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Preeclampsia, a common pregnancy disorder associ-
ated with an increase in systemic inflammation, is the
leading cause of maternal and fetal morbidity and
mortality throughout the world. It is associated with
shallow extravillous trophoblast invasion of the de-
cidua, leading to uteroplacental blood flow that is
inadequate for the developing fetal-placental unit. In
preeclamptic women, interleukin-6 (IL-6) levels in
plasma, but not placenta, are elevated, prompting
evaluation of the decidua as a potential source of this
excess, circulating IL-6. The current study found sig-
nificantly higher immunohistochemical staining for
IL-6 in decidual cells from preeclamptic versus pre-
term, gestational age-matched control placentas. Pro-
inflammatory cytokines associated with the genesis
of preeclampsia (i.e., tumor necrosis factor-a and
interleukin-1B) enhanced IL-6 mRNA levels and in-
creased secreted IL-6 levels in first trimester leukocyte-
free decidual cell incubations, as measured by real
time quantitative RT-PCR, ELISA, and Western blot-
ting. Therefore, decidual cell-derived IL-6 may con-
tribute to excess circulating IL-6 levels that can
promote both endothelial cell dysfunction (and
subsequent vascular dysfunction) and the patho-
genesis of preeclampsia whereas locally elevated
IL-6 levels may contribute to an excess of decidual
macrophages implicated in shallow extravillous

trophoblast invasion of the decidua. (4m J Pathol
2008, 172:1571-1579; DOI: 10.2353/ajpath.2008.070629)

Maternal-fetal interactions create a mild systemic inflam-
matory state exemplified by activation of both vascular
endothelium and leukocytes that is most apparent in the
third trimester of uncomplicated human pregnancies.’
Preeclampsia is a common disorder of human pregnancy
that is associated with a further increase in systemic
inflammation.” It is a leading cause of maternal and fetal
morbidity and mortality throughout the world and compli-
cates an estimated 6 to 8% of pregnancies in the United
States.? A comprehensive model of preeclampsia® indi-
cates that immune maladaption at the implantation site
contributes to impaired trophoblast invasion and subse-
quent incomplete transformation of the decidual spiral
arteries and arterioles.®>* The resulting reduced utero-
placental blood flow produces placental ischemia and
hypoxia.>® The latter is associated with a maternal circu-
lation containing reduced levels of angiogenic factors”°
and elevated levels of anti-angiogenic factors,®~'" pla-
cental debris, 'S reactive oxygen species,''® and
proinflammatory cytokines.'®72¢ Altered levels of these
circulating factors promote endothelial cell activation and
vascular damage leading to proteinuria and hyperten-
sion, the primary symptoms of the maternal syndrome of
preeclampsia.??’

Numerous reports indicate that the plasma of pre-
eclamptic patients contains elevated levels of interleu-
kin-6 (IL-6),"%72® a multifunctional cytokine that regulates
hematopoiesis as well as the acute phase reaction®® and
modulates both pro- and anti-inflammatory events.?® That
IL-6 also interferes with endothelial cell function®®2" sug-
gests that preeclampsia-associated elevated plasma
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IL-6 levels contribute to the systemic endothelial activa-
tion and vascular damage that culminates in the maternal
syndrome. Several studies examined the placenta as a
source of excess circulating IL-6, but found that IL-6
expression was either unchanged'®32-34 or reduced® in
preeclamptic versus control placentas.

The current study evaluated the implantation site as a
potential source of IL-6 expression in preeclampsia. Im-
munohistochemical comparisons were made between
IL-6 levels in decidual cells and in adjacent interstitial
cytotrophoblasts in preeclamptic versus gestational age-
matched control placentas. Tumor necrosis factor-a
(TNF-a) and interleukin-18 (IL-1B) are associated with
several aspects of the pathogenesis of preeclamp-
sia.3673% A significant subset of cases of preeclampsia is
associated with underlying maternal infections that are a
source of these proinflammatory cytokines.? Moreover,
TNF-«, derived from an excess of macrophages in the
preeclamptic decidua,*® is implicated in inhibition of tro-
phoblast invasion.®®2° Therefore, regulation of IL-6
mMRNA and protein expression was assessed in cultured
decidual cells, the predominant cell type encountered by
invading cytotrophoblasts.*’ Specifically, leukocyte-free
first trimester human decidual cells were incubated with
each proinflammatory cytokine together with estradiol
(E,) as the control incubation, or with E, plus medroxy-
progesterone acetate (MPA) to mimic the steroid milieu of
pregnancy.

Materials and Methods

Patients and Tissue

Biopsies of decidua basalis used for immunohistochem-
istry obtained from placentas of both preeclamptic and
gestational age-matched controls, were formalin-fixed
and paraffin-embedded under approval of the Yale Uni-
versity School of Medicine Human Investigation Commit-
tee. Table 1 provides relevant clinical details of the pa-
tients and controls. Patients with preeclampsia (n = 10)
were diagnosed according to standard criteria,*? with

nine of the patients meeting the criteria for severe pre-
eclampsia with either a systolic blood pressure >160
mmHg or a diastolic blood pressure >110 mmHg on two
occasions 6 hours apart, with the presence of significant
proteinuria >5 g in a 24-hour urine collection. Placental
specimens were obtained from cesarean delivery without
labor in all preeclamptic patients or gestational age-
matched controls with idiopathic preterm labor without
signs of preeclampsia (n = 10). Control placental spec-
imens were obtained after either cesarean or vaginal
delivery and none displayed any clinical or histological
evidence of chorioamnionitis or chronic villitis.

First-trimester decidual specimens were obtained from
nine elective terminations between 8 and 12 weeks of
gestation under Institutional Review Board approval at
Bellevue Hospital, New York, NY. After separating the
decidua from the amnio-chorion, a small portion of each
specimen was formalin-fixed and paraffin-embedded
then histologically examined for signs of underlying acute
and chronic inflammation. The remainder was used for
decidual cell isolation.

Immunohistochemistry

Five-um sections of paraffin-embedded samples were
deparaffinized in xylene and rehydrated in a graded eth-
anol series. The slides were then boiled in citrate buffer
(10 mmol/L, pH 6.0) for 15 minutes for antigen retrieval.
Sections were immersed in 3% hydrogen peroxide (in
50% methanol/50% distilled water) for 15 minutes to
block endogenous peroxidase then incubated in a hu-
midified chamber with 5% blocking horse serum in Tris-
buffered saline (TBS) (Lab-Vision, Fremont, CA) for 30
minutes at room temperature. After removing excess se-
rum, the serial sections were incubated with either mouse
monoclonal anti-human IL-6 antibody (10 wg/ml) in 1%
blocking horse serum in TBS (R&D Systems, Minneapo-
lis, MN) or mouse monoclonal anti-vimentin antibody
or anti-cytokeratin antibody (1:100 dilution in TBS)
(DakoCytomation, Carpinteria, CA) overnight at 4°C in a
humidified chamber. For negative controls, normal

Table 1. Characteristics of the Women Who Provided Placental Samples

Variable Preeclampsia (n = 10) Preterm control (n = 10) P value
Age, years* 313 24 =3 0.065
Nulliparity™ 5(50) 5(50) 1.000
Gestational age, weeks* 29.7 1.2 305+1.0 0.605
Systolic blood pressure, mmHg* 172 £7 117 £ 6 <0.001
Diastolic blood pressure, mmHg* 102 £ 2 62 +3 <0.001
Dipstick protein* 412 to 4] 0[0to 0] <0.001
24-hour protein, g 5[0.7 to 7.2] NA NA
IUGRT 3(30) 0(0) 0.211
HELLP syndrome’ 3(30) 0(0) 0.211
PPROMT 0(0) 5(50) 0.033
Birth weight, g* 1077 = 139 1532 + 202 0.085
Cesarean delivery’ 8 (80) 3(30) 0.070
Histological chorioamnionitis stages Il to Il 0(0) 0(0) 1.000

*Data presented as mean = SEM and analyzed by Student’s t-test.
TData presented as n (%) and analyzed by Fisher’s exact test.

*Data presented as median [range] and analyzed by Mann-Whitney test.

PPROM, preterm premature rupture of the membranes; IUGR, intrauterine growth restriction; HELLP, syndrome of hemolysis, elevated liver

enzymes, and low platelets.



mouse IgG isotypes were used at the same concentra-
tions as the primary antibodies. The sections were
washed three times for 5 minutes in TBS then treated with
biotinylated horse anti-mouse secondary antibody (Vec-
tor Laboratories, Burlingame, CA) at a 1:400 dilution for
30 minutes at room temperature. The antigen-antibody
complex was detected with an avidin-biotin-peroxidase
kit (Vector Laboratories). Diaminobenzidine (3,3-diamino-
benzidine tetrahydrochloride dehydrate) (Vector Labora-
tories) was used as the chromogen, and sections were
counterstained with hematoxylin and mounted with Per-
mount (Fisher Chemicals, Springfield, NJ) on glass
slides.

The intensity of IL-6 immunostaining was evaluated
semiquantitatively using the following categories: 0 (no
staining), 1+ (weak, but detectable, staining), 2+ (mod-
erate or distinct staining), and 3+ (intense staining). For
each specimen an HSCORE value was derived by cal-
culating the sum of the percentage of cells that stained in
each intensity category and multiplying that value by the
weighted intensity of the staining, using the formula
HSCORE = Pi (i + ), where i represents the intensity
score, and Pi is the corresponding percentage of cells.*3
In each slide, five different areas and 100 cells per area
were evaluated microscopically with a x40 objective
magnification. The percentage of cells at each intensity
within these areas was determined at different times by
two investigators blinded to the source of the samples,
and the average score was used.

Isolation of Decidual Cells

Digestion of minced tissues with 0.1% collagenase type
IV and 0.01% DNase in RPMI containing 20 ug/ml of
penicillin/streptomycin and 1 wl/ml of fungizone) (Invitro-
gen, Carlsbad, CA) in a 37°C shaking water bath for 30
minutes was followed by washing with sterile phosphate-
buffered saline (PBS) for three times and then subjected
to consecutive filtration through 100-pm, 70-um, and
40-um Millipore filters (Millipore Corp., Bedford, MA).
Cells were resuspended in RPMI, grown to confluence on
polystyrene tissue culture dishes, harvested using tryp-
sin/ethylenediaminetetraacetic acid, and analyzed by
flow cytometric analysis with anti-CD45 and anti-CD14
monoclonal antibodies (BD Pharmingen, San Diego, CA)
to monitor the presence of leukocytes after each pas-
sage. After three to four passages, cell cultures were
found to be leukocyte-free (<1%). Cultured decidual
cells were vimentin-positive and cytokeratin-negative and
displayed decidualization-related morphological and bio-
chemical changes during incubation with a progestin. De-
cidualization-related biochemical changes included en-
hanced expression of prolactin and plasminogen activator
inhibitor-1 (PAI-1) and inhibited expression of interstitial col-
lagenase and stromelysin-1 (data not shown). Cell aliquots
were frozen in fetal calf serum/dimethyl sulfoxide (9:1) (Sig-
ma-Aldrich, St. Louis, MO) and stored in liquid nitrogen.
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Experimental Incubations

Thawed cells were incubated in basal medium [a phenol
red-free 1:1 v/v mix of Dulbecco’s modified Eagle’s me-
dium (Invitrogen) and Ham’s F-12 (Flow Labs, Rockuville,
MD), with 100 U/ml penicillin, 100 ng/ml streptomycin,
0.25 pg/ml fungizone] supplemented with 10% charcoal-
stripped calf serum. After two additional passages, con-
fluent cultures were incubated in parallel in BMS contain-
ing either 0.1% ethanol, as vehicle control or 108 mol/L
estradiol (E,) with or without 10~7 mol/L MPA (Sigma-
Aldrich), which was used in place of progesterone be-
cause of its greater stability in culture.** The use of E, as
the control incubation for E, plus MPA was prompted by
elevated circulating E, and progesterone levels during
gestation. After 7 days, the cultures were washed twice
with Hanks’ balanced salt solution to remove residual
serum elements. The cultures were switched to a defined
medium (DM) consisting of BM plus ITS+ (Collaborative
Research, Waltham, MA), 5 umol/L FeSO,, 50 wmol/L
ZnSQ,, 1 nmol/L CuSO,, 20 nmol/L Na,SeO,, trace ele-
ments (Invitrogen), 50 wg/ml ascorbic acid (Sigma-Al-
drich), and 50 ng/ml epidermal growth factor (Becton-
Dickinson, Bedford, MA) with either vehicle or steroids or
0.01 to 10 ng/ml of IL-1B or TNF-a (R&D Systems). After
the test period, cells were harvested by scraping into ice-
cold PBS, pelleted, and extracted in ice-cold lysis buffer.
Conditioned medium supernatants and cell lysates were
stored at —70°C. Total RNA was extracted from parallel
incubations with Tri Reagent (Sigma-Aldrich).

Enzyme-Linked Immunosorbent Assay (ELISA)

Total cell protein levels were measured by a modified
Lowry assay (Bio-Rad Laboratories, Inc., Hercules, CA).
An ELISA kit from R&D Systems measured IL-6 levels in
the cell-conditioned DM according to the manufacturer’s
instructions. The sensitivity of the ELISA is 0.7 pg/ml with
intra-assay and interassay coefficients of variation of
3.1% and 2.7%, respectively.

Western Blotting

Western blot analysis was performed on concentrated
conditioned DM supernatants, which were diluted 1:1 in
Laemmli sample buffer and then boiled for 3 minutes. The
samples were subjected to electrophoresis on a 10 to
20% sodium dodecyl sulfate polyacrylamide linear gra-
dient gel (Bio-Rad) with subsequent electroblotting trans-
fer onto a 0.2-um nitrocellulose membrane (Bio-Rad).
After transfer, the membrane was blocked overnight in
Tris-buffered saline (Fisher, Fairlawn, NJ) with 4% nonfat
dry milk and then incubated for 2 hours with 0.2 ng/ml of
a mouse anti-human IL-6 monoclonal antibody (R&D Sys-
tems). Membranes were rinsed in PBS and 0.2% Tween
20 before and after incubation with horseradish peroxi-
dase-conjugated anti-mouse IgG (ICN Biomedicals, Au-
rora, OH). Chemiluminescence was detected with en-
hanced chemiluminescence reagents (Perkin Elmer Life
Sciences, Boston, MA) and audioradiography film (Am-
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ersham Pharmacia, Buckinghamshire, UK) according to
the manufacturers’ instructions.

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

To verify that the IL-6 and B-actin probes yielded the
correct bands, extracted RNA from experimental cell in-
cubations were subjected to semiquantitative RT-PCR
using a kit from Invitrogen, performing 35 cycles with the
Eppendorf Mastercycler (Eppendorf, Westbury, NY). To
perform quantitative real-time RT-PCR, reverse transcrip-
tion was initially performed with AMV reverse transcrip-
tase (Invitrogen). A quantitative standard curve was cre-
ated between 40 pg to 2.5 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 un-
knowns was determined with the Roche Light Cycler and
adjusted to the quantitative expression of B-actin from the
corresponding unknowns. Melting curve analysis deter-
mined the specificity of the amplified products and the
absence of primer-dimer formation. All products obtained
yielded correct melting temperatures. Products were
then run on a 1.2% agarose gel along with a 100-bp DNA
ladder and then stained with ethidium bromide for visu-
alization. The following primers were synthesized and gel-
purified at the Yale DNA Synthesis Laboratory, Critical
Technologies: B-actin sense, 5'-CGTACCACTGGCATCGT-
GAT-3'; antisense 5'-GTGTTGGCGTACAGGTCTTTG-3';
452-bp product; IL-6 sense, 5'-ATGCAATAACCACCCCT-
3’; antisense, 5'-AGTGTCCTAACGCTCATAC-3'; 277-bp
product.

Statistical Analysis

Control and treatment groups were compared by the
Kruskal-Wallis analysis of variance on ranks test followed
by the Student-Newman-Keuls post hoc test with a P
value <0.05 representing statistical significance. The in-
tensity of immunostaining in control versus preeclamptic
cases was compared by the same tests, with significance
set at a probability of <0.05.

Results

Immunostaining of IL-6 in Decidual Specimens

Control and preeclamptic decidua were immunostained
for IL-6, vimentin, and cytokeratin (Figure 1). Decidual
cells are identified by the positive (red) vimentin staining
in control (Figure 1A) and preeclamptic (Figure 1D) spec-
imens. Interstitial cytotrophoblasts are identified by pos-
itive (red) cytokeratin staining in control (Figure 1C) and
preeclamptic (Figure 1F) specimens. Immunostaining for
IL-6 was significantly greater in the cytoplasm of decidual
cells from preeclamptic specimens (Figure 1E) com-
pared with control specimens (Figure 1B). Immunostain-
ing for IL-6 was also greater in interstitial cytotrophoblasts

from preeclamptic decidua (Figure 1E) versus control
decidua (Figure 1B). However, in contrast to the homo-
geneous cytoplasmic IL-6 immunostaining observed in
the vimentin-positive decidual cells, IL-6 immunostaining
in the cytokeratin-positive interstitial cytotrophoblasts
was perimembranous and most prominent in cytotropho-
blasts adjacent to the decidual cells. As evident by dif-
ferences in HSCORE values, immunostaining for IL-6 was
greater in both decidual cells and interstitial trophoblasts
of preeclamptic specimens (Figure 1E, inset; X200) com-
pared to control specimens (Figure 1B, inset; X200).
Specifically, in the decidual cells, the HSCORE values for
IL-6 staining in the preeclamptic specimens (241 + 18,
mean = SEM) were significantly higher than that for the
controls (171 = 10, P < 0.05; Figure 1H). The HSCORE
values for IL-6 in interstitial trophoblasts were also signif-
icantly higher in preeclamptic specimens (110 = 10) than
in control specimens, (67 = 11, P < 0.05; Figure 1H).
Moreover, the immunostaining intensity for IL-6 was more
prominent in decidual cells compared to interstitial cy-
totrophoblasts, in both cases and controls (P < 0.05). By
contrast, IL-6 staining in placental villi was not signifi-
cantly different between control (Figure 11) and pre-
eclamptic (Figure 1J) villi. Negative control IgG revealed
no staining (Figure 1G).

IL-6 Protein Expression in Cultured Decidual Cells

Figure 2 displays the separate and interactive effects of
MPA and cytokines on immunoreactive levels of IL-6 in
conditioned DM during incubation with leukocyte-free,
first trimester decidual cells. It indicates that secreted
levels of IL-6 were similar in incubations with E, or with E, +
MPA, whereas the cytokines elicited a marked, differen-
tial up-regulation in IL-6 output. Specifically, basal IL-6
output in incubations with E, alone was 0.35 = 0.09 pg/
ml/ug protein and increased with the addition of 1.0 ng/ml of
TNF-a or IL-1Bto 11.4 = 8.1 and 713.3 * 254.8 pg/ml/ng
protein, respectively. These increases resulted in corre-
sponding fold changes from baseline in IL-6 output of
25.7 £ 10.0 and 2170 = 625 (P < 0.05) for TNF-a or
IL-1B, respectively. Similarly, in incubations with E, +
MPA alone, IL-6 output was 0.28 = 0.09 pg/ml/ug protein
and the addition of 1.0 ng/ml of TNF-« or IL-18 enhanced
IL-6 output to 7.3 = 4.4 and 382 + 155 pg/ml/ug protein,
respectively (P < 0.05). The corresponding fold changes
were 26.0 = 13.4 and 1539 = 514, respectively (P <
0.05). The specific cytokine-induced increases in the E2 +
MPA group were not significantly different from those in
the E2 group.

In view of the absence of progestin effects on basal
and cytokine-induced IL-6 output, dose-response studies
of TNF-a (Figure 3A) and IL-1B ((Figure 3B) were per-
formed on cultured decidual cells that were primed with,
and then maintained in E, + MPA. The results show that
both cytokines elicited clear concentration-dependent ef-
fects. Western blotting was performed to confirm the
ELISA results of Figure 2. The Western blot depicted in
Figure 4 indicates that the conditioned DM from decidual
cells incubated with TNF-« or IL-1B8 contains a doublet
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Figure 1. Immunohistochemical analysis of IL-6 expression in preeclamptic decidua. Control specimens are shown in A—C and I, and preeclamptic specimens
are shown in D—G and J. Vimentin staining (red) identifies decidual cells in control (A) and preeclamptic specimens (D), whereas cytokeratin staining (red)
identifies cytotrophoblasts in control (C) and preeclamptic specimens (F). More intense IL-6 staining (brown) is seen in the cytoplasm of preeclamptic (E) versus
control decidual cells (B). IL-6 immunostaining is also greater in preeclamptic (E) versus control interstitial cytotrophoblasts (B). The increased IL-6 immuno-
staining in preeclamptic interstitial cytotrophoblasts is mostly perimembranous and most prominent in cytotrophoblasts (E, inset, arrowheads; enlarged from
the boxed area) adjacent to decidual cells (E, inset, arrows), whereas in control cytotrophoblasts, perimembranous IL-6 staining is weak or absent (B, inset,
arrowheads), even adjacent to decidual cells (B, inset, arrows). G: Staining with a mouse isotype was used as a negative control for the IL-6 monoclonal
antibody, shown in a preeclamptic specimen. H: IL-6 staining HSCOREs (mean * SEM) between normal (7 = 10) and preeclamptic specimens (12 = 10); *versus
control decidual cells; **versus control interstitial cytotrophoblasts; finterstitial cytotrophoblasts versus corresponding decidual cells; P < 0.05. Notably, IL-6
immunoreactivity was similar in control (I) and placental villi (J). Original magnifications: X100 (A—G); X150 (I, J); X200 (B and E, insets).
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Figure 2. Effects of E, MPA, TNF-«, and IL-1$ on IL-6 output by decidual
cell monolayers. Confluent, leukocyte-free, first trimester decidual cells were
incubated for 7 days in 10~® mol/L E, or E, + 10”7 mol/L MPA then switched
to DM with corresponding steroid(s) = 1 ng/ml of TNF-a or IL-18 for 24
hours. IL-6 levels were measured by ELISA in conditioned DM and normal-
ized to cell protein (7 = 9 separate patients’ decidual specimens, mean =
SEM). Ordinate represents log scale of IL-6 pg/ml/ug cell protein. *Versus E,
or E2 + MPA (P < 0.05); **versus + corresponding TNF-a (P < 0.05).

that arises from differences in glycosylation as described
by Gross and colleagues.”® Figure 4 also confirms the
differential effects elicited by TNF-a and IL-1B revealed
by the ELISA results.

IL-6 mRNA Expression in Cultured Decidual Cells

Figure 5 depicts IL-6 mRNA expression in the first trimes-
ter decidual cell monolayers by end point RT-PCR run on
an agarose gel (Figure 5A) and by quantitative real-time
RT-PCR (Figure 5B). Consistent with the IL-6 protein re-
sults presented above, IL-18 was more effective than
TNF-a in up-regulating steady state IL-6 mRNA levels
and inclusion of MPA during incubation of the decidual
cells affected neither basal nor inflammatory cytokine-
enhanced IL-6 output. Inspection of the gel in Figure 5A
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Figure 3. Concentration-dependent effects of TNF-a and IL-18 on IL-6 out-
put by decidual cell monolayers maintained in E, + MPA. Confluent, leuko-
cyte-free first trimester decidual cells were incubated for 7 days in 10~ mol/L
E, + 1077 mol/L MPA, then switched to DM with the steroids = the indicated
amount of TNF-a (A) (0.01 to 10.0 ng/ml or IL-18 (B) (0.01 to 10.0 ng/mb).
The IL-6 levels were measured by ELISA in conditioned DM and normalized
to cell protein (2 = 3 separate patients’ decidual specimens, mean * SEM).
*Versus E2 + MPA, P < 0.05.

kDa E2  +ILIp  +TNFa E2+MPA +ILIB +TNFa

| E2 | E2+MPA

Figure 4. Western blot analysis of TNF-a and IL-1f effects on IL-6 output by
decidual cell monolayers maintained in E, or E, + MPA. Confluent, leuko-
cyte-free first trimester decidual cells were incubated for 7 days in 10™% mol/L
E, or E, + 1077 mol/L MPA, then switched to a DM with corresponding
steroid(s) = 1 ng/ml of TNF-« or IL-18 for 24 hours. Conditioned DM was
subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
Western blotting (see Materials and Methods).

indicates that unlike the marked up-regulation of IL-6
mRNA levels by TNF-a and IL-1B, B-actin levels were
unchanged. These conclusions were confirmed by quan-
titative real-time RT-PCR. Specifically, Figure 5B indi-
cates that TNF-a and IL-18 enhanced IL-6 mRNA levels
by 6.7 + 2.3-fold and 933 + 205-fold, (mean = SEM, P <
0.05), respectively, compared with incubations with E2
alone. By contrast, no differences in p-actin levels were
observed (results not shown). Similar changes were
found in incubations with E2 + MPA, which did not sig-
nificantly differ from E2 incubations.
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Figure 5. Effects of E, MPA, TNF-a, and IL-18 on IL-6 mRNA levels in
decidual cell monolayers. Confluent leukocyte-free first trimester decidual
cells were incubated for 7 days in 10~® mol/L E, or 10 % mol/L E, + 1077
mol/L MPA, then switched to DM with corresponding steroid(s) = 1 ng/ml of
TNF-a or IL-1B for 6 hours. Aliquots of extracted total RNA were used to
measure IL-6 mRNA levels by A: agarose gel stained with ethidium bromide
for endpoint RT-PCR products for IL-6 mRNA (top) and B-actin mRNA
(bottom). B: Quantitative real-time RT-PCR; ordinate, IL-6 mRNA/B-actin
mRNA levels plotted on a log scale (7 = 4 separate patient decidual speci-
mens, mean = SEM). *Versus E, or E, + MPA; *versus + corresponding
TNF-a; P < 0.05.



Discussion

Members of the IL-6 cytokine family bind to the « chain of
specific surface receptors to form complexes with at least
one subunit of the gp130 signal transduction protein.?®2°
Studies with transgenic mice indicate roles for three fam-
ily members: IL-6, IL-11, and leukemia inhibitory factor in
implantation-associated events.*® In the case of IL-6,
gene knockouts experienced reduced fertility and a sig-
nificant decrease in numbers of viable implantation
sites.*” In human endometrium, maximal IL-6 mRNA and
protein levels were observed in the mid-luteal, peri-im-
plantational phase.*®

The current study compared IL-6 immunostaining in
the decidua of preeclamptic and gestational age-
matched control preterm women. In the decidual cells,
IL-6 was localized primarily in the cytoplasm. As reflected
in differences in HSCOREs a marked increase in staining
intensity and in numbers of IL-6-positive decidual cells
was observed in decidual cells of preeclamptic versus
control patients. Although IL-6 immunostaining in adja-
cent interstitial cytotrophoblasts was also significantly
greater in preeclamptic versus control specimens, the
staining was much less prominent than that observed in
the decidual cells. Moreover, unlike the decidual cells,
IL-6 immunostaining was localized primarily around the
cell membranes in adjacent interstitial cytotrophoblasts.
Previous publications observed that IL-6 expression was
either unchanged'®®23* or even reduced,®® in pre-
eclamptic versus control placentas, but did not specifi-
cally examine IL-6 expression in interstitial cytotropho-
blasts. Therefore, this differential localization of IL-6
suggests a potential, previously undisclosed, paracrine
interaction in which IL-6 is synthesized and secreted by
decidual cells and then targets neighboring interstitial
trophoblasts.

Consistent with the decidua as a source of new IL-6
protein synthesis, Dudley and colleagues® demon-
strated that TNF-a and IL-1 enhanced expression of IL-6
in term decidual cell cultures. The current results extend
this observation by demonstrating that TNF-a and IL-18
also markedly up-regulated IL-6 mMRNA and protein ex-
pression in leukocyte-free first trimester decidual cells.
Taken together, the results presented in this study sug-
gest that decidual cells, the major cell type encountered
by invading extravillous trophoblasts at the implantation
site,*" are a likely source of circulating IL-6 during
preeclampsia.

Binding of IL-6 to target cell-expressed surface recep-
tors promotes dimerization with GP-130 to initiate intra-
cellular signaling.?®2° That endothelial cells are such
targets is indicated by reports that IL-6 promotes vascu-
lar dysfunction. Specifically, IL-6 enhances endothelial
cell permeability likely by altering the ultrastructural dis-
tribution of tight junctions®® and IL-6 inhibits vascular
prostacyclin production by down-regulating cyclooxy-
genase expression.®' In addition, IL-6 can induce aber-
rant angiogenesis.®® Compared with plasma from control
women, the plasma of preeclamptic patients is also re-
ported to contain elevated levels of placental debris''® and
reactive oxygen species, "¢ as well as augmented levels of
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proinflammatory cytokines such as TNF-q,
forms of the TNF receptor,'®?*2® and interleukin
These inflammatory mediators likely synergize with ele-
vated plasma IL-6 levels to promote systemic vascular
damage, particularly in the kidney, that results in the
characteristic proteinuria and hypertension of the mater-
nal syndrome of preeclampsia.??’

Previously, we®' and others®®°2 found that the pre-
eclamptic deciduas contained a marked excess of mac-
rophages. In several diseases, IL-6 mediates the transition
from acute to chronic inflammation in part by promoting mono-
cyte/macrophage chemoattraction and activation while
reciprocally inhibiting neutrophil chemoattraction and ac-
tivation.?® Although monocytes can give rise to either
dendritic cells or macrophages, which comprise an esti-
mated 1 to 4% and 20 to 25%, respectively, of the im-
mune cells at the implantation site.*'*® |IL-6 has been
shown to switch the differentiation away from dendritic
cells to macrophages;®* however, we found that treat-
ment of first trimester decidual cells with proinflammatory
cytokines markedly up-regulated the expression of sev-
eral monocyte/macrophage chemoattracting and activat-
ing chemokines including CCL2, CCL5, CXCL2, CXCL3,
and CXCL8.5"°° These chemokines and IL-6 stimulate
cells via different surface receptors suggesting that they
synergize to contribute to the excess of macrophages
described in the preeclamptic decidua. The results of in
vitro studies suggest that macrophage-derived TNF-«
inhibits cytotrophoblast invasion of the decidua by caus-
ing the cytotrophoblasts to undergo apoptosis®® and/or
by reciprocally inhibiting expression of urokinase type-
plasminogen activator and enhancing expression of plas-
minogen activator-1, which then inactivates urokinase
bound to its receptor at the leading edge of trophoblast
invasion.395¢

In summary, the current study provides the first evi-
dence that the decidua is a potential source of the char-
acteristic elevation in plasma IL-6 levels observed in
preeclamptic patients and demonstrates that inflamma-
tory cytokines associated with preeclampsia, IL-18 and
TNF-a, markedly up-regulate IL-6 mRNA and protein ex-
pression by the resident decidual cells. This augmented
expression of decidual IL-6 may play roles in the patho-
genesis of preeclampsia by: serving as a source of a key
circulating factor that promotes systemic maternal endo-
thelial cell dysfunction; and indirectly impeding cytotro-
phoblast invasion by contributing to excess macrophage
infiltration of the decidua.
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