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Hypoxic Trophoblast HMGB1 Induces Endothelial Cell
Hyperpermeability via the TRL-4/Caveolin-1 Pathway

Rongzhen Jiang,*' Jingjing Cai,”" Zhaowei Zhu,”' Dandan Chen,” Jiemei Wang,"
Qingde Wang,” Yincheng Teng,* Yajuan Huang,* Minfang Tao,* Aibin Xia,
Min Xue,’ Shenghua Zhou," and Alex F. Chen’

High mobility group box 1 (HMGB1) plays an important role in the pathologic processes of endothelial permeability under oxidative
stress. Trophoblast oxidative stress has been implicated in the pathophysiology of preeclampsia (PE). HMGBI1 serum levels are
increased in PE. However, the potential roles of HMGBI1 in endothelial permeability in PE remain unclear. We assessed the effects
of the hypoxic trophoblast on the permeability of the endothelial monolayer. Our results showed that the hypoxic trophoblast dis-
played higher HMGB1 mRNA, intracellular HMGB1 protein, and HMGBI1 in conditioned medium than those of the normoxic
trophoblast did. The hypoxic trophoblast conditioned medium increased the endothelial monolayer permeability and increased
TLR 4 and caveolin-1 (CAV-1) protein expression in endothelial cells, which was inhibited by glycyrrhizic acid and HMGB1 small
interfering RNA transfection to trophoblasts before hypoxia. The increased endothelial permeability induced by hypoxic tro-
phoblast conditioned medium could be inhibited with TLR4 or CAV-1 gene silencing in endothelial cells. Immunoprecipitation
showed that CAV-1 and TLR4 are colocalized in HUVECs and C57BL/6 mouse kidney. TLR4 small interfering RNA suppressed
CAV-1 protein expression in endothelial cells upon stimulation of hypoxic trophoblast conditioned medium or HMGB1. We con-
clude that hypoxic trophoblasts play an important role in the mechanism of general edema (including protein urine) in PE via
increasing endothelial monolayer permeability through the HMGB1/TLR4/CAV-1 pathway. The Journal of Immunology, 2014,

193: 5000-5012.

igh mobility group box 1 (HMGB1) is a ubiquitously
H expressed, DNA-binding nuclear protein involved in the

stabilization of nucleosomes. HMGBI1 is actively re-
leased after cytokine stimulation and metabolic stress, such as
hypoxia (1); it is also released passively during cell death (2). The
importance of HMGB1 as a proinflammatory cytokine has been
shown in diseases of chronic inflammation and exaggerated
immune responses, such as atherosclerosis (3), sepsis (4), and
ischemia-induced angiogenesis (5). HMGB1 does not initiate an
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acute inflammatory course. Instead, it mediates a chronic process
leading to cellular dysfunction and tissue destruction. It has been
recently established that HMGB1 increases endothelial monolayer
permeability, which leads to protein-rich edema (6, 7); however,
the underlying mechanisms are not clear yet.

Preeclampsia (PE) is an oxidative stress process in the placenta
leading to hypertension, proteinuria, edema, endothelial cell
dysfunction, and placenta atherosclerosis (8). Placental hypoxia
can cause trophoblast necrosis and apoptosis (9). Postischemic
inflammation is an essential step in the progression of endothelial
cell injury in PE (8). A recent study showed that HMGB1 serum
levels are increased in severe PE, most notably in patients expe-
riencing early-onset PE (10). General edema and high urine pro-
tein are the main characteristics of early-onset PE. It is reported
that HMGBI increases endothelial cell permeability in sepsis and
cerebral ischemic pathogenesis by activation of pattern recogni-
tion receptors, TLR4, TLR2, and the receptor for advanced
glycation endproducts (RAGE) (11, 12). High endothelial cell
permeability is the main cause of general edema and high urine
protein in PE (8); however, the underlying pathogenic relationship
between HMGB1 and endothelial cell dysfunction in PE remains
unexplored.

Increased endothelial permeability in the kidney is also a hall-
mark of endothelial dysfunction in PE. Studies have shown that
increased endothelial permeability is associated with the phos-
phorylation of endothelial specific-junction protein, vascular en-
dothelial-cadherin (VE-cadherin), and an altered distribution of
VE-cadherin at endothelial junctions (13). Moreover, caveolin-1
(CAV-1), a structural and scaffold protein required for caveolae
formation and transcellular transport, also plays an important
role in oxidative stress—induced paracellular hyperpermeability,
inflammation-evoked pulmonary vascular hyperpermeability, and
protein-rich edema formation (14). A recent study also demon-
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strated that CAV-1 is an important mechanism mediating oxidant-
induced vascular hyperpermeability (15, 16). However, the underlying
regulating pathway of kidney endothelial barrier dysfunction in PE is
still unknown.

JEG-3 cell line derived from the placenta tissue of choriocarci-
noma and have features of both cytotrophoblasts and extravillous
trophoblasts. Because of the expression of human chorionic go-
nadotrophin (hCG), MHC, class I, G (HLA-G), cytokeratin 7, human
chorionic somatomammotropin (placental lactogen), and proges-
terone, JEG-3 cell line is recommended for regulation studies of both
trophoblast migration and invasion properties as well as trophoblast
proliferation (17, 18).

Based on these considerations, the current study was designed to
answer several questions, such as whether hypoxic JEG-3 cells and
primary mouse trophoblasts (PMTs) release the “danger signal”
HMGBI1, whether hypoxic trophoblast (including JEG-3 cells and
PMTs) conditioned medium (CM) increases the permeability of
the endothelial cell monolayer, and whether hypoxic JEG-3 and
PMT CM stimulation of endothelial monolayer permeability
involves CAV-1 pathways. We also aimed to detect whether in-
creased endothelial cell permeability is HMGB1-TLR/RAGE-
CAV-1 pathway dependent. Glycyrrhizic acid (GA), the main logic
activities such as antioxidative, anti-inflammatory, antiulcerous, an-
tidotal, antiallergic, antiviral, immunomodulating, hepatoprotective,
and cardioprotective properties (19-22). It was demonstrated that
GA played an important role in the inhibition of HMGB1 (23, 24);
therefore, we also aimed to evaluate the effect of GA as an inhibitor
of hypoxia trophoblast (including PMT and JEG-3) HMGBI1 in-
duced hyperpermeability of endothelial cells (ECs), including
HUVECs and mouse arterial endothelial cells [MAECs].

Materials and Methods

Animals

Wild type C57BL/6, CAV-1"'" (C57BL/6J background) male and female
mice (8—12 wk of age) were obtained from Jackson Laboratories; TLR4 =
mice (C57BL/6J background) were provided by Dr. T. Billiar (University of
Pittsburgh Medical Center, Pittsburgh, PA). Mice were sacrificed to obtain
PMTs and mouse arterial endothelial cells (MAECs) on day 11 of gesta-
tion. All the mice used had identical genetic backgrounds. All animal
procedures were performed according to Institutional Animal Care and
Use Committee guidelines.

PMTs isolation from wild type C57BL/6 pregnant mice

First-trimester PMTs were isolated, cultured, and identified according to
a previously described method with modifications (25, 26). Described
briefly, C57BL/6 female mice were sacrificed and cesarean sections were
performed to obtain placentas on day 11 of gestation. Placentas were
separated from the underlying endometria using dissecting forceps in
a sterile dish containing endothelial cell growth media-2 (EGM-2; Lonza)
under a biological dissection microscope. The placentas were cut into
small pieces in size of 1-2 mmz, washed once with EGM-2, and then
incubated in dissociation medium (wash medium containing 1 mg/ml
collagenase [Sigma-Aldrich, St. Louis, MO], 20 pg/ml DNase [Sigma-
Aldrich]) for 1 h at 37°C with periodic pipetting to separate cells. Cells
were washed to remove dissociation medium and then collected and fil-
tered to remove undigested tissue. The cells were separated on an isotonic
40% Percoll gradient (Stemcell Technologies). The trophoblast cell layer
was collected and plated onto Matrigel-coated flasks and cultured in EGM-
2 medium with 10% FBS (FBS; American Type Culture Collection) and
penicillin/streptomycin (American Type Culture Collection). Cells were
identified as PMTs by labeling the cells with rabbit anti-mouse cytokeratin
7 (Abcam). Three-six passages were used for experimental detection.

Isolation of MAECs from wild type C57BL/6, CAV-1""",
TLR4™" female mice

MAECs were isolated and cultured as described previously with minor
modifications (27). Described briefly, 8—12-week-old C57BL/6, CAV1 - -,
and TLR4™'~ female mice were sacrificed to obtain MAECs. The aortas
were dissected and separated from the aortic arches to the abdominal
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aortas under a biological dissection microscope without stretching, and
immersed in EGM-2 (Lonza) containing 1000 U/ml heparin (Sigma-
Aldrich), 50 ng/ml endothelial cell growth supplement (BD Biosciences),
and penicillin-streptomycin. The periadventitial fat around the vessels was
carefully cleaned under a dissection microscope using forceps and iris
scissors. After opening the vessels longitudinally and washing once with
EGM-2, three mice aortas were cut into small pieces of 1-2 mmz, placed in
a Matrigel-coated six-well culture plate with 0.5 ml medium, and incu-
bated at 37°C in a 5% CO, incubator; 1.5 ml of medium was carefully
added after the explants were incubated for 6 h. The explants were re-
moved and discarded after 5—7 d in culture, and 0.25% trypsin was used to
detach cells for further subculture. The cells were identified as endothelial
cells by labeling the cells with von Willebrand factor-VII (VWF-VII; Abcam),
and uptake of 1,1'-dioctadecyl-1,3,3,3",3’-tetramethyl-indocarbocyanine-
acetylated low-density lipoprotein (Dil-Ac-LDL; Biomedical Technologies,
Stoughton, MA). Tube formation was used to assess the specific endothelial
cell characteristics. Two-five passages were used for experimental detection.

Culture of JEG-3 cell line

The JEG-3 cell line (American Type Culture Collection) was cultured in
EGM-2 medium supplemented with 5% FBS (American Type Culture
Collection) at 37°C in a 5% CO, incubator.

HMGBI gene silencing of PMTs and JEG-3 cell line by small
interfering RNA

Transfection of the JEG-3 cell line and PMTs by small interfering RNA
(siRNA) was conducted as previously described, with minor modifications
(28). PMTs and the JEG-3 cell line (2 X 10° cells/well) were plated into
a six-well culture plate (Thermo Fisher Scientific, Roskilde, Denmark).
JEG-3 cells at 60-70% confluence were transfected with 5 pl Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA) and HMGB1-siRNA or scramble-
siRNA (Santa Cruz, CA; at a final concentration of 2 uM) in the absence
of antibiotics for a period of 24 h. After treatment with siRNA-HMGB1 for
24 h, the CM was replaced with EGM-2 medium supplemented with 5%
FBS. Specific silencing was confirmed by Western blot and cell viability
was detected with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT, Invitrogen) assay. Experiments were performed on six
separate occasions.

Hypoxia of PMTs and JEG-3 cells

Hypoxic conditions were created by placing the cells into a modular in-
cubator chamber (Billups-Rothenburg, Del Mar, CA) flushed with a hypoxic
gas mixture containing 1% O,, 5% CO,, and 94% N, (we selected 1% O,
as it was shown to elicit a hypoxic response in pilot studies). The oxygen
level in the uterus at the time of implantation is 15—-18.9 mm Hg in normal
pregnancy (29, 30) and the increased number of syncytial knots in the
placenta from pregnancies complicated by PE can be replicated in vitro by
1% hypoxia, supporting the idea of 1% hypoxia involvement in the
pathogenesis of PE and use in an in vitro trophoblast hypoxia model) (31).
PMTs and JEG-3 cells incubated under normoxic conditions (21% O,)
served as controls (JEG3 and PMTs have adapted). The CMs of PMTs and
JEG-3 cells were then collected after centrifugation to remove immuno-
precipitates and were stored at —80°C for detection of HMGBI1 or cul-
turing of MAECs or HUVECs (32). PMTs and JEG-3 cells were collected
to detect HMGBI1 protein expression.

Culture of HUVEC cell line

Pooled HUVECs (Lonza) were maintained with EGM-2 (Lonza) in a 37°C
incubator with 5% CO,. Experiments were performed with cells (passage
3-8) seeded in six-well plates at a density of 2 X 10° cells/well in EGM-2
without supplementation of antibiotics.

TLR4 and CAV-1 gene silencing of HUVECs by siRNA

Inhibition of TLR4/CAV-1 mRNA translation was performed using siRNA
targeted to TLR4 mRNA or CAV-1 mRNA (Santa CruzBiotechnology) as
described previously with minor modifications (33, 34). Described briefly,
2 X 10° HUVECs were seeded in six-well plates. HUVECs at 60-70%
confluence were transfected with Lipofectamine 2000 (Invitrogen) and
TLR4-siRNA (at a final concentration of 10 pmol)/CAV-1 siRNA (at a final
concentration of 10 nmol) or scramble-siRNA (Santa Cruz, CA) in the
absence of antibiotics for a period of 24 h. Following washing in PBS, the
cells were replaced with JEG-3 CM for an additional 24 h. Total protein
was collected for analysis. Specific silencing was confirmed by Western
blot. Cell viability was tested via MTT (Invitrogen, Carlsbad, CA) assay.
Experiments were performed on six separate occasions.
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MAECs and HUVECs treated with PMTs/JEG-3 CM

MAEC:s (passage 2-5) and HUVECs (passage 3-8) were seeded in six-well
plates at a density of 2 X 10° cells/well in EGM-2 without supplementation
of antibiotics. Cells at 60—70% confluence were added to PMTs/JEG-3 CM
and incubated at 37°C for 24 h (32). MAECs and HUVECs were collected
and stored at —80°C for protein extraction and Western blot.

MAECs and HUVECs treated with HMGBI1

MAEC s (passage 2-5) and HUVECs (passage 3-8) were seeded in six-well
plates at a density of 2 X 10° cells/well in EGM-2 without supplementation
of antibiotics. Cells at 60-70% confluence were added to recombinant
HMGB1 (rtHMGB]1) at a final concentration of 1 pwg/ml and incubated at
37°C for 24 h (6). MAECs and HUVECs were collected and stored at
—80°C for protein extraction and Western blot.

MTT assay to assess cell viability

Cells were seeded in a 96-well microplate at 4000 cells in 100 wL per well.
Each group had five duplicate wells. To measure cell proliferation, the CM
in each 96-well plate was changed to serum-free conditions after 24 h of
seeding, and MTT (Invitrogen) assay was performed after different con-
ditional treatments. MTT assay was performed at the end of each treatment
following routine procedure (35). The experiment was repeated six times
to ensure data reproducibility.

Evaluation of JEG-3 cells and PMTs mitochondrial potential
by JCI

5,5",6,6'-Tetrachloro-1,1',3,3"-tetraethylbenzimidazolylcarbocyanine io-
dide (JC1; Invitrogen) is a cationic dye that exhibits potential-dependent
accumulation in the mitochondria, indicated by a fluorescence emission
shift from green (~525 nm) to red (~590 nm). JC1 monomers were
detected with a green filter. JC1 dimers that formed on mitochondrial
membranes with high mitochondrial potential were detected via a red filter.
Consequently, mitochondrial depolarization was indicated by a decrease in
the red/green fluorescence intensity ratio (36). We plated 50,000 JEG-3
cells and PMTs in six-well plates. JEG-3 cells and PMTs were cultured in
1% oxygen and 21% oxygen (control) for 24 h. JEG-3 cells and PMTs
were stained for 10 min in medium containing JC1 (at a final concentration
of 50 wg/ml) and Hoechst 33325 (Sigma-Aldrich; at a final concentration
of 1 wg/ml). JEG-3 cells and PMTs were washed three times with PBS
(Sigma-Aldrich). Pictures were taken using a Nikon TE 200 inverted
epifluorescence microscope (Melville, NY) equipped with a digital camera
(CoolSNAP HQ2; Photometrics, Tucson, AZ) and micrographs were
processed with AxioVision 4.8 software (Carl Zeiss).

Analysis of JEG-3 cells and PMTs apoptosis

JEG-3 cells and PMTs apoptosis were detected by Alexa Flour 488
Annexin V/Dead Cell Apoptosis Kit (Invitrogen) to detect early apoptotic
cells (cells with intact membranes with externalized phosphatidylserine
residues), late apoptotic cells (apoptotic cells showing compromised
membrane integrity), and nonapoptotic cells at 24 h of culture (37). Cells
were washed in ice-cold PBS (Sigma-Aldrich) and resuspended in 100
ml annexin V binding buffer (140 mmol/L NaCl, 2.5 mmol/L CaCl,, 1.5
mmol/L MgCl,, and 10 mmol/L HEPES, pH 7.4) containing annexin V-
FITC and propidium iodide (PI; 1 pg/ml) for 15 min. Cells were ana-
lyzed by FACS using Guava Express Pro 8.1 software.

Immunofluorescence analysis

Immunofluorescence analysis was performed as previously described (38).
JEG-3 cells and PMTs were cultured in 1% oxygen or 21% oxygen for
24 h. The cells were washed with PBS (Sigma-Aldrich) and fixed in 4%
paraformaldehyde. The cells were incubated first with rabbit anti-HMGB1
(Abcam), and mouse anti-Actin Ab (Abcam) and then reacted with their
corresponding PE-conjugated monkey anti-rabbit IgG (BD Biosciences)
and FITC-conjugated goat anti-mouse IgG (BD Biosciences) as secondary
Abs. To visualize the nuclei, the cells were stained with DAPI (blue;
Sigma-Aldrich). Fluorescent images were observed under a laser-scanning
confocal microscope (Bio-Rad, MRC-1024ES), and micrographs were
processed with AxioVision 4.8 software (Carl Zeiss).

Real-time PCR

JEG-3 cells and PMTs were cultured in 1% oxygen or 21% oxygen for 24 h.
After harvesting, JEG-3 cells and PMTs were immediately submerged in
RNAlater RNA stabilization reagent (Ambion, Austin, TX), according to
the manufacturer’s instructions, processed for RNA isolation, and stored at

—80°C for further analysis. RNA expression of HMGBI1 (upper TC
AAAGGAGAACATCCTGGCCTGT, lower CTGCTTGTCATCTGCAG-
CAGTGTT) and 18S rRNA (upper 5'-CGG GTC GGG AGT GGG T-3',
lower 5'-GAA ACG GCT ACC ACA TCC AAG-3') (Qiagen, Valencia,
CA) was quantified with a SYBR Green two-step real-time RT-PCR Kit
(Qiagen, Valencia, CA) as described previously (39). 18S rRNA was used
as an endogenous control. Each sample was estimated in triplicate on the
CFX manager 2.1 program (Bio-Rad). Real-time PCR data were plotted as
the A Rn fluorescence signal versus the cycle number. An arbitrary
threshold was set to the midlinear portion of the log A Rn cycle plot. The
threshold cycle was defined as the cycle number at which the A Rn crossed
this threshold. The best combination of reference genes was automatically
calculated by the CFX manager 2.1 program (Bio-Rad) based on M-value.

Western blot

Western blot was performed as described previously (40). Proteins were
extracted from cultured cells using CelLytic MT Cell Lysis Reagent
(Sigma-Aldrich) and separated on SDS-polyacrylamide gels. Proteins were
probed with the following Abs: rabbit anti-HMGB1 (1:1000; Abcam),
rabbit anti-TLR4, rabbit anti-TLR2, rabbit anti-RAGE, rabbit anti-VE-
cadherin, rabbit anti-caveolin (1:200; Santa Cruz Biotechnology); mouse
anti-actin (1:1,000, Santa Cruze) was used as an internal control. Sec-
ondary Abs used were IR Dye 700—conjugated anti-rabbit (1:4000) and IR
Dye 800-conjugated anti-mouse (1:5000; BD Biosciences). The blots were
scanned with an Odyssey imager (LI-COR Biosciences) and band intensity
was determined with Quantity One System (Bio-Rad).

In vitro permeability assay of HUVECs or MAECs

Permeability was quantified by spectrophotometric measurement of the
flux of Evans blue-bound albumin across functional HUVEC monolayers
using a modified two-compartment chamber model as previously described
(41). Described briefly, HUVECs or MAECs were plated (5 X 10* cells/
well) in 4-pm pore size and 12-mm diameter transwells for 3 d. The
confluent monolayers were incubated with trophoblasts (JEG-3 cells and
PMTs) CM or rtHMGBI (1 pg/ml) for 24 h. Inserts were washed with PBS
(Sigma-Aldrich), pH 7.4, before addition of 0.5 ml of 0.67 mg/ml Evans
blue (Sigma-Aldrich) diluted in growth medium containing 4% BSA
(Sigma-Aldrich). Fresh growth medium was added to the lower chamber,
and the medium in the upper chamber was replaced with Evans blue/BSA.
After 10 min, the OD at 650 nm was measured in the lower chamber.
Experiments were performed in triplicate and repeated six times.

FITC-BSA HUVEC staining

To visualize whether 24-h hypoxic JEG-3 cells/PMTs CM regulates the
FITC-BSA uptake in HUVECs/MAECs, 50,000 HUVECs/MAECs were
seeded in a six-well plate and incubated for 24 h to achieve 75% confluence.
The HUVECs/MAECs were treated with JEG-3 cells/PMTs CM for an
additional 24 h. FITC-BSA uptake of HUVEC/MAECs was performed as
previously described with minor modifications (42). FITC-BSA (Sigma-
Aldrich; at a final concentration of 0.5 mg/ml) and Hoechst 33325 (Sigma-
Aldrich; at a final concentration of 1 wg/ml) were added to the cells and
incubated for 30 min. The cells were washed three times with PBS. Pic-
tures were taken using a Nikon TE 200 inverted epifluorescence micro-
scope equipped with a digital camera (CoolSNAP HQ?2), and micrographs
were processed with AxioVision 4.8 software (Carl Zeiss).

ELISA

The cell culture medium from PMT and JEG-3 cells under various con-
ditions was collected and used to determine HMGBI levels with an ELISA
kit (IBL, Gunma, Japan) according to the manufacturer’s instructions.

Immunoprecipitation assay

Immunoprecipitation assay was performed as described previously (43).
HUVEC lysates or kidney lysates of C57BL/6 mice containing 200 pg of
total protein were incubated with rabbit anti-CAV-1 (Abcam; 1/100 v/w) or
rabbit IgG (Santa Cruz Biotechnology) for 2 h at 4°C on a rotating device,
followed by the addition of Protein A-G PLUS Agarose (Santa Cruz
Biotechnology) overnight under the same conditions. Immunoprecipitation
complexes were washed three times with 500 wl lysis buffer containing
protease inhibitor (Sigma-Aldrich; pH = 7.5). Supernatants were discarded,
and pellets were resuspended in 20 wl lysis sample buffer. After 7 min of
boiling, samples were centrifuged and analyzed by Western blotting with
Ab against TLR4. For TLR4 immunoprecipitation, goat anti-TLR4 (1/100
v/w) or goat IgG (Santa Cruz Biotechnology) were used to pull down
protein before Western blotting with Ab against CAV-1.
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Statistical analyses

Values are reported as mean * SD. All statistical analyses were two-sided
and were performed with SPSS statistical software version 15.0 (SPSS,
Chicago, IL). For all experiments, the Kruskal-Wallis test was used to
determine differences among the groups. When a significant difference
between groups was found, multiple comparisons were performed using
the Bonferroni procedure with type-I error adjustment. A p value < 0.05
was considered statistically significant.

Results
Identifications of MAECs and PMTs

MAECs were identified as endothelial cells by labeling the cells
with rat anti-mouse vVWF and confirming the uptake of Dil-Ac-LDL
and tube formation (Fig. 1B, 1D, 1F). HUVECs were detected as
control (Fig. 1A, 1C, 1E). PMTs were identified as trophoblast
cells by labeling the cells with rabbit anti-mouse cytokeratin 7
(Abcam; Fig. 1G, 1I). JEG-3 cells were stained as control
(Fig. 1H, 1J).

Hypoxic trophoblasts (both JEG-3 cells and PMTs) displayed
higher HMGBI1 mRNA, intracellular HMGBI protein, and
HMGBI in CM than those of normoxic trophoblasts

To detect whether hypoxia increases trophoblast (including
JEG-3 cells and PMTs) HMGBI1 protein expression and CM
HMGBI level, JEG-3 and PMT cells were cultured in 1% oxygen
for 0, 2, 4, 8, 24, and 48 h. The HMGBI1 level in super-
natants and the HMGBI1 cell protein was increased in tropho-
blasts (including JEG-3 cells and PMTs) cultured in hypoxic
conditions (1% oxygen) for 24 and 48 h compared with those
cultured in normoxic conditions (21% oxygen; n = 6; Fig.
2A-F).

To detect the HMGB1 mRNA expression of hypoxic tropho-
blasts (JEG-3 cells and PMTs), JEG-3 cells and PMTs were
cultured in 1% oxygen or 21% oxygen for 24 h. Real-time RT-
PCR was used to detect HMGB1 mRNA expression. HMGB1
mRNA levels were increased in trophoblasts (JEG-3 cells and
PMTs) cultured in hypoxic conditions (1% oxygen) for 24 h as
compared with those cultured under normoxic conditions (21%
oxygen; n = 6; Fig. 2G). We also detected the HMGB1 protein
expression of trophoblasts (JEG-3 cells and PMTs) by using
immunofluorescence analysis. The HMGB1 protein expression
of hypoxic trophoblasts (JEG-3 cells and PMTs) was signifi-
cantly higher than those of normoxic trophoblasts (JEG-3 cells
and PMTs; n = 6; Fig. 3).

FIGURE 1. Characterization of C57BL/6 MAECs
and PMTs. Subconfluent HUVECs (A) and MAECs (B)
(second passage) grown on glass cover slips were
stained with an endothelial surface marker, vVWF, using
anti-vWF Ab (primary) and a FITC-labeled secondary
Ab. Uptake of Dil-Ac-LDL in subconfluent HUVECs
(C€) and MAECs (D) grown on glass cover slips. Tube
formation of subconfluent HUVECs (E) and MAECs
(F) grown on growth factor-reduced Matrigel plate.
Images were taken after 4 h of incubation. Scale bar, 200
wm. Characterization of PMTs from C57BL/6 pregnant
mice. Subconfluent JEG-3 cells (G and I) and PMTs (H
and J) grown on glass coverslips were stained with a tro-
phoblast marker, cytokeratin 7, by using anti-cytokeratin 7
ADb (primary) and a PE-labeled secondary Ab. Scale bar,
100 wm (I and J). Scale bar, 200 wm (G and H).

Stain of VWF

Tube formation Uptake of Dil-Ac-LDL

j
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Hypoxia decreased trophoblasts (JEG-3 cells and PMTs)
viability and increased trophoblasts (JEG-3 cells and PMTs)
apoptosis

Cell JEG-3 cells and PMT) viability of hypoxic trophoblasts was
decreased after 24 and 48 h of culture in hypoxic conditions (1%
oxygen) compared with those cultured under normoxic conditions
(21% oxygen; n = 6; Fig. 4A, 4B). Apoptosis in trophoblasts
(JEG-3 cells and PMTs) was assessed with FITC-annexin V and
PI staining (BD Biosciences) and flow cytometric analysis (BD
FACSCalibur). The apoptosis of hypoxic trophoblasts (JEG-3 cells
and PMTs) was significantly higher than that of normoxic tropho-
blasts (JEG-3 cells and PMTs; n = 6; Fig. 4C-G).

Twenty-four hours of hypoxia decreased trophoblasts (JEG-3
cells and PMTs) mitochondrial membrane potential

To detect the mitochondrial membrane potential and apoptosis of
hypoxic trophoblasts (JEG-3 cells and PMTs), trophoblasts (JEG-3
cells and PMTs) were cultured in 1% oxygen and 21% oxygen for
24 h. The mitochondrial membrane potential was detected by JCI
staining assay. Trophoblasts (JEG-3 cells and PMTs) were also
stained with Hoechst 33325.Twenty-four hours of hypoxia decreased
the trophoblasts’ (JEG-3 cells and PMTs) mitochondrial membrane
potential as compared with normoxia (21% oxygen; n = 6; Fig. 5).

Silencing HMGBI in JEG-3 cells and PMTs

HMGBI1 siRNA silenced 81.89% of JEG-3 HMGB1 protein ex-
pression and 82.5% of PMT HMGBI protein expression, but did
not affect the viability of JEG-3 cells and PMTs at the final
concentration of 2 wmol (Fig. 6A-C; n = 6). In addition, HMGB1
siRNA silenced 80.7% of hypoxia JEG-3 HMGBI1 protein ex-
pression and 83.4% of hypoxia PMT HMGBI1 protein expression,
and it decreased 88% of hypoxia JEG-3-CM HMGBI level and
89.2% of hypoxia PMTs-CM HMGBI level at the final concen-
tration of 2 pwmol (Fig. 6D-F; n = 6). Therefore, we used the
concentration of 2 pmol for the following experiment.

HMGBI from hypoxic trophoblasts (JEG-3 cells and PMTs)
increased the permeability of the endothelial cell (HUVEC and
MAEC) monolayer

First, to detect whether HMGBI released by hypoxic trophoblasts
(JEG-3 cells and PMTs) increases endothelial cell permeability,
HUVECs were treated with the 24-h normoxic CM and hypoxic
trophoblasts (JEG-3 cells and PMT) for 0, 4, 8, 12, 24, and 48 h,
respectively. HUVEC permeability was detected by Evans blue

Stain of Cytokeratin 7

HUVECs MAECs JEG-3 PMTs
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FIGURE 2. HMGBI levels of CM, HMGBI protein expression, and mRNA expression in JEG-3 cells and PMTs at different time points under hypoxic
conditions. (A and B) Bar graph illustrating the protein expression of HMGBI at different hypoxic JEG-3 cells (A) and PMTs (B) time points. (C and D)
Representative photographs of Western blot of HMGB1 protein expression at different time points of hypoxia JEG-3 cells (C) and PMTs (D). (E and F) Bar
graph illustrating CM HMGBI levels at different hypoxic time points of JEG-3 cells (E) and PMTs (F). CM HMGBI1 levels of JEG-3 cells and PMTs were
detected by ELISA kit of HMGB1. Values were reported as mean = SD (n = 6). (G) HMGB1 mRNA induction in hypoxic JEG-3 cells and PMTs. The bar
graph shows the quantitative RNA measurement using Bio-Rad CFX manager 2.1 (admin). Values were reported as mean * SD (n = 6). *p < 0.05,

compared with normoxia.

labeled-BSA. We found that the 24-h hypoxic trophoblast CM
(JEG-3 cells and PTM) significantly enhanced the permeability of
HUVECs incubated for 24-48 h compared with 24-h normoxic
trophoblast CM (JEG-3 cells and PMT; 21% oxygen; n = 6;
Fig. 7A, 7B).

Second, to test whether the hypoxic trophoblast CM increased
endothelial cell permeability via HMGB1, we used 2 pmol/L
HMGBI1 siRNA to silence the HMGB1 protein expression of

HMGB1 Actin

FIGURE 3. (A and B) The HMGB1
protein expression of hypoxic and
normoxic JEG-3 cells (A;—Ag) and
PMTs (B;_Bg) was detected by im-
munofluorescence analysis. (C) Bar
graph illustrating the red fluorescence
intensity (HMGB1) of JEG-3 cells
and PMTs. The red fluorescence in-
tensity (HMGBI1) of hypoxic JEG-3
cells and PMTs were significantly
higher than that of the normoxic
JEG-3 cells and PMTs. Values were
reported as mean = SD (n = 6). Scale
bar, 100 wm. *p < 0.05, *p < 0.05,
compared with normoxia.

Nomoxia Hypoxia Nomoxia

Hypoxia

JEG-3 cells and PMT before hypoxia, and we detected the effect
of the hypoxic trophoblast CM on the endothelial cell (HUVEC
and MAEC) monolayer permeability. We also applied 1 wg/ml
rHMGBI1 to deal with the endothelial cell monolayer for 24 h to
determine whether rHMGB/1 increases endothelial cell (HUVEC
and MAEC) monolayer permeability. Our data show that the in-
creased endothelial cell permeability (HUVECs and MAECs) by
24-h hypoxic trophoblast (JEG-3 cell and PMTs) CM was re-
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FIGURE 4. Trophoblast (JEG-3 cells and PMTs) viability and trophoblast (JEG-3 cells and PMTs) apoptosis of hypoxic trophoblasts was detected by

MTT and annexin V/PI staining. (A and B) Cell viability of the JEG-3 cells

(A) and PMTs (B) decreased significantly after 24 h of incubation with 1%

oxygen as compared with 21% oxygen. Values were reported as mean = SD (n = 6). *p < 0.05, *p < 0.05, compared with normoxia. (C-G) Hypoxia
induces apoptosis in hypoxic trophoblast (JEG-3 cells and PMTs). (C) Quantitative analysis of apoptotic cells in normoxic and hypoxic trophoblast JEG-3
cells and PMTs). Values were reported as mean * SD (n = 6). *p < 0.05, compared with normoxia. (D-G) Representative annexin-V/PI staining assay of
normoxic (D and F) and hypoxic trophoblast (JEG-3 cells and PMTs) (E and G).

versed by HMGB1 (JEG-3 and MPT) silencing before hypoxia in
trophoblasts. HMGB1 (1 wg/ml) also significantly enhanced the
permeability of endothelial cells (HUVECs and MAECs) after
24 h of incubation as compared with the control (r = 6; Fig. 7C, 7D).

A JC1-Red JC1-Green Hoechst
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Silencing TLR4 and CAV-1 in HUVECs

Transfection with 10 pmol TLR4-siRNA significantly decreased
TLR4 protein expression in HUVECs by 82.4% without affecting
viability and expressions of TLR2 and TLR9 protein expression in
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FIGURE 5. Effect of hypoxia on trophoblast (JEG-3 cells and PMTs) mitochondrial membrane potential. Micrographs illustrate JC-1 accumulation in
(A) the mitochondria of normoxic and hypoxic JEG-3 cells and (B) PMTs. Scale bar, 100pm. (C) The red/green fluorescence intensity ratio of hypoxic
trophoblast (JEG-3 cells and PMTs) was significantly lower than that of the normoxic trophoblast (JEG-3 cells and PMTs). Values were reported as mean =+

SD (n = 6). *p < 0.05, *p < 0.05, compared with normoxia.
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FIGURE 6. HMGBI silencing of JEG-3 cells and PMTs. (A) The cell viability of JEG-3 cell lines and PMTs was not affected by transfection of 2 pwmol
HMGBI siRNA. (B) HMGBI1 siRNA silenced ~81.89% of JEG-3 HMGBI1 protein expression and 85.29% of PMT HMGBI protein expression. Values were
reported as mean + SD (n = 6). *p < 0.05, compared with Ctr. (D and E) HMGBI1 siRNA also silenced 80.7% of hypoxia JEG-3 HMGBI1 protein expression
and 83.4% of hypoxia PMT HMGBI protein expression (D), and decreased 88% of hypoxia JEG-3-CM HMGBI level and 89.2% of hypoxia PMTs-CM
HMGBI level (E) at the final concentration of 2 pmol. Values are reported as mean = SD (1 = 6). *p < 0.05, *p < 0.05, compared with Ctr. (C and F)
Representative blots of JEG-3 and PMTs HMGB Isilencing are shown. Ctr, endothelial cells incubated with EGM-2; Lip2000, Lipofectamine 2000.

HUVECs. CAV-1-siRNA decreased CAV-1 protein expression of
HUVECs by 80.2% without affecting the viability of HUVECs at
the final concentration of 10 nmol. Therefore, we used 10 pmol as
the final transfection concentration of TLR4 and 10 nmol as the
final transfection concentration of CAV-1. (Fig. 8).

HMGBI released from hypoxic trophoblasts (JEG-3 cells and
PMTs) enhanced the permeability of endothelial cells
(HUVECs and MAECs) via the TLR4-CAV-1 pathway

We assessed whether HMGB1 released from hypoxic trophoblasts
increased endothelial cell permeability via the TLR4 (TLR2,
RAGE)-CAV-1 pathway.

First, we detected the TLR4, TLR2, RAGE protein expression of
HUVECs incubated with different time points of hypoxia JEG-3
CM. Our data showed that 24-h hypoxia JEG-3 CM increased the
TLR4 protein expression of HUVECs, but did not increase TLR2 and
RAGE protein expression (Fig. 9A, 9C). We also got the same
results in MAECs incubated with different time points of hypoxia
PMTs-CM (Fig. 9B, 9D). rHMGBI1 increased the TLR4 protein
expression, but did not increase TLR2 and RAGE protein expres-
sion of HUVECs/MAECs (Fig. 9E-H).

0159 O Ctr
FIGURE 7. Permeability response to CM
of trophoblast and rHMGBI1. Endothelial
permeability was assessed by Evans blue
labeled-BSA. (A and B) Endothelial cells
(HUVECs and MAECs) incubated in 24 h
normoxic CM, 24-h hypoxic trophoblast
(JEG-3 cells and PMTs) CM for 0, 2, 4, 8,
24, and 48 h. Values were reported as
mean * SD (n = 6). *p < 0.05, compared
with 24 h normoxic CM. (C and D) En-
dothelial cell monolayers were treated
with the 24 h normoxic CM, 24 h hypoxic
JEG-3 cells and PMT CM, 24-h hypoxic
HMGBI1 siRNA transfected-JEG-3  cells
CM, and EGM-2 medium with rHMGBI1
1 pg/ml incubated for 24 h, respectively.
Values were reported as mean = SD (n = 6).
#p < 0.05 versus normoxia and control, *p <
0.05 versus normoxia and control. Ctr, endo-
thelial cells incubated with EGM-2.
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Second, we detected the TLR4 and CAV-1 protein expression of
HUVECs/MAECs incubated with 24-h hypoxia JEG-3 cells/PMTs
CM and rHMGBI1. Our data showed that 24-h hypoxia JEG-3
CM and rHMGBI increased the TLR4 and CAV-1 expression of
HUVEGC:s after incubation for 24 h at the same time; 24-h hypoxic
PMT CM and rHMGB]1 also induced the TLR4 and CAV-1 protein
expression of MAECs (Fig. 10A-D).

Third, the HMGBI silencing of trophoblasts (including JEG-3
and PMT cells) before hypoxia inhibited the hypoxia-induced
endothelial cells TLR4 and CAV-1 protein expression, including
HUVECs and MAECs (Fig. 10A-D). TLR4 or CAV-1 silencing
OF HUVECs (siRNA) and TLR4 ™"~ or CAV-1~'~ MAECs (gene
knockout) reversed the hypoxic trophoblast-induced permeability
of endothelial cells (n = 6; Fig. 10E, 10F).

Twenty-four-hour hypoxic JEG-3 cell CM increased the
FITC-BSA HUVEC uptake

To test whether 24-h hypoxic trophoblast (JEG-3 cells and PMTs)
CM could increase the uptake of BSA in ECs (HUVECs and
MAEGCs), FITC-BSA staining was used to detect the BSA endo-
cytosis of hypoxic trophoblasts (JEG-3 cells and PMTs) CM-
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treated ECs (HUVECs and MAECs). The intensity of the cell
membranes and BSA endocytosis of hypoxic CM-treated ECs
(HUVECs and MAECs) was higher than those of the normoxic
trophoblasts CM-treated ECs (HUVECs and MAECs). The
HMGBI1 silencing of JEG-3 cells before hypoxia and TLR4 or
CAV-1 silencing of HUVECs inhibited the hypoxic JEG-3 CM-
induced uptake of FITC-BSA (Fig. 11A-H, 11M). In addition,
the HMGBI1 silencing of PMTs before hypoxia and TLR4 ™'~ or
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CAV-1"'". MAECs inhibited the hypoxic PMTs CM-induced
uptake of FITC-BSA (n = 6; Fig. 11G-L, 11N).

CAV-1 and TLR4 are colocalized in HUVECs and C57BL/6
mouse kidney, CAV-1 is downstream of the HMGBI-TLR4
pathway in the hypoxic trophoblast CM-induced permeability

of the endothelial cell monolayer

To detect whether CAV-1 and TLR4 are colocalized in HUVECs
and C57BL/6 mouse kidney, we used the coimmunoprecipitation
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FIGURE 9. TLR4, TLR2, and RAGE protein expression of (A) HUVECs and (B) MAECs incubated with different time points of trophoblast (JEG-3
cells and PMTs) CM and rtHMGB Ifor 24 h. (A and B) The TLR4, TLR2, and RAGE protein expression in HUVECs and MAECs incubated with different
time points of hypoxic trophoblast (JEG-3 cells and PMTs) CM for 24 h. (C and D) Representative Western blot showing TLR4, TLR2, and RAGE protein
expression in HUVECs and MAECs incubated with different time points of hypoxic trophoblast (JEG-3 cells and PMTs) CM for 24 h (n = 6). (E and F) The
TLR4, TLR2, and RAGE protein expression in HUVECs and MAECs incubated with 1 pg/ml rHMGBI for 24 h (n = 6). (G and H) Representative Western
blot showing TLR4, TLR2, and RAGE protein expression in HUVECs and MAECs incubated with 1 wg/ml rHMGBI for 24 h.

20T ‘6 1snSny uo 1sans Aq /310 ounurr-mmam//:dny woiy papeorumo(q


http://www.jimmunol.org/

W
(e
o
oo

>
c

o
=
-

087 [ TLR4
&=

o
o
1
o
S
1
3t

o
w
1

of MAECs
(folds change over control)
B

°©
id

Reletive protein expression
of HUVECs
o
b

(folds change over control)
o
E
3

ey 3

Relative protein expression

o

=1
I
BEESE

Ctr 'HMGB1Nomoxia

ia Ctr
TP + HMGB1 siRNA
CM of JEG-3

B D

o
<

iR [ osk0 TLR4
Cav-1 [ 221D
Actn [ 13KD Actin

Ctr rHMGB1 Nomoxia Hypoxia
- - + HMGB1 siRNA =

CM of JEG-3

—_—

Cav-1 =

— g O5KD
. a—— — —— 2K D)

—— ——— 43K )

Ctr rHMGB1 Nomoxia Hypoxia

"CMof PMTs

rHMGB1Nomoxis

CM of PMTs Ctr

HYPOXIC TROPHOBLAST IMPAIRS ENDOTHELIAL BARRIER BY HMGB1

m

< @
- o
o ]
1 ]

Permeability of HUVECs
o
g

OD value of evens blue

0.00-

% - - - - +
poxia
- Hy + HMGB1 siRNA - - - +* -

TLR4 siRNA
Cav-1 siRNA
Nomoxia Hypoxia

CM of JEG-3

0.159 [ C57BL/6 MAEC
E3 Cav-1-KO-MAEC

E TLR4-KO-MAEC

o

o

o
T

o
o
g

+ HMGB1 siRNA

Permeability of MAECs
OD value of Evens blue

[=" Fi s ll =

Ctr Nomoxia Hypoxia
CM of PMTs

o

o

=]
T

FIGURE 10. Hypoxic trophoblasts (JEG-3 cells and PMTs) enhance the permeability of endothelial cells (HUVECs and MAECs) via the HMGB1-
TLR4-CAV-1 pathway. (A and C) The TLR4 and CAV-1 protein expression in HUVECs and MAECs incubated with 24-h normoxic JEG-3 cells/PMTs CM,
hypoxic JEG-3 cells/PMTs CM, hypoxic HMGBI1 siRNA-transfected JEG-3 cells/PMTs CM, and EGM-2 medium with rHMGB1 1 pg/ml incubated for
24 h. Values were reported as mean = SD (n = 6). Ctr, endothelial cells incubated with EGM-2. (B and D) Representative Western blot photographs of
TLR4 and CAV-1 protein expression in HUVECs and MAECs incubated with 24-h normoxic JEG-3 cells/PMTs CM, hypoxic JEG-3 cells/PMTs CM,
hypoxic HMGB1 siRNA-transfected JEG-3 cells/PMTs CM, and EGM-2 medium with rHMGBI1 1 pg/ml incubated for 24 h. (E) The permeability of
HUVEC monolayers incubated with 24-h hypoxic JEG-3 cells CM for 24 h after was silenced by TLR4 or CAV-1 siRNA. HUVEC permeability was
assessed with Evans blue/BSA. Values were reported as mean = SD (n = 5). Ctr, endothelial cells incubated with EGM-2. (F) The permeability of TLR4 ™/~
and CAV-1~"~ MAECs treated with 24-h hypoxic PMT CM. MAECs permeability was assessed with Evans blue/BSA. Values were reported as mean + SD
(n = 6). Ctr, MAECs incubated with EGM-2. *p < 0.05, compared with normoxia and Ctr.

assay to test the colocalization of CAV-1 and TLR4 in protein
of HUVECs and C57BL/6 mouse kidney. Our data showed that
CAV-1 and TLR4 are colocalized in HUVECs and C57BL/6 mouse
kidney (n = 3; Fig. 12E, 12F).

To detect the relationship between TLR4 and CAV-1, MAECs
from TLR4 /™ mice or CAV-1"'" mice were treated with the 24-h
CM of hypoxic PMTs and EGM-2 medium with tHMGB1 1 g/
ml incubated for 24 h. The protein expression of TLR4 and CAV-1
in MAECs was detected with Western blot. Our data showed that
TLR4 knockout inhibited the 24-h hypoxic PMT-CM and
rHMGB1-induced CAV-1 protein expression in MAECs (n = 6;
Fig. 12A, 12C). However, CAV-1 knockout did not inhibit the 24 h
hypoxic PMT-CM and HMGB1-induced TLR4 protein expression
in MAECs (n = 6; Fig. 12B, 12D).

Glycyrrhizic acid attenuated the permeability of the
endothelial cell (HUVEC and MAEC) monolayer induced
by hypoxia trophoblast (including PMT and JEG-3) CM

In order to detect whether hypoxic trophoblast-induced perme-
ability of endothelial cells is dependent on HMGB1 or not, the
following experiments were conducted.

First, to detect the noncytotoxic dose of GA (A) on ECs (include
HUVECs and MAECs). ECs (include HUVEC and MAEC) were
cultured with EGM2 medium and GA (TCI Development, Shanghai,
China) at concentrations ranging from 50 to 500 wg/ml for 24 h. The
cells viability were detected with the MTT method. Our data showed
that endothelial cell viability was affected under the glycyrrhizic acid
concentration of 200 wg/ml. With the glycyrrhizic acid concentration
increased to >300 p.g/ml, the endothelial cell viability was decreased
significantly compared with 0 pg/ml (n = 6; Fig. 13A).

Second, to detect the effect of a noncytotoxic dose of GA
(Fig. 13A) on the permeability of ECs (including HUVECs and

MAEC:s), ECs (including HUVEC and MAEC) were cultured with
EGM2 medium and GA at concentrations of 50, 100, and 200 wg/
ml for 24 h in transwells. The permeability of the endothelial cell
(include HUVECs and MAECs) monolayer was detected with
Evans blue labeled—-BSA. The glycyrrhizic acid at concentrations
of 50, 100, and 200 pg/ml could not affect the ECs permeability,
including HUVECs and MAECs (Fig. 13B).

Third, we detected weather glycyrrhizic acid at concentrations
of 50, 100, and 200 pg/ml could affect the EC permeability (in-
cluding HUVECs and MAECs) induced by hypoxia trophoblast
(including PMTs and JEG-3) CM. HUVECs and MAECs were
cultured with 24-h hypoxia JEG3 cells/PMTs CM and GA at
concentrations of 50, 100, and 200 pwg/ml for 24 h in transwells.
Our data showed that glycyrrhizic acid at concentrations of 50,
100, and 200 pg/ml decreased 32.9%, 49.6%, and 89.8%, re-
spective, in the permeability of HUVECs induced by hypoxia
JEG-3-CM (Fig. 13C) and decreased 30%, 49.52%, and 88.9%,
respectively, in the permeability of MAECs induced by hypoxia
PMT-CM (Fig. 13D; n = 6).

In addition, HUVEC permeability induced by hypoxia JEG-3-
CM (Fig. 13C) was reversed significantly by 25% with HMGB1
neutralizing Ab (10 pg/ml) compared with control IgG (n=3; p <
0.05; data not shown).

Discussion

HMGBI is a 25-kDa, nonhistone, nucleosomal protein (44). In
a normal cell, HMGBI is predominantly localized in the nucleus,
where it regulates transcription (45). HMGB1 protein can be re-
leased by cells into the extracellular milieu to function as a
proinflammatory cytokine in response to injury, infection, and
inflammation (46). A variety of factors are reported to induce the
release of HMGB1, such as necrosis (47), apoptosis (48), oxida-
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FIGURE 11. Hypoxic trophoblast (include JEG-3 and PMTs) CM increased the FITC-BSA uptake of ECs (include HUVECs and MAECs), which could
be reversed by silencing the HMGBI1 of trophoblast (include JEG-3 and PMTs) before hypoxia, and also by silencing the TLR4 or CAV-1 in ECs (including
HUVECs and MAECsS) before incubation with hypoxic trophoblast (including JEG-3 and PMTs) CM. Micrographs (A)—(F) illustrate FITC-BSA stains of
JEG-3 cells with CM-treated HUVECs. (A) HUVECs incubated with EGM-2. (B) Normoxic JEG-3 cells with CM-treated HUVECs. (C) Hypoxic JEG-3
cells with HMGB 1-silencing, CM-treated HUVECs. (D) Hypoxic JEG-3 cells with CM-treated HUVECs. (E) Hypoxic JEG-3 cells with CM-treated, TLR4-
silencing HUVECs. (F) Hypoxic JEG-3 cells with CM-treated, CAV-1-silencing HUVECs. (M) The bar graph shows that the hypoxic JEG-3 CM increased
the FITC-BSA uptake (green) of HUVECs, which could be inhibited by TLR4 or CAV-1 silencing of HUVECs. Values were reported as mean = SD (n =
6). Micrographs (G)—(L) illustrate FITC-BSA stains of PMT CM-treated MAECs. (G) MAECs incubated with EGM-2. (H) Normoxic JEG-3 cells with CM-
treated MAECs. (I) Hypoxic JEG-3 cells with HMGB 1-silencing, CM-treated MAECs. (J) Hypoxic PMT CM-treated MAECs. (K) Hypoxic PMT CM-
treated TLR4~'~ MAECs. (L) Hypoxic PMT CM-treated CAV-1 ~/~ MAECs. (N) The bar graph shows that the hypoxic PMT CM increased the FITC-BSA
uptake (green) of MAECs, which could be inhibited by TLR4 or CAV-1 knockout of MAECs. Values were reported as mean = SD (n = 6). Scale bar,
100pm. *p < 0.05, compared with normoxia and control.

tive stress (49), and hypoxia (50), which are all known to be en- Besides regulating the transcriptional procession and transduc-
hanced in the placenta in PE. Trophoblast hypoxia, caused by tion of the innate immune system via its damage function during
defective placentation, is a key event in the pathogenesis of PE. tissue hypoxia, injury, and infection, HMGBI1 has also been de-
Recently, reports have shown that serum HMGBI1 levels are in- scribed to influence endothelial cell function, such as cytoskeletal
creased in severe PE, most notably in patients with early-onset PE rearrangement, to upregulate adhesion molecules and to increase

(10). In addition, the expression of HMGBI1 in the placenta from cell permeability (7). To detect whether increased HMGBI1 in
women with PE was higher than that of women with healthy hypoxic trophoblast CM affects the permeability of endothelial
pregnancies (51). cells, we applied hypoxic trophoblast CM to the endothelial cell

In the present experiments, we found that HMGB1 was detected monolayer. Our data showed that after 24 h of incubation, 24-h
in JEG-3 cells and PMT culture media of 1% oxygen and the hypoxic trophoblast CM increased endothelial cell monolayer
amount of HMGB1 protein increased significantly after 24 h of permeability compared with normoxic trophoblast CM, and the

incubation compared with normoxia. HMGB1 protein and gene increased permeability was reversed by trophoblasts HMGBI1
expression of hypoxic trophoblasts, including JEG-3 cells and siRNA transfection before hypoxia. GA, the main component of
PMTs, were also significantly increased compared with normoxic radix glycyrrhizae, has a variety of pharmacologic activities (19—

(21% oxygen) JEG-3 cells and PMTs. JEG-3 cells and PMTs 22). Recent studies showed that GA played an important role in
viability decreased significantly after 24 h of hypoxia, and at the the inhibition of HMGB1 (23, 24). Our data showed that GA at the
same time JC1 and Hoechst staining showed that 24 h of hypoxia concentration of 200 wg/ml decreased by 89.8% in the perme-
decreased the mitochondrial membrane potential (indicating early ability of HUVECs induced by hypoxia JEG-3—-CM, and de-
cell apoptosis) and increased trophoblast cell (including JEG-3 creased by 88.9% in the permeability of MAECs induced by
cells and PMTs) apoptosis. These data suggest that oxidative hypoxia PMT-CM, respectively. In addition, HMGB1 neutralizing
stress or trophoblast apoptosis release the damage-associated Ab at 10 pg/ml decreased by 25% in the permeability of HUVECs

molecular pattern HMGBI1 into the extracellular milieu actively induced by hypoxia JEG-3—-CM. Consistent with a previous
or passively. HMGBI could play an important role in trophoblast report by Huang et al. (52), HMGBI1 increased the endothelial
oxidative stress—associated pregnancy conditions, such as PE and cell monolayer permeability. Our data indicate that the hypoxic

fetal growth restriction. trophoblasts in PE could release damage-associated molecular
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patterns (HMGB1), further enhancing vascular endothelial per-
meability, which can play a key role in the clinical features, in-
cluding general edema and urine protein.

Recent studies showed that caveolae play an important role in the
transcellular transport of serum protein in physiologic and path-
ologic processes (13—15). CAV-1 is the main structural component
of endothelial caveolae and regulates endothelial transcytosis.
Recent studies have shown that CAV-1 plays a key role in the
regulation of microvascular endothelial and blood-retinal barrier
permeability (42, 53). Our results showed that CM from hypoxic
trophoblast and HMGBI1 increased endothelial cell monolayer
permeability and increased CAV-1 protein expression at the
same time. The cultured, CAV-1-deficient endothelial cells
(CAV-1"'"-MAECs or CAV-1 siRNA) reversed the increasing
permeability stimulated by hypoxic trophoblast (JEG-3 cell and
PMT) CM. Our data suggest that HMGB1 released from hypoxic
trophoblasts increased endothelial cell monolayer permeability in
a CAV-1-dependent manner.

Inflammatory stimuli could increase paracellular transport by
causing gaps in intercellular adherens junctions. VE-cadherin is the
main component of intercellular adherent junctions (54, 55).
Phosphorylation of VE-cadherins at the plasma membrane could
increase paracellular leaks (56, 57) and endocytosis (54, 58) in
cultured endothelial cells. However, our in vitro experiments
failed to find the alteration of endothelial cell VE-cadherin and
phosphorylated VE-cadherin following treatment of hypoxic tro-
phoblast (including JEG-3 cell and PMT) CM (immunoblotting;

Cav-1 [ —— s | 22kDa

data not shown), suggesting the existence of an independent
pathway.

TLR4 is one of the principal signal-transducing receptors for
HMGBI1. Our data showed that hypoxic trophoblast CM increased
the TLR4 protein expression and endothelial cell monolayer
permeability at the same time. Again, pretreating HUVECs with
TLR4 siRNA reversed the hypoxic JEG-3 cell CM dependence,
increasing the permeability of the HUVEC monolayer. These
stimulatory effects of hypoxic PMT CM on MAEC permeability
and albumin endocytosis were abolished in TLR4-deficient
MAECsS, corroborating the notion that increased HMGBI1 in
hypoxic trophoblast CM increased the permeability of the endo-
thelial cell monolayer via the TLR4 pathway.

The recruitment of TLR4 into lipid rafts has been observed
upon LPS stimulation (59). Ethanol triggered the internalization
and intracellular trafficking of IL-1RI and TLR4 via caveolar-
dependent endocytosis in astrocytes (60). CAV-1 is thought to
play a central role in signal regulation within the caveolae through
direct regulatory interactions with TLR4 (61). Our experiment
shows that hypoxic trophoblast CM and HMGBI1 increase the
permeability of the endothelial cell monolayer and TLR4 in par-
allel with elevated CAV-1 protein expression in endothelial cells.
TLR4 and CAV-1 may act together on the hypoxic trophoblast-
induced permeability of the endothelial cell monolayer. Our data
showed that hypoxic trophoblast CM and HMGBI increase the
TLR4 protein expression of CAV-1-silencing endothelial cells, but
did not increase the CAV-1 protein expression in TLR4-silencing
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FIGURE 13. The effect of glycyrrhizic acid
on the permeability of the endothelial cell
(HUVECs and MAECs) monolayer induced by
hypoxia trophoblast (including PMTs and JEG-
3) CM. (A) Cytotoxic dose of GA on ECs (in-
cluding HUVECs and MAECs). ECs (including
HUVEC and MAEC) were cultured with EGM2
medium and GA at concentrations ranging from
50 to 500 pg/ml for 24 h. The cell viability was
detected with the MTT method. Values are re-
ported as mean * SD (n = 6). *p < 0.05,
compared with 0 pwg/ml. (B) The effect of non-
cytotoxic dose of GA on the permeability of
ECs (including HUVECs and MAECs). ECs
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permeability of the endothelial cell (including k] %
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We detected whether glycyrrhizic acid at con- 1S S
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affect the EC permeability (including HUVECs
and MAECs) induced by hypoxia trophoblast
(including PMT and JEG-3) CM. Values are
reported as mean = SD (n = 6). *p < 0.05,
compared with hypoxia. H, hypoxia; N, nor-
moxia.

endothelial cells. These results suggest that CAV-1 is a subpath-
way of the HMGB1-TLR4 pathway. To detect whether CAV-1 and
TLR4 are colocalized in HUVECs, we used immunofluorescence
analysis and immunoprecipitation to test the colocalization of
CAV-1 and TLR4 in HUVECs. Our data showed that CAV-1 and
TLR4 are colocalized in HUVECs. Our data also showed the
colocalization of TLR4 and CAV-1 in C57BL/6 mouse kidney.
These data suggest that the recruitment of TLR4 into lipid rafts
and its colocalization with CAV-1 play an important role in the
HMGB 1-induced permeability of HUVECs.

TLR2 and RAGE are the principal signal-transducing HMGB1
receptors (11, 12), but our data showed that hypoxic trophoblast
CM and rHMGBI at the concentration of 1 pg/ml did not increase
TLR2 and RAGE protein expression of endothelial cells. These
data suggested that the hypoxic trophoblast-induced permeability of
the endothelial cell monolayer is independent of TLR2 and RAGE.

Placental hypoxia, which is the main pathologic feature of PE,
can cause trophoblast hypoxia, necrosis, and apoptosis (8, 9).
HMGBI released actively or passively by hypoxia trophoblast
increased the permeability of endothelial cell monolayer by
TLR4-CAV-1 pathway. High endothelial cell permeability is the
mean cause of general edema and high urine protein in PE.
General edema and high urine protein are the main characteristics
of PE (8). Our data showed that hypoxia trophoblast HMGBI1
could play an important role on the clinical characteristics in-
cluding general edema and high urine protein. Inhibiting the ac-
tivation of HMGB1-TLR4-CAV-1 pathway could provide an
especially promising drug target for people with PE.

The limitations of this study are that our work was just
conducted using cells in culture and an in vitro hypoxia model.
The JEG-3 cell line did not display all the physiologic charac-
teristics of human placental trophoblasts. The permeability of the
aortic endothelium or HUVECs is arguably not a good model for
the vasculature of the kidney or the glomerulus. We will explore the
role of hypoxic trophoblast on the permeability of glomerular
filtration membrane (coculture of glomerular endothelial cells and
podocyte cell line) in an in vitro model. In addition, we will explore

CM of JEG-3

5011

W™

005, E&E HUVECs
B3 MAECs

Permeability of ECs
(OD value of evens blue)

S © S R &

O O O
PR
Concentration of GA (ug/ml)

Concentration of GA (ug/ml)

Permeability of MAECs
OD value of evens blue

CM of PMTs

the role of the HMGB1/TLR4/CAV-1 pathway in the permeability of
the glomerular filtration membrane in a mouse PE model.
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