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Recent evidence has linked preterm premature rupture
of the fetal membranes (PPROM) to placental abruption.
Because neutrophils are a rich source of proteases that
can degrade extracellular matrix in abruption-associ-
ated PPROM, we examined whether decidual neutrophil
infiltration complicates abruption-associated PPROM.
Accordingly, immunostaining for the neutrophil
marker CD15 was performed in placentas obtained after
overt abruption (decidual hemorrhage) with or without
PPROM and in control placentas. Abruptions were asso-
ciated with a marked decidual neutrophil infiltration
that peaked after PPROM, whereas decidua from gesta-
tional age-matched controls were virtually devoid of
neutrophils. Neutrophil infiltrates co-localized with fi-
brin deposition. Because abruptions elicit intense decid-
ua-enhanced thrombin production, we examined the
regulation of abruption-induced neutrophil infiltration.
Expression of the primary neutrophil chemoattractant
interleukin-8 (IL-8) was evaluated in leukocyte-free term
decidual cells incubated with estradiol (E2; control) or
with E2 � medroxyprogesterone acetate (to mimic preg-
nancy) � thrombin. After 24 hours, enzyme-linked im-
munosorbent assay measurements indicated that
thrombin (0.1 to 2.5 U/ml) elicited a dose-dependent
elevation in secreted IL-8 (P < 0.05) with 2.5 U/ml of
thrombin increasing IL-8 levels by >14-fold in E2 and
E2 � medroxyprogesterone incubations. Results were
validated by Western blot and quantitative reverse
transcriptase-polymerase chain reaction. In summary,
thrombin-enhanced IL-8 expression in term decidual
cells may explain how abruption-associated PPROM
promotes decidual neutrophil infiltration. (Am J
Pathol 2005, 167:1443–1449)

Although preterm premature rupture of the membranes
(PPROM) is associated with intra-amniotic infections,
there is now strong evidence linking PPROM with placen-
tal abruption (ie, decidual hemorrhage).1 Moreover, oc-
cult decidual hemorrhage and retrochorionic hematoma
formation, as reflected by decidual and extraplacental
membrane hemosiderin deposition, was reported in 72 of
192 (37.5%) of patients with PPROM compared with only
1 of 108 (0.8%) at term (P � 0.01) suggesting that the
association between PPROM and abruption is much
stronger than has been generally recognized.2 Preterm
membrane rupture is accompanied by increased mater-
nal- and fetal-derived protease activity.3,4 In infection-
derived PPROM, proinflammatory cytokines enhance
protease expression and neutrophil infiltration.5,6 By con-
trast, mechanisms underlying abruption-associated
PPROM are primarily unknown.

Decidual cells are a rich source of tissue factor,7,8 the
primary initiator of hemostasis. After abruption-related
hemorrhage, decidual cell (DC) tissue factor is poised to
bind to plasma-derived factor VIIa to activate factor X.
Factor Xa then complexes with its co-factor, factor Va, to
convert prothrombin to thrombin. The latter generates
fibrin from fibrinogen and activates platelets. Consistent
with this mechanism, consumption of fibrinogen is a stan-
dard method of assessing the severity of an abruption.
Moreover, elevated circulating thrombin-antithrombin
complex levels predict the subsequent occurrence of
preterm delivery due to preterm labor and/or PPROM with
a high sensitivity and specificity.9–11 Thus, marked de-
cidual thrombin production underlies abruption-associ-
ated prematurity and PPROM.
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In addition to its hemostatic properties, thrombin in-
duces an array of biological effects via cell surface pro-
tease-activated receptors. Previously, we demonstrated
that thrombin binds to its protease-activated receptor-1
receptor to reverse progestin inhibition of matrix metallo-
proteinase-1 (MMP-1) (interstitial collagenase) and
MMP-3 (stromelysin-1) expression in unpassaged term
DCs as well as in in vitro decidualized endometrial stro-
mal cells derived from cycling endometrium.12,13 Thus,
thrombin may play a pivotal role in the generation of
proteases required for abruption-associated PPROM.
Our finding that thrombin also augments expression of
interleukin-8 (IL-8), a potent neutrophil chemoattractant
and activator, in cycling endometrium14 prompted spec-
ulation that abruption-associated PPROM would lead to
thrombin-induced IL-8 expression in term DCs and result
in neutrophil infiltration. Because neutrophils are a rich
source of extracellular matrix-degrading proteases15–17

such an infiltrate could contribute to the intense extracel-
lular matrix degradation involved in fetal membrane rup-
ture. Thus, the current study sought to determine the
extent of decidual neutrophil infiltration in placentas and
their fetal membranes complicated by abruption with and
without PPROM in the absence of clinical infection by
immunohistochemical localization of the neutrophil
marker CD15 and to test the hypothesis that thrombin
could promote such neutrophil trafficking by enhancing
IL-8 expression in a novel leukocyte-free, term DC culture
system.

Materials and Methods

Specimens

Fifteen placentas with abruption between 24 and 40
weeks (median, 31 weeks) were randomly selected from
the case files of the Department of Human Pathology and
Oncology, University of Siena, Siena, Italy. Only cases
with clinically obvious abruption documented by the ul-
trasonographic appearance of a retroplacental hema-
toma, generally accompanied by vaginal bleeding were
chosen as cases. An emergency cesarean delivery was
performed in 12 cases (10 live born infants and 2 intra-
partum deaths), whereas 3 patients delivered vaginally (1
live born infant at term and 2 intrapartum deaths). Two
patients had accompanying PPROM. Eight control pla-
centas were obtained after cesarean delivery between 28
and 40 weeks (median, 36 weeks), due to term breech
presentation or from mothers with preterm preeclampsia.
Only cases and controls from singleton gestations with-
out clinical diagnosis of chorioamnionitis were included.
Approval for this study was granted by the Human Insti-
tutional Investigation Committee of the University of Si-
ena. Informed consent was obtained from all women.
Placenta sampling for histology included multiple full-
thickness placental blocks (10 mm � 10 mm) and sec-
tions of the umbilical cord at three different levels. For
each specimen, a block that best represented the mater-
nal decidua was selected for immunohistochemistry. The
number of neutrophils in the decidua and membranes

was evaluated using a semiquantitative method, accord-
ing to the following scoring system: 1, isolated neutro-
phils infiltrating the decidua, no polymorphonuclear
leukocytes found in the membranes; 2, focal dense neu-
trophil infiltration in the decidua and isolated polymorpho-
nuclear leukocytes in the membranes; 3, focal dense
neutrophil infiltration in the decidua and membranes.

Immunohistochemistry

Sections (4 �m) of paraffin-embedded placenta tissues
were cut, deparaffinized, rehydrated, and washed in Tris-
buffered saline (20 mmol/L Tris-HCl, 150 mmol/L NaCl,
pH 7.6). Tris-buffered saline was used for all subsequent
washes and for dilution of the antibody. Antigen retrieval
was performed by incubating sections in sodium citrate
buffer (10 mmol/L, pH 6.0) in a microwave oven at 750 W
for 5 minutes. Sections were subsequently rinsed in 3%
hydrogen peroxide to block endogenous peroxidase and
incubated for 1 hour at room temperature with a mono-
clonal antibody against the neutrophil-specific antigen
CD15 (Caltag Laboratories, Burlingame, CA). Staining
was visualized using the avidin-biotin peroxidase com-
plex (Vectastain ABC kit, Vector Laboratories, Burlin-
game, CA) and the 3,3�-diaminobenzidine tetrahydro-
chloride (Sigma, St. Louis, MO) chromogen substrate.
Light hematoxylin stain was used for nuclear counter-
staining. Negative controls for each tissue section were
prepared by substituting the primary antibody with the
corresponding preimmune serum. For each specimen,
three hematoxylin and eosin-stained slides and at least
one immunohistochemical slide were prepared. Co-local-
ization of neutrophils with fibrin was performed by sub-
jecting serial sections to either anti-CD15 or fibrin-spe-
cific Picro-Mallory stain using a commercially available kit
(Bio-Optica, Milan, Italy). All slides were evaluated and
scored by an experienced immunopathologist (P.T.) with
�99% concordance in scores on repeat observation.

Isolation of Decidual Cells (DCs)

Placentas and attached fetal membranes were obtained
from patients with uncomplicated pregnancies undergo-
ing repeat cesarean deliveries at term either at Bellevue
Hospital or Yale-New Haven Hospital under investiga-
tional review board and human investigation committee
approval, respectively. The decidua was scraped from
the maternal surface of the chorion, minced, and di-
gested in a shaking water bath at 37°C for 30 minutes in
Ham’s F-10 � 10% charcoal-stripped calf serum (Flow
Laboratories, Rockville, MD) plus 25 mg/ml of collage-
nase (200 U/mg) (Worthington Biochemical Corp., Free-
hold, NJ); DNase (6.25 U/ml) (Sigma-Aldrich, St. Louis,
MO) was then added to the digestate and the incubation
was continued for 45 minutes. The digestate was then
passed through a 23-gauge needle to dissociate remain-
ing cell clusters and the isolated cells were centrifuged at
1500 rpm for 5 minutes at 4°C then washed in Ham’s
F-10. This procedure was repeated three times and the
final cell pellet was resuspended (1 g/ml) in 20% Percoll
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(Sigma-Aldrich), layered on a (60%:50%:40%) discontin-
uous Percoll gradient, and centrifuged at 22,000 rpm for
20 minutes at 4°C. The top cell layer was washed by
resuspension and centrifugation � 2 at 1500 rpm for 5
minutes at 4°C in Ham’s F-10 and the resulting cell pellet
was resuspended in 40% Percoll (1 g of tissue/ml), lay-
ered on a discontinuous (55%:50%:40%) Percoll gradi-
ent, then centrifuged at 22,000 rpm for 20 minutes at 4°C.
The top cell layer was washed twice in serum-free Ham’s
F-10, and then centrifuged at 500 rpm for 5 minutes at
4°C, resuspended in Ham’s F-10 � 10% stripped calf
serum, and DCs counted in a hemocytometer.

Cell Cultures

Isolated DCs (5 � 105 cells/ml) were cultured in basal
medium, a phenol red-free 1:1 v/v mix of Dulbecco’s
modified Eagle’s medium (Life Technologies, Inc., Grand
Island, NY) and Ham’s F-12 (Flow Laboratories) with 100
U/ml penicillin, 100 �g/ml streptomycin, 0.25 �g/ml fun-
gizone supplemented with 10% stripped calf serum and
seeded onto polystyrene tissue culture dishes coated
with 2% type B gelatin (Sigma-Aldrich). Because leuko-
cytes express IL-818 we sought to ensure that the DC
cultures were leukocyte-free. Cultures were grown to
confluence in a standard 95% air:5% CO2 incubator at
37°C and passaged � 6. Fluorescent antibody cell sort-
ing for the presence of CD45� was conducted as previ-
ously described19 and demonstrated that unpassaged
cultures contained 12 to 15% CD45� cells whereas pas-
saged cultures were �99% free of this common leuko-
cyte marker. The latter were used for experimental cell
incubations.

Experimental Cell Incubations

Confluent DCs were incubated for 7 days in basal me-
dium � 10% stripped calf serum with 10�8 mol/L estra-
diol (E2) or E2 plus 10�7 mol/L medroxyprogesterone
acetate (MPA) (Sigma-Aldrich) with one change of me-
dium. Because circulating levels of both E2 and proges-
terone are high during the third trimester, E2 was used as
the control incubation for evaluating the effects of the
progestin, MPA. The latter was used because Arici and
colleagues20 demonstrated that native progesterone is
rapidly metabolized in vitro. The cultures were washed
twice with Hanks’ balanced salt solution to remove resid-
ual serum components and switched to a serum-free
defined medium (DM) consisting of basal medium plus
ITS� (BD Biosciences, Bedford, MA), 5 �m FeSO4, 50
�m ZnSO4, 1 nm CuSO4, 20 nm Na2SeO3, trace elements
(Life Technologies, Inc.), 50 �g/ml ascorbic acid (Sigma-
Aldrich), and 50 ng/ml epidermal growth factor (BD Bio-
sciences, Bedford, MA) containing the corresponding
vehicle or steroid(s) with or without thrombin (American
Diagnostica, Greenwich, CT). In some experiments,
thrombin and hirudin (Sigma-Aldrich) were mixed and
preincubated for 30 minutes at room temperature before
incubation with DCs. After experimental treatment, con-
ditioned DM was centrifuged and the supernatant was

stored at �20°C. The DC lysates were stored at �20°C.
RNA was extracted from parallel cultures with Tri Reagent
as recommended by the manufacturer (Sigma-Aldrich).

Protein Assays

Immunoreactive IL-8 was measured in the conditioned
media by enzyme-linked immunosorbent assay (ELISA)
(R&D Systems, Minneapolis, MN). The ELISA assay has a
sensitivity of 3.5 pg/ml and intra-assay and inter-assay
coefficients of variation of 4.6% and 6.7%, respectively.
The protein content of the cell lysates was determined by
the Bio-Rad assay (Bio-Rad Laboratories, Hercules, CA),
respectively.

Western blot analysis was conducted on supernatants
of conditioned medium prepared by diluting the media
1:1 in reducing sample buffer (composed of Laemmli
sample buffer and 2-mercaptoethanol, Bio-Rad Labora-
tories) and then boiling for 3 minutes. Prepared media
were centrifuged then electrophoresed on a 10 to 20%
sodium dodecyl sulfate polyacrylamide linear gradient
gel (Bio-Rad Laboratories). The gel was electroblotted
onto a 0.2-�m nitrocellulose membrane (Bio-Rad Labo-
ratories). After transfer, the membrane was blocked over-
night in phosphate-buffered saline (PBS) with 1% casein
and then incubated for 2 hours with 1.5 �g/ml of a mouse
anti-human IL-8 monoclonal antibody (R&D Systems) di-
luted in 1% casein in PBS. Membranes were rinsed in
PBS and 0.2% Tween 20 before and after incubation with
horseradish peroxidase-conjugated anti-mouse IgG (ICN
Biomedicals, Aurora, OH). Chemiluminescence was de-
tected with enhanced chemiluminescence reagents (Per-
kin-Elmer Life Sciences, Boston, MA) and audioradiogra-
phy film (Amersham Pharmacia, Buckinghamshire, UK)
according to the manufacturers’ instructions.

Real-Time Quantitative Reverse Transcriptase-
Polymerase Chain Reaction (RT-PCR) Assays

To verify that the IL-8 and �-actin probes yielded the
correct bands, extracted RNA from experimental cell in-
cubations were subjected to semiquantitative RT-PCR
using a kit from Invitrogen (Carlsbad, CA) and performed
for 35 cycles with the Eppendorf Mastercycler (Eppen-
dorf, Westbury, NY). To perform quantitative real-time
RT-PCR, reverse transcription was initially performed with
AMV reverse transcriptase (Invitrogen). A quantitative
standard curve was created between 500 pg to 250 ng of
cDNA with a Roche Light Cycler (Roche, Indianapolis, IN)
by monitoring increasing fluorescence of PCR products
during amplification. On establishing the standard curve,
quantitation of the unknowns was determined with the
Roche Light Cycler and adjusted to the expression of
�-actin from the corresponding unknowns. Melting curve
analysis determined the specificity of the amplified prod-
ucts and the absence of primer-dimer formation. All prod-
ucts obtained yielded correct melting temperatures. The
following primers were synthesized and gel-purified at
the Yale DNA Synthesis Laboratory, Critical Technolo-
gies: �-actin: sense, 5�-CGTACCACTGGCATCGTGAT-3�

PPROM in Placental Abruption 1445
AJP November 2005, Vol. 167, No. 5



Figure 1. Immunolocalization of CD15-positive cells (brown stain; details in Materials and Methods) in term (A) and preterm (B) control specimens as well as
in patients with abruption (C and D). E: Conspicuous deposition of fibrin stained in red by the Picro-Mallory reagent. Decidua cells (arrow) are visible under
the fibrin clot. F: CD15 immunostaining on a consecutive section. Note numerous CD15-positive cells in the decidua and in the fibrin clot. Original magnifications:
�200 (A–D); �40 (E, F).
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and anti-sense, 5�-GTGTTGGCGTACAGGTCTTTG-3�;
size, 452 bp; IL-8: sense, 5�-CACAAGAGCCAGGAA-
GAAAC-3� and anti-sense, 5�-CTACAACAGACCCACA-
CAATAC-3�, size 459 bp.

Statistical Analysis

Comparisons of cases and controls were performed us-
ing the Kruskall-Wallis analysis of variance on ranks test
followed by the Student-Newman-Keuls post hoc test with
a P value less than 0.05 representing statistical signifi-
cance. Normally distributed data were analyzed using a
Student’s t-test. For immunohistochemistry, the number
of positively stained cells in control and abruption cases
were compared using the �2 test, with significance set at
a probability value of �0.05.

Results

Immunohistochemistry

There was no significant age differences between the 8
controls and 15 cases in maternal age (32.1 � 3.9 years
old versus 32.8 � 5.4 years old; P � 0.7), gestational age
at delivery (34.4 � 4.7 weeks versus 32.2 � 5.2 weeks;
P � 0.3), or mode of delivery (8 of 8 cesarean deliveries
versus 12 of 15 cesarean deliveries; P � 0.17). In control
cases (Figure 1; n � 8), a minimal inflammatory infiltrate
was present in the decidua. Only isolated neutrophils,
identified by their morphological appearance and posi-
tive immunostaining for CD15, were observed in either
term control specimens obtained after an uncomplicated
pregnancy and delivered by elective cesarean delivery
(Figure 1A) or from preterm control patients undergoing a
cesarean delivery because of preeclampsia (Figure 1B).
In the placenta, umbilical cord, and amniotic mem-
branes, no infiltration by neutrophils was observed. In
contrast, abruption cases (n � 15) consistently displayed
variable degrees of inflammatory infiltrate. Four cases
presented with isolated neutrophils in the decidua and
lack of an inflammatory infiltrate in the amniochorion or
intravillous compartments whereas nine cases showed
focal dense decidual neutrophil infiltration (Figure 1, C
and D). In these cases isolated neutrophils were also
present in the amniotic membranes. The two patients with
abruption and PPROM had the most extensive infiltration
of neutrophils both in the decidua and membranes. Sta-
tistical analysis showed that the number of CD15-positive
cells was significantly higher in abruption cases com-
pared to control placentas. Thus, although all eight of the
control specimens stained at the minimal level, 73% of
the case specimens stained at either the intermediate or
most intense level (�2 � 11.244; df � 2; P � 0.004).
Figure 1E demonstrates dense fibrin deposition, reflec-
tive of local thrombin generation, in decidua from a pa-
tient with an abruption. A serial section (Figure 1F) clearly
demonstrated co-localization of neutrophils with this
fibrin.

In Vitro Studies

Figure 2 demonstrates that after 24 hours of incubation,
thrombin (2.5 U/ml) markedly enhanced levels of immu-
noreactive IL-8, whereas DC cultures were refractory to
MPA. Specifically, thrombin elevated IL-8 output by more
than 14-fold (P � 0.05) in the presence of either E2 or E2

� MPA. Figure 3 demonstrates statistically significant
dose-dependent effects of adding thrombin between 0.1
and 2.5 U/ml in cultures maintained in E2 � MPA with
peak effects evident at the physiological limit of 2.5 U/ml.

Western blot analysis validated the ELISA results.
Thus, the Western blot depicted in Figure 4 reveals the
presence of a single band in the DC-conditioned medium
that migrated with the molecular weight of authentic IL-8.
Moreover, changes in the levels of IL-8 conformed to the
same pattern established by the ELISA measurements
depicted in Figure 2. As expected from its well-docu-
mented thrombin inactivating properties, Figure 5 indi-
cates that hirudin acted as a pure thrombin antagonist,
exerting no effects on IL-8 expression when added alone,
but completely blocking the thrombin effects.

Figure 6 displays the separate and interactive effects
of the steroids and thrombin on steady-state IL-8 mRNA
levels after 5 hours in DM. Levels of IL-8 mRNA were
significantly enhanced in cultures incubated with E2 �
MPA compared with E2 alone. Moreover, thrombin signif-
icantly up-regulated IL-8 mRNA levels in both E2 and in
E2 � MPA-treated cultures (P � 0.05) with the highest
steady state values evident in incubations with E2 � MPA.

Figure 2. Effects of E2, MPA, and thrombin on IL-8 output by DC monolay-
ers. Confluent passaged, leukocyte-free, term DCs were incubated for 7 days
in 10�8 mol/L E2 or E2 � 10�7 mol/L MPA, then switched to DM with
corresponding steroid(s) � 2.5 U/ml thrombin (Th) for 24 hours. IL-8 levels
were measured by ELISA in conditioned DM and normalized to cell protein
(details in Materials and Methods). *P � 0.05, E2 versus E2 � Th; **P � 0.05
E2 � MPA versus E2 � MPA � Th (n � 10 for all groups, mean � SEM).

Figure 3. Dose response effects of thrombin on IL-8 output by DC mono-
layers maintained in the presence of E2 � MPA. Confluent DCs were incu-
bated for 7 days in 10�8 mol/L E2 � 10�7 mol/L MPA, then switched to DM
with corresponding steroid(s) � 0.1 U/ml (low), 0.5 U/ml (med), and 2.5
U/ml (hi) thrombin (Thr) for 24 hours. IL-8 levels were measured by ELISA
in conditioned DM and normalized to cell protein (details in Materials and
Methods). *Versus E2 � MPA; **versus E2 � MPA � Th (low); and ***versus
E2 � MPA � Th (med) (P � 0.05, mean � SEM, and n � 10 for all groups).
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When compared with E2, thrombin increased IL-8 mRNA
levels by approximately eightfold, and more than 30-fold
when thrombin was added with E2 � MPA. Despite the
large increases in IL-8 mRNA after 5 hours of incubation
in DM, ELISA results showed no appreciable increase in
secreted IL-8 levels by 6 hours (results not shown) and no
differential steroid effects as indicated in Figure 2, by 24
hours.

Discussion

IL-8 is a member of the CXC chemokine superfamily that
promotes trans-endothelial cell migration of neutrophils
by inducing shape change, respiratory burst, enhanced
expression of adhesion molecules, chemoattraction,
and activation.21–23 Neutrophil infiltration of the cervix
and fetal membranes is strongly associated with PPROM
and preterm labor accompanying intra-amniotic infec-
tion,24 but has not been specifically evaluated in abrup-
tions or abruption-associated PPROM.25 The current
study establishes the novel association between the de-
cidual hemorrhage of abruption and neutrophil infiltration.
Thus, co-localization of fibrin deposition with neutrophil
infiltration was demonstrated and although the number of
specimens available was limited, maximum decidual
neutrophil infiltration was observed in the setting of
abruption-induced PPROM.

That IL-8 is a key mediator of the neutrophil infiltration
of the decidua and fetal membranes observed in these
pathological states is suggested by a report that IL-8

levels are elevated in the serum, cervicovaginal secre-
tions, and amniotic fluid of women at risk for preterm
labor and PPROM.26,27 Although the infection-associated
cytokines, IL-1�, and tumor necrosis factor-� induce IL-8
expression in many cell types via enhancement of nu-
clear factor-�B,22 an increase in IL-8 levels in the amni-
otic fluid of patients at risk for preterm delivery has also
been observed in the absence of infection28 suggesting
that noninfectious mediators could also regulate its ex-
pression. Our current findings suggest that thrombin may
be just such a noninfectious-associated mediator of IL-8
expression in term DCs and help account for the abrup-
tion-related influx of neutrophils into the decidua noted in
this study. Indeed, we demonstrated clear co-localization
of thrombin-induced fibrin with neutrophil infiltrates.

We previously showed that thrombin up-regulates ex-
pression of MMP-1 and MMP-3 in term DCs.12,13 We now
provide strong evidence that thrombin also initiates the
influx of neutrophils into the decidua via enhanced de-
cidual IL-8 expression. Neutrophils are a rich source of
elastase and MMP-9.15–17 MMP-1, -3 and -9 display
unique substrate specificities, and MMP-3 has the ca-
pacity to activate the zymogenic forms of other
MMPs.29,30 The potential for these MMPs to interact with
each other and with neutrophil-derived elastase suggests
that thrombin initiates an extracellular matrix-degrading
proteolytic cascade mediating abruption-associated
PPROM.

In stromal cell monolayers derived from cycling endo-
metrium, the addition of progestin markedly inhibits ex-
pression of IL-814 as well as MMP-1 and MMP-3,31–34 but
augments expression of tissue factor35 and plasminogen
activator inhibitor-type 1.36,37 Similarly, in cultured term
DCs, progestin inhibits basal and thrombin-induced
MMP-1 and MMP-3 expression12,13 and enhances the
expression of tissue factor and plasminogen activator
inhibitor-type 1 (unpublished results), indicating that ste-
roid responsiveness is retained despite three trimesters
of continuous exposure to high concentrations of proges-
terone and estrogen. However, in contrast to the proges-
tational inhibition of basal and thrombin-induced IL-8 in
decidualized stromal cell cultures derived from cycling
endometrium, the current study found that progestin did

Figure 4. Western blot of thrombin effects on IL-8 output by in vitro DCs.
Confluent DCs were incubated for 7 days in 10�8 mol/L E2 or E2 � 10�7

mol/L MPA, then switched to DM with corresponding steroid(s) � 2.5 U/ml
thrombin (Th) for 24 hours. The conditioned medium was then subjected to
Western blotting (see Materials and Methods). Lane 1: E2; lane 2: E2 � Th;
lane 3: E2 � MPA; and lane 4: E2 � MPA � Th.

Figure 5. Effects of hirudin, thrombin, or both on IL-8 output by DC mono-
layers maintained in the presence of E2 � MPA. Confluent DCs were incu-
bated for 7 days in 10�8 mol/L E2 � 10�7 mol/L MPA, then switched to DM
with corresponding steroid(s) � 0.5 U/ml thrombin (Th), or 0.5 or 2 U/ml
hirudin (Hir), or hirudin plus thrombin for 24 hours. IL-8 levels in condi-
tioned DM were measured by ELISA and normalized to cell protein (mean �
SD, n � 2) (details in Materials and Methods).

Figure 6. Quantitative RT-PCR of effects of E2, MPA, and thrombin on IL-8
mRNA levels in leukocyte-free term DC monolayers. Confluent DCs were
incubated for 7 days in 10�8 mol/L E2 or E2 � 10�7 mol/L MPA, then
switched to DM with corresponding steroid(s) � 2.5 U/ml thrombin (Thr) for
5 hours. IL-8 mRNA levels were measured by quantitative RT-PCR of throm-
bin in conditioned DM and normalized to �-actin mRNA levels (details in
Materials and Methods). Ordinate: IL-8 mRNA/� actin mRNA. *Versus E2,

**versus E2 � MPA (P � 0.05, mean � SEM, and n � 4 for all groups).
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not significantly affect either basal or thrombin-induced
IL-8 protein expression in term DCs. Indeed, progestin
actually augmented both basal and thrombin-induced
IL-8 mRNA levels.
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