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Abstract
Background: The placenta plays an important role in the control of in utero HIV-1 mother-to-child
transmission (MTCT). Proinflammatory cytokines in the placental environment are particularly
implicated in this control. We thus investigated the effect of TNF-α on HIV-1 expression in human
placental tissues in vitro.
Results: Human placental chorionic villi fragments were infected with varying doses of luciferase
reporter HIV-1 pseudotypes with the R5, X4-Env or the vesicular stomatitis virus protein G (VSVG). Histocultures were then performed in the presence or absence of recombinant human TNFα. Luciferase activity was measured at different time points in cell lysates or on whole fragments
using ex vivo imaging systems.
A significant increase in viral expression was detected in placental fragments infected with 0.2 ng of
p24 antigen/fragment (P = 0.002) of VSV-G pseudotyped HIV-1 in the presence of TNF-α seen after
120 hours of culture. A time independent significant increase of viral expression by TNF-α was
observed with higher doses of VSV-G pseudotyped HIV-1. When placental fragments were infected
with R5-Env pseudotyped HIV-1, a low level of HIV expression at 168 hours of culture was
detected for 3 of the 5 placentas tested, with no statistically significant enhancement by TNF-α.
Infection with X4-Env pseudotyped HIV-1 did not lead to any detectable luciferase activity at any
time point in the absence or in the presence of TNF-α.
Conclusion: TNF-α in the placental environment increases HIV-1 expression and could facilitate
MTCT of HIV-1, particularly in an inflammatory context.
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Background
In utero transmission of the human immunodeficiency
virus type 1 (HIV-1) is one of the routes through which
infants acquire HIV-1 from their mothers [1]. However,
the placenta forms an efficient barrier between maternal
and foetal circulations and plays a crucial role in the regulation of mother-to-child transmission (MTCT) of HIV-1.
The trophoblasts are the placental cells in direct contact
with maternal circulation. It has been observed that transmission of HIV-1 between T lymphocytes and trophoblasts is possible [2,3] and that cell-to-cell contact between
HIV-1 infected peripheral blood mononuclear cells
(PBMCs) and cells of trophoblast origin led to the passage
of virus from the apical to the basolateral side of a trophoblast barrier reconstituted in vitro [4]. Soluble factors
such as RANTES and MIP-lβ decrease viral passage
through this placental trophoblast barriers inoculated
with HIV-1 infected cells while TNF-α and IL-8 increase it
[5].
On the other hand, isolated primary trophoblasts or
malignantly transformed human cell lines of trophoblast
lineage are highly resistant to infection with cell-free HIV1 particles. This resistance has been shown to be bypassed
when HIV-1 envelope are substituted by the vesicular-stomatitis virus G protein in the HIV-1 pseudotypes used to
infect trophoblast cells [6]. Vidricaire and colleagues
observed that cell-free viruses are able to enter with high
efficiency into trophoblast cell lines [7]. However viral
entry is mediated in large part through endosomal vesicles
which ends up in the degradation of a majority of these
viral particles but the initial presence of HIV-1 within the
endosomes seems to be mandatory for infection to take
place in these cells [8]. Production of fully infectious HIV1 particles by trophoblast cells was only seen following
treatment with TNF-α or IL-1 and subsequent co-culture
with indicator cells bearing a reporter gene. This confirmed a previous study showing that cytokines, notably

TNF-α, stimulate replication of HIV-1 in trophoblast cells
[9].
Few studies have been carried out on term placental tissue
ex vivo [10]. Maury et al. showed that term placental tissue
can support a low HIV-1 replication when infected with
cell-free laboratory viral strain used at high doses and after
coculture with indicator PBMCs. No study to the best of
our knowledge addressed the effect of TNF-α on HIV-1
replication within the placental tissue. Since TNF-α is
known to be expressed in the placenta environment especially during viral [11,12] or parasitic infections [13,14],
HIV-1 placental tissue infection was studied in the presence or absence of recombinant human TNF-α using the
placental histoculture system recently described [14] and
a single-cycle viral replication system.

Results
Placental histocultures replicate VSV-G pseudotyped HIV1 in a time and viral dose dependent manner in the
absence of TNF-α stimulation
As shown on Table 1, only background level of luciferase
activity was detected after 48, 96 and 120 h of histoculture
when the envelope deficient (delta-Env) pseudotyped
HIV-1 was used.

When placental fragments were infected by the VSV-G
pseudotyped HIV-1, a dose dependent replication was
observed with an increase of luciferase activity overtime.
At the lowest dose of VSV-G pseudotyped HIV-1 used (0.2
ng of p24 antigen/placental fragment), after an increase at
96 h, the luciferase activity dropped at 120 h. In contrast
with higher doses, the increase remained up to 120 h.
No luciferase activity was observed in preliminary results
obtained after infection kinetics of placental fragments
(48–120 h post infection) with R5 and X4 pseudotyped
HIV-1 despite the fact that control cells (HeLa P4P) were
highly infected by both pseudotypes (Figure 1). We there-

Table 1: Hiv-1 pseudotype replication in the human placental histoculture system in the absence of TNF-α stimulation

Time post-infection:

Luciferase Activity (Relative Light Units/mn): mean (SE), n
48 h
96 h
120 h

HIV-1/Delta-Env (20 ng*)
HIV-1/VSV-G (0.2 ng*)
HIV-1/VSV-G (2 ng*)
HIV-1/VSV-G (20 ng*)

2,660 (356), 3
4,010 (1,224), 3
14,520 (16,718), 3
213,190 (195,249), 3

HIV-1/Ba-L (20 ng*)
HIV-1/Ba-L (50 ng*)
HIV-1/HXB2 (50 ng*)
HIV-1/HXB2 (100 ng*)

3,300 (1,637), 3
14,110 (9,591),3
77,880 (22,016), 3
1,266,430 (449,346),
3

168 h

216 h

2,535 (475), 5
10,380 (7,478), 5
3,010 (135), 3
2,860 (255), 3

2,670 (286), 4
2,625 (772), 4
2,210 (399), 3
2,580 (1,046), 3

2,830 (911), 6
5,420 (4,152), 3
93,640 (34,095), 7
1,397,280 (861,789),
3
2,562 (312), 6
3,830 (3,612), 6
2,620 (827), 3
2,950 (458), 3

* : of p24 antigen
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TNF-α significantly increases the replication of VSV-G
pseudotyped HIV-1 in placental histocultures
In all experimental conditions, the dose effect of TNF-α (5
vs 50 ng/ml) did not vary with the duration of histoculture (absence of interaction between TNF-α and duration
of histoculture) and TNF-α effect was homogeneous
across doses. Therefore, the TNF-α effect is presented globally as mean ratio, whatever the TNF-α dose used.
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Titration
Figure
1of Ba-L and HXB2 pseudotyped HIV-1 on HeLa P4P
Titration of Ba-L and HXB2 pseudotyped HIV-1 on
HeLa P4P cells. 104 HeLa P4P cells/well/100 µl were
seeded in 96 flat-bottomed well plates. Infections were performed 24 hours later. Cells were lysed 72 hours post infection with 100 µl of lysis buffer (Promega, Madison USA). 100
µl of commercially available luciferase substrate (Promega,
Madison, USA) were added to 20 µl of each lysate and then
luciferase activity read with a luminometer (Lumat LB 9501,
Berthold) as relative light units (RLU) per minute. A: Ba-L
pseudotyped HIV-1; B: HXB2 pseudotyped HIV-1.

fore left placental fragments after overnight contacts with
R5 and X4 pseudotyped viruses in culture for longer periods (120–216 h post infection). For the R5 envelope
pseudotyped HIV-1, a modest increase of replication was
observed at 168 h post infection at the highest concentration used (50 ng of p24 antigen/placental fragment) for 3
placentas out of 5 tested in the whole range of kinetics.
These data show that despite the extended culture periods,
the placental fragments remained resistant to infection
with HIV-1 pseudotypes bearing X4 (HXB2) envelopes
even at concentration as high as 100 ng of p24 antigen/
placental fragment. It should be noted that the very same
placentas were readily infected by the HIV-1 pseudotype
bearing the VSV-G envelope.

When the envelope deficient (delta-Env) pseudotyped
HIV-1 was used, luciferase activity was not modified by
TNF-α after 48, 96 and 120 h of histoculture duration (mR
of 1.16 ± 0.20, p = 0.45) (Figure 2D).
For the lowest dose of VSV-G pseudotyped HIV-1 (0.2 ng
of p24 antigen/placental fragment), the effect of TNF-α on
the viral replication was highly significant with a mR of
4.59 ± 0.91 (p = 0.002) after 120 hours postinfection and
was not observed at earlier time points with a mR of 1.04
and 1.01 after 48 and 96 h, respectively (Figure 2A). At
higher viral doses, 2 and 20 ng of p24 antigen/placental
fragment, an increase of viral replication was observed in
the presence of TNF-α with a global mR of 2.19 ± 0.28 (p
= 0.001, Figure 2B) and 1.41 ± 0.19 (p = 0.05, Figure 2C),
respectively. For the other pseudotypes tested, R5 (Figure
3A and 3B) or X4 (Figure 3C and 3D) envelope pseudotyped HIV-1, TNF-α did not significantly increase the viral
replication in the placental histocultures, whatever the
time point or the viral dose used, with a global mR of 1.08
± 0.14 (p = 0.56) and 1.11 ± 0.07 (p = 0.15), respectively.
With the Xenogen system, infection with the VSV-G pseudotyped HIV-1 was also detected, demonstrated by an
increase in the bioluminescence emitted from placental
fragments stimulated with TNF-α compared to those
without TNF-α treatment. In a representative case shown
in Figure 4, bioluminescence values without TNF-α were
31,501 photons/sec, and 93,449 photons/sec with 5 ng/
ml of TNF-α. Using this system, we observed that not all
placental fragments were detectably infected with the
VSV-G pseudotyped HIV-1 despite the fact that they all
underwent the same treatments. No bioluminescence was
detected in the xenogen system when the delta-Env pseudotyped HIV-1 was used with or without TNF-α stimulation.

Discussion
This study demonstrates the fact that human term placental chorionic villi can be infected and stimulated to replicate HIV-1 when VSV-G pseudotyped HIV-1 is used. When
R5-Env pseudotyped HIV-1 is used, a low level of transient
infection can be detected for some of the placentas tested.
In contrast when X4-Env pseudotyped HIV-1 is used, no
infection is detected.
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Figure 2with VSV-G or delta-Env pseudotyped HIV-1 of placental chorionic villi in the absence or presence of TNF-α
Infection
Infection with VSV-G or delta-Env pseudotyped HIV-1 ofplacental chorionic villi in the absence or presence of
TNF-α. Viral pseudotypes were left in contact with placental fragments overnight. After viral contact, fragments were cultured
in medium supplemented with (grey histograms) or without (horizontal black line) TNF-α and cultures stopped at 48, 96, 120
hours post-infection. Fragments were homogenized and luciferase activity read from tissue lysate. Results are presented as
ratio (mean ± SE) of luciferase activity with TNF-α stimulation to activity without stimulation in three to seven (n) placentas
from different donors. A: VSV-G pseudotyped HIV-1 at 0.2 ng of p24/placental fragment; B: VSV-G pseudotyped HIV-1 at 2 ng
of p24/placental fragment; C: VSV-G pseudotyped HIV-1 at 20 ng of p24/placental fragment; D: delta-Env pseudotyped HIV-1 at
20 ng of p24/placental fragment.

Previous studies have shown that malignantly transformed human cell lines of the trophoblast lineage are
resistant to cell-free HIV-1 pseudotypes bearing the R5
and X4 envelopes [6]. In this study we demonstrate that
the human placental chorionic villi are not permissive to
X4-Env pseudotyped HIV-1 and display limited permissivity to R5-Env pseudotyped HIV-1 as exemplified by the
low luciferase activity values observed even in the presence of the highest dose of TNF-α. This lack of activation
of the HIV-1 replication with TNF-α contrasts with the
results obtained with choriocarcinoma cell lines by Vidricaire and colleagues who reported an increase of luciferase
activity in these cells after infection with R5 or X4-Env
pseudotyped HIV-1 in the presence of TNF-α [7]. These
apparent contradictory findings might be explained by

different experimental conditions. Our study was performed on human term placental tissue and not on cell
lines. R5 or X4-Env pseudotyped HIV-1 viruses were used
in a dose range of 20 to 100 ng of p24 antigen to infect
human placental fragments in contrast to the 250 to 400
ng of p24 antigen used by Vidricaire and colleagues to
infect cells. Finally in our experiments, the TNF-α treated
placental fragments were not co-cultured with indicator
cells to amplify replication because we used non productive
single-cycle
replicating
viral
pseudotypes.
The fact that 3 placentas out of 5 were modestly and transiently infected by R5-Env pseudotyped HIV-1 might have
some biological relevance in the context of HIV-1 MTCT.
Indeed, HIV-1 MTCT occurs mainly with R5 viruses. Addi-
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Figure 3with R5 or X4 envelope pseudotyped HIV-1 of placental chorionic villi in the absence or presence of TNF-α
Infection
Infection with R5 or X4 envelope pseudotyped HIV-1 of placental chorionic villi in the absence or presence of
TNF-α. Viral pseudotypes were left in contact with placental fragments overnight. After viral contact, fragments were cultured
in medium supplemented with (grey histograms) or without (horizontal black line) TNF-α and cultures stopped at 120, 168 or
216 hours post-infection. Fragments were homogenised and luciferase activity read from tissue lysate. Results are presented as
ratio (mean ± SE) of luciferase activity with TNF-α stimulation to activity without stimulation in three to seven (n) placentas
from different donors. A: R5 (Ba-L) pseudotyped HIV-1 at 20 ng of p24/placental fragment; B: R5 (Ba-L) pseudotyped HIV-1 at
50 ng of p24/placental fragment; C: X4 (HXB2) pseudotyped HIV-1 at 50 ng of p24/placental fragment; D: X4 (HXB2) pseudotyped HIV-1 at 100 ng of p24/placental fragment.

tionally, 5–10% of infants born to HIV infected mothers
are infected in utero in the absence of any prophylaxis
[15]. Thus, there might be a difference in the susceptibility
of some placentas to cell-free R5 virus infection and transmission.
The chorionic villi are made up of several cell types such
as syncytiotrophoblasts, cytotrophoblasts, Hofbauer cells
and stromal cells which has been shown to express variable levels of surface CD4, CXCR4 and CCR5 [16-19]. The
expression of CD4 on the surface of trophoblasts is still a
matter of debate, however even if they express CD4, they

do not produce detectable viral particles when infected
with fully competent infectious cell-free viruses [6].
A dose dependent infection was observed with VSV-G
pseudotyped HIV-1 whose replication is increased by
TNF-α. This implies that TNF-α would increase viral replication in the placenta when the initial resistance to cellfree HIV-1 infection in vivo is bypassed, after cell-to-cell
infection for example. In fact, proinflammatory cytokines
such as TNF-α and IL-8 have been shown to increase viral
replication in different cell lines, isolated primary cells or
cervical explant tissue [9,5,20]. Indeed, in our study, TNF-
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Ex vivo bioluminescence imaging of HIV-1 infected
placental chorionic villi stimulated or not with TNFα. Placental chorionic villi were placed in contact with pseudotyped HIV-1 overnight. After the addition of luciferine for
4 h at 37°C, the tissues were analysed with the Xenogen system. Infection of chorionic villi with 2 ng of p24/fragment of
VSV-G pseudotyped HIV-1 in the absence (well 1) or presence of 5 ng/ml of TNF-α (well 3). Infection of chorionic villi
with 20 ng of p24/fragment of delta-Env pseudotyped HIV-1
in the absence (well 2) or presence of 5 ng/ml of TNF-α (well
4).
α appeared to be capable of stimulating HIV-1 replication
in term placental chorionic villi with the various cell subpopulations present. It should be recalled here that VSV-G
pseudotyped HIV-1 are able to infect any cell type, regardless of receptor and coreceptor surface expression, due to
its amphotropic nature. It has been previously described
that the mechanisms by which TNF-α enhance HIV-1 replication occurred via the NF-kB pathway [21]. TNF-α activates HIV-1 LTR-driven transcriptional activity in
choriocarcinoma cell line [7] and isolated primary trophoblast cells [9]. Such a mechanism might also occur in
placental chorionic villi. The fact that the TNF-α stimulation of HIV-1 replication is not dependent of the dose
tested (5 and 50 ng/ml) is consistent with a recent finding
demonstrating that the temporal profile of the NF-kB
activity is invariant to a wide range of TNF-α doses going
from 0.01 ng/ml up to 10 ng/ml [22].
It should be noted that the TNF-α effect is time and VSVG pseudotyped HIV-1 concentration dependent. Hence, at
0.2 ng of p24 antigen of VSV-G pseudotyped HIV-1/fragment, the increase of replication by TNF-α is only
observed at 120 h post-infection whatever the cytokine

concentration. At 2 ng of p24 antigen of VSV-G pseudotyped HIV-1/fragment, the effect of TNF-α is only significant when data were analyzed globally for all the time
points tested whereas at 20 ng of p24 antigen/fragment,
the TNF-α effect is barely significant due to an already
high basal replication without TNF-α (Table 1).
Furthermore, as shown by the Xenogen system (Figure 4),
not all the placental fragments from the same experimental wells were infected with VSV-G-pseudotyped HIV-1 to
detectable levels even in the presence of TNF-α. This suggests that the susceptibility to infection is not homogeneous for all the chorionic villi from a given placenta and
thus explains the high variability observed between placentas. However, we cannot exclude that this non homogeneous infection is also due to the non saturating dose of
pseudotypes used for this experiment. This result might
also explain why there was no detectable stimulation of
luciferase activity in the presence of TNF-α with the R5Env pseudotyped HIV-1 while there was a modest and
transient infection.
Altogether, these results highlight the subtle equilibrium
between the viral load, the timing of cytokine expression
and the regulation of viral replication within the placenta
that might ultimately influence HIV-1 MTCT.
The demonstration that TNF-α could enhance HIV-1 replication in the placental tissue is important, since a shift in
cytokine production towards a proinflammatory profile
(notably TNF-α) has been associated with Plasmodium falciparum placental infections. [23,24,13]. This is of particular public health concern in regions of the world where
HIV-1 and malaria are both endemic. Malaria has been
shown to reach peak transmission periods during the raining seasons [25]. In an earlier work, a peak in HIV-1 MTCT
was reported three months after the peaks of the rains in
Cameroon [26], suggesting that the observed increase in
HIV-1 MTCT could have been due to an increase of TNFα in the placental environment as a result of malaria. The
present study showing an increase of HIV-1 replication by
TNF-α within the placental tissue supports this hypothesis. However direct evidence are still required before we
can conclude that placental malaria is linked with an
increase transmission of HIV-1 from mother-to-child via
an increase of placental proinflammatory cytokines. As
discussed in a recent review, several published studies
show no, little or significant association of malaria with
HIV-1 MTCT [27]. Some studies done on cohorts of pregnant women found no correlation between placental
malaria and in utero HIV-1 MTCT [28]. Others studies
have demonstrated that the effects of malaria on HIV-1
MTCT depends on placental malaria parasitemia [29].
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Conclusion
In summary, data presented here show, by using a singlecycle replication system, that TNF-α enhances HIV-1 replication in chorionic villi of the human placental tissue
once viral entry is overcome, as seen with the VSV-G pseudotyped HIV-1. This implies that in vivo TNF-α would
increase viral replication in the placenta when the initial
resistance to cell-free HIV-1 infection is bypassed, after
cell-to-cell infection for example. Altogether, these results
highlight the subtle equilibrium within the placental environment between the viral load, the timing of proinflammatory cytokine expression and the regulation of viral
replication that might ultimately influence HIV-1 MTCT.

Methods
Placenta collection and preparation
Term placentas from HIV-1 negative women were collected in accordance with French ethical guidelines after
programmed caesarean section at the Antoine Béclère
(Clamart, France) and Robert Debré (Paris, France) hospitals. Placentas were processed within 2 to 3 hours following collection to isolate chorionic villi. After extensive
washes with normal medium (RPMI-1640 supplemented
with 10% heat-inactivated fetal calf serum (FCS), 1% LGlutamine and 1% Penicillin/Streptomycin), each placenta was cut to obtain several villi blocks of 2 to 3 mm.
Blocks were then distributed in 12-well plates, nine villi
blocks per well, and in triplicate wells. For each placenta,
63 to 144 blocks were prepared.
Viral pseudotype preparation and infection of placental
fragments
Luciferase reporter viruses were prepared as previously
described [6], by co-transfecting 293T cells with the NL43 luciferase virus backbone (pNL-Luc E-R-) and VSV-G or
HIV-1 R5 (Ba-L) or X4 (HXB2) env plasmids, with the aid
of SuperFect (Qiagen, France). Each pseudotype preparation was tested for effective infection at different concentrations on HeLa P4P. Briefly, 104 cells/well/100 µl were
seeded in 96 flat-bottomed well plates. Infections were
performed 24 hours later. Cells were lysed 72 hours post
infection with 100 µl of lysis buffer (Promega, Madison,
WI, USA). 100 µl of commercially available luciferase substrate (Promega) were added to 20 µl of each lysate and
then luciferase activity read with a luminometer (Lumat
LB 9501, Berthold) as relative light units (RLU) per
minute.

Different concentrations of the various viral pseudotypes
in histoculture medium (RPMI 1640 supplemented with
1% Penicillin/Streptomycin, 1% L-Glutamine, 15% FCS,
0.1% gentamycin, 1% Fungizone, 1% non-essential
amino acids, 1% sodium pyruvate -all from Gibco BRL
Ltd, Paisley, Scotland, UK) were left in contact with the
placental fragments in triplicate wells. Each set of tripli-

http://www.retrovirology.com/content/3/1/36

cate placental wells contained one of the following pseudotype doses: 0.2 ng, 2 ng and 20 ng of p24 antigen/
fragment of VSV-G-pseudotyped HIV-1, 20 ng and 50 ng
of p24 antigen/fragment of R5-Env pseudotyped HIV-1
(Ba-L), 50 ng and l00 ng of p24 antigen/fragment of X4Env pseudotyped HIV-1 (HXB2) and 20 ng of p24 antigen
of the envelope deficient pseudotype (delta-Env pseudotyped HIV-1) used as a negative control for infection. All
contacts were left overnight at 37°C in a 5% CO2 incubator.
Placental histocultures and TNF-α stimulation
After overnight contact, the nine villi blocks from each
well were transferred into 70 µm nylon cell strainers (BD
Bioscience, Belgium) and rinsed three times in PBS
(Gibco BRL Ltd, Paisley, Scotland, UK). As previously
described [14], the villi blocks from each set of triplicate
wells were then placed on collagen sponge gels (Pharmacia & Upjohn company, Germany) inside three different
wells soaked in one case with 3 ml of plain histoculture
medium and in the two other wells soaked in 3 ml of
histoculture medium containing recombinant human
TNF-α (R&D systems, Deutschland) in final concentrations of 5 and 50 ng/ml respectively.
Luciferase activity quantification by luminometer or by ex
vivo imaging system
Histocultures in the presence or absence of recombinant
human TNF-α were stopped after 48, 96, 120, 168 or 216
hours post-infection. All nine fragments on each sponge
were pooled inside a 14 ml round bottom tube containing
500 µl of lysis buffer (Promega, Madison USA) and
homogenised with a homogeniser (Ultraturax, X620 CAT
M-Zipperer GmbH, Germany). 100 µl of lysed tissue
supernatants was mixed with 100 µl of commercially
available substrate (Dual-Luciferase Reporter Assay System, Promega, Madison, USA) and then luciferase activity
read with a luminometer (Lumat LB 9501, Berthold) as
relative light units (RLU) per minute. For each type of
pseudotype (VSV-G, Ba-L, HXB2 or negative control), the
different doses of pseudotype and 3 to 4 different durations of histoculture were studied on the same placenta,
all without and with the two doses of TNF-α.

We adapted a complementary ex vivo imaging system,
(Xenogen IVIS100 and data analyzed by the Living Image
Software, Xenogen Corp., Alameda, CA, USA), to visualize
and measure the effect of TNF-α on HIV-1 replication in
the placenta. Placental fragments were left overnight in
contact with 2 ng of p24 antigen/fragment of VSV-G pseudotyped HIV-1 or 20 ng of p24 antigen/fragment of deltaEnv pseudotyped HIV-1, then placed on collagen sponges
with 0 or 5 ng/ml of TNF-α for 120 hours. The fragments
were then collected and placed in contact with 1 µM luciferine (Promega) for 4 hours at 37°C, then the biolumi-
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nescence of placental fragments was detected in the
Xenogen system and the photons per second from a constant region of interest (ROI) were summed.
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the study and participated in its design and coordination
and to draft the manuscript.

Acknowledgements
Statistical analysis
For each experimental condition, type and dose of pseudotype and duration of histoculture, luciferase activity
was measured without and with 5 or 50 ng/ml of TNF-α
on three to seven different placentas from different
donors. Results of the luciferase activity without TNF-α
stimulation are presented globally as mean ± se. To take
into account the fact that the activities without and with
stimulation were evaluated on the same placentas, the
effect of each dose of pseudotype was expressed as the
ratio of the activity with each dose of TNF-α to the activity
without TNF-α in the same experimental condition, noted
ratio of infection, R. Then, for each type and dose of pseudotype, these ratios were analysed through analysis of variance using a factorial design including 2 factors, TNF-α
dose (5 or 50 ng/ml) and duration of histoculture (either
48, 96, 120 hours, or 120, 168, 216 hours), and 3 to 4 replicates of placentas. For the duration of histoculture of 120
and 168 hours, 5 to 7 replicates were available for some
type of pseudotype. First, it was tested if TNF-α dose effect
varied with the duration of histoculture (interaction
between TNF-α dose and duration of histoculture). Second, if no interaction was evidenced, the homogeneity of
TNF-α effect across doses was tested independently of the
duration of histoculture, whereas, in presence of interaction, the homogeneity of TNF-α effect across doses was
tested for each duration of histoculture. Finally, the TNFα dose effect was tested, either globally if homogeneity
was evidenced or for each dose otherwise, by comparing
the mean of the corresponding ratios to 1, using the residual error derived from the analysis of variance. The TNF-α
dose effect was expressed as the mean of the corresponding ratios (mR) and its standard error (mR ± SE). Therefore a mR of 4.0 for a given dose of TNF-α means that the
luciferase activity was multiplied on an average by 4 after
stimulation when compared to no stimulation.

Competing interests
The author(s) declare that they have no competing interests.

We would like to thank Pierre Versmisse for his technical help.
This work was supported by the Centre Pasteur du Cameroun, Institut Pasteur and INSERM, Paris.
AKWK has a fellowship from the French Ministry of Cooperation, SCAC,
Yaoundé, Cameroon and AA from SIDACTION, France.

References
1.

2.
3.

4.

5.

6.

7.

8.
9.

10.
11.

Authors' contributions
AKWK has conceived and performed all the histoculture
experiments and drafted the manuscript. JYM participated
in the design of the study and performed the statistical
analysis. MAN contributed to the experiments with the
Xenogen system. SBB has optimized the conditions to
produce the different viral pseudotypes and has titrated
them. FBS contributed to the design of the study and discussion of the results. AA contributed to all the steps of the
study and helped to draft the manuscript. EM conceived

12.

13.

14.

Chouquet C, Burgard M, Richardson S, Rouzioux C, Costagliola D:
Timing of mother-to- child HIV-1 transmission and diagnosis
of infection based on polymerase chain reaction in the neonatal period by a non-parametric method. Aids 1997,
11(9):1183-1184.
Douglas GC, Fry GN, Thirkill T, Holmes E, Hakim H, Jennings M, King
BF: Cell- mediated infection of human placental trophoblast
with HIV in vitro. AIDS Res Hum Retroviruses 1991, 7(9):735-740.
Arias RA, Munoz LD, Munoz-Fernandez MA: Transmission of HIV1 infection between trophoblast placental cells and T-cells
take place via an LFA-1-mediated cell to cell contact. Virology
2003, 307(2):266-277.
Lagaye S, Derrien M, Menu E, Coito C, Tresoldi E, Mauclere P, Scarlatti G, Chaouat G, Barre-Sinoussi F, Bomsel M: Cell-to-cell contact
results in a selective translocation of maternal human immunodeficiency virus type 1 quasispecies across a trophoblastic
barrier by both transcytosis and infection. J Virol 2001,
75(10):4780-4791.
Derrien M, Faye A, Dolcini G, Chaouat G, Barre-Sinoussi F, Menu E:
Impact of the placental cytokine-chemokine balance on regulation of cell-cell contact-induced human immunodeficiency virus type 1 translocation across a trophoblastic
barrier in vitro. J Virol 2005, 79(19):12304-12310.
Dolcini G, Derrien M, Chaouat G, Barre-Sinoussi F, Menu E: Cellfree HIV type 1 infection is restricted in the human trophoblast choriocarcinoma BeWo cell line, even with expression
of CD4, CXCR4 and CCR5. AIDS Res Hum Retroviruses 2003,
19(10):857-864.
Vidricaire G, Tardif MR, Tremblay MJ: The low viral production in
trophoblastic cells is due to a high endocytic internalization
of the human immunodeficiency virus type 1 and can be
overcome by the pro-inflammatory cytokines tumor necrosis factor-alpha and interleukin-1.
J Biol Chem 2003,
278(18):15832-15841.
Vidricaire G, Tremblay MJ: Rab5 and Rab7, but not ARF6, govern the early events of HIV-1 infection in polarized human
placental cells. J Immunol 2005, 175(10):6517-6530.
Zachar V, Fink T, Koppelhus U, Ebbesen P: Role of Placental
Cytokines in Transcriptional Modulation of HIV Type 1 in
the Isolated Villous Trophoblast. PG – 839-47. AIDS Res Hum
Retroviruses 2002, 18(12):839-847.
Maury W, Potts BJ, Rabson AB: HIV-1 infection of first-trimester
and term human placental tissue: a possible mode of maternal-fetal transmission. J Infect Dis 1989, 160(4):583-588.
Reuben JM, Gonik B, Li S, Loo L, Turpin J: Induction of cytokines
in normal placental cells by the human immunodeficiency
virus. Lymphokine Cytokine Res 1991, 10(3):195-199.
Lee BN, Ordonez N, Popek EJ, Lu JG, Helfgott A, Eriksen N, Hammill
H, Kozinetz C, Doyle M, Kline M, Langston C, Shearer WT, Reuben
JM: Inflammatory cytokine expression is correlated with the
level of human immunodeficiency virus (HIV) transcripts in
HIV-infected placental trophoblastic cells. J Virol 1997,
71(5):3628-3635.
Rogerson SJ, Brown HC, Pollina E, Abrams ET, Tadesse E, Lema VM,
Molyneux ME: Placental tumor necrosis factor alpha but not
gamma interferon is associated with placental malaria and
low birth weight in Malawian women. Infect Immun 2003,
71(1):267-270.
Faye A, Pornprasert S, Dolcini G, Ave P, Taieb J, Taupin JL, Derrien
M, Huerre M, Barre-Sinoussi F, Chaouat G, Menu E: Evaluation of

Page 8 of 9
(page number not for citation purposes)

Retrovirology 2006, 3:36

15.
16.

17.

18.
19.

20.
21.

22.

23.

24.

25.
26.

27.
28.

29.

the placental environment with a new in vitro model of
histocultures of early and term placentae: determination of
cytokine and chemokine expression profiles. Placenta 2005,
26(2–3):262-267.
Scarlatti G: Mother-to-child transmission of HIV-1: advances
and controversies of the twentieth centuries. AIDS Rev 2004,
6(2):67-78.
Lairmore MD, Cuthbert PS, Utley LL, Morgan CJ, Dezzutti CS, Anderson CL, Sedmak DD: Cellular localization of CD4 in the human
placenta. Implications for maternal-to-fetal transmission of
HIV. J Immunol 1993, 151(3):1673-1681.
Ishii M, Hayakawa S, Suzuki MK, Yoshino N, Honda M, Nishinarita S,
Chishima F, Nagaishi M, Satoh K: Expression of functional chemokine receptors of human placental cells. Am J Reprod Immunol
2000, 44(6):365-373.
Douglas GC, Thirkill TL, Sideris V, Rabieh M, Trollinger D, Nuccitelli
R: Chemokine receptor expression by human syncytiotrophoblast. J Reprod Immunol 2001, 49(2):97-114.
Maldonado-Estrada J, Menu E, Roques P, Vaslin B, Dautry-Varsat A,
Barre-Sinoussi F, Chaouat G: Predominant intracellular expression of CXCR4 and CCR5 in purified primary trophoblast
cells from first trimester and term human placentae. Am J
Reprod Immunol 2003, 50(4):291-301.
Narimatsu R, Wolday D, Patterson BK: IL-8 increases transmission of HIV type 1 in cervical explant tissue. AIDS Res Hum Retroviruses 2005, 21(3):228-233.
Osborn L, Kunkel S, Nabel GJ: Tumor necrosis factor alpha and
interleukin 1 stimulate the human immunodeficiency virus
enhancer by activation of the nuclear factor kappa B. Proc
Natl Acad Sci USA 1989, 86(7):2336-2340.
Cheong R, Bergmann A, Werner SL, Regal J, Hoffmann A, Levchenko
A: Transient IkappaB kinase activity mediates temporal NFkappaB dynamics in response to a wide range of tumor
necrosis factor-alpha doses. J Biol Chem 2006, 281(5):2945-2950.
Fievet N, Moussa M, Tami G, Maubert B, Cot M, Deloron P, Chaouat
G: Plasmodium falciparum induces a Th1/Th2 disequilibrium, favoring the Thl-type pathway, in the human placenta.
J Infect Dis 2001, 183(10):1530-1534.
Moormann AM, Sullivan AD, Rochford RA, Chensue SW, Bock PJ,
Nyirenda T, Meshnick SR: Malaria and pregnancy: placental
cytokine expression and its relationship to intrauterine
growth retardation. J Infect Dis 1999, 180(6):1987-1993.
Small J, Goetz SJ, Hay SI: Climatic suitability for malaria transmission in Africa, 1911–1995. Proc Natl Acad Sci USA 2003,
100(26):15341-15345.
Ayouba A, Nerrienet E, Menu E, Lobe MM, Thonnon J, Leke RJ, BarreSinoussi F, Martin P, Cunin P: Mother-to-child transmission of
human immunodeficiency virus type 1 in relation to the season in Yaounde, Cameroon. Am J Trop Med Hyg 2003,
69(4):447-449.
Ned RM, Moore JM, Chaisavaneeyakorn S, Udhayakumar V: Modulation of immune responses during HIV-malaria co-infection in
pregnancy. Trends Parasitol 2005, 21(6):284-291.
Inion I, Mwanyumba F, Gaillard P, Chohan V, Verhofstede C, Claeys
P, Mandaliya K, Van Marck E, Temmerman M: Placental malaria
and perinatal transmission of human immunodeficiency
virus type 1. J Infect Dis 2003, 188(11):1675-1678.
Ayisi JG, van Eijk AM, Newman RD, ter Kuile FO, Shi YP, Yang C, Kolczak MS, Otieno JA, Misore AO, Kager PA, Lal RB, Steketee RW,
Nahlen BL: Maternal malaria and perinatal HIV transmission,
western Kenya. Emerg Infect Dis 2004, 10(4):643-652.

http://www.retrovirology.com/content/3/1/36

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9
(page number not for citation purposes)

