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Targeting the endothelial-to-mesenchymal transition (EndoMT) may be a novel therapeutic strategy for cancer and various
diseases induced by fibrosis. We aimed to identify a small chemical molecule as an inducer of EndoMT and find a new signal
pathway by using the inducer. Safrole oxide (SFO), 50 ug/ml, could most effectively induce EndoMT within 12 h. To
understand the underlying molecular mechanism, we performed microarray, quantitative real-time PCR and western blot
analysis to find key factors involved in SFO-induced EndoMT and demonstrated the involvement of the factors by RNAi. The
expression of activating transcription factor 4 (ATF4), p75 neurotrophin receptor (p75NTR), and interleukin 8 (IL-8) was
greatly increased in SFO-induced EndoMT. Knockdown of ATF4 inhibited the SFO-induced EndoMT completely, and
knockdown of p75NTR or IL-8 partially inhibited the EndoMT, which suggests that all three factors were involved in the
process. Furthermore, knockdown of p75NTR inhibited the SFO-increased IL-8 expression and secretion, and knockdown of
ATF4 inhibited SFO-increased p75NTR level significantly. The ATF4/p75NTR/IL-8 signal pathway may have an important role
in EndoMT induced by SFO. Our findings support potential novel targets for the therapeutics of cancer and fibrosis disease.
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Introduction

The endothelial-to-mesenchymal transition (EndoMT) has been
known as a critical process in heart development, such as in
cardiac cushion morphogenesis [1]. EndoMT-derived cells are
now known to function as fibroblasts in damaged tissue and
therefore have an important role in tissue remodelling and fibrosis
[2,3]. Furthermore, in tumours, EndoMT is an important source
of cancer-associated fibroblasts, which are known to facilitate
tumour progression [4]. Recently, chemical small molecules that
control differentiation in stem cells have been identified and are
useful for investigating the mechanisms of cell fate decision [5].
Using some chemical small molecules to regulate EndoMT could
help clarify the specific mechanisms of EndoMT, which might
provide a therapeutic strategy for cancer and various other
diseases associated with EndoMT [6].

In our laboratory, we synthesized safrole oxide (SFO), which has
piperonyl and epoxy structures that are important in many
compounds with physiological activity. We previously observed
that 5 to 25 pug/ml SFO inhibited but 50 to 100 pg/ml promoted
apoptosis of human umbilical vein endothelial cells (HUVECs)
[7,8]. Furthermore, at low concentrations, SFO could induce
HUVEC transdifferentiation into neuron-like cells when it
suppressed cell apoptosis in the absence of serum and fibroblast
growth factor (FGF) [9]. Therefore, SFO might be an important
small molecule affecting HUVEC apoptosis and transdifferentia-
tion depending on its concentration. Strikingly, with high
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concentrations of SFO, HUVECs had an appearance of
clongated-like mesenchymal cells. However, whether SFO can
induce EndoMT at high concentrations is not clear.

In this study, we examined the function of SFO in EndoMT and
explored the key factors involved in SFO-induced EndoMT.
Especially, we lack reports about the function of activating
transcription factor 4 (ATF4), p75 neurotrophin receptor
(p75NTR) and interleukin 8 (IL-8) regulated by SFO in EndoMT.
These three proteins were all involved in endothelial cell apoptosis
[10-12]. During embryological development and throughout life,
apoptosis often appeared accompanied with transdifferentiation,
suggesting a strong association between apoptosis and transdiffer-
entiation [13]. We elucidated the roles and the relationship of
these three proteins in SFO-induced EndoMT.

Materials and Methods

Reagents

Medium M199 (31100-035) and fetal bovine serum (FBS,
10437036) were obtained from Gibco (USA). 3,4-(methylene-
dioxy)-1-(2',3"-epoxypropyl)-benzene, or safrole oxide (SFO), was
synthesized by the reaction of safrole with 3-chloroperoxybenzoic
acid and purified by silica gel column chromatography [14]. It was
dissolved in ethanol and applied to cells so that the final
concentration of ethanol in the culture medium was <0.01%
(vol/vol). Ethanol at 0.1% (vol/vol) did not affect cell viability
[7,14]. Antibodies for ATF4, p75NTR, alpha-smooth muscle actin
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(@-SMA), CD31, endothelial nitric oxide synthase (eNOS),
GAPDH, B-actin and horseradish peroxidase-conjugated second-
ary antibodies as well as ATF4, p75NTR, and IL-8 siRNA were
all from Santa Cruz Biotechnology (Santa Cruz, CA). IL-8 and C-
X-C ligand 1 (CXCLI) ELISA kits were from R&D (USA).

Cell culture and treatment

Investigations conformed to the principles outlined in the
Declaration of Helsinki, and all protocols were approved by the
Shandong University ethics review board. Primary human
umbilical vein endothelial cells (HUVECs) were isolated from
the human umbilical vein as described [15]. All experiments were
performed on the cells from 10 to 20 passages. The MS1 cell line
(a mouse pancreatic islet endothelial cell line) was obtained from
the American Type Culture Collection (Manassas, VA) and grown
in DMEM. Vascular smooth muscle cells (VSMCs) were obtained
and cultured in M 199 as described [16]. Cells were divided into 2
groups when the cultures of cells reached sub-confluence: controls,
cultured in normal medium with 10% serum and 5 ng/ml FGF 2
(FGF-2); and SFO-treated, treated with normal medium (10%
serum, 5 ng/ml FGF-2) and different concentrations of SFO for 3
to 12 h. SFO was dissolved in ethanol as previously reported [8].

Morphometric analysis

SFO-treated HUVECs were washed with M199, and morpho-
logical changes were observed under a phase contrast microscope
(Nikon, Japan) and quantified (100 cells per sample) by use of
Image] (http://rsbweb.nih.gov/1j/plugins/circularity.html). Cell
circularity, whereby a circular cell equals 0 and increasing
elongation approaches 1, was calculated as follows:

. . 1—4n x area
ircularity = ——-
perimeter

Quantitative Real-time PCR (qPCR)

Cells were treated with 50 pg/ml SFO for the indicated times.
Total RNA was extracted from cells with use of TriZol Reagent
(Invitrogen Life Technologies). RNA (250-500 ng) was reverse-
transcribed by use of M-MLV reverse transcriptase (Promega,
USA). Forward (F) and reverse (R) primers designed for human
genes were as follows: a-SMA-F 5'-TCATCCTCCCTTGAGAA-
GAG-3’, a-SMA-R 5'-ATGCCAGGGTACATAGTGGT-3';
CD31-F 5-CTGAGGGTGAAGGGGGACAGGAC-3', CD31-
R 5-AGTATTTTGCTTCTGGGGAC-3’; eNOS-F  5'-
CATGTTTGTCTGCGGCGATG-3', eNOS-R 5'-
AAAGCTCTGGGTGCGTATGC-3'; IL-8-F 5'-AGGGTTGC-
CAGATGCAATAC-3', IL-8-R 5'-GTGGATCCTGGCTAG-
CAGAC-3'; ATF4-F 5-CATTCCTCGATTC CAGCAAAG-
CAC-3’, ATF4-R 5'-TTCTCCAACATCCAATCTGTCCCG-
3’ p75NTR-F 5"-CAACCCTGCAAAGGACTGTT-3',
p75NTR-R5'-CACCCAGACTCTGTCCCACT-3". qPCR reac-
tions involved use of the QuantiTect SYBR Green PCR kit
(QIAgen) and LightCycler 2.0 (Roche Diagnostics). Reactions
were carried out in a 25 ul volume containing 12.5 pl of 2xSYBR
Green PCR Master Mix. The fold-changes for RNA level were
calculated by use of MxPro 4.00 (Stratagene).

Western blot analysis

Western blot analysis was as described [17]. Briefly, total
protein was extracted by use of protein lysis buffer (Beyotime
Institute of Biotechnology, China). The protein concentration was
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quantified by bicinchonininc acid protein assay (Beyotime Institute
of Biotechnology). An amount of 40 pg protein was run on 12%
SDS-polyacrylamide gel. Then proteins in gels were transferred to
nitrocellulose membranes, which were blocked in 5% (w/v) nonfat
dry milk or bovine serum albumin (for phosphorylated protein
only) in phosphate buffered saline (PBS) with Tween 20 (PBST;
0.05%) for 1 h, then incubated with primary antibodies (1:1000) at
4°C overnight. Membranes were washed in PBST and incubated
with horseradish peroxidase-conjugated secondary antibodies
(1:5000) at room temperature for 1 h. Immunoreactive protein
bands were developed by use of an enhanced chemiluminescence
kit (Thermo Electron Corp., Rockford, IL, USA). GAPDH or B-
actin was a loading control.

Cell contraction analysis

The medium for HUVECs treated with 50 pg/ml of SFO for
6 h was replaced with basal M199 medium (without FGF and
FBS) after one wash with the same medium. Then HUVECs were
treated with sphingosylphosphorylcholine (SPC, 30 uM), an
inducer of VSMC contraction [16]. The contractile changes of
cells at I h were quantified by use of Leica software; VSMCs were
a positive control.

Microarray Analysis

Total RNA was extracted from cells treated with 50 pg/ml SFO
for 6 h with use of TRIzol reagent (Invitrogen, USA). RNA
samples underwent whole-human-genome oligo microarray assay
by CapitalBio Co., (Beijing; http://www.capitalbio.com). The
detailed experimental procedures for microarray and data analyses
were previously reported [18]. We considered genes differentially
expressed with >1.5-fold change in the ratio of expression
between SFO-treated and ethanol control cells. The microarray
results represent a single experiment. The data were deposited at
Gene Expression Omnibus (Accession no. GSE55149).

Knockdown of ATF4, p75NTR and IL-8

Knockdown of ATF4, p75NTR and IL-8 was performed as
described [19]. An amount of 40 nM ATF4 and IL-8 and 60 nM
p75NTR siRNA was transfected into HUVECs by use of
RNAiFect Transfection Reagent (Qiagen, Hilden, Germany).
The same dose of scramble siRNA was used as a control. Silencing
efficiency was verified by qPCR and western blot analysis [20].

Statistical analyses

All data are expressed as means * SE from at least 3
independent experiments. Differences between multiple groups
were analyzed by one-way ANOVA. Statistical significance was
considered at p<<0.05. Data analysis involved use of SPSS 12.0
(SPSS Inc., Chicago, IL).

Results

SFO promoted morphological change of HUVEC

Control HUVECs showed a cobblestone morphology. When
HUVECs were exposed to a high concentration of SFO (50—
70 ug/ml) for 3, 6 or 12 h, cells increasingly showed an elongated
appearance. Furthermore, the cells were aligned, to create a
“streamlined” effect with extended treatment [21] (Fig. 1A).
Circularity analysis showed that HUVECs stimulated by 50 ug/ml
SFO were more elongated, with circularity measurement ranging
from 0.2 to 0.7 (p<<0.01) (Fig. 1B). The phenomenon was
sustained for 12 h. After then, smooth muscle-like cells undergo
apoptosis [8].
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Figure 1. Phase-contrast photomicrographs (A) and morphometric analyses (B) of human umbilical vascular endothelial cells
(HUVECs). HUVECs were cultured in normal medium without or with 50 ug/ml safrole oxide (SFO) for 3, 6 and 12 h. (A) Cells in the control group
retained cobblestone features, whereas cells cultured with SFO had elongated features and were arranged into “streamlined” structures. (B) Cell
circularity, where a circle equals 0 and increasing elongation approaches 1, was calculated after SFO treatment (**p<<0.01, n=5).
doi:10.1371/journal.pone.0099378.g001

SFO promoted EndoMT SFO at different concentrations. a-SMA, the specific marker of
To identify SFO as an inducer of EndoMT in the presence of smooth muscle cells and EndoMT [22,23], showed a very low level
serum and FGF-2, we examined the specific markers of of expression in untreated cells. In contrast, low concentrations of
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Figure 2. SFO promoted endothelial-mesenchymal transition (EndoMT) in HUVECs. HUVECs were exposed to 10-70 pg/ml SFO in normal
medium. (A) gPCR analysis of mRNA expression of a-SMA, CD31 and eNOS in HUVECs treated with SFO at 3, 6 and 12 h. Expression was normalized to
that of GAPDH. *p<<0.05;**p<0.01 vs. Ctr, n =4. (B) Western blot analysis of protein expression of a-SMA, CD31 and eNOS in HUVECs treated with SFO
at 6 and 12 h. Results are representative of 3 independent experiments. (C) HUVECs were treated with ethanol (Control) or 50 pug/ml of SFO for 6 h,
then exposed to 30 uM sphingosylphosphorylcholine (SPC) for 1 h, with or without rescue for 1 h, and contraction of cells was calculated. VSMC
stimulated with SPC was as a positive control (**p<<0.01, n=3).

doi:10.1371/journal.pone.0099378.g002

PLOS ONE | www.plosone.org 3 June 2014 | Volume 9 | Issue 6 | €99378



SFO Promotes EndoMT Transition

A B Gene Description Accession no. Fold char
Log-Log Scatter plot IL8 Interleukin 8 M17017 30.5819
PTGS2 Prostaglandin-endoperoxide NM 000963 28.3638
| synthase 2
e E KAP4.14 Keratin associated protein 4.14 NM 033059 16.5369
g i HMOX1 Heme oxygenase (decycling) 1 NM 002133 15.1299
® - EGRI Early growth response 1 NM_001964 14.0864
o g | NGEFR (p75)  Nerve growth factor receptor NM 002507 12.4099
0 2 ATF3 Activating transcription factor 3~ NM_001674 9.5823
% . GRO3 GRO3 oncogene NM 002090 9.1471
é é . DDIT3 DNA-damage-inducible NM 004083 8.9501
transcript 3
3 | NR4A2 Nuclear receptor subfamily 4, NM_006186 8.7693
= group A, member 2
3l SLC3A2 Solute carrier family 3 NM_00239%4 8.7000
§ 1 APELIN Apelin NM 017413 0.1270
550 006 30008 - “16000¢ 30000, DUSP4 Dual specificity phosphatase 4~ NM 001394 0.1147
) ATF4 Activating transcription factor4 ~ NM 182810 3.6830
Intensity_ctrl

Figure 3. Microarray assay of gene expression induced by 50 ug/ml of SFO in medium for 6 h. (A) Scatter plot of differentially expressed
genes. (B) The 13 genes with more than eight-fold change in expression and ATF4 on microarray analysis. The microarray results represent a single

experiment.

doi:10.1371/journal.pone.0099378.g003
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Figure 4. ATF4, p75NTR and IL-8 were increased by SFO in HUVECs and MS1 cells. HUVECs were exposed to 50 ug/ml of SFO at 3, 6 and
12 h, then the relative mRNA level of the three genes was detected by gPCR (A to C) and western blot analysis (D and E) or ELISA (F). Data below the
western blot bands were used to quantify the density of the bands. B-actin was a normalization control. MS1 cells were exposed to 50-150 pg/ml
SFO at 6 h (The effective time and concentration used in this study was according to our preliminary experiment), the relative mRNA level and
protein level of ATF4, p75NTR and IL-8 were detected by qPCR (G to I) and western blot analysis (J and K). IL-8 secretion was detected by ELISA (L). B-
actin was used as a normalization control (*p<<0.05; **p<<0.01 vs. Ctr, n=3).

doi:10.1371/journal.pone.0099378.g004
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Figure 5. ATF4, p75NTR and IL-8 participated in SFO-induced EndoMT in HUVECs. Cells were preincubated with 40 nM ATF4, IL-8 or
60 nM p75NTR siRNA or scramble siRNA for 48 h, then 50 pg/ml SFO for 3 h for qPCR and 6 h for western blot assay. (A and B) Western blot analysis
of siRNA-mediated downregulation of ATF4 and p75NTR in HUVECs. Data below the western blot bands were used to quantify the density of the
bands. (C) gPCR analysis of siRNA-mediated downregulation of IL-8. GAPDH was a normalization control. (D and E) Analysis of effect of ATF4, p75NTR
and IL-8 siRNA on SFO-induced a-SMA in HUVECs by gPCR (D) and western blot (E). (F) qPCR analysis of siRNA effects on eNOS expression in HUVECs.

Expression was normalized to that of GAPDH. (*p<<0.05, **p<<0.01, n=3).
doi:10.1371/journal.pone.0099378.g005

expression at 6 and 12 h (Fig. 2A and B). High concentrations of
SFO (50-70 pg/ml) increased a-SMA expression only before
12 h. At 12 h, it could not increase a-SMA expression again, and
this time point was verified to induce apoptosis in our previous
report [7,8]. In contrast, levels of the specific marker of endothelial
cells, CD31, and eNOS were decreased by high but not low
concentrations of SFO (Fig. 2A and 2B). Along with the
morphological changes and our previous findings [7,8],
concluded that high concentrations of SFO promoted EndoMT
within 12 h.

SPC is an inducer of VSMC contraction [16]. To further
understand whether these EndoMT cells have contraction ability,
we stimulated cells with SPC, 30 uM, for 1 h and found that o-
SMA-expressing cells induced by SFO contracted as compared
with real VSMCs. When deprived of SPC, both SFO-induced
EndoMT cells and real VSMCs recovered. In contrast, HUVECs
without SFO treatment showed no response to SPC (Fig. 2C).
These functional detection data verified that SFO induced
transdifferentiation of HUVECs to VSMCs.

we

ATF4, p75NTR and IL-8 levels were elevated during SFO-
induced EndoMT

To understand the molecular mechanism by which SFO
induces EndoMT, we first found the candidates that were
mmplicated in the EndoMT. On microarray assay, 717 genes
showed changed expression (>1.5-fold) during EndoMT induced
by treatment with SFO, 50 ug/ml, for 6 h; 13 genes showed >
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eight-fold changed expression (Fig. 3). The greatly increased
expression of ATF4, p75NTR and IL-8 (CXCLI in mouse) was
verified by qPCR and western blot assay in HUVECs and
endothelial MS1 cells (Fig. 4).

Effect of ATF4, p75NTR and IL-8 knockdown on a-SMA
expression in HUVECs induced by SFO

To further confirm the role of ATF4, p75NTR and IL-8 in
SFO-increased o-SMA expression, we transfected ATTF4,
p75NTR and IL-8 siRNA into HUVECs followed by treatment
with SFO. Transfection of the selected siRNAs significantly
inhibited the expression of the corresponding genes (Fig. 5A to
C). Knockdown of ATF4, p75NTR and IL-8 significantly
inhibited SFO-induced o-SMA in mRNA and protein levels
(Fig. 5D and E). Furthermore, knockdown of ATF4, p75NTR
and IL-8 rescued SFO-inhibited eNOS expression (Fig.5F).

ATF4 siRNA inhibited p75NTR expression and p75NTR
siRNA inhibited IL-8 expression in HUVECs

Transcription factors play an important role in the control of
genes. Therefore, we detected whether ATF4 could regulate the
expression of p753NTR. Suppressing the role of ATF4 inhibited
SFO-increased p75NTR mRNA and protein levels (Fig. 6A, B),
which suggested that ATF4 is upstream of p75NTR in SFO-
induced EndoMT in HUVECs.

We analyzed the effect of p75NTR on ATF4 and found that
p75NTR siRNA did not affect its level in SFO-treated HUVECs.
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doi:10.1371/journal.pone.0099378.9006

So we verified that p75NTR is downstream of ATT4 in HUVECs
treated with SFO during EndoMT (Fig. 6C and D). Further-

[2,3]. Here we first identified SFO as an inducer of EndoMT in
the presence of serum and FGF-2 to mimic the i vivo condition, to

more, p75NTR knockdown decreased the mRINA level of IL-8 in
SFO-treated HUVECs at 3 h and secretion at 6 h (Fig. 6E and
F). The results suggested that p75NTR acts upstream of IL-8 in
SFO-induced EndoMT in HUVECs.

Discussion

EndoMT participates in the development and vascular or
microvascular damage in many kinds of diseases, such as
pathogenesis of atherosclerosis and the progression of renal fibrosis

PLOS ONE | www.plosone.org

determine whether SFO could provide a useful chemical tool to
study the molecular mechanisms of the EndoMT for therapeutics
for the treatment of cancer and fibrosis disease. VEGF blockage by
SUS5416 was reported to cause endothelial cells differentiation into
neuronal-like cells and smooth muscle-like cells at the same time
[24]. Our data agreed with the report that low concentration of
SFO induced VEC differentiation to neuron-like cells, but a high
concentration induced EndoMT transition. Whether neural cells
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and smooth muscle cells originate from the same pluripotent cells
still needs further research.

Next, we performed a microarray assay to determine candidates
that may be involved in EndoMT induced by SFO. Among the
genes with changed expression, ATT4 is a master regulator for
evolutionarily conserved mammalian stress response pathways
[25]. ATF4 has a pro-apoptotic role in endothelial cells by
activating a signalling cascade involving CHOP and ATF3 [12].
However, its role on transdifferentiation is not clear. In our study,
knockdown of ATF4 inhibited SFO-induced EndoMT completely,
which suggests that ATF4 is involved in EndoMT. Furthermore,
ATF4 was reported to regulate the expression of IL-8 [26]. In this
study, we further found that ATF4 can regulate the expression of
p75NTR, and p75NTR can regulate the expression of IL-8, which
might be the new mechanism for ATF4 participating in EndoMT
(Fig. 6G).

IL-8, a member of the CXC chemokine family, modulating
permeability, migration, proliferation and apoptosis of endothelial
cells [11,27]. In this study, we found that IL.-8 was also involved in
EndoMT. IL-8 is a potent chemoattractant for neutrophils and,
also triggers firm adhesion of rolling monocytes to the vascular
endothelium, thus participating in the pathogenesis of many
inflammatory diseases [28]. Our data suggest that IL.-8 might
regulate these diseases by inducing EndoMT. In the current study,
all changes in IL-8 expression were detected in the medium but
not during cell lysis. Furthermore, IL-8 levels in the medium were
increased by SFO when transdifferentiation was promoted and
decreased with p75NTR siRNA treatment when transdifferentia-
tion was hampered. So IL-8 might affect transdifferentiation by a
paracrine effect. Further study is needed to determine whether
HUVECGs treated with IL-8 and/or SFO in the presence of
neutralizing IL-8 antibodies can verfity this paracrine effect.

Among the genes with changed expression, p75NTR protein is
unique located at the cell membrane. Neurotrophin low-affinity
p75NTR induces apoptosis of endothelial cells and VSMCs and
impairs angiogenesis [10]. However, p75NTR is a marker for
regenerating fibers in inflamed and dystrophic muscle, which has a
broad transcriptional repertoire associated with muscle develop-
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EndoMT in the presence of serum and FGF-2, for a useful tool for
understanding the mechanism of EndoMT. ATF4, p75NTR and
IL-8 all participated in the process of EndoMT induced by SFO,
and they modulated the EndoMT by an ATF4/p75NTR/IL-8
pathway. These results may reveal a molecular mechanism related
to HUVEC transdifferentiation. Furthermore, our data suggest
that transdifferentiation appearing before apoptosis might be
meaningful for cell apoptosis by providing increased sensitivity to
apoptogens.

Acknowledgments

We thank Laura Heraty for critical reading and English correction of the
manuscript.

Author Contributions

Conceived and designed the experiments: QCJ JZ. Performed the
experiments: DG WBZ HWY LS SLZ JZ. Analyzed the data: DG QC]J
HWY LS SLZ JZ. Contributed reagents/materials/analysis tools: DG QC]J
LS SLZ. Wrote the paper: DG QC]J JZ.

11. Li A, Dubey S, Varney ML, Dave BJ, Singh RK (2003) IL-8 directly enhanced
endothelial cell survival, proliferation, and matrix metalloproteinases production
and regulated angiogenesis. J Immunol 170: 3369-3376.

12. Mungrue IN, Pagnon J, Kohannim O, Gargalovic PS, Lusis AJ (2009) CHAC1/
MGC4504 is a novel proapoptotic component of the unfolded protein response,
downstream of the ATF4-ATF3-CHOP cascade. J Immunol 182: 466-476.

13. Mitra RS, Wrone-Smith T, Simonian P, Foreman KE, Nunez G, et al. (1997)
Apoptosis in keratinocytes is not dependent on induction of differentiation. Lab
Invest 76: 99-107.

14. Zhao BX, Du AY, Miao JY, Zhao KW, Du CQ (2003) Effects of novel safrole
oxide derivatives, 1-methoxy-3-(3,4-methylenedioxyphenyl)-2-propanol and 1-
ethoxy-3-(3,4-methylenedioxyphenyl)-2-propanol, on apoptosis induced by
deprivation of survival factors in vascular endothelial cells. Vascul Pharmacol
40: 183-187.

15. Jaffe EA, Nachman RL, Becker CG, Minick CR (1973) Culture of human
endothelial cells derived from umbilical veins. Identification by morphologic and
immunologic criteria. J Clin Invest 52: 2745-2756.

16. Ge D, Meng N, Su L, Zhang Y, Zhang SL, et al. (2012) Human vascular
endothelial cells reduce sphingosylphosphorylcholine-induced smooth muscle
cell contraction in co-culture system through integrin beta4 and Fyn. Acta
Pharmacol Sin 33: 57-65.

17. Du AY, Zhao BX, Yin DL, Zhang SL, Miao JY (2005) Discovery of a novel
small molecule, 1-ethoxy-3-(3,4-methylenedioxyphenyl)-2-propanol, that induces
apoptosis in A549 human lung cancer cells. Bioorg Med Chem 13: 4176-4183.

18. Zhang Q, Zhao XH, Wang 7] (2009) Cytotoxicity of flavones and flavonols to a
human esophageal squamous cell carcinoma cell line (KYSE-510) by induction
of G2/M arrest and apoptosis. Toxicol In Vitro 23: 797-807.

19. Sun C, Liu X, Qi L, Xu J, Zhao J, et al. (2010) Modulation of vascular
endothelial cell senescence by integrin beta4. J Cell Physiol 225: 673-681.

June 2014 | Volume 9 | Issue 6 | €99378



20.

22.

23.

24.

Ge D, Jing Q, Meng N, Su L, Zhang Y, et al. (2011) Regulation of apoptosis and
autophagy by sphingosylphosphorylcholine in vascular endothelial cells. J Cell
Physiol 226: 2827-2833.

. Emmanuel C, Huynh M, Matthews J, Kelly E, Zoellner H (2013) TNF-alpha

and TGF-beta synergistically stimulate elongation of human endothelial cells
without transdifferentiation to smooth muscle cell phenotype. Cytokine 61: 38—
40.

Choi M, Lee HS, Naidansaren P, Kim HK, O E, et al. (2013) Proangiogenic
features of Wharton’s jelly-derived mesenchymal stromal/stem cells and their
ability to form functional vessels. Int J Biochem Cell Biol 45: 560-570.
Piera-Velazquez S, Li Z, Jimenez SA (2011) Role of endothelial-mesenchymal
transition (EndoMT) in the pathogenesis of fibrotic disorders. Am J Pathol 179:
1074-1080.

Sakao S, Taraseviciene-Stewart L, Cool CD, Tada Y, Kasahara Y, et al. (2007)
VEGF-R blockade causes endothelial cell apoptosis, expansion of surviving
CD34+ precursor cells and transdifferentiation to smooth muscle-like and

neuronal-like cells. FASEB J 21: 3640-3652.

. Malabanan KP, Khachigian LM (2010) Activation transcription factor-4 and the

acute vascular response to injury. J Mol Med (Berl) 88: 545-552.

. Gargalovic PS, Gharavi NM, Clark MJ, Pagnon J, Yang WP, et al. (2006) The

unfolded protein response is an important regulator of inflammatory genes in
endothelial cells. Arterioscler Thromb Vasc Biol 26: 2490-2496.

PLOS ONE | www.plosone.org

27.

28.

30.

31.

32.

SFO Promotes EndoMT Transition

Talavera D, Castillo AM, Dominguez MC, Gutierrez AE, Meza I (2004) IL8
release, tight junction and cytoskeleton dynamic reorganization conducive to
permeability increase are induced by dengue virus infection of microvascular
endothelial monolayers. ] Gen Virol 85: 1801-1813.

Weiss N, Deboux C, Chaverot N, Miller F, Baron-Van Evercooren A, et al.
(2010) IL8 and CXCLI13 are potent chemokines for the recruitment of human
neural precursor cells across brain endothelial cells. J Neuroimmunol 223: 131
134.

. Colombo E, Romaggi S, Medico E, Menon R, Mora M, et al. (2011) Human

neurotrophin receptor p75NTR defines differentiation-oriented skeletal muscle
precursor cells: implications for muscle regeneration. J Neuropathol Exp Neurol
70: 133-142.

Adams CS, Shapiro IM (2002) The fate of the terminally differentiated
chondrocyte: evidence for microenvironmental regulation of chondrocyte
apoptosis. Crit Rev Oral Biol Med 13: 465-473.

Tennakoon AH, Izawa T, Wijesundera KK, Golbar HM, Tanaka M, et al.
(2013) Characterization of glial fibrillary acidic protein (GFAP)-expressing
hepatic stellate cells and myofibroblasts in thioacetamide (TAA)-induced rat liver
injury. Exp Toxicol Pathol.

Hashmi AZ, Hakim W, Kruglov EA, Watanabe A, Watkins W, et al. (2007)
Adenosine inhibits cytosolic calcium signals and chemotaxis in hepatic stellate
cells. Am J Physiol Gastrointest Liver Physiol 292: G395-401.

June 2014 | Volume 9 | Issue 6 | €99378



