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I. INTRODUCTION

Liver fibrosis is considered as a clinical sequel caused by the wound healing response to
various etiologies such as hepatitis virus, excessive alcohol intake, and nonalcoholic fatty liver,
can progress to cirrhosis which are princeps medical problem with high morbidity [1]. Upon
liver injury, the liver promotes accumulation of extracellular matrix (ECM), which disturbs
liver function and architecture, and activation of hepatic stellate cells (HSCs) [2, 3]. HSCs are
the primary cell type for disproportionate ECM disposition, and undergo phenotypic change
from quiescent with vitamin A-containing lipid droplet to proliferative myofibroblast cells [4].
Until now, there is little information on the clinically effective way to inhibit HSC activation
and fibrosis progression. Therefore, identification of the regulatory molecules and related
mechanisms connected with this process is still necessary to develop new diagnostic and
therapeutic targets related to liver fibrosis.

During phenotypical transdifferentiation of HSCs, transforming growth factor-
B (TGF-B) exerts the most potent profibrogenic and fibroproliferative cytokine by paracrine
and autocrine manner [3] [5]. TGF-B-driven activation of transmembrane receptors, composed
of type | and Il, transactivates Smad proteins or Smad-independent proteins including mitogen
activated protein kinase (MAPK) (i.e., extracellular signaling kinase (ERK), p38, and c-jun N-
terminal kinase (JNK)[6-8]. These TGF-B-activating signaling pathways stimulate induction of
ECM genes such as collagen, plasminogen activator inhibitor type 1 (PAI-1) and a-smooth
muscle action (a-SMA) [9, 10].

Because of dramatic changes in the microenvironment of the tissue upon HSC
activation, multiple intra/extracellular ligands and fibrogenic stimuli besides TGF-j are
elevated [11-13]. Increased attention has been paid to sphingosine-1-phosphate (S1P), a

bioactive lipid acting as a key mediator of numerous liver pathophysiological responses such as
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cell proliferation, differentiation, migration and angiogenesis and functions as an intracellular
second messenger, and its related molecules and pathways [14-16]. S1P, a ligand for G-protein-
coupled receptors termed S1P receptors (S1PRs), is converted from sphingosine by two
sphingosine kinases (SphKs), SphK1 and SphK2 [17]. It has been demonstrated that the
significance of SphK1/S1P/S1PRs axis are implicated in liver fibrosis [18]. Because SphKs
converge signals from sphingosine and generate S1P-mediated signaling cascade, the level of
SphKs may exert profound effect on the amplification or blunting of physiological effect on
liver fibrosis. Until now, little is available on the regulatory mechanism and the role of SphKs
on liver fibrosis.

Here, we scrutinized whether expression of SphKs in HSCs was modulated by TGF-3
signaling, and if so, what the sequential impacts on HSC activation that finally leads to liver
fibrosis and how it is regulated. Observance of SphK1 in patient with cirrhotic liver proved the
clinical significance of SphK1 on the development of liver fibrosis. In addition, evidence for
the expression and role of SphK1 on HSC biology were demonstrated in fibrotic animal models
and in vitro cell models. We also found that SphK1 was plentifully expressed in HSCs as
compared with hepatocytes, which was upregulated by TGF-p treatment via Smad signaling.
Moreover, modulation of SphK1 changed TGF-f-mediated activation of MAPKS, but not Smad
phosphorylation. It can be discovered that SphK1-related downstream signaling and its effects
were relied on S1PR. Interestingly, we identified that epigallocatechin gallate (EGCG), one of
the most plentiful polyphenols in green tea, has anti-fibrogenic effect via blunting TGF-p-
mediated SphK1 expression. Our findings illustrated the novel regulatory mechanism and role
of SphK1 in HSC activation and further extends biochemical and physiological basis on liver

fibrosis.
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II. MATERIALS AND METHODS

1. Materials

SphK1 and Sphk2 antibody was purchased from Proteintech (Rosemount, IL, USA). Phospho-
JNK1/2, JNK1/2, phospho-ERK, ERK, phospho-p38, p-38 antibodies were provided through
Cell Signaling (Danvers, Massachusetts, USA). Fibronectin and Plasminogen activator
inhibitor-1 (PAI-1) and antibodies were supplied by BD Bioscience (Mountain View, CA, USA).
Actinomycin-D (ActD), Epigallocatechin gallate (EGCG) , alpha-Smooth muscle actin(a-SMA)
and B-actin antibody were obtained from Sigma-Aldrich (St. Louis, MO, USA). VPC23019 was
from Cayman (Ann Arbor, MI, USA). TGF-B was purchased from R&D Systems (Minneapolis,
MI, USA). Secondary antibodies anti-rabbit or anti-mouse were provided by Invitrogen

(Carlsbad, CA, USA).

2. Cell culture

Propagation of human immortalized HSCs (LX-2) was generously obtained by Dr. S.L.
Friedmann (Mount Sinai School of Medicine, NY, USA). Rat hepatic stellate cell line (HSC-
T6) was purchased from Merck Millipore (Darmstadt, Germany). Cell cultured in DMEM with

50 U/mL penicillin/streptomycin, 10% fetal bovine serum (FBS, Atlas Biologicals, Fort Collins,

CO, USA). All cell lines were retained at 37°C in a humidified 5% CO2 atmosphere.

3. Primary hepatic stellate cells and Hepatocytes isolation

ICR mice were purchased from Oriental Bio (Sungnam, South Korea). Separation of hepatic
stellate cells and hepatocytes was performed as follows. First, a catheter was intubated into the

hepatic portal vein, followed by in situ perfusion with Ca?*-free HBSS for 20 min at 37C, and

then followed by perfusion with a solution containing 0.05% collagenase and Ca?* for 20 min.

-3 -
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After tear off the liver, filter use 70 uM cell strainer (BD Bioscience), and isolate hepatocyte by
centrifuged 3 times for 2 m at 50 x g. Primary HSCs were isolated according to the previously
published method [19]. Quiescent HSCs were cultured for 0 day and activated HSCs were

cultured for 7 days.

4. Cell viability assay

To evaluate cytotoxicity, LX-2 cells seeding plated in a 12 well plate, treated with EGCG for
12 h, and then stained with MTT (dissolved in MEM medium at a concentration of 0.1 mg/mL
for 20 m). The medium was then removed from the well, and the formazan crystals in the well
were dissolved by adding 400 pL of DMSO. The absorbance of each sample was measured at
550 nm and measured using a microplate reader (SpectraMAX, Molecular Devices, Sunnyvale,

CA, USA). Cell viability was defined relative to control.

5.  Immunoblot analysis

SDS-polyacrylamide gel electrophoresis and immunoblot analysis were performed according to
previously performed procedures [20]. After harvesting the cells, they were centrifuged at
3,000 x g for 3 min and lysed for 1 h by adding RIPA buffer. The lysate was centrifuged
(12,000 x g for 10 min) to obtain a supernatant, and proteins were extracted. Protein samples
were subjected to SDS-PAGE and transferred to a nitrocellulose membranes. The membranes
were blocked with 5% skim milk for 0.5 h and washed 3 times at 10 minute intervals then
cultivated with primary antibody overnight at 4°C. The next day, they were cultivated with
peroxidase-conjugated secondary antibody for 1 h Immunoreactive proteins were visualized

with the ECL chemiluminescence detection kit (Thermo Scientific, Waltham, MA, USA).

6. RNA isolation and RT-PCR analysis

Cells were lysed using TRIzol (Invitrogen, Carlsbad, CA, USA). To obtain total RAN,
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chloroform was added to the cells dissolved in trizol, and the sample was centrifuged at 12,000
x g for 20 min. The supernatant was shifted to a new tube, mixed with an equal volume of
isopropanol and centrifuged at 12000 x g for 20 min to precipitate RNA. To obtain cDNA, total
RNA (2 pg) was reverse transcribed using oligo (dT) 16 primers. The cDNA was amplified
using a high-capacity cDNA synthesis kit (Bioneer, Daejeon, Korea) with a thermal cycler
(Bio-Rad, Hercules, CA, USA). PCR products were analyzed by gel electrophoresis (2%
agarose in 0.5X TAE buffer), stained with ethidium bromide (Sigma, St. Louis, MO, USA),
and visualized in gel documentation system (Fujifilm, Tokyo, Japan). The primer sequences
used are as follows: human SphK1 sense 5'-CTTCCTTGAACCATTATGC-3', and antisense
5'-CCGATACTTCTCACTCTC-3"; human SphK2 sense 5-TTTCCGGAAGAAAGGGATCT-
3, and antisense 5-TAGGCTGGTAGGAGCAAGGA-3; human GAPDH sense 5'-
GAAGGTGAAGGTCGGAGTC-3, and antisense 5-GAAGATGGTGATGGGATTTC-3'

GAPDH was used as a reference gene for normalization.

7.  Wound-healing assay

Cell migration was excuted using Culture-Inserts (ibidi culture-insert 4wells, ibidi GmbH,
Martinsried, Germany). LX-2 cells were seeded at a density of 3 x 10° per well, and culture
inserts were removed when cells reached 80-90% confluence. Then, the cells were washed with
PBS to remove floating cells, and the medium was changed to MEM media containing 0.1%
FBS. Cells were treated with EGCG (10, 30 uM) in the presence or absence of TGF-B (2
ng/mL) ,and Photomicrographs were taken at 0 and 12 h at 50x magnification using a camera

attached to a microscope (Axiovert 200 M, Carl ZEISS, Germany).

8. Luciferase assay

Luciferase activity was measured LX-2 cells were seeded in 12-well plates, serum-starved for 3
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h, and Smad binding element (SBE)-Luc, activator protein 1 (AP-1)-Luc and pRL-TK plasmids
in the presence of Lipofectamine® 2000 Reagent (Invitrogen, San Diego, CA, USA) for 3 h.
And then, transfected cells were allowed to regain in MEM containing 1% fetal bovine serum
(FBS, Atlas Biological, Fort Colins, CO, USA) overnight and treated with EGCG (10, 30 uM)
in the presence or absence of TGF-B (1 ng/mL). Luciferase activity was measured in cell

lysates using a dual luciferase assay system (Promega).

9. siRNA knockdown and Transient transfection experiment

LX-2 cells were transfected with comparative control sSiRNA (100 pmol) or siRNA against
SphK1 (100 pmol; Dharmacon, Lafayette, Colorado) for 24h. Then, they were allowed to
regain overnight in MEM containing 1% FBS and then treated with TGF-p for 12 h. SphK1
plasmid were obtained from Addgene (Watertown, Massachusetts). The transfection was
performed by pcDNA (MOCK) or pcDNA-SphK1 WT (SphK1) for 24h using
Lipofectamine® 2000 Reagent (Invitrogen, San Diego, CA, USA) in accordance with the

manufacture’s protocols.

10. Animal experiments

A 6 weeks old male ICR mice was purchased from Oriental Bio (Seongnam, Korea) and
acclimated for 1 weeks. To induce liver fibrosis, CCl4 (0.5 mg/kg; dissolved in 10% olive oil)
was injected intraperitoneally into mice three times a week for 2 weeks, and the common bile
duct was exposed near the duodenal attachment and ligated with 6.0 silk. A sham control group
was similarly subjected to the operation without BDL. Animal experiments were conducted

with the approval of the Animal Care and Use Committee of Chosun University.

11. Patient samples

Liver samples were provided by Chosun University Hospital in Korea. It was collected from 10
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cancer patients diagnosed presence or absence of cirrhosis through histological examination
and ultrasonography and was recognized by Institutional Review Board of Chosun Medical

Center (No. 2013-04-005).

12. Confocal microscopy

Liver tissue were stationary in 4% paraformaldehyde and permeabilization with Triton X-100.
Tissues were immunostained with SphK1 antibody overnight and then cultivated with goat
anti-rabbit 1gG (Invitrogen). Tissue sections were treated overnight with antibodies against
SphK1 and desmin or a-SMA for 3h. Next, coverslipped with mounting medium including
DAPI (Golden Bridge International, California). For sample detection, a laser-scanning

confocal microscope (Al; Nikon Instruments Inc., Melville, New York) was used.

13. Statistical analysis

ANOVA and student Newman-Keuls tests were used to determined significant differences
between groups and between the means of different groups. Results are expressed as mean +

standard error (SE).
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1. RESULTS

1. Overexpression of SphK1 in HSCs and fibrotic liver

First, we examined the expression of SphK1 and desmin presenting HSC activation in the
cirrhotic and adjacent normal liver tissues of patients with cancer to pursue the biological
importance of SphK1 on liver fibrosis in clinical situation. As a result, it was found that the
expressions of SphK1 and desmin were increased in samples from cirrhosis patients and were
stained in the similar regions of samples, confirmative of SphK1 overexpression in activated
HSCs (Figure 1A). Expression Omnibus database (GSE25097) showed that the transcript level
of SphK1 was raised in patients possessing liver cirrhosis compared with those observed in
healthy individuals (Figure 1B). However, levels of SphK2 were not changed in liver cirrhosis
samples. Similarly, in the patients with liver cirrhosis, strong correlation existed between
SphK1 and markers of liver fibrogenesis and HSC trans-differentiation (i.e. collagen 1A1,
TGF-B, or a-SMA) suggestive of the role of SphK1 as a potential molecular marker of liver
fibrosis (Figure 1C). Similar outcomes were detected in the livers of CCls-induced liver
fibrosis animal model (Figure 1D). To intensify the connection among SphK1 and liver fibrosis,
we investigated SphK1 expressions in liver homogenate of fibrotic animal samples. SphK1
levels, but not SphK2 were increased in liver homogenates from CCl4-treated mice and BDL-
induced mice than their respective controls (Figure 1E and F). Therefore, we consent to that

SphK1 is upregulated in fibrotic liver conditions, which would progress liver fibrosis.
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Figure 1. Overexpression of Sphingosine Kinase 1 (SphK1) in various fibrotic
conditions

(A) Immunostaining of SphK1 and desmin in cirrhotic liver patients (magnification: 200x). (B)
Transcript levels of SphK1 and SphK2 in patients with liver cirrhosis (C) or healthy individuals
(N) from GSE25097 (n = 6-40). (C) Pearson’s correlation analyses in a large cohort of fibrosis
patients (GSE25097) (n=46). (D) Immunostaining of SphK1 and desmin in mice liver tissues
treated with carbon tetrachloride (CCl4). White arrows show colocalization of SphK1 and
desmin (magnification: 200x). (E) Immunoblotting of SphK1in liver homogenates from CCls-
treated mice liver tissue. GAPDH indicates equal loading of proteins. (F) Immunoblotting of

SphK1 in liver homogenates from bile duct ligation (BDL) mice.

- 11 -
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2. Induction of SphK1 during HSC activation

We analyzed the levels of SphK1 and SphK2 in primary hepatocytes and HSCs isolated from
the livers of healthy mice, and found that SphK1 was more abundant in HSCs than hepatocytes
(Figure 2A). The opposite changes occurred in case of SphK2. In addition, SphK1 was up-
regulated in primary HSCs during culture activation along with a-SMA induction (Figure 2B).
The transcript data from GSE34949 fortified the induction of SphK1 during HSC trans-
differentiation (Figure 2C). Next, we examined SphK1 and SphK2 expression after stimulation
with TGF-B, an essential profibrogenic cytokine in LX-2 cells (a human hepatic stellate cell
line) from different time period. SphK1 was found to increase after 3-12 h of TGF-p treatment,
which peaked at 6 h (Figure 2D). However, inductive effect of SphK2 by TGF-B was not
observed. Consistently, TGF-p treatment enhanced the immunostaining levels of SphKI
(Figure 2E). When we utilized another hepatic stellate cell line from rats, HSC-T6 cells, we
could reveal increased SphK1 expression derived from TGF-f, peaked at 24 h (Figure 2F). In
addition, TGF-B-mediated SphK1 induction was significantly attenuated by SB431542, a TGF-
B receptor antagonist, indicative of association of TGF-B signaling (Figure 2G). Our results

demonstrate that SphK1 is up-regulated in activated HSCs during hepatic fibrogenesis.

- 12 -
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Figure 2. Upregulation of SphK1 during HSC activation

(A) Expression of SphK1/2 in mouse primary cell hepatocytes and quiescent HSCs.
Immunoblotting was done on the cell lysates (20 pg each). a-smooth muscle actin (a-SMA)
and albumin (ALB) were detected as marker of HSCs and hepatocytes, respectively. B-actin
indicated equal loading of proteins. (B) Expression of SphK1/2 in quiescent or activated
primary HSCs. Primary HSCs were isolated and cultured in growth medium for 0 (quiescent)
or 7 (activated) days. (C) Transcript level of SphK1 in quiescent or activated primary HSCs
from GSE34949. The data represents the mean + SE (n = 3, significant different versus
quiescent, **p<0.01). (D) The effect of transforming growth factor-p (TGF-§) treatment on
expression of SphK1/2. Immunoblotting analysis was performed with lysates of LX-2 cells
treated with TGF-B (2 ng/mL) for 3-24 h. (E) Immunostaining of SphK1 in TGF-B-treated LX-
2 Cells. (F) The effect of TGF-B on expression of SphK1/2 in HSC-T6. (G) The effect of TGF-
B receptor antagonist on SphK1 induced by TGF-f in LX-2 cells. The cells were treated with
TGF-B antagonist (10 pM) in the presence or absence of TGF-B. The level of SphK1 protein

was analyzed after TGF- (2 ng/mL) treatment for 6 h.
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3. TGF-p-mediated SphK1 up-regulation by Smad3-dependent pathway

To delineate the regulatory mechanism controlling SphK1 induction, we scrutinized mRNA
level of SphK1 after TGF-B treatment in LX-2 cells, and discovered that SphK1 transcript
levels were steadily increased up to 6 h of treatment (Figure 3A). In case of SphK2, there was
no change after TGF-B stimulation. Actinomycin-D (ActD), a transcriptional inhibitor,
suppressed TGF-B-mediated SphK1 induction (Figure 3B). Thus, these data showed that
SphK1 up-regulation by TGF- was transcriptionally governed. We investigated whether
Smad3, a well-known transcription factor for TGF-B signaling pathway which is the most
critical cellular mechanistic pathway in hepatic fibrogenesis, is involved in this phenomenon.
To test the role of Smad3 in the TGF-B-mediated SphK1 induction, we introduced Smad3 in
LX-2 cells. We identified that TGF-B incubation of MOCK-transfected LX-2 cells enhanced
SphK1 expression, which was further intensified by ectopic expression of Smad3 (Figure 3C).
On the other hand, TGF-B-induced SphK1 up-regulation was substantially decreased by
treatment with SIS3, a Smad3 inhibitor (Figure 3D). Our data showed that TGF-B-mediated

SphK1 expression was occurred by Smad3-dependent pathway.

- 15 -
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Figure 3. TGF-B-mediated SphK1 induction by Smad3-dependent pathway

(A) Quantitative reverse transcription polymerase chain reaction (QRT-PCR) analysis. LX-2
cells were treated with TGF- (2 ng/mL) for 1-6 h. The mRNA expression of SphK1 and
SphK2 using GAPDH as a control. (B) The potency of actinomycin-D (ActD) on SphK1
mMRNA induction by TGF-B in LX-2 cells. The cells were treated with ActD (5 pug/mL) in the
presence or absence of TGF-B (1 ng/mL). (C) The effect of Smad3 overexpression on TGF-f-
induced SphK1 expression. LX-2 cells were transfected with Smad3 or pPCDNA (MOCK), then
treated with TGF-p (1 ng/mL) for 6 h. (D) The effect of Smad3 inhibitor (SIS3) on TGF-f-
induced SphK1 expression. The cells were treated with SIS3 (5 pM) in the presence or absence

of TGF-$ (1 ng/mL). Immunoblotting was done to detect SphK1/2 levels.
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4. The impact of SphK1 on liver fibrogenesis

To reveal whether SphK1 can exert on the liver fibrogenesis we checked the effect of SphK1
modulation on the expression of PAI-1, a fibrotic marker upon HSC activation. The PAI-1
level after treatment with TGF-f markedly increased by SphK1 (Figure 4A). However,
knockdown of SphK1 by siRNA significantly attenuated TGF-B-induced PAI-1 expression as
compared with control siRNA (Figure 4B). Similarly, incubation with SphK1 inhibitors (PF543,
RBO005) remarkably abolished PAI-1 induction by TGF-p (Figure 4C). These results supported

that SphK1 was sufficient to promote liver fibrogenesis in HSCs.
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Figure 4. The effect of SphK1 on HSC activation and hepatic fibrogenesis.

(A) The effect of SphK1 on TGF- B-mediated fibrogenic genes. LX-2 cells were transfected
with SphK1 or pCDNA (MOCK) for 24 h and then cultivated with TGF- (1 ng/ml) for 6 h.
(B) The effect of SphK1 knockdown on TGF-B-induced fibrogenic genes. LX-2 cells were
transfected with control siRNA (SiCon) or SphK1 siRNA (SiSphK1) for 24 h and then treated
with TGF- B (1 ng/mL) for 6 h. (C) The effect of RB005 and PF543 on expression of TGF-f-
induced fibrogenic genes. The cells were treated with PF543 (10 pM), RB005 (10 pM) in the
presence or absence of TGF-f (1 ng/mL). Fibrogenic markers were detected by

immunoblotting.
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5. Involvement of MAPK in SphK1-caused liver fibrosis

Previously, it is proposed that AP-1-depedent regulatory roles for TGF-f signaling during liver
fibrosis [21]. To investigate the mechanism by which SphK1 drives the fibrotic response, we
sought to determine role of AP-1 in TGF-B-mediated liver fibrogenesis. The treatment of
MOCK-transfected cells with TGF-p incremented MAPK phosphorylation such as ERK, JNK,
and p38. However, knockdown of SphK1 decreased only increased ERK phosphorylation by
TGF-B (Figure 5A). When we measured AP-1-dependent luciferase activity to evaluate the
effect of SphK1 on TGF-B-induced AP-1 transactivation, we found that facilitated AP-1
luciferase activity by TGF-f3 was slightly suppressed by SphK1 knockdown (Figure 5B). Since
Smad2/3 have been illustrated to act as another key transcription factor [22], we tested the
possible link between Smad2/3 and SphK1-involved fibrogenic response. Unexpectedly,
phosphorylation of Smad3 against TGF-$ was not attenuated by introduction of SphK1 SiRNA
(Figure 5C). Based on the fact that sphingosine-1-phosphate (S1P) is a bioactive lipid mediator
formed by phosphorylation of sphingosine by SphK1 and activates HSCs via a S1P receptor
(S1IPR) 1 or S1PR3-dependent manner [23], we assessed the possibility of SphK1-mediated
liver fibrogenesis via S1PRs. S1PR1/3 inhibition using a chemical inhibitor (VPC23019)
exerted anti-fibrogenic effects against TGF-f3 which was associated with MAPK activation
(Figure 5D and 5E). These results provided evidence that SphK1overexpression in HSCs might
facilitate MAPK activation to promote hepatic fibrogenesis, and this event could be caused by

S1PRs.
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Figure 5. Involvement of AP-1 in SphK1-mediated hepatic fibrogenesis.

(A) The effect of SphK1 knockdown on TGF-B-induced MAPK activation. LX-2 cells were
transfected with control siRNA (SiCon) or SphK1 siRNA (SiSphK1) for 24 h and then treated
with TGF-B (1 ng/mL) for 3 min. (B) The effect of SphK1 knockdown on AP-1 luciferase
activity. LX-2 cells were transiently co-transfected with AP-1 luciferase plasmids and control
siRNA (SiCon) or SphK1 siRNA (SiSphK1) for 24 h and then treated with TGF-$ (1 ng/mL)
for 12 h. Data represent means + S.E. of three replicates; significant as compared with vehicle-
treated cells, ~p<0.01, significant as compared with TGF-B-treated cells, #p<0.05. (C) The
effect of SphK1 knockdown on TGF-B-induced Smad phosphorylation. Cells were transfected
with control siRNA (siCon) or SphK1 siRNA (siSphK1) for 24 h and then treated with TGF-3
(1 ng/mL) for 30 min. (D) The effect of sphingosine-1-phosphate receptor 1/3 inhibitor
(VPC23019) on TGF-B-mediated fibrogenic gene induction. The cells were treated with
VPC23019 (3, 10 puM) in the presence or absence of TGF-B (1 ng/mL). (E) The effect of
VPC23019 on TGF-B-mediated MAPK activity. The cells were treated with VPC23019 (3, 10

HM) in the presence or absence of TGF-$ (1 ng/mL) for 3 min.

- 23 -

Collection @ chosun



6. Improvement of SphK1-associated liver fibrogenesis by EGCG

It has been demonstrated that EGCG, the most abundant polyphenolic compounds, has a
protective role in liver fibrosis [24]. Unfortunately, its mechanism of action on attenuation of
liver fibrosis is still necessary. Hence, we sought to determine whether EGCG diminished
SphK1-dependent liver fibrogenic event. When we evaluated the cytotoxicity of EGCG in LX-
2 cells, cell viability was no significant differences between vehicle and EGCG- treated groups
(Figure 6A). We explored whether EGCG modulated SphK1 expression in HSCs. Interestingly,
EGCG reduced SphK1 levels in a dose dependent manner without change of SphK2 levels
(Figure 6B). At the same time, we observed EGCG suppressed expression of fibrogenic genes.
The existence of SphK1within fibrotic septa of human cirrhosis liver tissues implicated that it
might contribute to remodeling of the scar via cell migration. This prompted us to examine the
effect of TGF-B-mediated SphK1 on wound healing. The wound that were cultivated with
TGF-p markedly narrower than controls. In contrast, cells migration into the wound area was
dramatically diminished after EGCG incubation (Figure 6C). In addition, EGCG treatment
attenuated TGF-B-mediated MAPK phosphorylation and AP-1 luciferase activity (Figure 6D
and 6E). Intriguingly, EGCG had the inhibitory effects on Smad3 phosphorylation and SBE
luciferase activity (Figure 6F and 6G). Therefore, our data corroborated the antifibrotic effect

of EGCG on SphK1-derived liver fibrosis and consequent liver fibrosis.
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Figure 6. Suppressive effect of epigallocatechin-3-gallate (EGCG) on SphK1-

dependent hepatic fibrogenesis.

(A) Cytotoxicity evaluation of EGCG. LX-2 cells were treated with EGCG for 12 h, and then
cell viability was assessed employ a 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) assay. Data represent means + S.E. of three replicates. (B) The effect of EGCG
on expression of TGF-B-induced SphK1/2 and fibrogenic genes. The cells were treated with
EGCG (10, 30 uM) in the presence or absence of TGF-p (1 ng/mL). SphK1/2 and fibrogenic
markers were finded by immunoblotting. (C) The effect of EGCG on TGF-B-induced cell
migration by wound healing assay. LX-2 cells were treated with EGCG (10, 30 uM) in the
presence or absence of TGF-p (1 ng/mL) after creating wounds. (D) The effect of EGCG on
TGF-B-induced MAPK transactivation. The cells were treated with EGCG (10, 30 uM) in the
presence or absence of TGF-$ (1 ng/mL) for 3 min. (E) The effect of EGCG on AP-1luciferase
activity. LX-2 cells were temporarily transfected with AP-1 plasmids for 24 h and then treated
with TGF-p (1 ng/mL) for 12 h. Data represent means + S.E. of three replicates; significant as
compared with vehicle-treated cells, ~p<0.01, significant as compared with TGF-B-treated
cells, #p<0.01 (F) The effect of EGCG inhibition on TGF-B-induced Smad phosphorylation.
The cells were treated with EGCG (10, 30 pM) in the presence or absence of TGF- (1 ng/mL)
for 30 min. (G) The effect of EGCG on SBE luciferase activity. LX-2 cells were transfected
with SBE luciferase plasmid for 24 h and then cultivated with TGF-p (1 ng/mL) for 12 h. Data
represent means + S.E. of three replicates; significant as compared with vehicle-treated cells,

"p<0.01, significant as compared with TGF-B-treated cells, #p<0.01
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Figure 7.

Schematic diagram representing role of SphK1 on hepatic stellate cell activation and its

antagonistic effect of EGCG.
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IV. DISCUSSION

Persistent HSC phenotypic changes upon activation is derived from several environmental
stimuli [11, 12, 18]. TGF-B has been considered as a pivotal cytokine for fibrogenic events
accompanying accumulation of matrix protein such as collagen and fibronectin [11]. S1P,
another crucial liver fibrosis mediator, is produced by SphK1 which is widely distributed and
catalyzes the conversion from sphingosine to S1P [17, 25]. The fact that the liver is a major
organ for regulating SphK levels [26] suggests the role of SphK1 on S1P regulation in liver
pathophysiology. Despite the known effect of SphK1/S1P/S1PRs signaling axis on liver
fibrosis [18], the molecular basis for SphK1 in the progression of liver fibrosis is not revealed.
In the present study, we discovered that SphK1 was overexpressed in HSCs under fibrotic
conditions of liver. GEO data illustrating that elevated SphK1 expression in patient sample
with cirrhotic liver and positive correlation between SphK1 and fibrosis-related genes support
the regulatory role of SphK1 in HSC transdifferentiation and liver fibrosis (Figure 1A and B).
This was strengthened by data from two different fibrosis mice model (Figure 1E and F).
SphK1 upregulation in primary HSCs during activation and TGF-B-treated LX-2 cells also
fortified our findings (Figure 2B and 2D). In addition, we implicated the significance of SphK1
in HSC biology based on the observation that abundancy of SphK1 in HSCs than hepatocytes.
Furthermore, we observed that SphK2 was not comparably enhanced in activated primary
HSCs and TGF-B-treated LX-2 cells. Although SphK2 is more abundant in liver than SphK1
[27], our result indicated the greater role for SphK1 in HSC transdifferentiation.

It has been considered that the SphK1/S1P pathway is critically involved in the mechanism
by which TGF-B-elicited profibrotic effect in diverse types of fibroblasts [28-30]. In this regard,
SphK1 overexpression has been explained to be important for TGF-B-related signaling
pathway. This notion was assisted by our results of SphK1 level after treatment with TGF-

[ receptor antagonist in LX-2 cells (Figure 2F). Moreover, we found that Smad3, the most
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crucial transcription factor for TGF-p signaling [11], as an upstream regulator of SphK1
(Figure 3C), which was consistently reported in fibroblast [31]. Besides, transcriptional
mediations such as specificity protein 1, hypoxia-induced factors, or AP-1, and several
microRNA (miR) (i.e. miR-124, miR-506, miR-125b, or miR-613) also exerted expression of
SphK1 [32-37]. The detailed mechanistic study in the association between Smad3 and SphK1
has to be elucidated in the further study. Moreover, we found that Rho/ROCK signaling,
another pathway activated by TGF- [38], was related to modulation of SphK1 expression in
our experiment (data not shown). Furthermore, we tried to regulatory mechanism for SphK1
activity, which was influenced by several kinase such as ERK and Fyn [39, 40]. Unfortunately,
we could not observe that TGF-3 phosphorylated SphK1 in LX-2 cells. Hence, it is still needed
to identify the mechanistic study for regulation of SphK1 activity besides its expression.

TGF-B-transmitting intracellular signaling in liver fibrosis is mainly mediated by Smad2/3,
but it is also accepted that additional TGF-f responses is related to the activation of Smad2/3-
independent pathways such as MAPK [8, 11]. Our data indicated that intensification of TGF-3-
related HSC activation by SphK1 relied on activation of MAPK, especially ERK. This outcome
is reinforced by the fact that ERK is a main downstream of SphK1/S1P pathway [41].
Unexpectedly, SphK1 did not affect the activation of canonical Smad signaling pathway by
TGF-B treatment. Evidence that treatment with S1IPR1/3 antagonist attenuated TGF-p-derived
hepatic fibrogenic response via MAPK activation implicates the SphK1/S1P/S1PRs axis.
Despite our finding on ERK as a direct mediator of SphK1-mediated HSC activation, S1IPR1/3
antagonist challenge changed all three MAPK activities of ERK, p38, and JNK.

As an effort to develop an efficient therapeutic agent for liver fibrosis, we adopted EGCG,
one of the most abundant polyphenols present green tea [42], and investigated the effects on
SphK1-derived liver fibrosis. It has been recently reported that EGCG can control various

signal transduction in HSCs in connection with PDGF, glutathione synthesis, collagen

production, and collagenase activity [24, 43-45]. In our study, we found the novel effect of
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EGCG on SphK expression. EGCG selectively diminished SphK1 expression, but not SphK2
level, indicative of great role of EGCG on HSC activation and subsequent liver fibrosis as
SphK1. In addition, EGCG had an antifibrotic effect presenting by attenuation of fibrogenic
genes and wound healing. This significant antifibrotic effect of EGCG was mediated by both
MAPK and Smad-signaling pathway as in previous studies [46]. Discrepancy of data on related
signaling between SphK1 modulation and EGCG treatment may due to multiple actions of
EGCG would have and/or indirect effects on liver fibrosis. Further in vivo studies utilizing
EGCG are necessary to strengthen our hypothesis, and these are currently being pursued in our
laboratory.

In conclusion, our study demonstrates that SphK1 overexpression elicited by Smad3,
which activates HSCs by MAPK activation, and this event was suppressed by EGCG (Figure
7). These outcomes suggest new insight into the regulation of a prime signaling pathway,

which attenuates hepatic fibrogenesis and consequent liver fibrosis.
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