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Abstract
Problem—Histopathological chorioamnionitis (HCA) is caused by microbial-driven infiltration
of leukocytes to the maternal-fetal interface resulting in adverse neonatal outcomes in a subset of
pregnancies. The role of placental villus macrophages (i.e. Hofbauer cells, HBCs) in the
pathophysiology of HCA is unelucidated.

Method of study—The number of HBCs in human term placental villi in HCA and control
groups was compared using immunohistochemistry. Levels of monocyte chemotactic protein
(MCP-1) expression were measured in primary cultures of syncytioytrophoblasts (SCTs) and
fibroblasts (FIBs) treated with bacterial compounds [lipopolysaccharide (LPS) and peptidoglycan]
and pro-inflammatory cytokines (TNF-α and IL-1β) using ELISA and quantitative real-time PCR.

Results—Immunohistochemistry revealed a focal increase in HBCs in HCA. Treatment of FIBs
with LPS, IL-1β, and TNF-α significantly increased MCP-1 mRNA and protein expression.
Conversely, MCP-1 mRNA and protein levels were virtually undetectable in treated and untreated
SCTs.

Conclusion—These results demonstrate cell-type-specific regulation of MCP-1 expression in
human placenta. A model is presented in which bacterial products and inflammatory cytokines
initiate a fibroblast-driven cytokine cascade resulting in recruitment of fetal monocytes to placenta
which focally increases levels of HBCs in pregnancies complicated by HCA.
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Introduction
Histopathological chorioamnionitis (HCA) is most often caused by ascending bacteria,
mycoplasma, or fungi, resulting in a marked infiltration of polymorphonuclear leukocytes in

Correspondence: Seth Guller, Department of OB/GYN, Yale University School of Medicine, 333 Cedar Street-339 FMB, P.O. Box
208063, New Haven, CT 06520-8063, USA. seth.guller@yale.edu.

NIH Public Access
Author Manuscript
Am J Reprod Immunol. Author manuscript; available in PMC 2011 November 1.

Published in final edited form as:
Am J Reprod Immunol. 2011 May ; 65(5): 470–479. doi:10.1111/j.1600-0897.2010.00927.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the decidua (deciduitis), chorion (chorionitis) amniotic membranes (amnionitis), and
umbilical cord (funisitis).1 HCA, when accompanied by funisitis, is a risk factor for
neurological impairment in newborns and cerebral palsy.2,3 Intravillous lymphocyte, plasma
cell, and macrophage infiltrates are not usually present in acute HCA, while a large increase
in villous lymphocytes and fetal macrophages (i.e. Hofbauer cells, HBCs) can be evident in
the so-called ‘villitis of unknown etiology’, a relatively rare entity of uncertain significance.
4,5

The role of HBCs in placental immune function in general, and in HCA specifically,
remains largely unexplored. HBCs normally appear on the 18th day of gestation and can be
found until term.6 However, because of the compression of the villous stroma, by the fourth
or fifth month of gestation their identification becomes more difficult and requires the use of
immunohistochemistry with antibodies that recognize macrophage proteins (e.g. CD68).4,7
HBCs were shown to be of fetal origin using Y chromosome-specific probes in pregnancies
with male fetus.4,5 The function that specific placental cell types play in the generation and/
or recruitment of HBCs remains unknown. Major cell types in placenta include
syncytiotrophoblast (SCT), the cell layer that lines the intervillous space and is in direct
contact with maternal blood, and underlying stromal cells adjacent to fetal capillaries largely
consisting of fibroblasts (FIBs) and HBCs.8 Based on the association between fetal-placental
infection/inflammation and devastating neonatal and pediatric outcomes,2,3 the goal of the
current study was to examine the expression of HBCs in HCA and to determine the factor(s)
that may be responsible for modulating their levels in the placental villus.

In the current study, we unexpectedly observed that HCA was associated with focally
increased numbers of HBCs in the placental villous stroma. Monocyte-chemotactic protein-1
(MCP-1) is a major monocyte/macrophage chemoattractant that is produced in cells
following binding of microbial compounds to Toll-like receptors (TLRs).9,10 To establish a
potential etiology of villous macrophage influx in HCA, we determined whether MCP-1
levels were regulated in primary cultures of SCTs and FIBs following treatment with the
Gram-negative bacterial compound lipopolysaccharide (LPS), or the Gram-positive bacterial
component peptidoglycan (PG). Inflammatory processes at the maternal-fetal interface in
HCA are suggested to be regulated by tumor necrosis factor-α (TNF-α) and interleukin-1β
(IL-1β),11 and these compounds are known to be major inflammatory cytokines synthesized
by macrophages including HBCs.12,13 In addition, TNF-α has been demonstrated to be an
important regulator of trophoblast damage and apoptosis.14,15 Therefore, we also examined
the influence of IL-1β and TNF-α on MCP-1 expression in SCTs and FIBs. Our results are
presented in the context of a model linking cell-type specific MCP-1 expression to
infiltration of fetal monocytes and generation of HBCs in HCA.

Materials and methods
Tissue Procurement and Histological Analysis

Placentas were fixed in 10% buffered formalin. Cord, membrane rolls and full-thickness
placental samples were paraffin-embedded and stained with hematoxylin–eosin for routine
histological examination. HCA was determined by the presence of polymorphonuclear
leukocytes in the Wharton jelly (funisitis), in the walls of umbilical cord vessels, in the
chorionic plate stroma and/or vessels (chorionitis and/or vasculitis), or in the amniotic
membranes (amniositis). Deciduitis was defined as the presence of numerous PMNs (20
PMNs or more in a 20×· high-power field) in the decidua basalis or decidua parietalis. A
single examiner (PT) reviewed all slides. Histological diagnosis of chorioamnionitis was
performed in 60 cases. Uncomplicated pregnancy and normal histological examination
identified 39 control placentas matched for gestational age. Approval for this study was
granted by the Human Institutional Investigation Committees (HIC) of the University of

Toti et al. Page 2

Am J Reprod Immunol. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Siena and Yale University School of Medicine. Informed consent was obtained from all
women.

To quantitate the number of CD68+ cells in placental specimens, 5-μm thick sections,
obtained from paraffin-embedded samples, were mounted on electrostatically charged slides,
and dried overnight at 37°C. Sections were de-waxed, rehydrated, and washed in Tris–
buffered saline [TBS: 20 mM Tris–HCl, 150 mM NaCl (pH 7.6)]. Antigen retrieval was
carried out by incubating sections in sodium citrate buffer (10 mM, pH 6.0) in a microwave
oven at 750 W for 5 min. Endogenous peroxidases were blocked by rinsing the slides with
3% hydrogen peroxide solution. Slides were incubated for 1 hr at room temperature with a
primary antibody against CD68 (clone KP1; Dakopatts, Glostrup, Denmark) diluted 1:100 in
TBS. The reaction was developed by successive incubations with anti-mouse
immunoglobulins labeled with biotin, avidin–biotin peroxidase complex (Vector
Laboratories, Burlingame, CA, USA) and 3,3′-diaminobenzidine tetrahydrochloride (1 mg/
mL; Sigma, St Louis, MO, USA) in TBS containing 0.3% H2O2. Harris hematoxylin was
used for nuclear counterstaining. A positive reaction was characterized by the presence of
granular brown staining in the cytoplasm of tissue macrophages. Morphometric evaluation
was performed by counting the number of CD68+ cells inside a reference area of 100 villi.
As in both HCA and control cases CD68+ cells were not homogenously distributed among
the villi, only areas with positive cells were selected for CD68 evaluation. Specifically,
CD68 positivity was assessed in tissue areas containing one or more macrophages in
terminal villi (final grape-like projections of the villous tree) and five or more in
intermediate villi (long, slender peripheral ramifications of the villous tree characterized by
the absence of vessels). Thus, this methodology compared focal changes in CD68+ cells in
HCA and control placentas.

Cell Culture
Cytotrophoblasts (CTs) and FIBs were isolated from the same placenta essentially as we
have previously described.16 CTs were isolated from approximately 50 g of human villous
tissue at term following trypsin digestion and centrifugation on Percoll gradients. We have
previously used this method17,18 which is modified from those described by Kliman et al.19

and Douglas and King.20 Briefly, fresh placental tissue was finely chopped, washed with
saline, and treated with trypsin and DNAse. The digestate was filtered through cheesecloth
and two wire-mesh sieves with 0.0038 and 0.0021 inch openings. The effluent was
centrifuged at 500 × g for 5 min. The cell pellets were resuspended and were centrifuged on
a continuous Percoll gradient. CTs sedimenting at a density of approximately 1.05 g/mL
were washed and resuspended in basal medium supplemented with 10% heat-inactivated
fetal calf serum (FCS; Hyclone Laboratories, Logan, UT, USA), 10 mm L-glutamine, 50 μg/
mL penicillin, and 50 μg/mL streptomycin (Cellgro, Herndon, VA, USA), i.e. FCS medium.
Under these conditions, we and others have found that CT purity was approximately 90%,
with the major contaminant being FIBs (~5%) and immune cells (~5%).17,19,20 Unpurified
CTs were then suspended in culture medium at 107 cells per ml and mouse anti-human
CD45 (clone F10-89-4; GeneTex, Irvine, CA, USA) and CD9 (clone 209306; R&D
Systems, Minneapolis, MN, USA) were added at a ratio of per 1 μg of antibody per 107

cells. Incubations were performed at 4°C for 15 min. Then the cells were centrifuged and
washed once using FCS medium. The cells were then resuspended in FCS medium at 107

cells/mL medium and incubated for 15 min at 4°C with goat anti-Mouse IgG Dynal beads
(Invitrogen, San Diego, CA, USA) at a ratio of 107 cells/10 μL beads. The beads were then
removed by a 2-min exposure to a magnet. The cells were again incubated for 15 min with
Dynal beads, and the beads were completely removed by exposure to a magnet twice for 5
min each. Immunopurified CTs were washed and used to generate SCTs (see below).
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The FCS medium was added to magnetic particles attached to CD9 and CD45 positive cells,
and the mixture was plated in a T-75 culture flask. On reaching 80% confluency after
approximately 2 weeks, the cells in the flask were sub-cultured. On first passage, the cells
were trypsinized using 0.05% trypsin with EDTA solution (Invitrogen). That portion of the
cells with beads still attached (~10%) were then completely removed by exposure to a
magnet twice for 5 min. Then 106 bead-free cells were subcultured in a T-75 culture flask.
Fresh FCS medium was added every 2 days. Eighty percent confluency was reached after
about 1 week. The cells were used for experiments from passage 3 to passage 10.

The SCTs were generated by culturing CTs for 72 hr in FCS medium. Under these
conditions, CTs spontaneously differentiate into SCTs as previously described by Kliman et
al.19

For PCR studies, SCTs and FIBs were plated in FCS medium in 6-well culture dishes or
T-25 flasks. The cells were plated in 24-well dishes for ELISA studies. The cells were
treated for the indicated time and concentrations of LPS (Escherichia coli 055:B5, purified
by phenol extraction, Sigma), PG (from Staphylococcus aureus; InvivoGen, San Diego, CA,
USA), IL-1β (recombinant human, R&D Systems) and TNF-α (recombinant human, R&D
Systems), based on previous studies conducted by our group and others.11,16

Cultures were maintained at 37°C in FCS medium in a humidified atmosphere of 5%
CO2/95% air.

ELISA
The level of MCP-1 in culture media was determined using immunoassay (DuoSet ELISA
kit, R&D Systems). For experiments, media were added to 96-well dishes coated with the
MCP-1 antibody and after washing, the cells were treated with secondary antibody as
described by the manufacturer. Levels of MCP-1 were derived from optical densities using a
microtiter-plate reader and the Soft Max software program (Molecular Devices, Sunnyvale,
CA, USA) and were normalized to total cell protein using the Dc Protein Assay from Bio-
Rad (Hercules, CA, USA).

PCR
RNA was extracted from cultures of SCTs and FIBs using Tri Reagent from Invitrogen, and
3 μg was converted to cDNA using AMV reverse transcriptase (Invitrogen) in a 20 μL
reaction volume. One microliter of cDNA was used for quantitative real-time PCR
(qRTPCR) using a LightCycler (Roche, Indianapolis, IN, USA) and a LightCycler FastStart
DNA MasterPlus SYBR Green I kit. The following primers were synthesized and gel-
purified at the Yale DNA Synthesis Laboratory, Critical Technologies. MCP-1: forward, 5′-
GCTCAGCCAGATGCAA-3′ reverse, 5′-GTCCAGGTGGTCCATG-3′; 18S: forward: 5′-
GATATGCTCATGTGGTGTTG-3′, reverse: 5′-AATCTTCTTCAG TCGCTCCA-3′. The
reaction conditions employed were: 1 cycle of 10 min at 95°C, 40 cycles of 10 s at 95°C, 5s
at 57°C, and 10s at 72°C. Data were collected and analyzed using Light Cycler software
v3.5. For each qRTPCR endpoint, a quantitative standard curve ranging from 0.5 to 250 ng
of cDNA was generated by monitoring increasing fluorescence of PCR products during
amplification as we have previously described.21 Following establishment of standard
curves, MCP-1 expression was quantitated and normalized to that of 18S RNA. Melting
curve analysis was conducted to verify the specificity of amplified products and to ensure
the absence of primer-dimers. Endpoint PCR was used to confirm the identity of the
amplified products; 207 bp for MCP-1, and 236 bp for 18S RNA. No signal was observed
for negative control reactions carried out in the absence of either reverse transcriptase or
template. To examine MCP-1 and 18S RNA expression in treated and control SCTs and
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FIBs, 1 μL of cDNA was used for conventional PCR in a 25 μL reaction system. In this
case, the reaction conditions used were:1 cycle of 5 min at 95°C, 35 cycles of 30 s at 95°C,
30 s at 57°C, and 30 s at 72°C, and 1 cycle of 10 min at 72°C. Ten microliters of PCR
product was loaded onto a 2% agarose gel containing ethidium bromide.

Statistical Analysis
Results from immunohistochemistry were expressed as medians with inter-quartile range
[25th and 75th percentiles] for non-normal distributions. The Mann–Whitney U-test was
employed to compare the non-parametric continuous data using the MedCalc ver. 8.1.1
statistical package from MedCalc Software (Mariakerke, Belgium). Real-time PCR and
ELISA results from in vitro studies were found to be normally distributed and were analyzed
using ANOVA followed by pairwise comparison by Student–Newman–Keuls method using
SigmaStat software from Jandel Scientific (San Rafael, CA, USA). A P value of <0.05 was
considered to be statistically significant for all comparisons.

Results
Levels of HBCs in Placentas from Pregnancies with and without HCA

Immunohistochemistry with anti-CD68 antibody was initially carried out to identify
macrophages (i.e. HBCs) in the placental villous stroma from pregnancies at term with and
without evidence of HCA. We observed that CD68 staining, as indicated by the presence of
the brown peroxidatic product, revealed increased numbers of macrophages in villi from
pregnancies complicated by HCA compared with control (Fig. 1). Cumulative analysis of
CD68 levels expressed as CD68+ cells/100 villi in HCA+ (n = 60) and control (n = 39)
pregnancies was carried out and found to follow a non-Gaussian distribution. Neither the
gestational age at delivery nor the percentage of specimens derived following labor were
different in HCA versus the control group (Table I). We noted that the number of CD68+

cells/100 villi was significantly higher in HCA+ placentas when compared with control
specimens [HCA+: median 150 (interquartile range: 128–180; extreme values range: 45–310
versus control: median 62 (interquartile range: 57–75; extreme values range: 10–140)
(Mann–Whitney U-test)]. These results indicate that HCA was associated with focally
increased numbers of macrophages in placental villi.

MCP-1 is a major monocyte/macrophage chemoattractant that is produced in cells following
TLR ligation.9,10 It is often difficult to measure using immunohistochemistry as it is actively
secreted from cells.22 Therefore, it is not surprising that in the current study the use of three
different antibodies to MCP-1 failed to reveal consistent evidence of MCP-1 staining in
control and HCA+ placentas. Therefore, to obtain information concerning the cellular source
of placental MCP-1, its expression was studied in primary cultures of SCTs and FIBs (i.e.
major placental cell types) isolated from human term placentas.

Regulation of MCP-1 mRNA Levels in SCTs and FIBs by LPS, PG, IL-1, and TNF-α
As HCA is associated with bacterial infection and inflammation at the maternal-fetal
interface,1 conventional PCR was used to examine MCP-1 mRNA expression in cultures of
SCTs and FIBs treated for 24 hr with and without 1 μg/mL PG (a component of Gram-
positive bacteria and a TLR-2 ligand), 1 μg/mL LPS (a component of Gram-negative
bacteria and a TLR-4 ligand), as well as IL-1β (1 ng/mL) and TNF-α (10 ng/mL), major pro-
inflammatory cytokines found in placenta across gestation.23,24 Following extraction of
RNA and conversion to cDNA, expression of MCP-1 and 18S RNA was examined using
PCR (Fig. 2). MCP-1 was detected in untreated FIBs, and this baseline level of expression
was increased in the presence of LPS, IL-1β, and TNF-α. PG treatment did not affect MCP-1
expression in FIBs which is consistent with our previous observation of TLR-2 absence in
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this cell type.16 Conversely, no MCP-1 expression was noted in control or treated SCTs.
Levels of 18S RNA were similar in FIBs and SCTs confirming the finding that MCP-1
mRNA is expressed and regulated only in FIBs. To specifically quantitate the effects of
these treatments, FIBs were maintained for 24 hr as described above and levels of MCP-1
mRNA were examined using qRTPCR and normalized to levels of 18S RNA (Fig. 3). We
noted that treatment with IL-1β and TNF-α significantly induced MCP-1 mRNA levels 19-
and 27-fold, respectively. LPS treatment enhanced MCP-1 expression sevenfold, although
this effect did not reach statistical significance.

Regulation of MCP-1 Protein Levels in SCTs and FIBs by LPS, PG, IL-1, and TNF-α
To evaluate the release of MCP-1 protein, the cells were maintained for 24 or 48 hr in
medium without (Control) and with PG, LPS (0.1–10 μg/mL), IL-1β and TNF-α (0.1–10 ng/
mL) and levels of MCP-1 in culture media were determined using ELISA following
normalization to cell protein. In five independent experiments, we observed that levels of
MCP-1 expression in SCTs ranged from undetectable (<0.02 pg/μg protein) to 0.08 pg/μg
protein under all conditions tested (not shown). hCG levels in SCTs ranged from 40 to 80
mU/μg protein (not shown). This is consistent with our earlier results17 and demonstrates
that low or undetectable levels of MCP-1 in SCTs do not reflect compromised function in
this cell type. Conversely, in FIBs we noted that a 24 hr (Fig. 4a) and 48 hr (Fig. 4b)
treatment with LPS, IL-1β, and TNF-α induced significant increases in MCP-1 levels of up
to 9-, 37-, and 33-fold, respectively compared with control levels which varied from 2 to 5
pg/μg protein. Taken together, these results indicate that MCP-1 is expressed in FIBs, but
not in SCTs, and is regulated in FIBs by bacterial products and inflammatory cytokines.

Discussion
Cerebral palsy and related neurological disorders occur in approximately 2 to 3/1000 live
births, and are a major cause of neonatal mortality, morbidity and long-term disability.25,26

In some affected individuals, pregnancies proceed unremarkably until term at which time
non-specific signs of fetal distress occur.27 In other pregnancies, cerebral palsy is associated
with preterm delivery, low birth weight, and HCA when accompanied by fetal inflammatory
response syndrome [FIRS, a multisystemic dysfunction with the attendant septic chemokine
response and the anatomic hallmarks of funisitis, or umbilical cord inflammation].1,27,28

Acute HCA and chronic villitis involve microbial-driven pathways.1,27,28 HCA is most
often caused by ascending genital tract bacteria, mycoplasma or fungi, which result in a
marked infiltration of neutrophils in maternal decidua and fetal membranes, with or without
a neutrophil response in the placenta and fetus.1 Gram-negative microbes, including
Escherichia coli and Ureaplasma urealyticum as well as the Gram-positive microbes Group
B streptococcus and Staphylococcus aureus have been implicated in HCA with funistis.3,29

Villitis of unknown etiology (VUE) is a destructive inflammatory lesion of the chorionic
villi characterized by infiltration of chronic inflammatory cells, mainly maternal T
lymphocytes and CD68+ fetal macrophages i.e. HBCs.4 To date, the appearance, or role of
HBCs in HCA remains largely unexplored.

In the current study, using immunohistochemistry we noted that HCA was accompanied by
a two- to threefold increase in CD68+ cells in the placental villus stroma. This is consistent
with the findings of another group demonstrating increased infiltration of CD68+ cells in the
placental villous stroma and fetal membrane choriodecidua in pregnancies complicated by
HCA delivered at term.30 They reported that HCA was also associated with increased
expression of TNF-α converting enzyme (TACE) in these tissues, suggesting that release of
TNF-α by TACE is part of an inflammatory cascade in HCA. Conversely, it was reported
that CD68+ cells decrease in the placental villus in association with advancing gestational
age and HCA.31 In this study, CD68+ cells in an entire villous area were systematically
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calculated using computerized imaging. As we noted that in both HCA and control cases,
CD68+ cells were not homogenously distributed among the villi, we quantitated only those
areas in which we observed one or more macrophages in terminal villi and five or more in
intermediate villi. Although this is an arbitrary designation, our sample sizes of 99 placentas
and 100 reference areas examined per placenta are sufficiently large to make meaningful
observations. Taken together, this suggests that term placentas show focal increases in
numbers of CD68+ cells in pregnancies with HCA even if the total numbers of villous
CD68+ cells may decrease or not change.

We then determined which of the major placental cell types may play a role in macrophage
recruitment to the placental villus. SCT, the outer layer of the placental chorionic villus in
direct contact with maternal blood and underlying FIBs, adjacent to HBCs in the stromal
core, were likely candidates. MCP-1 was chosen as a molecule for study as it is a major
monocyte/macrophage chemoattractant expressed in placenta and other gestational tissues.
9,32,33 Unfortunately, immunohistochemistry using three different antibodies did not
consistently detect MCP-1 in placental tissue, most likely due to its rapid secretion.22

Therefore, to establish a potential etiology of villous macrophage influx in HCA, we
determined whether MCP-1 levels in cultures of SCTs and FIBs were altered following
treatment with the LPS and PG, components of Gram-negative and Gram-positive bacteria,
respectively. As inflammatory processes at the maternal-fetal interface in HCA are
suggested to be regulated by TNF-α and IL-1β,11 and these compounds are known to be
major inflammatory cytokines synthesized by macrophages including HBCs,12,13 the effect
of these cytokines on MCP-1 levels in placental cultures was also studied. Conventional
PCR and qRTPCR revealed that FIBs expressed MCP-1 mRNA under basal conditions, and
treatment with LPS, IL-β, and TNF-α markedly enhanced MCP-1 expression in these
cultures. As expected, PG that binds to the TLR-2 receptor9 had no effect on MCP-1
expression in FIBs supporting our previous observation of the absence of TLR-2 in this cell
type.16 Conversely, PCR indicated that SCTs do not express MCP-1 under basal conditions
nor was its expression consistently detectable or enhanced in the presence of the TLR
ligands or cytokines. Similarly, immunoassays revealed that FIBs, but not SCTs, released
MCP-1 protein to the culture medium, and the presence of LPS, IL-1β, and TNF-α
stimulated MCP-1 protein levels in FIBs in a time-and dose-dependent manner. Taken
together, these results demonstrate that FIBs synthesize and release MCP-1, which may
promote migration of fetal monocytes to the placental villus. In addition, based on the
juxtaposition of FIBs to HBCs and fetal capillaries, it is more likely that compounds
released by FIBs will affect fetal monocyte recruitment and HBC function compared with
the SCT which is separated from stromal elements of the villus by a basement membrane.8

Based on our results, a model is presented linking villus MCP-1 expression to enhanced
recruitment of fetal monocytes to the placenta in pregnancies with HCA (Fig. 5). We
postulate that during HCA, LPS or other microbial compounds stimulate MCP-1 expression
in FIBs, and not SCTs, leading to increased focal recruitment of fetal monocytes which
differentiate and give rise to elevated HBCs at that site in the placental villus. Production of
IL-1β and TNF-α by HBCs is then suggested to further increase MCP-1 production in FIBs
resulting in enhanced MCP-1 levels in the villous stroma and additional fetal monocyte
recruitment. Microbial compounds may directly enhance IL-1β and TNF-α levels in HBCs
themselves, further stimulating MCP-1 production and HBC recruitment to the villous
stroma. Increased expression of TLR-4 in HBCs was noted in HCA34 supporting a direct
role of infection in the regulation of HBC function in HCA. A recent study using mixed
stromal cell cultures from first and second trimester placentas suggest a role of HBCs in
maturation of the placental mesenchyme.35 The source of HBCs in the placental villus has
been proposed to change across gestation.8 As HBCs appear in the placental villus at day 18
of gestation, prior to the appearance of a fetal circulation, it is suggested that HBCs are
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derived from villous mesenchymal stem cells early in pregnancy, whereas later in pregnancy
they are suggested to largely arise following differentiation of recruited fetal monocytes.4,5,8
It is also important to consider the proliferative properties of stem cells, fetal monocytes, or
HBCs, when assessing factors which may regulate their levels in the placental villus. Thus,
in this study we expect that, in addition to recruitment of fetal monocytes, proliferation of
HBC precursors may also contribute to focal elevations of HBCs in pregnancies with HCA.

In conclusion, our results clearly demonstrate that FIBs, and not SCTs, are a cellular source
of inducible MCP-1 expression in the human placenta. We postulate that a cascade in the
placental villus involving FIBs, bacterial products, MCP-1, and inflammatory cytokines play
an important role in enhancing focal recruitment of fetal monocytes to placenta leading to
elevated levels of HBCs in pregnancies complicated by CA.
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Fig. 1.
Immunohistochemistry reveals focally increased numbers of macrophages in chorionic villi
from pregnancies complicated by histological chorioamnionitis (HCA). Formalin-fixed
paraffin embedded term placental specimens from a pregnancy with HCA (a) and an
uncomplicated pregnancy (b). Arrows refer to CD68+ cells in the placental villous stroma.
One representative micrograph out of 60 HCA+ and 39 control placentas is shown (100×·
magnification).
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Fig. 2.
Expression of MCP-1 in FIBs and SCTs using conventional PCR. Cultures of FIBs and
SCTs were maintained for 24 hr in the absence (C, control) or presence of 1 ng/ml IL-1β (I),
10 ng/mL TNF-α (T), 1 μg/mL LPS (L), or 1 μg/mL PG (P). Cellular RNA was then isolated
and converted to cDNA and conventional PCR was then carried out to examine expression
of MCP-1 (Upper Panel) and 18S RNA (Lower Panel). The size of the amplified products
for MCP-1 and 18S are shown at the left of the gel, and the molecular weight of the DNA
standards is shown at the right. NC, negative control. A representative experiment of three
identically conducted ones is shown.
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Fig. 3.
Analysis of LPS, PG, IL-1β, and TNF-α effect on MCP-1 expression in FIBs using
quantitative real-time PCR (qRTPCR). FIBs were maintained for 24 hr without (Ctrl) and
with 1 μg/mL PG, 1 μg/mL LPS, 1 ng/mL IL-1β or 10 ng/mL TNF-α. Following RNA
extraction and cDNA synthesis, levels of MCP-1 mRNA normalized to that of 18S RNA
were then determined using qRTPCR. Results are expressed as a mean MCP-1/18S ratio +
SEM from seven independent experiments. *P < 0.001 versus Control by ANOVA
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Fig. 4.
Effect of LPS, PG, IL-1β and TNF-α treatments on MCP-1 protein levels in conditioned
media of FIBs. Cultures of FIBs were maintained for 24 hr (a) or 48 hr (b) in the medium
without (Ctrl) and with the indicated concentration of LPS, PG, IL-1β, and TNF-α. Levels of
MCP-1 in culture media were then determined using ELISA following normalization to cell
protein. Results are expressed as a mean + SEM from six to nine independent experiments.
*P < 0.05 versus Control, **P < 0.001 versus Control by ANOVA
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Fig. 5.
Model: the role of placental stromal FIBs and MCP-1 in promoting focally increased levels
of HBCs in placentas from pregnancies with HCA.
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Table I

Comparison of CD68+ Cells in Pregnancies With and Without Histological Chorioamnionitis (HCA)

Variable HCA+ Control Statistical comparison

N 60 39

Gestational age (weeks) 39 (39–40) 39 (36–40) NS

Deliveries with labor/total 46/60 30/39 NS

CD68+ cells/100 Villi 150 62 P = 0.0324*

Immunohistochemical detection of CD68+ cells was carried out for the indicated number of specimens and analysis of results was performed as
described in ‘Methods’.

*
HCA+ versus Control by Mann–Whitney U-test.
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