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Restricted HIV-1 replication in placental
macrophages is caused by inefficient viral
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ABSTRACT

HIV-infected PM show restricted replication as compared
with MDM. We aimed to determine at what point in the
viral replication cycle this restriction occurs in PM as
compared with MDM. We performed Alu-LTR PCR for
proviral DNA to detect differences in HIV integration, real-
time RT-PCR to measure env and gag mRNA levels,
and Western blot analysis to detect differences in vi-
ral protein expression. PM and MDM were infected
with HIV-1 BaL, and DNA was extracted after 24 h
and at 6 days p.i. for real-time PCR studies. At 6 and
12 days p.i., cells were lysed for Western blot analy-
ses. We found no difference in viral integration be-
tween PM and MDM but significantly lower levels of
viral protein gp120 in PM than in MDM. Real-time RT-
PCR analyses revealed 24-fold less env mRNA and
tenfold less gag mRNA in PM. These results suggest
that HIV-1 restriction in PM occurs at the level of tran-
scription. This study is significant, as it advances our
understanding of HIV-1 infection in PM and its contri-
bution to decreased in utero vertical transmission. J.
Leukoc. Biol. 87: 000-000; 2010.

Introduction

The World Health Organization estimates that 17.7 million
women worldwide have been infected with HIV-1, as have ~2.3
million of the children born to them [1]. Mother-to-child trans-
mission of HIV is an important public health concern, but the
mechanism underlying this transmission is not understood com-
pletely. Despite the large number of infected children, perinatal
transmission of HIV-1 is relatively low, ranging from 10% to 25%
without AZT treatment [2]. From studies done on infants born to
HIV-positive mothers, it is believed that as many as 80% of trans-
missions occur at the moment of birth [3]. This suggests that the
placenta is a natural barrier to the virus.

Abbreviations: Ct=comparative threshold, DC=dendritic cell, LTR=long-
terminal repeat, MDM=monocyte-derived macrophage(s), NAID=National
Institute of Allergy and Infectious Diseases, p.i.=postinfection,
PM=placental macrophage(s)
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Inside the placenta, the main targets for HIV-1 infection are
the PM. These cells can be infected productively with labora-
tory strains and primary isolates. Despite this susceptibility, our
laboratory and others [4—8] have demonstrated that HIV-1
production by PM is significantly lower than that observed in
MDM. PM express lower levels of the CD4, CXCR4, and CCRb5
receptors than do MDM [9, 10]. LPS-stimulated PM produce
lower levels of proinflammatory cytokines than do LPS-stimu-
lated MDM, but there is no correlation of cytokine secretion
with HIV-1 infection [8]. PM also produce the same levels of
B-chemokines as MDM [11] after LPS stimulation. This low
susceptibility to infection could be a result of decreased HIV
entry caused by low coreceptor expression or to restriction at
other stages in the viral replication cycle in these cells. In the
current study, we compared viral integration, transcription,
and protein expression in HIV-infected PM and MDM to de-
termine at what stage(s) HIV-1 restriction occurs in PM.

MATERIALS AND METHODS
Isolation and culture of PM and MDM

To isolate PM, placentas were collected from HIV-seronegative women and
processed as described before [7, 8, 10-12]. To isolate MDM, PBMC were
obtained from the blood of HIV-1-seronegative donors by Ficoll density gra-

dient centrifugation and purified by adherence. Alternatively, when large
quantities of cells were needed, MDM were cultured from elutriated mono-
cytes by adherence, as described previously [13]. MDM were then seeded
in 25 cm? flasks (15X10° cells) and in six-well plates (3.0X10° cells/well)
and supplemented with monocyte medium [70% RPMI, 10% human se-
rum, 20% FBS (Sigma Chemical Co., St. Louis, MO, USA)]. Cells obtained
by leukopheresis were supplemented with cell medium (87% DMEM, 10%
human serum, 2% L-glutamine, 0.1% M-CSF, 0.2% gentamycin, 0.04%
Cipro). At Day 7 of culture, cells were incubated for 1 h at 37°C with HIV-
BAL (25 ng p24/2.0><105 cells) and cultured for 1, 6, and 12 days. To
monitor virus production, cell supernatants were collected at Days 3, 6, 9,
and 12 p.i., and HIV p24 levels were measured using an ELISA assay
(XpressBio, West Thurmont, MD, USA).
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Real-time PCR for detection of proviral DNA

Cells were detached 24 h after infection, and DNA was extracted from the
cells using the QIAamp blood kit (Qiagen, Valencia, CA, USA). After extrac-
tion, a nested Alu-LTR PCR was done to detect the proviral DNA as described
[14]. The primer sequences for the first amplification step were as follows:
Alu-LTR (sense) 5'-TCCCAGCTACTCGGGAGGCTGAGG-3" and Alu-LTR (an-
tisense) 5'-AGGCAAGCTTTATTGAGGCTTAAGC-3'. Real-time PCR was done
for the second amplification step using the Qiagen QuantiFast SYBR Green
PCR kit. Primers used for the second step were as follows: (sense) 5'-CACACA-
CAAGGCTACTTCCCT-3" and (antisense) 5'-GCCACTCCCCIGTCCCGCCC-3'.
Samples were run and analyzed using the iCycler system (Bio-Rad, Hercules,
CA, USA). A standard curve was done using the OM10.1 cell line (AIDS Refer-
ence and Reagent Program, Germantown, MD, USA) to calculate copy num-
ber of integrated provirus in PM and MDM.

Western blot analysis of gpl120 expression

PM and MDM cultures were lysed at 6 and 12 days p.i. for Western blot analy-
sis of HIV envelope glycoprotein gp120 expression. Cell lysates (20 ug) were
separated on a 4-20% Tris-HCI Ready Gel and then transferred to a nitrocel-
lulose membrane (Bio-Rad). Membranes were incubated overnight at 4°C with
the following primary antibodies: polyclonal goat anti-HIV gp120 (Abcam,
Cambridge, MA, USA; 1:5000) and monoclonal mouse anti-human a-tubulin
(1:5000). Thereafter, membranes were incubated for 1 h at room temperature
with HRP enzyme-conjugated donkey anti-goat and goat anti-mouse secondary
antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA) at a 1:40,000 and
a 1:5000 dilution, respectively. Proteins were detected using the Supersignal
West Femto system (Pierce, Rockford, IL, USA).

Real-time PCR for detection of env and gag mRNA

Cells were detached at 6 days p.i., and total RNA was extracted using the
RNAeasy kit (Qiagen). The cDNA was obtained using the QuantiTect RT
kit (Qiagen). The relative amount of product was determined by the Ct
method. Each PM sample was normalized to B-actin and expressed as fold-
change based on comparison with control MDM. Primers used were as fol-
lows: env (forward) 5'-GGGGACCAGGGAGAGCATT-3" and env (reverse)
5" -TGGGTCCCCTCCTGAGGA-3; gag (forward) 5'-CCAGATGAGAGAAC-
CAAGGG-3" and gag (reverse) 5" TTGTGAAGCTTGCTCGGCTCT-3'.

Statistical analysis

Laboratory analyses on detection of proviral DNA, Western blot analysis of
gpl20 expression, and expression of p24 antigen were assessed to address
the main objectives of the current study, namely comparison between
MDM and PM. Each laboratory analysis was performed in multiple repli-
cates. The results of these replicates were averaged across samples. These
average values were used in subsequent analyses. All measures were tested
for normality using the Shapiro-Wilk test. Given the small sample size, non-
parametric Kruskal-Wallis test statistics were used to compare median ex-
pression across cell type and/or days of infection. All analyses were per-
formed using Statistical Analysis Software, Version 9.2 (SAS Institute, Cary,
NG, USA).

RESULTS AND DISCUSSION

To determine if the HIV-1 restriction observed in PM was a
result of a difference in integration, we measured the copy
number of integrated proviruses in PM and MDM by real-time
Alu-LTR-nested PCR using DNA from OM10.1 cells as a stan-
dard for copy number. Samples from three PM and three
MDM infections were analyzed using the standard curve
method. No significant difference was found in integrated pro-
virus copy number between the two cell types (P=.513; Fig. 1).
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Figure 1. Proviral copy number. PM and MDM cultures were infected
with HIV-Bal.. After 24 h, DNA was isolated, and real-time Alu-LTR
PCR was done to measure integrated provirus. Values are the average
of three PM and three MDM samples run in duplicate in four inde-
pendent PCR experiments. P = 0.513, Kruskal-Wallis test.

These results indicate that the restriction does not occur at or
prior to viral integration.

Intracellular viral protein expression levels were compared
between PM and MDM to determine if HIV-1 replication in
PM was decreased at this level. Cells were lysed at 6 and 12
days p.i., and expression of the viral protein gpl20 was deter-
mined by Western blot analysis. This analysis demonstrated
that gp120 is produced at lower levels by PM than by MDM,
with significance on Day 6 p.i. (P=.004 at Day 6; P=.150 at
Day 12; Fig. 2). Decreased gp120 levels in PM may indicate
restriction of viral proteins in PM and suggest a decreased viral
gene transcription or protein synthesis and processing in these
cells.

We also measured p24 protein levels in the supernatant of
PM and MDM cultures at different time-points by ELISA to
monitor the progress of the infection. A rise in p24 levels was
observed over time in both cell types, thus indicating a pro-
ductive infection (PM: P=.043; MDM: P=.045; Fig. 3). After
day 3 p.i., p24 levels were generally lower in supernatants from
PM cultures, with significant differences seen at 9 and 12 days
p-i. (P=.049 for Days 9 and 12; Fig. 3). This result confirms
previous work from our group that found lower p24 levels in
PM cultures [8]. Such results further confirm a defect in viral
production in PM.

As viral integration was not affected in PM, but expression
of gp120 and p24 was significantly lower than in MDM, we
proceeded to determine if the expression of env and gag
mRNA was decreased. Total RNA from PM and MDM was iso-
lated after 6 days p.i., and mRNA levels were determined by
real-time PCR. Indeed, PM showed a 24-fold decrease in env
mRNA levels [average Ct values; experimental, PM (28.0); con-
trol, MDM (25.0) ]. For gag mRNA, a tenfold decrease, as com-
pared with MDM, was observed [average Ct values; experimen-
tal, PM (30.0); control, MDM (27.0; Fig. 4)]. This marked re-
duction in viral gene expression suggests that viral restriction
in PM occurs at the level of transcription.

In the current study, we determined the stages at which re-
stricted HIV-1 replication in placental macrophages could oc-
cur to better understand the mechanisms involved in their low
susceptibility to infection. We demonstrated that PM harbor
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the same levels of integrated HIV provirus as do MDM, which
suggests that there is no difference in RT or integration events
in PM as compared with MDM and also that the reported low
expression of CCR5 by PM [10] does not account for the low
viral production by these cells. We found that PM express sig-
nificantly lower levels of intracellular envelope protein, in ad-
dition to p24, already measured from cell supernatants, as a
result of an apparent restriction of viral gene transcription, as
demonstrated by a 24-fold and a tenfold decrease in env and
gag mRNA, respectively.

Other tissue macrophages, such as nonactivated microglia
and lamina propia macrophages, have also been shown to
have low virus production. Although these cell types show low
permissiveness to HIV-1, the point of viral restriction is differ-
ent from PM. Low infection of intestinal macrophages appears
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Figure 3. HIV-1 infection of placental and MDM. Three million cells
were cultured in six-well plates infected with HIV-1 BaL. and kept in
culture for 12 days. p24 levels were measured by an ELISA. Experi-
ments are the average of three PM and three MDM samples. *, P =
0.05; ** P < 0.01, Kruskal-Wallis test.
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Figure 2. Western blot and densitometry analysis of gp120 expression. PM and MDM cultures
were infected with HIV-1 Bal. and lysed for measurement of gp120 levels at 6 days p.i. (A and B)
and 12 days p.i. (C and D). Protein (20 ug) from PM and MDM lysates was loaded/lane. For
both time-points: Lanes 1-3, PM cell lysates; lanes 4—6, MDM cell lysates; lane 7, uninfected
MDM cell lysates; lane 8; recombinant-purified HIV-1;,; gp120. Signal intensity and density of
the gp120 bands were analyzed using the VersaDoc Imaging System (Bio-Rad). Densitometric
analysis represents the average of two replicate gels with three PM and three MDM samples. *,

to be a result of a low expression of CCR5 on the cell surface
[15]. However, for PM, which also express low CCR5 levels, we
did not detect lower copies of integrated provirus, as was ob-
served in a study by Lin et.al. [16] in 2002, where low CCR5
levels resulted in low levels of integrated provirus as compared
with cells expressing high CCRb5. In the case of nonactivated
microglia, restriction has been identified as a defect in gag
protein processing and virus release, as no defect was detected
in gag mRNA production [17]. These findings suggest that PM
differentially express unique cellular factors, as compared with
other macrophages that prevent efficient transcription of viral
genes. Previous reports from our group examining the pro-
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Figure 4. Fold change in gag and env mRNA levels. PM and MDM cul-
tures were infected with HIV-1 Bal,, and total RNA was extracted at 6
days p.i. mRNA levels were measured by real-time PCR. Three PM and
three MDM samples were run in duplicate wells in three independent
real-time PCR experiments. Values presented are the fold-changes of
each PM sample as compared with the average of the three MDM sam-
ples. For gag, sem = =0.409; for env, sem = +0.909.
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teome and secretome of PM identified differentially expressed
proteins in these cells as compared with MDM. Of special in-
terest were cystatin B and peroxiredoxin 5, both of which
could interfere with viral transcription [18, 19]. A recent study
found that cystatin B interacts with STAT-1, and tyrosine phos-
phorylation of this protein was higher in PM. This type of
phosphorylation in STAT-1 is associated with decreased HIV
transcription [20]. Further studies are needed to elucidate the
signaling pathways for the observed restriction in PM.

Other related cell types, such as monocytes and mature DCs,
also present restriction to HIV-1 replication. In the case of ma-
ture DGs, the inhibition of virus replication has been shown to
occur mainly at the transcription level [21], but the cellular fac-
tors that might be responsible for this block have not been iden-
tified. Restriction in monocytes has been identified at two points
in the viral life cycle: before RT [22] and at the transcriptional
level [23]. Restrictions in the early viral life cycle have been re-
lated to the existence of enzymatically active APOBEC3G in
monocytes, which later becomes inactive, as these cells differenti-
ate into macrophages; the latter restriction has been associated
with differentiation-dependent expression of CycT1. As differen-
tial expression and activity of both of these cellular factors are
related specifically to differentiation, it is unlikely that they play a
role in the restriction that we have observed in PM.

The present study has the limitation of small sample size used;
nonetheless, we believe that the data presented show encourag-
ing results that warrant further exploration of HIV-1 restriction in
these cells. The current study contributes important information
that advances our understanding of the HIV-1 infection process
in PM. It also identifies a different point of restriction as com-
pared with that of other tissue macrophages. This information
provides a unique opportunity to identify new cellular factors
needed for efficient transcription of viral genes.
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