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Abstract

Background/Aims: The placenta is a vital organ for pregnancy. Many in vitro placental
experiments are conducted under 21% O,; however, O, tension could influence cellular
functions, including cytokine secretion. We investigated the effects of oxygen tension between
moderate hypoxia (5% O,) and normoxia (21% O,) by testing the hypothesis that moderate
hypoxia regulates cellular phenotypes differently from normoxia in human trophoblast cells.
Methods and Results: Sw.71 trophoblast cells were incubated under normoxic or moderately
hypoxic conditions. Cells were also treated with lipopolysaccharide (LPS) as a Toll-like receptor
4 (TLR4) ligand inducing inflammation. Interleukin-6 (IL-6) as an inflammatory cytokine was
determined, and TLR4, hypoxia-induced factor-1a (HIF1a), and reactive oxygen species (ROS)
production were detected. Moderate hypoxia increased HIF1a expression and cell proliferation
and acted by two different mechanisms to decrease IL-6 secretion compared with normoxia:
it limits the TLR4 expression and ROS production. Treatment with cobalt chloride as an HIF1
activator inhibited IL-6 secretion and TLR4 expression; this effect was reversed on treatment
with PX-12 as an HIF1 suppressor. Conclusion: IL-6 secretion, TLR4 expression, and ROS
production, classical markers of inflammation, are down-regulated by moderate hypoxia, and
HIF1a and ROS have a potential to regulate these responses in human trophoblast cells.

Copyright © 2015 S. Karger AG, Basel

Introduction

The placenta is a vital organ for establishing and maintaining pregnancy. During early
pregnancy in humans, the placental tissue has a significantly moderate and lower oxygen
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concentration because the extravillous trophoblasts invade the spiral arteries and prevent the
flow of maternal blood, resulting in a physiologically hypoxic environment [1, 2]. However, the
excessive hypoxia associates with cellular and tissue dysfunction. Preeclampsia, a pregnancy-
specific hypertensive syndrome, complicates 5% of all pregnancies worldwide. Recently, it
is reported the placentas of women with preeclampsia and fetal growth restriction display
significant genome and proteome differences compared with normal pregnancy [3, 4]. It
is strongly recognized that severe hypoxia within the placenta is one of key pathogenesis
of preeclampsia [5, 6]. High levels of circulating soluble Endoglin (sEng, a cell-surface co-
receptor for transforming growth factor-f3) and soluble fms-like tyrosine kinase (sFlt-1, a
receptor for VEGF) of placental origin may contribute to the pathogenesis of preeclampsia [7,
8]. Actually, the release of sFlt-1 and sEng under severe O, tension (1%-2%) was stimulated
in human placental cells obtained from the placentas of preeclampsia patients [9, 10]. In
addition, pathophysiological changes of preeclampsia include inflammation and immune cell
activation. Indeed, a generalized inflammatory response by cytokines, such as interleukin
(IL)-6, IL-1B, and tumor necrosis factor-a (TNFa), have been considered to be the main
pathological features of preeclampsia [11-13]. Therefore, the investigation of O, tension is
crucial to understand physiological and pathophysiological mechanism of placenta.

Oxygen supply is crucial for most tissues and cells in maintaining physiological
functions. Although many tissue culture experiments are conducted under normal O,
condition (21% 0,), O, tension in tissues and organs is generally much lower than that found
in the atmosphere [14, 15]. It is reported that the partial pressure of oxygen in the placenta
is 5-6% 0, on 12 to 13 weeks gestation [16]. On the other hand, in severe hypoxia conditions,
cells shift their metabolism from mitochondrial respiration to anaerobic glycolysis, resulting
in the production of reactive oxygen species (ROS) and a decrease in ATP availability [17].
These findings suggest that O, tension could exert an influence on organ and cellular function.

Inflammation playsapivotalroleintheregulation of physiological and pathophysiological
responses. Pro-inflammatory cytokines secreted from many types of cells, such as immune
cells, endothelial cells, and placental cells, critically mediate the inflammatory response.
Indeed, numerous immune and inflammatory cells reside in the placenta and play a crucial
role in the inflammatory responses via cytokine secretion, which may affect placental
development and function [18]. However, excessive inflammatory responses in the placenta
can result in preeclampsia [19]. Although severe hypoxic stress (1-2%) in macrophages up-
regulates inflammatory responses, such as the increase of IL-6 and IL-1f3 [20], moderate
hypoxia (5%) in alveolar macrophages led to an attenuated secretion of monocyte
chemoattractant protein-1 [21], suggesting that O, tension associates with the degree of
inflammatory response. However, the effect of moderate hypoxic condition for inflammatory
response in the placental cells is not clear.

James et al. [2] suggested that as a control, an appropriate oxygen concentration of
more or less moderate hypoxia (5% 0,) may more accurately represent the physiological
conditions in vivo. In the present study, we investigated the effects of oxygen tension under
moderate hypoxic (5% 0,) and normoxic (21% 0,) conditions on inflammatory response
by testing the hypothesis that moderate hypoxia regulates inflammatory cytokine secretion
differently than normoxic conditions do in the human trophoblast cell line.

Materials and Methods

Cell culture

Human first trimester trophoblast cells (Sw.71, trophoblast cell line) were provided by Prof. Mor G [22]
and cultured in Dulbecco’s modified Eagle’s medium/F-12 (DMEM/F-12; Life Technologies Corporation,
Carlsbad, CA) supplemented with antibiotics, sodium pyruvate (Wako Pure Chemical Industries, Ltd. Osaka,
Japan), non-essential amino acids (Wako Pure Chemical Industries), and 5% fetal calf serum (FCS; ICN,
Costa Mesa, CA).

The cells were plated at a concentration of 1 x 10° cells/well in a 24-well culture plate (Thermo
Fisher Scientifc Inc, Wartham, MA). Sw.71 cells were maintained under standard culture conditions: 5%
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€O, and 21% O, (as normoxia) or 5% O, filled with inert N, at maximum humidity (as moderate hypoxia).
To detect an inflammatory response, the cells were washed twice in phosphate buffered saline (PBS) and
treated for 24 h or 48 h with or without lipopolysaccharide (LPS, 100 ng/mL, Sigma) as Toll-like receptor
4 (TLR4) ligand containing 0.1% bovine serum albumin (BSA). To investigate the role of HIF1a, Sw.71 cells
were incubated in the presence or absence of cobalt chloride (CoCl,, Sigma, St. Louis, MO) or Deferoxiamin
(Sigma), which are HIF1 activators for 24 h. In addition, to evaluate the effect of down-regulation of HIF1,
CoCl,-activated Sw.71 cells were incubated in the presence or absence of PX12 (Sigma), HIF1 inhibitor for
24 h under normoxia or moderate hypoxia. To investigate the role of ROS, Sw.71 cells were incubated in
the presence or absence of Rotenone (Sigma) or, Pyocianin (Wako Pure Chemical Industries) which are
ROS stimulators for 24 h under moderate hypoxia. In addition, to evaluate the effect of ROS elimination,
Sw.71 cells were incubated in the presence or absence of N-acetyl-L-cysteine (NAC, Wako Pure Chemical
Industries), anti-oxidant for 24 h under normoxia or moderate hypoxia.

Determination of cytokines

IL-6, sEng, sFlt-1, IL-13, IL-8 and IL-10 levels were determined using a human enzyme-linked
immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, MN) according to the manufacturer’s
instructions.

Determination of hypoxia

Hypoxic conditions were confirmed using a hypoxyprobe staining kit (Hypoxyprobe Inc, Burlington,
MA) according to the manufacturer’s instructions. The cells were covered with VECTERSHIELD with
4'6-diamidino-2-phenylindole (DAPI) (Vector Laboratories, Inc. Burlingame, CA). The staining sections
were analyzed using a microscope (Leica Microsystems).

Western blot analysis

Lysates from the cell culture were prepared using RIPA buffer (20 mM Tris, 2.5 mM EDTA, 1% Triton
X, 10% glycerol, 1% deoxycholic acid, 0.1% SDS, 50 mM NaF, and 10 mM Na,P,0, 1OH20). The expression
of TLR4, HIF1q, and B-actin were analyzed using SDS-PAGE. After transfer onto poly vinylidene fluoride
membranes, non-specific antibody binding was blocked for 1 h at room temperature using immunoblock
(DS Pharma Biomedical Co, Ltd, Osaka, Japan). Then, membranes were then incubated for 24 h at 4C with
anti-TLR4 antibody (Abcam, Cambride, MA), anti-HIF1la antibody (Abcam), and anti-f-actin antibody
(Sigma), followed by an incubation for 1 h with secondary antibody conjugated horseradish peroxidase
(HRP; GE Healthcare, UK Ltd, Buckinghamshire, UK). Immunoreactive bands were visualized by Western
BLoT Quant HRP Substrate (GE Healthcare) using ImageQuant LAS 4000 (GE Healthcare).

Immunocytochemistry

The cells were treated in the same manner as that employed for hypoxyprobe staining. After blocking
with 5% BSA in PBS for 1 h, the cells were incubated with the TLR4 antibody for 90 min followed by
incubation for 1 h with secondary antibody Alexa 555 (Cell signaling, Carlsbad, CA). The staining sections
were analyzed using a microscope.

Detection of ROS generation

ROS production was analyzed using CellROX Oxidative Stress Reagents (Life technologies, Tokyo,
Japan) according to the manufacturer’s instructions. The cells were treated with CellROX reagents for 30
min at a 5 uM concentration, washed with PBS three times, fixed with 3.7% paraformaldehyde for 15 min,
and washed in PBS three times. The staining sections were analyzed using a microscope.

Cell proliferation assay

Cell proliferation was assessed by WST1 assay kit (Roche, Mannheim, Germany) according to the
manufacturer’s instructions. The assay is based on the enzymatic cleavage of the tetrazolium salt WST1
to formazan by cellular mitochondrial dehydrogenases present in viable cells. Briefly, 1 x 10* cells were
incubated in 96-well plates for 24 h, and then cultured under normoxic or moderate hypoxia conditions,
followed by a reaction for 3 h with WST1. The absorbance at 450 nm was measured using a microplate
spectrophotometer (DS Pharma Biomedical Co, Ltd).
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Statistical analysis

Data are expressed as mean * standard error of the mean (SEM). Differences between treatment groups
were identified using unpaired t-tests. Multiple comparisons were performed using one-way analysis of
variance (ANOVA) followed by Bonferroni’s multiple comparison tests. A p value of <0.05 was considered to
be statistically significant.

Results

Moderate hypoxia decreased IL-6 secretion with the increase in HIF1a expression
Initially, we examined the effect of moderate hypoxia (5% O,) on the human trophoblast cell
line compared with normal O, tension (21% 0,) conditions for 24 h and 48 h. Cells subjected
to moderate hypoxia released low levels of IL-6 compared with cells maintained under
normoxia (Fig. 1A). On the other hand, other inflammatory cytokines involving IL-1p and
IL-8 and anti-inflammatory cytokine IL-10 did not differ between these conditions (data not
shown). As expected, a higher number of pimonidazole (a hypoxia marker) -positive cells
were observed under the conditions of moderate hypoxia than those under the conditions
of normoxia (Fig. 1B), indicating that a 5% O, condition is appropriate for inducing hypoxic
conditions. HIF1a, a key regulator of the cellular response to hypoxia, was expressed under
the conditions of moderate hypoxia but not under those of normoxia (Fig. 1C). Moreover, the
cells subjected to moderate hypoxia were treated with CoCl,, a chemical inducer of HIFla,
resulting in the induction of HIFla protein compared with the control under moderate
hypoxia (Fig. 1C). On the other hand, anti-tumor agent PX-12, a known chemical suppressor
of HIF1a activity, clearly decreased HIF1la protein under moderate hypoxia. Under normal
0, tension, we did not see a clear change in HIF1a protein (Fig. 1C) because HIF-1a protein
is degraded in normoxic conditions but stabilized under hypoxic conditions [23].

Moderate hypoxia attenuated LPS-induced IL-6 secretion with the suppression of TLR4

LPS clearly stimulated IL-6 secretion from the human trophoblast cell line in a time-
dependent manner (Fig. 2A). Cells subjected to moderate hypoxia decreased the levels of LPS-
induced IL-6 secretion compared with in cells maintained under normoxia. To investigate the
reason for low levels of IL-6 secretion under the conditions of moderate hypoxia, we showed
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Fig. 1. Effects of moderate hypoxia on IL-6 secretion and HIF1la expression. (A) Sw.71 trophoblast cells
were incubated for 24 h or 48 h under normoxia or moderate hypoxia conditions. IL-6 levels in supernatants
were determined. (B) After 48 h incubation under normoxia or moderate hypoxia conditions, hypoxic condi-
tion was confirmed using a hypoxyprobe staining kit (Hypoxyprobe-1 mAb1) with DAPI. (C) Representative
HIF1la and B-actin immunoblots conditioned at 21% or 5% O, in the presence or absence of CoCl, and PX12.
Black bars indicate normoxia and white bars indicate moderate hypoxia. Data are expressed as means + SEM
(n = 3); Significant differences were identified using the t-test; * p < 0.05 and ** p < 0.01.

KARGER

2152



Cellular Physiology Cell Physiol Biochem 2015;36:2149-2160

and Biochemistry Published online: July 21, 2015

DOI: 10.1159/000430181

© 2015 S. Karger AG, Basel
www.karger.com/cpb

Shirasuna et al.: Moderate Hypoxia Suppresses Inflammatory Response

(A) IL-6 secretion

*¥
3000 { EM21%0:
[ s%o:
£ 2000 -
[=]
2 %
1000 - — **
* —_—
0 — I n . - |
Control LPS Control LPS
24 h 48h

(B) TLR4 protein
21%0; 5% O
TLRE [ — [ |93 kDa
B-actin | ! |42 kDa

(C) TLR4 expression

21% 0,
5% 0,

Fig. 2. Effects of moderate hypoxia on LPS-induced IL-6 secretion and TLR4 expression. (A) Sw.71 trophob-
last cells were incubated for 24 h or 48 h in the presence of LPS (100 ng/mL) stimulation under normoxia or
moderate hypoxia conditions. IL-6 levels were determined. (B) Representative TLR4 and -actin immunob-
lots conditioned at 21% or 5% O, for 48 h. (C) Sw.71 trophoblast cells were incubated for 48 h under normo-
xia or moderate hypoxia conditions; cells were stained with TLR4 antibody with DAPI. Black bars indicate
normoxia and white bars indicate moderate hypoxia. Data are expressed as means + SEM (n = 3); significant

differences were identified using the t-test; * p < 0.05 and ** p < 0.01.

Fig. 3. IL-6 secretion and TLR4
expression by chemical regula-
tors of HIF1a. (A) Sw.71 tropho-
blast cells were incubated in the
presence or absence of CoCl, or
deferoxiamin at the indicated
concentrations under normoxia.
IL-6 levels were determined. (B)
Representative TLR4 and (-actin
immunoblots were conditioned
for 48 h in the presence or ab-
sence of CoCl, or deferoxiamin
under normoxia. (C) Cells were
incubated in the presence or ab-
sence of CoCl, (50 uM) with or
without PX-12 at the indicated
concentrations under normoxia
or moderate hypoxia. [L-6 levels
were determined. Black bars in-
dicate normoxia and white bars
indicate moderate hypoxia. Data
are expressed as means = SEM
(n = 3-4); Significant differences
were identified using ANOVA fol-
lowed by Bonferroni’s multiple
comparison test; * p < 0.05 and
**p<0.01.
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the decrease of TLR4 protein expression under moderate hypoxia conditions compared with
that under normoxia, as evaluated by western blotting (Fig. 2B) and immunofluorescence
(Fig. 2C). These finding suggest that moderate hypoxia controlled IL-6 secretion and TLR4

expression in human trophoblast cells.
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Inflammatory conditions of trophoblast cells are regulated by HIF1a activation

We hypothesized that HIF1a relates to the decrease in IL-6 secretion because moderate
hypoxia diminished IL-6 secretion. Thus, we investigated the effect of HIF1a activators such
as CoCl, and deferoxiamin on IL-6 secretion cultured under normoxic conditions. Treatment
with CoCl, and deferoxiamin drastically inhibited IL-6 secretion in the supernatant (Fig. 3A).
In addition, these activators of HIF1a clearly decreased TLR4 protein expression in a dose-
dependent manner (Fig. 3B). We next examined the inhibitory effect of HIF1a using PX-12.
Although CoCl, inhibited IL-6 secretion, this effect of CoCl, was reversed with treatment
of PX-12 in both conditions of normoxia and moderate hypoxia (Fig. 3C). These findings
indicate the possibility that HIF1a regulates IL-6 secretion with TLR4 expression in human
trophoblast cells.

ROS production is essential for IL-6 secretion

The data indicating that increased IL-6 secretion under normal O, tension led us to
hypothesize that ROS production involves IL-6 secretion in human trophoblast cells. Under
5% O, conditions, ROS production was significantly lower following treatment with LPS
compared with that under normal culture conditions of 21% O, (Fig. 4A). ROS production
was not induced in the control groups, both under the conditions of moderate hypoxia and of
normoxia. We next examined the effects of ROS inducers, including Rotenone and Pyocianin.
Both ROS inducers clearly stimulated IL-6 secretion in a dose-dependent manner (Fig. 4B). To
investigate the importance of ROS for IL-6 secretion, we tested the effect of anti-oxidant NAC
on human trophoblast cells. The treatment with NAC drastically decreased IL-6 secretion
under conditions both of moderate hypoxia and of normoxia (Fig. 4C). In addition, treatment
of NAC suppressed LPS-induced IL-6 secretion in cells subjected to normoxia. These data
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Fig. 5. Effects of moderate hypoxia on cell proliferation and anti-angiogenic factors. (A) Sw.71 trophoblast
cells were incubated in the presence or absence of FCS (5%) under normoxia or moderate hypoxia. Cell
proliferation was assessed using a WST1. (B and C) Cells were incubated for 48 h under normoxia or mo-
derate hypoxia conditions. sEng and sFlt-1 levels were determined. Black bars indicate normoxia and white
bars indicate moderate hypoxia. Data are expressed as means + SEM (n = 3-4); Significant differences were
identified using the t-test; * p < 0.05.

indicated that ROS production is one of key factors in the induction of IL-6 secretion in
human trophoblast cells.

Moderate hypoxia induces cell proliferation and suppresses sEng and sFlt-1 secretion

We determined the effects of moderate hypoxia and normoxia on the proliferation of
human trophoblast cells. In culture conditions both with and without FCS, cells subjected
to moderate hypoxia increased cell proliferation compared with those maintained under
normoxia, as evaluated by WST-1 assay (Fig. 5A).

Finally, we determined sEng and sFlt-1 secretion in this model because high levels
of circulating sEng and sFlt-1 of placental origin may contribute to the pathogenesis of
preeclampsia, a pregnancy-specific hypertensive syndrome [7, 8]. In agreement with the
data for IL-6 secretion, moderate hypoxia significantly reduced sEng and sFlIt-1 secretion for
human trophoblast cells (Fig. 5B and C).

Discussion

Oxygen tension in placental tissues is generally much lower than that found in the
atmosphere [14, 15]. But, it is important to consider that many in vitro experiments are
conducted under superoxic conditions of 21% oxygen [24]. Therefore, we investigated the
effects of oxygen tension under moderate hypoxia and normoxia by testing the hypothesis
that moderate hypoxia regulates cellular phenotypes differently than normoxia do in the
human trophoblast cell line.

In the present study, we first examined IL-6 secretion from human Sw.71 cells because
the crucial role of IL-6 on pathogenesis of preeclampsia [25]. In the present study, we
showed the novel finding that IL-6 secretion was lower under the conditions of moderate
hypoxia than under those of normoxia. Although LPS clearly stimulated IL-6 secretion from
the human trophoblast cell line, cells subjected to moderate hypoxia decreased the levels
of LPS-induced IL-6 secretion compared with in cells maintained under normoxia. These
data suggest that spontaneous and/or LPS-stimulated IL-6 secretion in trophoblast cells are
regulated depending on O, tension.

TLRsare modulated dynamically in response to pathogens, cytokines,and environmental
stresses [26]. TLR4 is a key component for innate immunity because LPS induces a severe
inflammatory response by initiating multiple intracellular signaling including NF-kB and
release of many proinflammatory cytokines such as IL-6, IL-1(, IL-8, and TNFa [26]. In the
present study, moderate hypoxia and the hypoxic mimesis using CoCl, and deferoxiamin
significantly decreased TLR4 expression and LPS-induced inflammatory response for 48 h
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in human trophoblast cells. Similarly, Ishida et al. [27] showed that TLR4 mRNA and protein
expression was decreased cultured for 48-72 h under hypoxic conditions. In addition,
Grodzki et al. [28] suggested that THP-1 macrophages are better primed for responding to
an inflammatory signal under normoxic conditions because NF-kB activation and secretion
of cytokines were attenuated in cells exposed to 5% O, relative to 18% O,. These findings
suggest that moderate hypoxia may have the potential to regulate the inflammatory
response via controlling TLR4 expression. In contrast, Kim et al. [20] indicated that severe
hypoxia and CoCl, acutely enhanced the expression of TLR4 mRNA and protein for 2-8 h
in macrophages. They also demonstrated that HIF1la bound to the TLR4 promoter region
under severe hypoxia and up-regulation of TLR4 by hypoxic stress increased LPS responses
in macrophages [20]. Although we could not completely explain these differences in the
mechanism of TLR4 expression by hypoxic stress, we considered the possible reasons that
some experimental differences involving (1) O, concentrations; (2) the duration of hypoxia;
and (3) the types of cells, which may account for differential cellular responses in TLR4
expression.

ROS are commonly considered harmful mediators of acute inflammation. In the present
study, IL-6 secretion was higher under normoxia compared with that under moderate
hypoxia, hypothetically implicating the participation of ROS production cultured by
superoxic condition in trophoblast cells. Contrary to our expectation, ROS production did not
differ between normoxia and moderate hypoxia in the control. Interestingly, LPS stimulated
ROS production only under normoxia in trophoblast cells. Similarly, although there was no
significant difference in ROS production between 20% and 5% O, conditions in the wild-
type astrocytes, ROS production was much higher under 20% O, conditions compared with
that under 5% O, conditions in the manganese superoxide dismutas-/- astrocytes [29].
Therefore, we suggest that under normoxic conditions, ROS production in cells is better
primed for responding to an inflammatory signal and/or cellular stresses. In addition, the
data in the current study showed that chemical inducers of ROS stimulated IL-6 secretion
and the treatment of anti-oxidant NAC deleted IL-6 secretion, indicating the importance of
ROS production for IL-6 secretion in trophoblast cells.

James et al, [2] demonstrated that moderate hypoxia as a control may more closely
represent physiological conditions in vivo. In addition, Shen et al,[30] suggested considering
low 0, (2.5%) is a state more closely mimicking in vivo condition using HTR-8/SVneo
trophoblast cells. In the present study, moderate hypoxia clearly increased the proliferation
of human trophoblast cells. Several different lines of evidences support the hypothesis that
hypoxia promotes trophoblast cell proliferation because the hypoxic condition increases
proliferation [31], DNA synthesis [32], and 5-bromo-2’-deoxyuridine incorporation [33] in
trophoblast cells. Also, in colon carcinoma Caco2 cells, mild hypoxia (6% 0,) induced cell
proliferation with the increase of HIF1a and activation of MEK-Erk signals [34]. Therefore,
cellular functions and phenotypes are tightly regulated by oxygen tension, and the sensitivity
to oxygen may be different among the cell types. Importantly, Yoshida etal. [35] demonstrated
that moderate hypoxic conditions (5% 0,) can improve the efficiency of induced pluripotent
stem (iPS) cell generation from mouse and human somatic cells. Parrinello et al. [36]
indicated that mouse embryonic fibroblasts did not senesce, nor did any DNA damage occur
at physiological (3%) oxygen levels; however, they underwent a spontaneous event under
the conditions of 20% oxygen. Thus, we have to consider the optimal O, concentration and
investigate various oxygen conditions to understand the basis of the effects of hypoxia.

It is well known that trophoblast differentiation is important for the success of
pregnancy, and hypoxia appears to play a role in modulating differentiation of trophoblast.
Indeed, moderate hypoxia has been shown to decrease the invasive capacity of trophoblast
cells compared with under normoxia [2, 33]. In contrast, sever hypoxia increased the
invasion of HTR-8/SVneo trophoblast cells by up regulating urokinase-type plasminogen
activator [37]. On the other hand, transforming growth factor-f3 (TGFB) is well investigated
as an essential cytokines in regulating trophoblast differentiative phenotype. TGFB has three
isoforms including TGFB1, TGFB2 and TGFB3. It is reported that induction of HIF-1a by
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Inflammation

Fig. 6. Proposed mechanism underlying the effect of normoxia and moderate hypoxia. A schematic sum-
mary of the present study are shown in Figure 6. Spontaneous and/or LPS-stimulated TLR4 expression,
ROS production, and IL-6 secretion, are down-regulated by moderate hypoxia, and HIF1a and ROS have the
potential to regulate these responses in human trophoblast cells.

hypoxia associated with the increase of TGFB3 expression, and this TGFB3 down-regulated
trophoblast invasion [1]. On the other hand, TGFB1 has a capacity to stabilize HIF1a protein
under nomoxic conditions [38]. However, the function of TGFB1 is controversial because
TGFB1 did not alter the extent of trophoblast invasion on primary isolated trophoblast cells
[39] whereas it had inhibitory effects on trophoblast invasion via RhoA/Rho-associated
kinase pathway [40]. Therefore, the regulation of trophoblast differentiation by hypoxia or
HIF1a may be complex mechanisms including hypoxic-related factors and cytokines.

Increasing evidence indicates that severe hypoxic conditions induce an increase in the
level of sEng and sFlt-1 from trophoblast cells, compared with normoxia as a control [9,
10, 41]. Murphy et al. [41] reported that sFlt-1 production from rat placenta under hypoxic
condition (1% O,) was significantly increased compared with under 6% O, condition used as
acontrol. On the other hand, the secretion of sEng and sFlt-1 significantly decreased under the
conditions of 5% O, when compared with that under the conditions of 21% O, in the present
study. We emphasized that high oxygen concentration (21% 0,) might induce the increase of
preeclampsia-related factors with inflammatory responses in the cultured trophoblast cells,
therefore, to evaluate the effect of very low oxygen (1-2% 0,) on the cell function, we should
consider oxygen concentration as controls. We should further evaluate the cell status in not
only pathophysiological/severe hypoxia (1-2% 0,), but also physiological/moderate hypoxic
oxygen concentration (5% 0,).

It is well known that hypoxia, with the increase of HIF1la, is closely associated with
inflammatory conditions and pathogenesis. In contrast, Tannahill et al. [42] reported that
LPS-stimulated IL-6 secretion was inhibited under the conditions of hypoxia compared with
those of normoxia in bone marrow-derived macrophages, and we also showed that moderate
hypoxic conditions and chemical HIF1 activators down-regulated inflammatory responses in
trophoblast cells. Recently, Hartet al. [43] reported thatin the intestinal ischemia/reperfusion
(IR) model, HIF-/- mice demonstrated significantly higher levels of IL-6 compared with
wild-type mice and pharmacological HIF1a activation protected intestinal IR injury with
the suppression of IL-6. Moreover, cardiac HIF1a suppression by siRNA technique in vivo
revealed an abolished cardioprotection by ischemic preconditioning [44]. As an important
regulator of oxygen homeostasis, HIF1 has been implicated in transcriptional regulation of
anti-inflammatory signaling pathways [45]. These findings suggest that HIF1 plays a critical
protective role in anti-inflammatory response and tissue repair as well as induction of
inflammation.
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In conclusion, as shown in Figure 6, IL-6 secretion, TLR4 expression, and ROS

production, which are classical markers of inflammatory response, are down-regulated by
moderate hypoxia, and HIF1a and ROS have the potential to regulate these responses in
human trophoblast cells. We also suggested that the up-regulation of HIF1a under moderate
hypoxia is one of the key candidates to explain the difference in these responses between
moderate hypoxia (5% 0,) and normoxia (21% 0,).
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