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Abstract
Increased trophoblast TNFα production is an important component of placental dysfunction in
preeclampsia. However, the mechanism of increased TNFα production in the preeclamptic
placenta is largely unknown. ADAM17 is a metallopeptidase that functions as a TNFα converting
enzyme. In this study, we examined ADAM17 expression in placentas from normal and
preeclamptic pregnancies and found increased ADAM17 expression in preeclamptic placentas
compared to those from normal placentas, p<0.05. Since hypoxia/oxidative stress is an underlying
pathophysiology in the preeclamptic placenta, we further determined if hypoxia/oxidative stress
could modulate ADAM17 expression and subsequently induce TNFα production in placental
trophoblasts. Trophoblasts were isolated from normal term placentas and treated with cobalt (II)
chloride (CoCl2), a hypoxia mimetic agent, at different concentrations. Our results showed that
CoCl2 induced a dose-dependent increase in TNFα production that is associated with enhanced
ADAM17 expression. Trophoblast expressions of HO-1 (a sensor of cellular oxidative stress) and
caspase-3 (an indicator of apoptosis) in response to CoCl2 stimulation were also examined. We
further found that metallopeptidase inhibitor GM6001 and ADAM17 siRNA could block CoCl2
induced TNFα production, demonstrating the role of ADAM17 in TNFα production in placental
trophoblasts. These results suggest that oxidative stress-induced increased ADAM17 expression
could contribute to the increased TNFα production in preeclamptic placentas.
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Introduction
Preeclampsia is a multisystem disorder in human pregnancy that is characterized by
maternal hypertension and renal dysfunction. It affects about 5-7% of pregnant women and
is one of the leading causes of maternal and fetal morbidity and mortality in human
pregnancy. Although the cause of preeclampsia is not clear, the initial pathophysiological
event in preeclampsia is thought to be associated with poor trophoblast invasion during early
placental development that results in placental hypoxia/ischemia and a reduction of
uteroplacental blood perfusion. Increased placental oxidative stress is also associated with
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increased trophoblast release of inflammatory cytokines (1) and anti-angiogenic factor sFlt-1
(2) and maternal vascular endothelial dysfunction (3, 4). TNFα expression is increased in
placentas from women with preeclampsia (5). Increased placental TNFα production in
response to local hypoxia is likely to play an important role in placental oxidative stress and
endothelial injury associated with preeclampsia (5-8). However, the mechanism of TNFα
production by placental cells is largely unknown.

TNFα is a potent cytokine with a wide range of pro-inflammatory activities including
stimulation of collagenase and prostaglandin production and activation of neutrophils via
activation of NFκB and MAPK signaling pathways (9-11). TNFα, a 17kDa soluble
molecule, is converted from proTNF, a 26 kDa transmembrane protein (12). TNFα induces
inflammatory activities on target cells, whereas proTNF is involved in cellular immune
responses (13, 14). Studies have shown that proteinases such as a disintegrin and
metalloproteinases (ADAMs) and matrix metalloproteases (MMPs) are able to cleave
proTNF into its soluble form (15-17). Among them, ADAM17 is thought to be a major
sheddase for TNFα, therefore named as TNFα converting enzyme or TACE (15, 18). Other
than TNFα, several transmembrane proteins have also been identified as substrates for
ADAM17, including TNF receptor II (16), IL-15 receptor (19, 20), EGF-R (20), L-selectin
(21), etc. Ectodomain shedding has a significant impact on the biological function of these
proteins by converting their membrane form into soluble format. Although TNFα is one of
the most important substrates for ADAM17, little information is available about ADAM17
expression in preeclamptic placentas. The present study was undertaken to determine if
ADAM17 expression was increased in the preeclamptic placenta. Since oxidative stress is an
event of underlying pathophysiology in the preeclamptic placenta, we then determined if
ADAM17 was responsible for TNFα shedding by placental trophoblasts under oxidative
stress challenge. Effects of metallopeptidase ADAM inhibitor GM6001 and ADAM17
siRNA on TNFα production and/or ADAM17 expression were also determined.

Materials and Methods
Materials

GM6001 and GM6001 negative control were from Calbiochem (San Diego, CA).
Antibodies for ADAM17 (H-300), HO-1 (C-18), and caspase-3 (E-8) were from Santa Cruz
(San Diego, CA). Antibody for ADAM17 (57484) and isotype IgG control (18421) from
Abcam Inc., (Cambridge, MA) was also used. ADAM17 siRNA was from Thermo
Scientific (Rockford, IL). Trypsin and DNase I were from Washington Biochemical Corp.
(Lakewood, NJ). TNFα ELISA kit was from R&D System (Minneapolis, MN). All other
chemicals and reagents were from Sigma (St. Louis, MO) unless otherwise noted.

Placenta collection
Placentas delivered by normal and preeclamptic pregnant women were collected
immediately after delivery. A total of 43 placentas were used in this study. Among them,
tissue sections from 15 placentas were used for the immunohistochemistry experiment, snap
frozen tissue pieces from 11 placentas were used for detection of protein and mRNA
expression, and 17 placentas from normal term placentas were used for trophoblast isolation
and in vitro cell culture studies. Normal pregnancy was defined as pregnancy with normal
blood pressure (<140/90mmHg), negative proteinuria, and absence of obstetrical and
medical complications. Preeclampsia was defined as follows: sustained systolic blood
pressure of ≥ 140 mmHg or a sustained diastolic blood pressure of ≥ 90mmHg on two
separate readings; proteinuria measurement of 1+ or more on dipstick, or 24 hrs urine
protein with ≥ 300mg in the specimen. No patient had signs of infection. Smokers and
patients complicated with HELLP syndrome (hemolysis, elevated liver enzyme and low
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platelet count), diabetes and/or renal disease were excluded. Placental collection was
approved by the Institutional Review Board (IRB) for Human Research at Louisiana State
University Health Sciences Center-Shreveport.

Immunohistochemistry
Expression for ADAM17 was examined by immunohistochemistry in paraffin embedded
placental tissue sections. A standard immunohistochemistry staining procedure was
performed as previously described (22, 23). Briefly, a series of deparaffinization was done
with xylene and ethanol alcohol. Antigen retrieval was performed by boiling tissue slides in
0.01M citric buffer. Hydrogen peroxide was used to quench the endogenous peroxidase
activity. After blocking, tissue sections were incubated with primary monoclone antibody
specific against human ADAM17 (Abcam). Corresponding secondary antibody and DAB
chromogen ABC staining system (Santa Cruz, San Diego, CA) were used. Slides stained
with isotype IgG were used as the negative control. The nuclei were counterstained by
haematoxylin. Stained slides were examined by an Olympus microscope (Olympus IX 71).
Images were captured by a digital camera with PictureFrame computer software (Uptronics
Inc., Sunnyvale, CA) and recorded to a microscope linked PC computer.

The intensity of ADAM17 expression was evaluated semiquantitatively as previously
described (23) by two laboratory personnel independently using the following categories: 0
(no staining); 1+ (detectable but weak staining); 2+ (moderate or distinct staining), and 3+
(intensive staining). In each slide, five different areas with 15-20 villi per area were
evaluated microscopically with a 20x objective magnification. For each specimen, a H-score
value was derived by calculating the sum of the percentage of villi that stained in each
intensity category and multiplying that value by the weighted intensity of the staining, using
the formula H-score = ∑Pi (i + l), where i represents the intensity score and Pi is the
corresponding percentage of villi.

Trophoblast isolation and culture conditions
Normal term placentas were collected. Trophoblasts were isolated by trypsin digestion
(0.125 % trypsin solution containing 0.1mg/ml DNase I and 5mM MgCl2) in Dulbecco’s
Modified Eagle Medium (DMEM) at 37°C for 90 min. Isolated trophoblasts were further
purified by Percoll gradient centrifugation and contaminated red blood cells were eliminated
by incubation of isolated trophoblast cells with red blood cell lysis buffer (2). Isolated
trophoblasts (5×106cells/well) were then incubated with DMEM containing 5% fetal bovine
serum (FBS) and antibiotics in 6-well plates. After overnight culture, fresh medium was
replaced and trophoblasts were then treated with cobalt (II) chloride (CoCl2, a hypoxic
mimetic agent) at different concentrations of 0, 100, 250, and 500μM for 48 hrs to induce
oxidative stress. Culture medium was collected at the end of the experiments and medium
concentrations for TNFα were measured by enzyme-linked immunoassay (ELISA). Cellular
protein was obtained by lysis of trophoblasts with ice-cold protein lysis buffer and used for
protein expression by Western blot. In separate experiments, trophoblasts were treated with
CoCl2 at different concentrations of 0, 100, 250, and 500μM in the presence or absence of
GM6001, a metallopeptidase inhibitor. GM6001 at a concentration of 50μM was used.
Culture medium was collected at the end of the experiment and TNFα concentrations were
measured by ELISA.

ADAM17 siRNA transfection assay
To determine if ADAM17 specifically regulates TNFα production by placental trophoblasts,
ADAM17 siRNA transfection assay was performed. Briefly, 30nM of ADAM17 siRNA or
control siRNA were transfected into primary isolated trophoblasts (5 ×106 cells/well) 24 hrs
after seeding using Lipofectamine™ RNAiMAX transfection agent (Invitrogen, Carlsbad,
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CA). Total cellular protein was collected after 48 hrs of transfection and protein expression
for ADAM17 was determined by Western blot. Medium was collected and TNFα
concentrations were measured by ELISA.

Measurement of TNFα production
Trophoblast production of TNFα was measured by ELISA. The assay was performed
following the manufacturer’s instructions. The range of standard curve for TNFα was 0.98
to 125 pg/ml. An aliquot of 100μl of trophoblast culture medium was assayed in duplicate.
Within- and between-assay variations were < 8% for all assays. For data calculation, TNFα
concentration (pg/5×106 cells/ml) in control cells was presented as 1 and fold changes were
then calculated for the treated cells.

Protein expression by Western blot
Protein expression of ADAM17 was examined by Western blot in snap frozen placental
tissues and in isolated trophoblasts after culture. For placental tissue expression, total tissue
protein was extracted from snap frozen tissue using protein lysis buffer. For trophoblast
expression, cellular protein was extracted after cells were treated with CoCl2 as stated
above. An aliquot of total protein (10μg of each sample) was subject for electrophoresis
(Bio-Rad, Hercules, CA) and then transferred to Hybond-protein transfer membrane
(Amersham Corp, Arlington Heights, IL). The membrane was blocked with 5% milk in
phosphate buffered saline (PBS) and then probed with ADAM17 antibody (Santa Cruz) at
4°C overnight. The bound antibody was visualized with an enhanced chemiluminescent
(ECL) detection Kit (Amersham Corp). β-actin expression was determined and used as the
loading control for each sample. The density was scanned and analyzed by NIH Image 1.16.
Relative density for ADAM17 expression was normalized by β-actin expression for each
sample. Trophoblast expressions for HO-1 and caspase-3 in response to CoCl2 stimulation
were also determined by Western blot.

mRNA expression
Total RNA was isolated from snap frozen tissue and an aliquot of total RNA (1μg) per
sample was used for reverse transcription with AffinityScript QPCR cDNA synthesis kit
(Stratagene, La Jolla, CA). First-strand cDNA (2μl) was then used as a template for PCR by
GoTaq PCR Core System I (Promaga, Madison, MI). The ADAM17 primer was designed
based on accession # NM_003183. The forward sequence is 5′-
ATTGGTGGTAGCAGATCATCG-3′ and reverse sequence is 5′-
TGGGAGAGCCAACATA AGCTA-3′, which produces a 389bp fragment. mRNA
expression for glyceraldehyd 3-phosphate dehydrogenase (GAPDH) was also determined as
a house keeping gene. The forward primer sequence is 5′-
CAAAAGGGTCATCATCTCTGC -3′ and reverse sequence is 5′-
AGTTGTCATGGATGACCTTGG-3′. Primers were synthesized by Integrated DNA
Technologies, Inc. (IDT, Coralville, CA). PCR products were separated by 1% agarose
electrophoresis. The gel density was captured by VersaDoc Imaging System (Bio-Rad) and
analyzed by NIH Image 1.16. Relative density of ADAM17 mRNA expression was
normalized by GAPDH expression for each sample.

Statistical analysis
Data is presented as mean±SE. The immunostaining data for ADAM17 expression was
analyzed by nonparametric Mann Whitney test, and paired and unpaired t-test. The ELISA
data for TNFα production and Western blot data for ADAM17, HO-1, and caspase-3
expressions were analyzed by analysis of variance (ANOVA). Fisher’s PLSD test or
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Student-Newman-Keuls test was used as post hoc tests. The computer software program
StatView was used. A probability level less than 0.05 was set as statistically significant.

Results
ADAM17 expression in normal and preeclamptic placentas

ADAM17 protein expression was determined by immunohistochemistry and Western blot,
and mRNA expression by reverse transcription polymerase chain reaction (RT-PCR). For
immunohistochemistry, tissue sections from 15 placentas were examined, 7 from normal
pregnant women and 8 from women with preeclampsia. For total protein and mRNA
expressions, snap frozen tissue pieces from 11 placentas, 5 from normal pregnant women
and 6 from women with preeclampsia, were used. The patient demographic information was
summarized in Table 1. Figure 1A shows representative ADAM17 immunostaining of
normal and preeclamptic tissue sections. Positive ADAM17 staining was mainly localized in
the syncytiotrophoblast layer in placental tissue sections. ADAM17 immunostaining was
intensively expressed in trophoblasts of preeclamptic placentas compared to those of normal
placentas. Slides stained with isotype IgG antibody showed negative staining (data not
shown). The H-score for ADAM17 was 2.984±0.764 for preeclamptic placentas, which was
significantly higher than 1.629±0.482 for normal placentas, p<0.05.

Figure 1B shows mRNA and total protein expressions of ADAM17 in normal and
preeclamptic placentas. There was no significant difference for ADAM17 mRNA expression
between normal and preeclamptic placentas (0.948±0.160 vs. 0.904 ± 0.049, p=0.465).
However, total protein expression of ADAM17 was significantly increased in preeclamptic
placentas compared to normal placentas, 1.014±0.049 vs. 0.594± 0.12, p<0.05. The
increased protein, but not mRNA, expression in the preeclamptic placental tissue suggests
that ADAM17 expression/activity is mediated through post-transcriptional/translational
regulatory mechanisms.

ADAM17 is responsible for TNFα production in trophoblasts
As shown in Figure 1A, ADAM17 is mainly expressed in syncytiotrophoblasts. To study if
ADAM17 is responsible for TNFα production/release, a cellular hypoxia/oxidative stress
model was used in which primary isolated trophoblasts from normal term placentas were
treated with CoCl2. CoCl2 is a hypoxia mimetic agent which has been used in various in
vitro cell culture studies including trophoblasts (24-27). This cell culture model is used
because increased oxidative stress is an underlying pathophysiology in the preeclamptic
placenta. Our results showed that trophoblast release of TNFα was significantly increased in
a dose-dependent manner in response to CoCl2 stimulation, Figure 2A.

We next investigated if ADAM17 was responsible for TNFα release in placental
trophoblasts treated with CoCl2. Cultured trophoblasts were treated with different
concentrations of CoCl2 with or without pretreatment of the cells with GM6001. As shown
in Figure 2B, we found that trophoblasts treated with GM6001+ CoCl2 produced
significantly less TNFα than those treated with CoCl2 alone, whereas GM6001 negative
control had no effect (data not shown). Although GM6001 is not a specific inhibitor for
ADAM17, GM6001 has been used to inhibit ADAM17 activity by many investigators (28,
29). These results indicate that metalloproteinase/ADAM plays, at least in part, a role in
regulating TNFα production by placental trophoblasts.

The specificity of ADAM17 in regulating TNFα production was further studied by
transfection of trophoblasts with ADAM17 siRNA. Figure 3A shows downregulation of
ADAM17 expression in trophoblasts transfected with ADAM17 siRNA. Figure 3B shows
TNFα production by trophoblasts with or without ADAM17 siRNA transfection in the
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presence or absence of CoCl2 at a concentration of 250μM. It is clear that cells transfected
with ADAM17 siRNA produced significantly less TNFα than those without siRNA
transfection in the presence of CoCl2. These results further support ADAM17 being
responsible for TNFα production/shedding by trophoblasts.

Effects of oxidative stress on ADAM17, HO-1, and caspase-3 expressions in trophoblasts
ADAM17 expression in placental trophoblasts in response to CoCl2 stimulation was
determined by Western blot. As shown in Figure 4, ADAM17 expression was upregulated in
trophoblasts treated with CoCl2 at concentrations of 100, 250, and 500μM compared to
untreated control cells. Upon treatment with CoCl2, not only was there an increase in
ADAM17 expression but also a shift of the ADAM17 band to a lower molecular weight on
the Western blot. Previous study has shown that two molecular weight bands at about 130
and 100kDa can be detected by Western blot, which correspond to the precursor and mature
(active) forms of ADAM17, respectively (30). Although it cannot be judged from such a
small change on the gel, it appears that oxidative stress could lead to cleavage of the pro-
form of ADAM17 to the mature form. In addition, we also examined HO-1 and caspase-3
expressions in trophoblasts treated with CoCl2. HO-1 is a sensor of cellular oxidative stress
and caspase-3 is an apoptosis indicator. Our results showed that HO-1 expression was
significantly upreguated in trophoblasts treated with CoCl2. The increased HO-1 expression
is in a dose-dependent manner, which indicates that trophoblasts experienced oxidative
stress when exposed to CoCl2. For caspase-3 expression, a band about 32kDa, a mature form
for procaspase-3, was detected (Figure 4A). Since caspase-3 activation generates 17 and
12kDa catalytic subunit proteins, our results suggest that cultured trophoblasts did not
undergo apoptosis in response to CoCl2. The bar graphs show relative protein expression for
ADAM17, HO-1, and caspase-3 after being normalized with β-actin expression.

Discussion
Placental expression of TNFα is increased in preeclamptic placentas (5, 31) and oxidative
stress promotes placental cell release of TNFα (32). ADAM17 is a TNFα converting
enzyme. In the present study, we investigated if ADAM17 is responsible for trophoblast
production/shedding of TNFα in the human placenta. We found that the ADAM17 protein,
but not the mRNA, expression was significantly increased in preeclamptic placentas
compared to that in normal placentas. This was demonstrated by both immunostaining
studies and Western blot analysis. Through immunostaining, we noticed that ADAM17
expression was mainly localized in syncytiotrophoblasts. Although the precise mechanism
of increased protein expression for ADAM17 in preeclamptic placentas is not known,
ADAM17 localization in syncytiotrophoblasts suggests that these cells could be a major
source of TNFα produced by the placenta during pregnancy. The syncytiotrophoblasts are a
continuous, specialized layer of epithelial cells covering the entire surface of villous trees
and are in direct contact with maternal blood. They are the interface between the maternal
and fetal compartment, therefore it is expected that TNFα released by syncytiotrophoblasts
could directly enter the maternal circulation and contribute to the maternal TNFα levels
during pregnancy (33, 34).

Oxidative stress is an underlying pathophysiology in the preeclamptic placenta. The findings
of increased superoxide generation, increased lipid peroxide production, and reduced
expressions of antioxidant enzyme CuZn-SOD and glutathione peroxidase in preeclamptic
placentas support this notion (35-37). In preeclampsia, increased oxidative stress and
increased inflammatory response are tightly connected to each other (32, 38). ADAM17 is
expressed in placental trophoblasts throughout pregnancy and hypoxia-induced ADAM17
expression has been found at both mRNA and protein levels in the placenta (39). To study
the mechanism of increased TNFα production in the preeclamptic placenta, we specifically
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investigated if ADAM17 was accountable for increased TNFα production/shedding in
placental trophoblasts under oxidative stress. Primary isolated placental trophoblasts from
normotensive term placentas were treated with CoCl2. CoCl2 is a hypoxia mimetic agent
that has been widely used as a hypoxia/oxidative stress inducer in numerous in vitro cell
culture studies including adipocytes, astrocytes, retinal ganglion cells, and trophoblasts (24,
25, 27, 40). Using CoCl2 to induce trophoblast oxidative stress, we found that TNFα
production was significantly increased when cells were treated with CoCl2. The increased
TNFα production was in a dose-dependent manner, and the CoCl2 induced TNFα
production could be blocked by a metalloproteinase inhibitor GM6001. GM6001 is a broad
range metalloproteinase inhibitor. Although GM6001 is not a specific inhibitor for
ADAM17, it has been used by many investigators to inhibit ADAM17 activity and TNFα
shedding (28, 29). Nonetheless, our data provide evidence that metalloproteinase/ADAM
contributes to TNFα production by placentas trophoblasts.

The specificity of ADAM17 mediated TNFα production in trophoblasts was further
confirmed by ADAM17 siRNA transfection experiments. We found that inhibition of
ADAM17 expression is correlated with the reduced TNFα production in trophoblasts that
was transfected with ADAM17 siRNA. These data provide convincing evidence that
ADAM17 is responsible for TNFα production by placental trophoblasts. Although
ADAM17 is considered a major metallopeptidase that induces TNFα shedding, other
metallopeptidases have also been reported to be able to mediate TNFα production. For
example, a study by Mezyk-Kopeć et al has shown that ADAM10 is a major TNF sheddase
in ADAM17-deficient fibroblasts (41). Matrix metalloproteinase (MMP)-7 was also found
to be associated with TNFα production in cancer cells (17). It is very likely that TNFα
shedding/production is dependent on the difference of the cell type and the presence of
ADAM17. We previously reported increased ADAM10 expression in preeclamptic
placentas (23). Since ADAM10 is also able to regulate TNFα shedding, it is possible that
both ADAM17 and ADAM10 may contribute to TNFα shedding/production in the
preeclamptic placenta. However, which one plays the dominant role in controlling TNFα
shedding/production warrants further investigation.

Trophoblast ADAM17 expression was increased when cells were treated with CoCl2,
indicating hypoxia/oxidative stress could promote ADAM17 expression or mature form
formation. This result is consistent with the work published by Hung et al. in which
ADAM17 expression was increased in placental villous tissues when cultured under a low
oxygen condition (39). HO-1 is a sensor of cellular oxidative stress. It is now recognized
that HO-1 is not only a rate-limiting enzyme for heme catabolism but also exerts
cytoprotective activity against endoplasmic reticulum stress and plays a role in anti-
inflammation and anti-proliferation (42). The observation of increased ADAM17 expression
correlating with upregulation of HO-1 expression in trophoblasts treated with CoCl2 further
supports the concept that hypoxia/oxidative stress regulates ADAM17 expression that is
correlated with cellular response to stress challenge in placental trophoblasts. In addition,
upregulation of ADAM17 and HO-1 expressions in response to CoCl2-induced oxidative
stress in placental trophoblasts does not appear to be related to apoptosis since no active
caspase-3 catalytic subunit was detected. Therefore, other mechanisms may be involved in
the increased apoptotic process in placental trophoblasts in preeclampsia (43).

In conclusion, we have made several important findings in this study. First, we have
demonstrated that ADAM17 expression, a major TNFα converting enzyme, is increased in
syncytiotrophoblasts in preeclamptic placentas. The increased ADAM17 expression occurs
at the protein level, but not at mRNA level, which suggests that ADAM17 expression/
activity is probably mediated through post-transcriptional regulatory mechanisms. Second,
using hypoxic mimetic agent CoCl2, we have found that hypoxia promotes TNFα
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production, which is associated with increased ADAM17 expression and HO-1 expression
in primary isolated placental trophoblasts. Last but not least, results from metalloproteinase
inhibitor experiments and ADAM17 siRNA studies confirm that ADAM17 plays a role in
TNFα release/shedding by placental trophoblasts. These results suggest that oxidative stress
could be a causative factor in upregulating ADAM17 expression and/or increasing
ADAM17 activity in placental trophoblasts. Our results also suggest that increased
ADAM17 expression may play a major role in increased TNFα production by placental
trophoblasts in preeclampsia.
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Figure 1.
ADAM17 expression in normal and preeclamptic placentas. A: Representative ADAM17
immunostaining in normal and preeclamptic (PE) placentas. ADAM17 immunostaining is
mainly localized in the syncytiotrophoblasts in placental villous tissue. Intensive ADAM17
immunostaining is shown in placentas from women with PE compared to those from normal
pregnant controls. Bar = 50 micron. B: mRNA and protein expressions for ADAM17 in
normal and preeclamptic placentas. Protein expression, but not mRNA, of ADAM17 is
increased in preeclamptic placentas.
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Figure 2.
Hypoxia promotes TNFα production and metallopeptidase ADAM inhibitor blocks TNFα
production by placental trophoblasts in culture. A: TNFα production in trophoblasts treated
with CoCl2 at concentration of 100, 250, and 500μM for 48hrs. CoCl2 induced TNFα
production is in a dose-dependent manner. Data are mean ± SE from 4 independent primary
trophoblast culture experiments. B: TNFα production by trophoblasts treated with CoCl2 at
different concentrations (0, 100, 250, and 500μM) in the presence or absence of a
metallopeptidase inhibitor GM6001. GM6001 at 50μM concentration was used. Trophoblast
production of TNFα induced by CoCl2 was significantly inhibited by GM6001. TNFα
production by untreated cells is presented as 1 for each experiment. The data is presented as
mean ± SE of fold changes for TNFα productions in CoCl2 treated cells vs. untreated
controls Data are from 6 independent primary trophoblast culture experiments.
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Figure 3.
Effects of ADAM17 siRNA on ADAM17 expression and TNFα production in primary
isolated placental trophoblasts in culture. A: ADAM17 expression in cells with or without
transfection of ADAM17 siRNA. β-actin expression was used as control. B: TNFα
production by trophoblasts transfected ADAM17 siRNA in the presence or absence of
CoCl2 at a concentration of 250μM in culture. Untransfected cells were used as control. Our
results showed that reduced TNFα production is correlated with downregulation of
ADAM17 expression in cells transfected with ADAM17 siRNA. TNFα production by
untreated cells is presented as 1 for each experiment. The data is presented as mean ± SE of
fold changes for TNFα productions from 4 independent primary trophoblast culture
experiments, *p<0.05: CoCl2 treated vs. untreated control; and # p<0.05: siRNA transfected
cells vs. untransfected cells treated with. CoCl2.
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Figure 4.
Expression of ADAM17, HO-1, and caspase-3 in placental trophoblasts treated with
different concentrations of CoCl2. A: ρεπρεσεντατιψε Ωεστερν βλοτ οφ AΔAM17,
HO–1, ανδ ξασπασε–3 εχπρεσσιονσ. Mολεξνλαρ ωειγητ ισ γιψεν ον τηε
ριγητ. B: ρελατιψε δενσιτυ οφ AΔAM17, Ho–1, ανδ ξασπασε–3 εχπρεσσιονσ βυ
Ωεστερν βλοτ αφτερ νορμαλιζεδ βυ β-actin expression, *p<0.05: treated vs. control,
respectively. β-actin expression was determined as an indicator of equal loading of protein
samples in electrophoresis. The data is presented as mean ± SE from 3 independent primary
trophoblast culture experiments.
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Table 1

Demographic characteristics for normal and preeclamptic pregnant women

Normal (n=12) Preeclampsia (n=14) p value

Maternal Age (years) 26 ± 8 24 ± 4 0.98

Racial Status

 White 3 4 NC

 Black 8 10 NC

 Other 1

Gestational Age (weeks) 39 ± 2 32 ± 4 <0.05

Blood Pressure (mmHg)

 Systolic 119 ± 11 164 ± 14 <0.01

 Diastolic 62 ± 15 98 ± 11 <0.01

Gravidity

 Pimigravid 5 7 NC

 Multigravid 7 7 NC

Mode of Delivery

 Vaginal 4 9 NC

 Caesarean Section 8 5 NC

Placenta Weight (gram) 563 ± 100 319 ± 132 <0.01

Data presented as mean ± SD. NC: not calculated
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