibration: cal) similar for
each experiment and determined in parallel for each analy-
sis. Target gene levels in both the sample and the calibration
sample were normalized to the endogenous reference (18S
RNA). Thus, all measured quantities were expressed as fold
reference value to the calibration sample.

Statistical analysis

The characteristics of the HIV-1-infected and non-infected
groups are given as proportion for qualitative items and as
median [interquartile range (IQR)] for quantitative items.
The levels of cytokines/chemokines production and mRNA
expression are presented for each group as the median (IQR)
and as the proportion of results above the detection limit
when the median was below the detection limit in the HIV-
1-infected or non-infected groups.

Their medians were compared between the two groups
using the Mann–Whitney non-parametric test and the pro-
portion of undetectable values using the c2 test or Fisher’s
exact test when necessary. Statistical significance was
declared for P-values less than 0·05 and a trend for P-values
between 0·05 and 0·15.

Interrelations between the levels of different cytokines/
chemokines production and/or mRNA expression were
tested using Spearman’s non-parametric correlation (r) test
separately for infected and non-infected women. In order to

take into account the multiplicity of the performed tests,
statistically significant correlation was declared only if the
P-value was inferior to 0·01. A trend was envisaged for a
P-value between 0·01 and 0·05.

In HIV-1-infected pregnant women, interrelations
between the levels of cytokines/chemokines production or
mRNA expression and clinical data were assessed using a c2

test for qualitative clinical variables, such as the type of
anti-retroviral treatment. To study their interrelation with
quantitative clinical variables, such as viral load, first Spear-
man’s correlation test was used. In addition, quantitative
variables were categorized using approximately the 33 and
67 percentiles or the median, and their interrelations with
the levels of cytokines/chemokines production or mRNA
expression were tested using the Mann–Whitney (two
groups) or Kruskal–Wallis (three groups) tests. Here again,
only a P-value inferior to 0·01 leads to statistical signifi-
cance and a trend was envisaged for P-values between 0·01
and 0·05.

Results

Characteristics of the studied population

We obtained 22 placentas from elective caesarean section of
HIV-1-infected pregnant women and 15 from non-infected
pregnant women. The elective caesarean sections were
carried out between 37 and 39 weeks of amenorrhoea for the
HIV-1-infected women. The elective caesarean sections
for non-infected pregnant women were carried out after
38 weeks of amenorrhoea for obstetric reasons in women in
a stable condition with no acute intercurrent infection.

The median age at delivery was 31 years (IQR 27–35). For
HIV-1-infected women, the median HIV RNA viral load
was 2·5 log copies/ml (IQR 2·3–3·4) and the median CD4
counts were 368 cells/mm3 (IQR 323–445). These values
were determined during the last month of pregnancy. None
of the HIV-1-infected women experienced fever during
delivery or had any other viral (hepatitis, cytomegalovirus),
parasitic (toxoplasmosis) or bacterial active co-infection. Of
the 22 women, nine were treated with zidovudine (ZDV)
alone during pregnancy to prevent mother-to-child trans-
mission, three were treated with ZDV and lamivudine
(3TC), eight with a triple therapy, including two nucleoside
reverse transcriptase inhibitors (NRTI) and a protease
inhibitor (nelfinavir), and one with two NRTI and a non-
NRTI (nevirapine). The median treatment duration during
pregnancy was 70 days (IQR 61–92). One HIV-1-infected
pregnant woman received no treatment during pregnancy
but received a ZDV infusion just before the elective caesar-
ean section. All HIV-1-infected women received a ZDV
infusion at the start of the caesarean section, as described in
the ACTG 076/ANRS 024 protocol [44]. None of the babies
born to these women were infected by HIV-1 at 24 months
of age.
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High production of LIF, TNF-a and IL-8 in the
supernatant of 24-h explant culture of term placentas
from HIV-1-infected women

We measured the levels of proinflammatory cytokines/
chemokines (TNF-a and IL-8) and LIF, as well as IL-10,
IFN-g, IL-16 and RANTES in the supernatant of 24-h pla-
cental explant cultures from non-infected and HIV-1-
infected women (Fig. 1). The median levels of TNF-a, IL-8
and LIF were significantly higher in the placentas of HIV-
1-infected women than in those of HIV-1 non-infected
women (P = 0·003, P = 0·02, P = 0·02, respectively). For
TNF-a, this result was confirmed by a higher proportion of
values above the detection limit in HIV-1-infected women
(68% versus 27% in HIV-1 non-infected women, P = 0·01).
In addition, a trend was observed for a higher proportion
of observed values above the detection limit of IL-10
in HIV-1-infected women (64% versus 33% in HIV-1
non-infected women, P = 0·07) and of IFN-g in HIV-1

non-infected women (27% versus 60% in HIV-1-infected
women, P = 0·05). High levels of secreted IL-16 and
RANTES were observed in placenta culture supernatants
from both HIV-1-infected women and non-infected
women.

Low mRNA expression of TNF-a and IL-8 and high
expression of SDF-1 in the explants of term placentas
from HIV-1-infected women

We evaluated the levels of mRNA expression of the proin-
flammatory cytokines (TNF-a and IL-8) and SDF-1, as well
as of IL-10 and IFN-g, which were expressed at low levels in
the supernatants of term placentas, in placental explants
of the HIV-1-infected women and non-infected women
(Fig. 2). The median levels of TNF-a and IL-8 mRNA
expression were lower in the placentas of HIV-1-infected
women than in the placentas of non-infected women
(P = 0·03 and P < 0·001, respectively). The median level of

Fig. 1. Levels of the major cytokines/

chemokines in the supernatants of 24-h

cultures of explants from placentas of

HIV-1-infected (+) and non-infected (�)

women. The levels of the different cytokines

were determined by enzyme-linked

immunosorbent assay. The values for each

placenta are plotted and the medians are

indicated (—).
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mRNA expression of the chemokine SDF-1 was higher in the
HIV-1-infected group than in the HIV-1 non-infected group
(P < 0·001). There was a trend for higher median level of
IL-10 mRNA expression in the HIV-1-infected group than in
the non-infected group (P = 0·07). Levels of IFN-g mRNA
expression were very low in both groups.

Correlations between the levels of the different
cytokines/chemokines

We then analysed all the interrelations between the levels of
the different cytokines/chemokines. The results are shown in
Table 1 for production and Table 2 for mRNA expression

Fig. 2. mRNA expression levels of the major

cytokines/chemokines in the placental explants

of the HIV-1-infected (+) and non-infected (�)

women. The mRNA expression levels are

referenced to a term placental tissue (reference

calibrator: cal). The amount of target gene in

the sample and in the calibrator was normalized

to the endogenous reference (18S RNA). The

values for each placenta are plotted and the

medians are indicated (—).
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Table 1. Correlations between the levels of the different cytokines/chemokines production in the placentas of HIV-1 non-infected women (n = 15) and

in the placentas of HIV-1-infected women (n = 22) (shown in bold type).

HIV- TNF-a IL-8 LIF IL-10 IL-16

HIV +

TNF-a -0·495 -0·557 0·128 0·275

P = 0·06 P = 0·03 P = 0·65 P = 0·32

IL-8 0·832 0·416 -0·576 -0·014

P < 0·001 P = 0·12 P = 0·03 P = 0·96

LIF 0·624 0·717 -0·274 0·294

P = 0·002 P < 0·001 P = 0·32 P = 0·29

IL-10 0·672 0·655 0·234 -0·219

P = 0·001 P = 0·001 P = 0·29 P = 0·43

IL-16 -0·634 -0·527 -0·416 -0·595

P = 0·002 P = 0·01 P = 0·05 P = 0·004

IL: interleukin; LIF: leukaemia inhibiting factor; TNF: tumour necrosis factor.
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except for RANTES, due to the absence of any interrelation
and for IFN-g, the values of which were either close to the
detection limit (production) or very low (mRNA
expression).

The levels of TNF-a, IL-10, IL-8 and LIF production were
highly positively correlated 2 ¥ 2 (r between 0·62 and 0·83,
P = 0·002), except for IL-10 and LIF, in only the placentas of
HIV-1-infected women, but not in the placentas of HIV-1
non-infected women. Moreover, among the latter group,
there was a trend for a negative correlation between TNF-a
and LIF levels and between IL-8 and IL-10 levels. The level of
IL-16 production was correlated negatively with the levels of
TNF-a, IL-8 and IL-10 in only the placentas of HIV-1-
infected women (r between – 0·53 and – 0·63, P < 0·01).

The levels of TNF-a and IL-8 mRNA expression were
correlated positively (r = 0·58, P = 0·005) and a trend was
observed for a positive correlation between the levels of
TNF-a and IL-10 mRNA expression (r = 0·45, P = 0·04), in
only the placentas of the HIV-1-infected women. The levels
of TNF-a and SDF-1 mRNA expression were highly posi-
tively correlated (r = 0·77, P = 0·001) in only the placentas of
the HIV-1 non-infected women.

Finally, a trend for a positive correlation between the levels
of TNF-a production and mRNA expression was observed
(r = 0·590, P = 0·03) in the placentas of HIV-1 non-infected
women and not of HIV-1-infected women (r = 0·386,
P = 0·08).

Lack of correlation between the levels of
cytokines/chemokines and the immunovirological
status or anti-retroviral regimen of the mothers

We tried to correlate the levels of the different cytokines/
chemokines (secretion of LIF, TNF-a, IL-8, IFN-g, IL-10,
IL-16, RANTES and mRNA expression of TNF-a, IL-8,
SDF-1, IL-10 and IFN-g) with either characteristics of
the HIV-1-infected mothers - age, plasma viral load and
CD4 cell count at delivery - or characteristics of mothers’

preventive treatment: type of treatment, mother’s gestational
age at treatment initiation, duration of treatment.

The levels of the different cytokines/chemokines secretion
or mRNA expression were not significantly correlated to
mothers’ age, viral load and CD4 cell count. Similarly, their
median levels did not vary significantly according to
mothers’ age (relative to 27 and 35, or 31 years), viral load
(relative to 200 and 1000, or 300 copies/ml), CD4 cell count
(relative to 325 and 425, or 375/mm3).

The medians of the different cytokines/chemokines secre-
tion or mRNA expression did not vary significantly accord-
ing to preventive anti-retroviral regimen (mono-, bi- and
tri-therapy, or mono-, bi- or tri-therapy). Their levels were
not correlated significantly with gestational age at treatment
initiation or duration of treatment. Similarly, their median
levels did not vary significantly according to gestational age
at treatment initiation (relative to 27 and 30, or 29 weeks)
or duration of this treatment (relative to 8 and 12, or
10 weeks).

Discussion

The most important findings of this study are the differences
between the major cytokine patterns observed in the placen-
tal environment of the HIV-1-infected women treated with
anti-retroviral drugs and the patterns observed in non-
infected women. Furthermore, the interrelations between
the levels of the cytokines/chemokines are highly different in
both groups.

Our results might suggest that the anti-retroviral drugs
used in mother-to-child transmission prevention could
modulate the placental cytokine pattern independently of
their direct anti-HIV activity and that the placental environ-
ment might have an effect on the control of the HIV-1
dissemination at the placental level.

We detected high levels of IL-8, LIF, IL-16 and RANTES in
the supernatants of 24-h cultured placental explants from
both HIV-1-infected and non-infected mothers.

LIF has been shown to inhibit HIV-1 replication in vitro
and has been associated in vivo with control of HIV-1 infec-
tion [21,22,45]. Here, we show for the first time that the
levels of LIF secreted in the supernatants of 24-h placental
cultures were higher in the treated non-transmitting HIV-1-
infected women than in the non-infected women. These
higher levels of LIF may help to control HIV infection within
the placenta.

High levels of IL-16 and RANTES secretion have also been
described in the supernatants of placental explants studied
previously [43,46]. IL-16 is a CD4 ligand and RANTES is a
ligand of the CCR5 HIV-1 co-receptor, and both inhibit
HIV-1 replication in vitro, thus contributing to an HIV-1
‘protective’ cytokine pattern within the placental environ-
ment [47–49]. Finally, the low levels of IFN-g, IFN-a (data
not shown) and IL-10 secretion in the supernatants of 24-h
cultured placental explants from both HIV-1-infected and

Table 2. Correlations between the levels of the different cytokines/

chemokines mRNA expression in the placentas of HIV-1 non-infected

women (n = 14) and in the placentas of HIV-1-infected women (n = 22)

(shown in bold type).

HIV- TNF-a IL-8 IL-10 SDF-1

HIV +

TNF-a 0·248 0·433 0·767

P = 0·39 P = 0·12 P = 0·001

IL-8 0·582 -0·231 0·090

P = 0·005 P = 0·43 P = 0·76

IL-10 0·447 0·238 0·345

P = 0·04 P = 0·29 P = 0·230

SDF-1 0·222 0·261 0·380

P = 0·32 P = 0·24 P = 0·08

IL: interleukin; TNF: tumour necrosis factor; SDF-1: stromal

cell-derived factor-1.
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non-infected groups are consistent with other studies
[43,46]. The levels of IFN-g mRNA expression were also very
low. These results are consistent with interferons not playing
a major role in the inhibition of HIV-1 MTCT, as it has been
suggested previously [50,51].

The higher, but not far from significance, IL-10 mRNA
expression levels found in the placental explants of HIV-1-
infected non-transmitting mothers versus non-infected
mothers are consistent with a previous study, showing that
IL-10 levels were higher in HIV-1 non-transmitting mothers
than in transmitting mothers [34]. This suggests that high
placental levels of IL-10 may contribute to the protective
cytokine pattern of the placental environment.

We detected lower levels of mRNA expression of TNF-a
and IL-8 in the placental explants of the HIV-1-infected
women than in non-infected women, despite detecting
higher secretion levels of these cytokines. We cannot exclude
that this apparent discrepancy may be due to the fact that
culturing the placenta could induce the secretion of these
cytokines within the first 24 h of culture. However, as this is
not observed in the placenta of HIV-1 non-infected women,
this is due probably more to the levels of cytokine mRNA
expression being evaluated in tissue fragments obtained
immediately after delivery. Therefore, these fragments have
still been under the influence of the anti-retroviral drugs
given to the HIV-1-infected pregnant women, whereas we
evaluated the secretion levels in the supernatants of the
explants after 24 h of culture, with no addition of such drugs
in the culture media. The anti-retroviral drugs may have
reduced the level of the proinflammatory cytokine mRNA by
repressing their gene transcription. Consistent with this, we
have shown previously in an in vitro model of placental
histocultures that ZDV decreases the levels of TNF-a mRNA
expression in placental microexplants [42]. Furthermore, the
levels of secreted TNF-a correlated only with their mRNA
expression levels in the non-infected mothers and not in the
HIV-1-infected mothers, supporting further the hypothesis
that the anti-retroviral drugs may affect the level of TNF-a
mRNA expression. TNF-a is one of the major cytokines that
enhances HIV-1 replication [26,27,52,53] and, like IL-8, it
also increases the passage of the virus across the trophoblast
barrier [9]. Therefore, a decrease in the expression of those
cytokines in the placental environment would limit HIV-1
placental dissemination.

We found that in the HIV-1-infected, contrary to what
was observed in the non-infected mothers, the levels of
secreted TNF-a were correlated positively with those of IL-8,
LIF and IL-10; equally, the levels of secreted LIF were corre-
lated positively with those of IL-8 and IL-10; we also
observed that the levels of IL-16 were correlated negatively
with those of TNF-a, IL-8 and IL-10 and the levels of mRNA
expression of TNF-a were correlated positively with those of
IL-8 and IL-10. These correlations may reflect the impact of
HIV-1 and/or the anti-retroviral drugs on the placental
environment leading to the concomitant variation in the

expression levels of the major cytokines in the HIV-1-infected
mothers but not in the HIV-1 non-infected mothers.

In a previous study, no significant differences of TNF-a
and IL-8 secretion were observed in the placental explants of
HIV-1-infected women compared to the non-infected
women [46]. This discrepancy is due to higher medians of
secretion levels of TNF-a and IL-8 in the control group of
HIV-1 non-infected women in the Moussa et al. study com-
pared to our study.

Finally, the higher levels of SDF-1, the major chemokine
that interacts with the CXCR4 HIV-1 co-receptor, observed
in the placental explants of HIV-1-infected women, may help
to limit the spread of X4 HIV-1 across the placental barrier
[33].

Altogether, our data show that the high levels of secreted
LIF, IL-16 and RANTES, the low levels of TNF-a and IL-8
mRNA expression and the high levels of SDF-1 in the pla-
centas of HIV-1-infected mothers treated with anti-
retroviral drugs may promote the ‘placental barrier’ effect by
creating a protective cytokine/chemokine local environment
that can control HIV-1 spread within the placenta [9].

The lack of correlation between the observed cytokine
pattern and the maternal viral load or CD4 cell count rein-
force the hypothesis that anti-retroviral drugs modulate
cytokine/chemokine expression independently of the sys-
temic immunovirological status of the mother. However, we
did not observe any correlation between the cytokine/
chemokine patterns and the type (i.e. monotherapy versus
bi-therapy or multiple therapy) or the duration of the anti-
retroviral treatment. However, our sample sizes for each
treatment group were not large enough to lead to any
definitive conclusions. This study is part of a multi-centre
analysis in which other centres administered different anti-
retroviral regimens to prevent HIV-1 MTCT: in Thailand,
ZDV monotherapy started at 28 weeks of pregnancy or as
soon as possible with or without nevirapine at delivery [54],
and in Cameroon no treatment during pregnancy, but nevi-
rapine just before delivery, as described in the HIVNET 012
study [55]. Results from the Thai study support our find-
ings that anti-retroviral drugs may have an impact on the
placental cytokine profile (Pornprasert et al., manuscript
submitted).

The modulation of the placental environment by anti-
retroviral drugs may be explained by their direct impact on
the placental tissue. The potential impact of anti-retroviral
drugs, and particularly nucleoside reverse transcriptase
inhibitors such as ZDV, on cell function is well documented
[56,57]. Among other effects, ZDV increases the level of
reactive oxygen species, decreases cell proliferation and
induces cell death and mitochondrial dysfunction in the
human placenta [58]. Such a mitochondrial dysfunction has
also been observed in HIV-1 non-infected infants exposed to
anti-retroviral drugs [59,60]. These effects on cell function
may modify the expression of several major placental
cytokines.
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This study shows that a better understanding of the
impact of anti-retroviral drugs on the placental cytokine/
chemokine pattern is essential for assessing future anti-
retroviral or therapeutic approaches, such as immuno-
therapy, in HIV-1-infected pregnant women.
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