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Hepatic stellate cells (HSCs) migration, an important bioprocess, contributes to the
development of liver fibrosis. Our previous studies have found the potent activity of
dioscin against liver fibrosis by inhibiting HSCs proliferation, triggering the senescence
and inducing apoptosis of activated HSCs, but the molecular mechanisms associated
with cell migration were not clarified. In this work, iTRAQ (isobaric tags for relative and
absolution quantitation)-based quantitative proteomics study was carried out, and a
total of 1566 differentially expressed proteins with fold change ≥2.0 and p < 0.05 were
identified in HSC-T6 cells treated by dioscin (5.0 µg/mL). Based on Gene Ontology
classification, String and KEGG pathway assays, the effects of dioscin to inhibit cell
migration via regulating SDC-4 were carried out. The results of wound-healing, cell
migration and western blotting assays indicated that dioscin significantly inhibit HSC-
T6 cell migration through SDC-4-dependent signal pathway by affecting the expression
levels of Fn, PKCα, Src, FAK, and ERK1/2. Specific SDC-4 knockdown by shRNA
also blocked HSC-T6 cell migration, and dioscin slightly enhanced the inhibiting effect.
Taken together, the present work showed that SDC-4 played a crucial role on HSC-T6
cell adhesion and migration of dioscin against liver fibrosis, which may be one potent
therapeutic target for fibrotic diseases.

Keywords: cell migration, dioscin, hepatic stellate cells, iTRAQ, liver fibrosis, syndecan-4

INTRODUCTION

Hepatic stellate cells (HSCs) are a major cell type involved in liver tissue, which make up
approximately 5–15% of the total liver cell population. In healthy liver, HSCs with a quiescent
exhibit lipid droplets storing large amounts of retinoids (Bansal, 2016). When liver is damaged,
HSCs can transfer to an activated, myofibroblast-like cells, lose their retinol stores, become
proliferative and contractile, and migrate to the site of injury (Eng et al., 2000). The activated
HSCs can produce extracellular matrix, cytokines and growth factors to protect further damage and

Abbreviations: ERK1/2, extracellular regulated protein kinases; FAK, focal adhesion kinase; Fn, fibronectin; HSCs, hepatic
stellate cells; iTRAQ, isobaric tags for relative and absolution quantitation; PKCα, protein kinase Cα; SDC-4, syndecan-4.
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produce the regeneration of damaged hepatocytes (Rockey,
2001). However, chronic activation of HSCs following persistent
liver damage can result in promotion of fibrosis and alter
the structure and functionality of the liver (Trautwein et al.,
2015; Guo et al., 2017). Liver fibrosis is a reversible process,
and senescence of HSCs is a potential mechanism of fibrosis
reversal (Tsukada et al., 2006) for the anti-fibrotic therapies. The
experimental and pharmacological approaches on inhibiting cell
proliferation and migration of HSCs against liver fibrosis have
been tested (Yang et al., 2017). HSCs migration is an important
bioprocess for the development liver fibrosis (Zhao X. et al.,
2017). Thus, looking for potent drug to inhibit HSCs migration
against liver fibrosis is important.

Some natural products including berberine, silymarin, and
artemisinin extracted from medicinal plants have protective
effects against liver fibrosis (Wang et al., 2016; Sokar et al., 2017;
Zhao X.K. et al., 2017). Dioscin, a steroid saponin, is widely
prevalent in some herbs (Xu et al., 2015). Our previous works
revealed that dioscin has potent effects against liver fibrosis
by attenuating HSCs activation, triggering the senescence of
activated HSCs, and adjusting various signals (Liu et al., 2015;
Zhang et al., 2015). However, the effect and mechanisms of
dioscin on HSCs cell migration were not clarified in our best
knowledge.

The methods of quantitative proteomics have been widely
used in the mechanistic study of traditional Chinese medicines
to find disease-specific targets and biomarkers (Li et al.,
2014). Among them, isobaric tags for relative and absolution
quantitation (iTRAQ) combining with multidimensional liquid
chromatography and tandem MS analysis is one of the most
powerful methodologies for investigating drug targets and
molecular mechanisms (Wang T. et al., 2017). Thus, iTRAQ may
be a plausible way for the discovery of drug-target of dioscin on
HSCs cell migration.

Therefore, the aim of the study was to investigate the effect and
potent drug targets of dioscin on cell migration of HSCs against
liver fibrosis by using iTRAQ-based quantitative proteomics
study.

MATERIALS AND METHODS

Chemicals
Dioscin was isolated from Dioscorea nipponica Makino in
our laboratory (Yin et al., 2010). Bicinchoninic acid (BCA)
protein assay kit, 4′,6-diamidino-2-phenylindole (DAPI),
tris(hydroxymethyl)aminomethane (Tris), and sodium dodecyl
sulfate (SDS) were purchased from Sigma Chemical Co. (St.
Louis, MO, United States). shRNA plasmid vector was provided
by Shanghai GenePharma Co., Ltd., (Shanghai, China).

Cell Culture and Treatment
HSC-T6 cells with the characteristics of activated HSCs
phenotype were purchased from the Shanghai Institutes for
Biological Sciences (Shanghai, China). It was cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% FBS at 37◦C in a humidified atmosphere of 5% CO2

and 95% air. The HSC-T6 cells were plated into 96-well plates
at the density of 5 × 104 cell/mL and treated with dioscin at the
concentrations of 1.25, 2.5, and 5.0 µg/mL for 24 h. Cell viability
was measured using MTT assay.

Protein Preparation and iTRAQ Labeling
The iTRAQ reagent multiplex kit was bought commercially
(Applied Biosystems, Foster City, CA, United States). The
cells of control and dioscin (5.0 µg/mL) groups with two
cell culture replicates were harvested and washed with PBS.
Then, the cells were treated with radioimmunoprecipitation
assay lysis buffer (50 mM Tris–HCl, 1% SDC, 150 mM NaCl,
0.1% Triton X-100, pH 8.0) supplemented with 1 mM PMSF
(phenylmethane sulfonyl fluoride). Next, protein solubilization
was achieved by ultrasonic, and cellular debris was removed
by centrifugation (12,000 × g, 20 min, 4◦C). Then, protein
concentration of the middle layer was quantified by BCA Protein
Assay Kit. Further, two independent biological replicates (200 µg)
of each group were prepared by FASP (filter aided sample
preparation), and iTRAQ labeling was performed according
to the manufacturer’s introduction (Applied Biosystems, Foster
City, CA, United States). The protein samples of dioscin-treated
group (5.0 µg/mL) were labeled with iTRAQ 117 and iTRAQ
118, and the protein samples of control group were labeled with
iTRAQ 119 and iTRAQ 121. After that, the labeled digests were
pooled and dried by vacuum centrifuge.

High-pH Reversed-Phase
Chromatography
These peptide samples labeled by iTRAQ were re-dissolved
in 200 µL of buffer A solution (20 mM HCOONH4, pH
10). Then, 100 µL of dissolved sample was injected to HPLC
and through a Phenomenex column (Gemini-NX 3u C18 110
A; 150 × 2.00 mm). The ultraviolet detector was set at
214 nm/280 nm, and a linear gradient elution model from buffer
A and buffer B [20 mM HCOONH4, 80% acrylonitrile (ACN), pH
10] was applied at a flow rate of 0.2 mL/min. From 5 to 50% of
buffer B, a total of 24 fractions were collected. Then, the fractions
with 50% TFA acidification were dried by vacuum centrifuge for
RPLC-MS analysis.

RPLC-MS Analysis
Peptide fractions were dissolved in sample dissolution solution
composed of 0.1% FA (formic acid), 2% ACN. After vortex,
the mixture solution was centrifuged at 13,200 × g for 10 min
at 4◦C. The upper layer of the liquid was analyzed by HPLC.

TABLE 1 | Primers information used for real-time PCR assay.

Primers Forward primer (5′–3′) Reverse primer (5′–3′)

COL3A1 TTTGGCACAGCAGTCCAATGTA GACAGATCCCGAGTCGCAGA

COL1A1 GACATGTTCAGCTTTGTGGACCC AGGGACCCTTAGGCCATTGTGTA

α-SMA AGCCAGTCGCCATCAGGAAC GGGAGCATCATCACCAGCAA

SDC-4 GGGCAAGAAACCCATCTACA TGAAGTCCAAGCAGCACTCA

GAPDH GGCACAGTCAAGGCTGAGAATG ATGGTGGTGAAGACGCCAGTA
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The peptides were separated by a ZORBAX 300SB-C18 column
(75 µm × 150 mm, 3 µm, 100 Å, Microm, Auburn, CA,
United States), and a linear gradient elution model was carried
out of mobile phase A (0.1% FA, 5% ACN) and mobile phase B
(0.1% FA, 95% ACN), from 5 to 40% of mobile phase B for 70 min,
at a flow rate of 300 nL/min.

In MS analysis, a Triple TOF 5600 system (AB SCIEX, Foster
City, CA, United States) set at Information Dependent Mode
was applied. The MS spectra were acquired across the range of
400–1250 m/z in high resolution mode (>30,000), using 250 ms
accumulation time per spectrum. A maximum of 20 precursors
per cycle were chosen for fragmentation from each MS spectrum
with 100 ms minimum accumulation time for each precursor and
dynamic exclusion for 20 s. Tandem mass spectra were recorded
in high sensitivity mode (resolution >15,000), with turned on
rolling collision and iTRAQ reagent collision energy adjustment.

Data Analysis
The peptide data were analyzed by Protein Pilot Software 4.5,
and the Paragon protein database search algorithm (Applied
Biosystems Sciex) was used. Based on this software, the peptide
data from iTRAQ were converted into the differential analysis
data on protein level. The parameters for the analysis were set as
follows: Database: UniProtKB/Swiss-Prot FASTA (it was released
November 15, 2013 and consists of 28,854 rat sequences), Cys
alkylation: MMTC, ID focus: biological modifications, Digestion:
trypsin, Search effort: thorough ID. The protein data were
used for quantification from the four groups including 119/117,
121/117, 119/118, and 121/118. The data between dioscin
group/control group with the relative expression of >2.0 or
<0.5 and p-value <0.05 was chosen to ensure up- and down-
regulation authenticity. For biological pathway analysis, the
GenInfo numbers of these differently expressed proteins were

TABLE 2 | Antibody information used in the present study.

Antibody Source Dilutions Company Reference

SDC-4 Rabbit 1:100 Proteintech Group, Chicago, IL, United States Song et al., 2012

Fibronectin Rabbit 1:1000 Abcam, United States Na et al., 2012

FAK Rabbit 1:500 Proteintech Group, Chicago, IL, United States Sun et al., 2017

PY387-FAK Rabbit 1:500 Proteintech Group, Chicago, IL, United States Sun et al., 2017

Src Rabbit 1:500 Proteintech Group, Chicago, IL, United States Wang Y. et al., 2017

PKCα Rabbit 1:500 Proteintech Group, Chicago, IL, United States Lim et al., 2003

p-PKCα Rabbit 1:5000 Abcam, United States Lim et al., 2003

ERK1/2 Rabbit 1:500 Proteintech Group, Chicago, IL, United States Sun et al., 2017

p-ERK1/2 Rabbit 1:500 Proteintech Group, Chicago, IL, United States Sun et al., 2017

FIGURE 1 | Gene Ontology classification of the differentially expressed proteins in HSC-T6 cells treated by dioscin. (A) Biological process; (B) molecular function; (C)
cellular component. The data are expressed as the numbers of proteins and the corresponding percentages.
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FIGURE 2 | The interaction of the differentially expressed proteins in
cytoskeleton organization and cell adhesion of GO classification analyzed by
String analysis. (A) Cytoskeleton organization. (B) Cell adhesion. The color of
the connective lines indicates the type of evidence for the connection: A red
line indicates the presence of fusion evidence; a green line, neighborhood
evidence; a blue line, co-occurrence evidence; a purple line, experimental
evidence; a yellow line, text mining evidence; a light blue line, database
evidence; a black line, co-expression evidence.

imported into KEGG database1 and each protein sequence and
functional information was obtained from UniProt databases2.
Protein network analysis of the differentially expressed proteins
was carried out using the online tool String 9.1.

Immunofluorescence Assay of SDC-4
The HSC-T6 cells were fixed with 2% paraformaldehyde for
15 min and incubated with 0.5% Triton X-100 for 15 min.

1http://www.genome.jp/kegg/
2http://www.uniprot.org/

Next, the cells were blocked with 4% BSA at room temperature
for 2 h and incubated with rabbit anti-SDC-4 antibody in a
humidified chamber overnight at 4◦C. After washing with PBS
for three times, the cells were incubated with a fluorescein-labeled
secondary antibody for 1.5 h. The cell nuclei were then stained
with DAPI (5.0 µg/mL) for 10 min. Finally, all samples were
examined by fluorescence microscopy (OLYMPUS, Japan).

Wound-Healing Assay
The HSC-T6 cells were cultured in six-well plates for 24 h at 37◦C.
Wounds were created in the cell monolayer, and the cell debris
were removed with PBS. Next, the cells were treated with different
concentrations of dioscin (0.375, 0.625, and 1.25 µg/mL) for 24 h.
Then, the plates were washed with PBS to remove the dead cells.
After that, the images were taken by the fluorescence microscope
(OLYMPUS, Japan).

Cell Migration Assay
Boyden chambers containing a transwell membrane filter with
an 8 µm size pore (Corning Costa Corp., Cambridge, MA,
United States) was used in cell migration assay. The HSC-T6
cells were seeded to the apical side of the chamber with 200 µL
of DMEM with different concentrations of dioscin (0.375, 0.625,
and 1.25 µg/mL), and the basolateral side of the chamber was
filled with 500 µL of medium containing 10% FBS. After 24 h
culture at 37◦C, the cells adherent to the upper surface of the filter
were swept by cotton swabs, then the cells passed through to the
lower surface of the filter were fixed with methanol for 10 min.
After that, the cells were stained with crystal violet and counted
under a microscope in five random fields, irrespective of staining
intensity. The images were taken by the fluorescence microscope
(OLYMPUS, Japan).

Real-Time PCR Assay
Total RNA from HSC-T6 cells was extracted using RNAiso Plus
(Transgen Biotech, Beijing, China) following the manufacturer’s
protocol, and the purity of the extracted RNA was determined.
The primers of COL3A1 [collagen type III alpha 1 chain],
COL1A1 (collagen type I alpha 1 chain), α-SMA (α-smooth
muscle actin), SDC-4 (syndecan-4), and GAPDH are listed in
Table 1. cDNA was synthesized using a PrimeScript R© RT reagent
kit according to the manufacturer’s instructions (Transgen
Biotech, Beijing, China). For real-time PCR assay, SYBR R© Premix
Ex TaqTM II (Transgen Biotech, Beijing, China) was used and
subjected to quantitative PCR in an ABI 7500 Real Time PCR
System, and the data was analyzed using System SDS software
(Applied Biosystems, United States).

Western Blotting Assay
The HSC-T6 cells (2 × 105 cells/mL) were plated in six-well
plates and treated with dioscin (1.25, 2.5, and 5.0 µg/mL). Total
proteins from different groups were extracted by cell lysis buffer
containing PMSF. Next, the lysates were centrifuged at 12,000× g
for 10 min at 4◦C. Then, the total proteins were loaded onto
the SDS-PAGE gel (10–15%), separated electrophoretically and
transferred to the PVDF membrane (Millipore, United States).
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FIGURE 3 | Pathway analysis using the KEGG database. KEGG ID: proteoglycans in cancer (rno05205). Proteins with red shading were the differentially expressed
genes.

The PVDF membranes were put into 5% dried skim milk for
3 h at room temperature, incubated overnight at 4◦C with the
primary antibodies (Table 2), then incubated with horseradish
peroxidase-conjugated antibodies for 2 h at room temperature.
Proteins were detected by enhanced chemiluminescence method
and photographed using the Bio-Spectrum Gel Imaging System
(UVP, United States), which were normalized with GAPDH
as an international control. Three blots of each protein were
performed, and five lanes were quantified. Where applicable, the
image intensities of specific bands were quantified by Image-Pro
Plus software (Media Cybernetics, United States). IOD value of
target protein versus IOD value of GAPDH was used to eliminate
the variation of protein expression.

SDC-4 shRNA Transfection Experiment
The method of shRNA transfection was used to down-regulate
SDC-4 expression level. shRNA [pGPU6/GFP/Neo, SDC4-Rat-
462 (5′–3′): GGTCTTGGCAGCTCTG ATTGT] was transfected
into HSC-T6 cells using Lipofectamine 2000 reagent (DNA:
LipofectamineTM 2000, 1 µg: 2.5 µL). After 24 h of transfection,
the expression level of SDC-4 was detected. Wound-healing and
cell migration assays were also carried out.

Statistical Analysis
Statistical analysis data were presented as mean ± standard
deviation (SD). Student’s t-test was used for statistical analysis
to evaluate the significant difference between different groups.
Statistical software SPSS 18.0 was applied. The significance
change was evaluated and considered at p < 0.05 using ANOVA
and Tukey’s post hoc test.

RESULTS

Dioscin Inhibits HSC-T6 Cell Viability
The effect of dioscin on inhibiting the viability of HSC-T6 cells
was investigated, and the results showed that the cell viability was
significantly inhibited by dioscin with a dose-dependent manner

(Supplementary Figure 1A). In addition, the inhibitory effect of
dioscin on fibrogenesis was evaluated, and the results showed that
the mRNA levels COL3A1, COL1A1, and α-SMA were greatly
reduced by the compound (Supplementary Figures 1B–D).
Dioscin at the concentration of 5.0 µg/mL significantly inhibited
HSCs cell proliferation and activation.

iTRAQ Quantification
After iTRAQ analysis, a total of 252,030 spectra were identified in
HSC-T6 cells, including 99,649 identified peptides, 9255 proteins
before grouping (total prot score > unused cutoff prot score)
and 5240 protein detected (unused prot score < cutoff prot
score) (Supplementary Figure 2A). The protein mass distribution,
isoelectric point distribution, peptide length distribution, peptide
number distribution, and sequences coverage of detected protein
were assayed, and more than 2000 proteins have the MW around
20–60 kDa, 1415 proteins have the pI between 5 and 6, length of
peptides were 6∼16, 709 proteins only have one peptide, and 493
proteins have the sequences coverage 40∼100% (Supplementary
Figures 2B–F). Then, the protein abundance distribution
showed the distribution of the differentially expressed protein
(Supplementary Figure 2G). Red for the up-regulated proteins
and green for the down-regulated proteins). Furthermore, the
most commonly used statistical model for iTRAQ labeling
reproducibility assay is the coefficient of variation (CV), and
the data with CV in the range of ±50% can be considered
within the acceptable range. In the study, the CV assay of the
identified proteins indicated that the cumulative percentage was
up to 96% (Supplementary Figure 2H), and the data out of the
bounds were deleted from further assay. Then, a fold change
cutoff at 2.0 was set to identify molecules whose expression
was significantly differently regulated. The fold change was the
ratio of protein differently produced in dioscin-induced cells
relative to those of in control group. The values of Unused
(ProtScore) > 1.3 and p-value < 0.05 were taken as significant
screening. Unused > 1.3 means protein confidence > 95%.
Total of 1566 differentially expressed proteins including 702
up-regulated and 864 down-regulated proteins with the fold
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FIGURE 4 | Effects of dioscin on the expression levels of SDC-4 in HSC-T6 cells based on immunofluorescence (×400 original magnification) assay (A,B), iTRAQ
and real-time PCR assays (C), and western blotting assay (D). Effect of dioscin on the migration of HSC-T6 cells (E–G). Data are presented as mean ± SD (n = 3).
∗p < 0.05, ∗∗p < 0.01 compared with control group.
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FIGURE 5 | Dioscin inhibited HSC-T6 adhesion and migration via regulating SDC-4 signal pathway. Data are presented as mean ± SD (n = 3).∗p < 0.05 and
∗∗p < 0.01 compared with control group. The cropped gels are used and the original blots were provided in the Supplementary Figure 4.

change ≥ 2.0 were identified, which are listed in Supplementary
Table 1. When the fold change was more than 4.0, total of 132
up-regulated and 262 down-regulated differentially expressed
proteins were identified.

Gene Ontology Classification
The enrichment assay of the differently expressed proteins with
the fold changes ≥ 2.0 was carried out using Gene Ontology
(GO) method. The biological processes of cellular nitrogen
compound metabolic process (486; 12%), biosynthetic process
(452; 11%), cytoskeleton organization (83; 12%), cell adhesion
(56; 1%) (Figure 1A), the molecular functions of ion binding
(491; 28%), enzyme binding (138; 8%), RNA binding (134; 8%)
(Figure 1B), and the cellular components of cell (1242; 18%),
intracellular (1217; 17%), and organelle (1078; 15%) (Figure 1C)
of the differently expressed proteins were found.

In GO classifications, two biological processes including
cytoskeleton organization and cell adhesion associated with cell
migration were screened (Sun et al., 2017). Furthermore, the
networks of the differentially expressed proteins were further
analyzed using String 9.1, and the results of cytoskeleton
organization and cell adhesion are shown in Figure 2.
Among the differentially expressed proteins, SDC-4 showed the
highest fold change (dioscin group/control group = 0.0348).
In cytoskeleton organization (Figure 2A), SDC-4 was closely
related to Shc1 (sodium/potassium-transporting ATPase subunit
beta-1), Actn4 (alpha-actinin-4), Actn1 (alpha-actinin-1), and
Lrp1 (low density lipoprotein receptor-related protein 1). In cell
adhesion (Figure 2B), SDC-4 was closely related to COL3A1,
Fn1 (fibronectin 1), actn1, plg (plasminogen), Lamc1 (laminin,
gamma 1 precursor), and Itgb7 (integrin, beta 7 precursor).

KEGG Ontology Assignments
KEGG ontology assignments were used to classify functional
annotations of the identified proteins to further understand their
biological functions, which were mapped to 230 pathways in the
KEGG database (Supplementary Table 2).

In addition, three signal pathways associated with SDC-
4 including proteoglycans in cancer (rno05205), cell adhesion
molecules (rno04514, Supplementary Figure 3A), ECM-receptor
interaction (rno04512, Supplementary Figure 3B) were found. In
the map of proteoglycans in cancer (Figure 3), the proteins of
Fn, SDC-4, PKCα, Src, FAK, and ERK were connected with cell
migration and invasion. All the results indicated that SDC-4 plays
important role in dioscin against liver fibrosis through regulating
cell adhesion and cell migration.

Dioscin Reduces SDC-4 Level in HSCs
As expected, dioscin significantly suppressed the expression level
of SDC-4 based on an immunofluorescence assay in HSC-
T6 cells (Figures 4A,B). In addition, the expression level of
SDC-4 was also down-regulated by dioscin based on western
blotting, iTRAQ assay and real-time PCR assays (Figures 4C,D).
Therefore, we speculated that dioscin can effectively inhibit
HSC-T6 cell adhesion and migration via SDC-4 signal against
liver fibrosis.

Dioscin Inhibits HSC-T6 Migration
The wound healing and cell migration assays were carried out
to evaluate the effect of dioscin on inhibiting HSC-T6 cells
migration. The results shown in Figures 4E–G indicated that the
migration distance and relative speed of HSC-T6 cells treated
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FIGURE 6 | Effects of SDC-4 shRNA and dioscin on SDC-4 expression. Effects of dioscin on SDC-4 level based on immunofluorescence assay (×400 original
magnification) (A) and western blotting assay (B) in HSC-T6 cells. (C–E) Wound-healing and cell migration assays of HSC-T6 cells treated by dioscin or SDC-4
shRNA. Data are presented as mean ± SD (n = 3). ∗p < 0.05 and ∗∗p < 0.01 compared with control group.

by dioscin (0.625 and 1.25 µg/mL) were significantly lower than
control group. In addition, the cell migration with crystal violet
staining and relative speed IOD showed that dioscin significantly
suppressed the migratory capability of HSC-T6 cells.

Dioscin Inhibits SDC-4 Signaling
After 24 h treatment, the expression levels of the proteins in
SDC-4 signaling were detected by western blotting assay. Further,
statistical software SPSS 18.0 was applied in the study, three blots

Frontiers in Pharmacology | www.frontiersin.org 8 September 2017 | Volume 8 | Article 665

http://www.frontiersin.org/Pharmacology/
http://www.frontiersin.org/
http://www.frontiersin.org/Pharmacology/archive


fphar-08-00665 September 3, 2019 Time: 12:36 # 9

Yin et al. Dioscin Inhibits HSC-T6 Cell Migration

of each protein were performed, and five lanes were quantified.
The results showed that SDC-4-mediated activation of PKCα (p-
PKCα) was increased by dioscin, and the expression levels of
Fn, Src (proto-oncogene tyrosine-protein kinase) were down-
regulated by dioscin. In addition, the expression level of PY397-
FAK (FAK activation) was reduced by dioscin, and inhibition
of FAK activation increased the expression levels of p-ERK1/2
in HSC-T6 cells treated by dioscin (Figure 5). Thus, dioscin
significantly inhibit HSC-T6 cell migration through a SDC-4-
dependent signal pathway via affecting the expression levels of
Fn, PKCα, Src, PY397-FAK, and p-ERK1/2.

Dioscin Slightly Enhances the Inhibiting
Effect of SDC-4 shRNA on HSC-T6
Migration
We found that SDC-4 shRNA-462 down-regulated SDC-4
expression in HSC-T6 cells, and the inhibition effect of
shRNA + dioscin (5.0 µg/mL) was better than shRNA
(Figures 6A,B). The results of wound-healing and cell migration
assays indicated that blockade of SDC-4 expression significantly
inhibited HSC-T6 cells migration compared with control group
(Figures 6C,D). However, the migration inhibition effect of
SDC-4 shRNA-462 transfection was altered compared with
dioscin (1.25 µg/mL) group, but statistics showed that they
did not reach significant levels. Furthermore, the relative
speed and relative cell IOD of migration assays indicated
that dioscin at the dose of 1.25 µg/mL slightly enhanced the
inhibition effect of SDC-4 shRNA-462 on HSC-T6 cell migration
(Figure 6E). All the results indicated that dioscin inhibited
HSC-T6 cell migration against liver fibrosis via adjusting
SDC-4.

DISCUSSION

HSCs play an important role in liver fibrosis (Gressner, 1996;
Huang et al., 2017), and activated HSCs are considered as a major
target for drug therapy of liver fibrosis. In the early stage of
liver injury, lipid droplets of HSCs decrease in size and number,
while cell proliferation, migration rate, and extracellular matrix
production are increased (Gu et al., 2016; Kim and Jung, 2016).
Our previous studies showed that dioscin can alleviate liver
fibrosis by attenuating HSCs activation, inhibiting proliferation
and reducing extracellular matrix production (Liu et al., 2015;
Zhang et al., 2015). Importantly, inhibition of HSC migration
can inhibit the development of liver fibrosis and ameliorate
liver fibrosis. Therefore, finding new molecules involved in
HSC migration can further clarify this process and point new
therapeutic targets for the treatment of liver fibrosis. On this
account, the mechanisms associated with migration of dioscin
on HSC-T6 cells were tested. In this study, we used iTRAQ to
obtain valuable evidence on proteomic changes to understand
the mechanisms of dioscin against liver fibrosis. A total of 702
up-regulated and 864 down-regulated differentially expressed
proteins were founded in HSC-T6 treated by dioscin, which
should be useful for us to understand the effect of dioscin on
HSCs migration against liver fibrosis.

Cell migration requires integrins to link cytoskeletal actin at
focal adhesion of the migrating cells to the substratum (Sun
et al., 2017), and the focal adhesion is dynamic during wound
healing and cell migration (Wu et al., 2017), which is the most
important one. In the present paper, the protein SDC-4 with
the highest fold change was selected as the possible target of
dioscin against liver fibrosis through inhibiting HSCs migration
based on GO classifications. SDC-4 has been described as a
component of focal adhesion because of its ability to bind
several different matrix molecular including Fn and affect cell
migration (Wilcox-Adelman et al., 2002; Chalkiadaki et al., 2009;
Na et al., 2012; Lin et al., 2015; Li et al., 2016). Furthermore, the
central region of SDC-4 cytoplasmic domain (4V; LGKKPIYKK)
binds with phosphatidylinositol 4,5-bisphosphate, and then to
regulate PKCα activity (Lim et al., 2003). FAK is activated
during integrin activation, and SDC-4 appears to play a vital
role in regulating FAK phosphorylation (Song et al., 2012).
ERK represents a mitogen-activated protein kinase involved
in the activation of cell adhesion and migration, and ERK
phosphorylation can be regulated by FAK (Zou et al., 2013). It
has been demonstrated that SDC-4/PKCα/FAK/ERK1/2 pathway
is crucial in cell adhesion (Lin et al., 2015). In this work,
our data indicated that dioscin inhibited the expression level
of SDC-4 to regulate the downstream proteins including Fn,
FAK, p-PKCα, Src, and p-ERK1/2. To further investigate the
role of SDC-4 on HSC-T6 cells migration by dioscin, SDC-
4 knockdown using shRNA transfection experiment in HSC-
T6 cells was performed. The results demonstrated that SDC-
4 was an important regulator in controlling HSC-T6 cells
migration, and dioscin inhibited the migration via adjusting
SDC-4. These results provided a novel insight of dioscin
against liver fibrosis and indicated that SDC-4 mediating focal
adhesions was the mechanism of dioscin to inhibit HSC-T6 cells
migration.

CONCLUSION

iTRAQ-based quantitative proteomics study was used to study
the mechanisms of dioscin against liver fibrosis on HSC-T6
cells. The data provided new insights and some candidate
biomarkers associated with liver fibrosis. In addition, this
study clearly indicated that dioscin inhibited the migration of
HSC-T6 cells against liver fibrosis via regulating SDC-4 signal
pathway.
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