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INTRODUCTION

In early pregnancy, extravillous trophoblasts (EVTs) acquire 

an invasive phenotype in order to profoundly infiltrate the de-
cidua and then reach and penetrate maternal spiral arteries. 
The direction of invasion appears to be determined through 
the expression of integrins in the decidual matrix surrounding 
the trophoblast cell and the capacity of this cell to produce 
matrix metalloproteinase (MMP).1 Given that basement 
membranes are the major structural hindrance to invading 
cells, the two gelatinases MMP-2 and MMP-9 (which cleave 
type IV collagen, the main component of basement mem-
branes) are considered key enzymes in the invasion process 
of EVTs. The invasive capacities of trophoblasts are positively 
and negatively regulated by numerous cytokines including 
leukemia inhibitory factor (LIF), interleukin (IL)-6, hepato-
cyte growth factor (HGF), and granulocyte macrophage-colo-
ny stimulating factor (GM-CSF).
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Oncostatin M (OSM), a cytokine in the IL-6 family, is a mul-
tifunctional cytokine that affects the growth and differentia-
tion of many different cell types. Information is lacking re-
garding the effects of OSM on pregnancy, although OSM 
concentrations in the sera of pregnant women were found to 
be significantly higher than those of nonpregnant women, 
particularly in the first trimester.2 OSM is produced at a higher 
level in the decidual glands and stromal cells than in chorion-
ic tissue, and OSM receptors exist on trophoblasts and endo-
metrial epithelial cells.2 Action of IL-6 type cytokines is attrib-
uted to the activation of the Janus kinase/signal transducer 
and activator of transcription (JAK/STAT) and mitogen-acti-
vated protein kinase/extracellular signal-regulated kinase 
(MAPK/ERK) cascades, which were induced by the activated 
signal transducers glycoprotein 130, LIF receptor, and OSM 
receptor. It has been reported that phosphorylated STAT3 is 
strongly associated with the invasiveness of tumors and tro-
phoblasts, in which it is mainly activated by LIF.3 

Our previous study demonstrated that OSM enhances the 
invasion activities of EVTs during the first trimester through 
increased expression of the gelatinases MMP-2 and -9.4 How-
ever, the pathways involved in OSM-mediated invasion of tro-
phoblasts have not been investigated.

Therefore, the aim of the present study was to determine 
the significance of ERK- and STAT3-dependent signaling 
pathways in OSM-mediated invasion of trophoblasts using 
HTR8/SVneo cells derived from human first-trimester pla-
centa explant cultures immortalized by SV40 large T antigen 
as a model of first-trimester trophoblasts.5

MATERIALS AND METHODS

Cell lines
The EVT cell line HTR8/SVneo was kindly provided by Dr. 
Charles Graham (Queen’s University, Kingston, ON, Canada). 
This cell line was produced via the immortalization of HTR8 
cells, an EVT cell line from primary explant cultures of first-
trimester human placenta (8 to 10 weeks of gestation), with 
SV40.6-8 In the present study, HTR8/SVneo cells were used be-
tween passages 70 and 75.
 

Cell culture
HTR8/SVneo cells were cultured in RPMI-1640 (GIBCO, Grand 
Island, NY, USA) containing 10% fetal bovine serum (FBS). To 
analyze the effects of OSM on MMP-2 and MMP-9 in HTR8/
SVneo cells, 1×107 cells were seeded in a 100-mm culture dish. 
After 24 or 48 h, the cells were treated with recombinant hu-
man OSM (20 ng/mL; Sigma-Aldrich, St. Louis, MO, USA).

Western blot analysis
HTR8/SVneo cells were cultured to 70–80% confluency and 
incubated for 48 h, with or without OSM (20 ng/mL). Western 

blot was performed as described previously.4 We checked ac-
tive forms of MMP-2 (63 kDa) and MMP-9 (92 kDa). 
 
The effect of STAT3 inhibition on OSM-mediated changes in 
MMP-2 and MMP-9 in HTR8/SVneo cells
The activation of STAT3 by OSM was confirmed in a previous 
study.9 The cells were treated with OSM (20 ng/mL) for 48 h 
with or without pretreatment with the STAT3 inhibitor, stattic 
(Tocris, R&D system, Minneapolis, MN, USA), at 0.5 µM or 1 
µM for 1 h in dimethyl sulfoxide (DMSO) and subjected to 
Western blotting as described above.

Induction of ERK phosphorylation by OSM
The cells were treated with OSM (20 ng/mL) for 5 min, 15 min, 
30 min, 1 h, 3 h, or 8 h. Control cells were incubated for 8 h 
without OSM. Western blotting was performed as described 
above with the following antibodies: mouse anti-human 
phosphorylated ERK1/2 (phosphorylation of Thr202/Tyr704; 
Cat no. #9106S, 1:2000) and mouse anti-human total ERK1/2 
(Cat no. #4696S, 1:2000; Cell Signaling Technology, Danvers, 
MA, USA). 

The effect of ERK inhibition on OSM-mediated changes in 
MMP-2 and MMP-9 in HTR8/SVneo cells
The cells were treated with OSM (20 ng/mL) for 48 h with or 
without pretreatment with the ERK inhibitor U0126 [10 µM or 
25 µM for 1 h in phosphate buffered saline (PBS)] and analyzed 
via Western blotting as described above.

Transfections with STAT3 siRNA or ERK siRNA
The double-stranded siRNA oligonucleotide against STAT3 
had the sequence 5’-AATGTTCTCTATCAGCACAAT-3’.10 Oli-
gonucleotides were synthesized by Genolution Pharmaceuti-
cals, Inc. (Seoul, Korea). Negative controls consisted of a well-
tested non-targeting scrambled siRNA with no homology to 
mammalian genes. Control siRNA (no. 6568) and ERK1/2 siR-
NA (no. 6560) were purchased from Cell Signaling Technolo-
gy, Inc. HTR-8/SVneo cells were seeded in 6-well plates im-
mediately before transfection. For optimum transfection ef-
ficacy, cells were seeded to a final confluency of 30–50%. Cells 
were transfected with either STAT3 siRNA (25 nM) or scram-
bled siRNA (25 nM) complexed with G-Fectin (Genolution 
Pharmaceuticals, Inc., Seoul, Korea) for 24 h. The other cells 
were transfected with either control siRNA (100 nM) or ERK 
siRNA (100 nM) complexed with G-Fectin for 24 h. After treat-
ment with OSM (20 ng/mL) for 48 h, cells were detached and 
analyzed via Western blotting.

Gelatin zymography
A gelatin zymography assay was performed as described pre-
viously.4 The cells were treated with OSM (20 ng/mL) for 48 h 
with or without pretreatment with the STAT3 inhibitor stattic 
at 0.5, 1, or 2.5 µM for 1 h. 
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Invasion assay 
A Matrigel invasion assay was performed as described previ-
ously.4 The invasive ability of HTR8/SVneo cells was examined 
using a cell invasion assay kit with a polycarbonate mem-
brane (pore size: 8 µm; CHEMICON, Billerica, MA, USA) on 
ECMatrixTM. Cells were prepared at a concentration of 1×106 
cells/mL. For the invasion assay, 3×105 cells suspended in 300 
µL of serum-free RPMI medium were added to the upper 
chamber of the membrane, and 500 µL of RPMI medium con-
taining 10% FBS with or without stattic (1 µM) or U0126 (25 
µM) was added to the lower chamber. After 1 h, OSM (20 ng/
mL) was added to the lower chamber. The plates were incu-
bated at 37°C under 5% CO2 and 95% air for 48 h. At the end of 
the incubation, the cells on the upper filter surface were com-
pletely removed by wiping with a cotton swab. Invasive cells 
on the lower surface of the membrane were stained by im-

mersing the inserts in the staining solution for 20 min, rinsed 
several times by dipping the inserts in a beaker of water, and 
then air-dried. The number of cells that passed through the 
membrane and migrated to the other side was quantitated by 
dissolving stained cells in 10% acetic acid and transferring a 
dye-solute mixture to a 96-well plate in order to obtain a spec-
trophotometer reading of optical density (OD) at 560 nm.

Statistical analysis
Each experiment was performed three times, and all data are 
expressed as mean±SEM. The non-parametric Mann-Whit-
ney rank-sum test and an independent t-test were used to 
compare the two groups. A p-value<0.05 was considered to be 
statistically significant. Data were analyzed with SPSS soft-
ware (SPSS Inc., Chicago, IL, USA).
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Fig. 1. Effects of OSM, STAT3 inhibitor, and STAT3 siRNA on protein expression of MMP-2 and MMP-9. Cells were pretreated with the STAT3 inhibitor stattic 
(0.5, 1.0, and 2.5 μM) for 1 h before treatment with or without OSM (20 ng/mL). Protein expression of MMP-2 and MMP-9 was analyzed via Western blotting 
(A). The expression was quantified and expressed as mean±SEM (B). Western blot analysis of MMP-2 and MMP-9 24 h after siRNA transfection with or 
without OSM treatment for 48 h (C). OSM-induced protein expression of MMP-2 and MMP-9 was significantly decreased after transfection with STAT3 
siRNA compared to expression without siRNA, whereas GAPDH protein expression was not affected. Non-targeting negative control siRNA did not af-
fect OSM-induced MMP-2 and -9 protein expression. The results are representative of three independent experiments. The expression was quantified 
and expressed as mean±SEM (D). *p<0.05. OSM, oncostatin M; MMP, matrix metalloproteinase; STAT, signal transducer and activator of transcription; 
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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RESULTS

Effect of STAT3 inhibitor (stattic) and STAT3 siRNA on 
OSM-mediated changes in MMP-2 and MMP-9 
expression in HTR8/SVneo cells
To investigate the role of the STAT3 pathway in the OSM-in-
duced upregulation of MMP-2 and MMP-9, HTR8/SVneo 
cells were pretreated with stattic (0.5, 1, or 2.5 µM) and then 
stimulated with OSM (20 ng/mL, 48 h). Based on Western 
blotting, the increased expression of MMP-2 and MMP-9 in-
duced by OSM was significantly decreased by stattic pretreat-
ment regardless of the concentration used (all p<0.05) (Fig. 1A 
and B). Transfection of HTR8/SVneo cells with 25 nM STAT3-
specific siRNA (and not scrambled siRNA) significantly de-
creased the amount of STAT3 and phosphorylated STAT3, as 
shown in the previous study.9 Transfection of HTR8/SVneo 
cells with STAT3 siRNA also significantly decreased the ex-
pression of MMP-2 and MMP-9 that was increased by OSM 
(p<0.05 for both), without affecting expression of the glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) protein (Fig. 
1C and D). Non-targeting negative control siRNA did not af-
fect the expression of MMP-2 and MMP-9. 

Effects of OSM on the phosphorylation of ERK in 
HTR8/SVneo cells 
Basal levels of ERK phosphorylation were very low, although 
stimulation with OSM led to immediate and transient in-

creases in phosphorylation (Fig. 2A). Total ERK protein ex-
pression was not significantly changed at any time point. 
OSM-induced ERK phosphorylation was significantly sup-
pressed by treatment with the ERK inhibitor U0126 (25 µM for 
1 h) (Fig. 2B and C).
 
Effect of ERK inhibitor (U0126) on OSM-mediated 
changes in MMP-2 and MMP-9 expression in HTR8/
SVneo cells
To investigate the role of the ERK pathway in OSM-induced 
upregulation of MMP-2 and MMP-9, HTR8/SVneo cells were 
pretreated with U0126 (10 or 25 µM for 1 h) and then stimu-
lated with OSM (20 ng/mL, 48 h). Western blot analysis 
showed that the induction of MMP-2 by OSM was significant-
ly decreased by U0126 pretreatment regardless of the concen-
tration used (p<0.05) (Fig. 3A and B). However, U0126 pre-
treatment did not affect the induction of MMP-9 by OSM.

Effect of ERK siRNA on OSM-mediated changes in MMP-2 
and MMP-9 expression in HTR8/SVneo cells
Transfection of HTR8/SVneo cells with 25 nM of ERK-specific 
siRNA (and not scrambled oligonucleotide) significantly de-
creased the cellular content of total ERK (30.5%; p<0.05) and 
phosphorylated ERK (52.0%; p<0.05) (Fig. 3C and D). After 
transfection of HTR8/SVneo cells with ERK siRNA, protein ex-
pression of MMP-2 and MMP-9 induced by OSM was signifi-
cantly lower than OSM-induced expression of MMP-2 and -9 

Fig. 2. Effects of OSM and ERK inhibitor (U0126) on protein expression of total and phosphorylated ERK. ERK phosphorylation in HTR8/SVneo cells was 
transiently stimulated by OSM (A). The effect of OSM on ERK phosphorylation was inhibited by pretreatment with U0126 (10 or 25 μM for 1 h) compared to 
OSM treatment alone (B). The expression was quantified and expressed as mean±SEM (C) compared to the control, *p<0.05. OSM, oncostatin M; ERK, 
extracellular signal-regulated kinase.
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without transfection (p<0.05 for both). Non-targeting nega-
tive-control siRNA did not significantly affect the expression 
of MMP-2 and MMP-9. 
 

Effects of STAT3 and ERK inhibitors on OSM-induced 
enzymatic activities of MMP-2 and MMP-9 and 
invasion activity 
On the gelatinolytic zymography, OSM-induced MMP-2 and 
MMP-9 enzymatic activities were significantly decreased by 
stattic pretreatment, regardless of the concentration used (all 
p<0.05) (Fig. 4A and B). In the ECMatrix invasion assay, OSM 

significantly increased the invasion activities of HTR8/SVneo 
cells (Fig. 4C). Pretreatment with stattic or U0126 before OSM 
treatment decreased the number of invaded cells more than 
with OSM treatment alone, and this effect was more pro-
nounced with stattic pretreatment (p<0.01 and p<0.05, re-
spectively) (Fig. 4C and D). 

DISCUSSION

MMP-2 and MMP-9 are important enzymes in the invasion of 
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Fig. 3. Effects of OSM, ERK inhibitor (U0126), and ERK siRNA on the protein expression of MMP-2 and MMP-9. Cells were pretreated with the ERK inhibi-
tor U0126 (10 and 25 μM) for 1 h before treatment with or without OSM (20 ng/mL) for 48 h. Protein expression of MMP-2 and MMP-9 was analyzed via 
Western blotting (A). The expression was quantified and expressed as mean±SEM (B). U0126 significantly suppressed OSM-induced MMP-2 expression 
(p<0.05) yet did not affect OSM-induced MMP-9 expression. Western blot analysis of MMP-2 and MMP-9 expression 24 h after transfection with ERK 
siRNA with or without OSM treatment for 48 h (C). OSM-induced expression of MMP-2 and MMP-9 was significantly decreased by ERK siRNA compared 
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cate mean±SEM; *p<0.05. OSM, oncostatin M; ERK, extracellular signal-regulated kinase; MMP, matrix metalloproteinase.
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trophoblasts during early pregnancy.1 We previously reported 
that OSM induced the expression of both enzymes in the 
HTR8/SVneo cells.4 Using specific pharmacologic inhibitors 
and siRNAs, we were able to demonstrate that major path-
ways of the IL-6 family, including ERK and STAT3 pathways, 
mediate the induction of these proteases via OSM. The STAT3 
pathway appears to be critical for the OSM-mediated increase 
in the invasive activity and the number of HTR8/SVneo cells 
through both MMP-2 and MMP-9, whereas the ERK inhibitor 
did not affect OSM-induced MMP9 expression, and the ef-
fects of ERK inhibitor were weaker than those of STAT3 inhibi-
tor in the invasion assay. Disruption of OSM signaling may be 
a strategy for controlling the invasiveness of trophoblasts dur-
ing early pregnancy. 

Dysregulation of STAT3 activity patterns during placental 
development has been suggested as a mechanism of patho-
logic processes in diseases related to defective placentation, 
hypoinvasion in preeclampsia, and neoplasms such as hu-
man choriocarcinoma.11,12 Several soluble factors that are 
generally present in the decidua, mainly HGF, GM-CSF, IL-6, 
IL-11, and LIF, have been shown to use JAK/STAT pathways 
for signaling and may thereby influence invasiveness; in par-
ticular, phosphorylated STAT3 enhances the invasiveness of 
trophoblast cells.3,12,13 Although other pathways, including 
STAT1 and STAT5, need to be investigated, our results suggest 
that OSM is involved in the invasion process in HTR8/SVneo 
cells through the STAT3 pathway. Studies have explored the 
functions of OSM in cancer, bone metabolism, liver regenera-
tion, and conditions involving chronic inflammation includ-
ing rheumatoid arthritis, lung and skin inflammatory disease, 
atherosclerosis, and cardiovascular disease. OSM stimulation 
of human and canine osteosarcoma cells induce STAT3 acti-
vation, thereby enhancing the expression/activation of MMP2 
and VEGF, and ultimately promoting invasive behavior and 
tumor angiogenesis.14 OSM induced fascin through a STAT3 
activation and JAK/STAT signaling pathway contributed to a 
migratory and invasive phenotype of breast cancer cells, in 
both mouse and human systems.15 For physiologic and patho-
logic relevance, it might be more important to study the re-
sponses of human primary trophoblasts; however, it has been 
difficult to study the role of these factors in the regulation of 
EVT invasion in vitro due to technical difficulties in obtaining 
a pure population of EVTs in primary cultures. Invasion of tro-
phoblasts is regulated by numerous components, such as cy-
tokines, endocrine systems, immune systems, and environ-
mental factors including oxygen, and achieved by modulation 
of protease activity, altered cell adhesion, and induced apop-
tosis.16 In particular, a hypoxic condition of low oxygen partial 
pressure is the extrinsic factor that typically regulates the inva-
sive ability of trophoblasts. It has been reported that the envi-
ronment during EVT invasion process of the early pregnancy 
shows low oxygen (2–5% O2) or low glucose concentrations (1 
mM).17,18 The studies about invasion of trophoblast have been 

performed using a various models of cell line including cho-
riocarcinoma (BeWo, JAR, and JEG3)19,20 and SV40-transfec-
tion (SGHPL-4 and HTR-8/SVneo).4,7,21-23 Given the diversity 
of mRNA expression patterns among trophoblast cell lines, it 
has been suggested that the verification of the critical steps in 
molecular studies in trophoblast cell lines a is necessarily in 
an appropriate primary model system.24 Additionally, it has 
been reported that different cell lines display different re-
sponses to culture in 3% oxygen with respect to apoptosis, 
proliferation, and secreted proteases.25 Therefore, our next 
step might be to perform experiments under a hypoxic envi-
ronment, using cell lines and primary trophoblasts.

We previously reported that OSM stimulates the migration 
and proliferation of HTR8/SVneo cells with downregulation 
of E-cadherin and is related to the STAT3 pathway.9 We can-
not discriminate whether cell invasion is increased due to in-
creased invasiveness or proliferation. However, both were sig-
nificantly decreased by STAT3 inhibitor. It has been suggested 
that mammalian target of rapamycin (mTOR) signaling is a 
major mechanism within a tightly regulated network of intra-
cellular signal pathways including the JAK/STAT system that 
regulate invasion in human trophoblasts by secretion of en-
zymes that remodel the extracellular matrix, such as MMP-2, 
MMP-9, uPA, and PAI-1.8 Therefore, future studies are needed 
to investigate the relationship between OSM and mTOR sig-
naling. 

In conclusion, this study demonstrated that both STAT3 
and ERK signaling pathways are related to OSM-induced in-
vasion activity of trophoblasts via upregulation of the expres-
sion of MMP-2 and MMP-9. The activation STAT3 appears to 
be critical. To better understand STAT-mediated trophoblast 
invasion induced by OSM, substantial research efforts should 
be directed toward understanding the regulation of STAT-re-
sponsive genes and their physiologic relevance during these 
processes in primary trophoblasts, under different conditions. 
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