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Abstract. A previous study by our group indicated that 
combined treatment with taurine, epigallocatechin gallate 
(EGCG) and genistein protects against liver fibrosis. The aim 
of the present study was to elucidate the antifibrotic mechanism 
of this combination treatment using isobaric tag for relative and 
absolute quantification (iTRAQ)‑based proteomics in an acti-
vated rat hepatic stellate cell (HSC) line. In the present study, 
HSC‑T6 cells were incubated with taurine, EGCG and genis-
tein, and cellular proteins were extracted and processed for 
iTRAQ labeling. Quantification and identification of proteins 
was performed using two‑dimensional liquid chromatography 
coupled with tandem mass spectrometry. Proteomic analysis 
indicated that the expression of 166 proteins were significantly 
altered in response to combination treatment with taurine, 
EGCG and genistein. A total 76 of these proteins were upregu-
lated and 90 were downregulated. Differentially expressed 
proteins were grouped according to their association with 
specific Kyoto Encyclopedia of Genes and Genomes pathways. 
The results indicated that the differentially expressed proteins 
hexokinase‑2 and lysosome‑associated membrane glycopro-
tein 1 were associated with glycolysis, gluconeogenesis and 
lysosome signaling pathways. The expression of these proteins 
was validated using western blot analysis; the expression of 

hexokinase‑2 was significantly decreased and the expres-
sion of lysosome‑associated membrane glycoprotein 1 was 
significantly increased in HSC‑T6 cells treated with taurine, 
EGCG and genistein compared with the control, respectively 
(P<0.05). These results were in accordance with the changes 
in protein expression identified using the iTRAQ approach. 
Therefore, the antifibrotic effect of combined therapy with 
taurine, EGCG and genistein may be associated with the 
activation of several pathways in HSCs, including glycolysis, 
gluconeogenesis, and the ribosome and lysosome signaling 
pathways. The differentially expressed proteins identified in 
the current study may be useful for treatment of liver fibrosis 
in the future.

Introduction

Liver fibrosis is a common pathological occurrence and 
increases the risk of cirrhosis, hepatic carcinoma and liver 
failure (1). Liver fibrosis may be triggered by several types 
of etiologies include viral hepatitis, chronic alcoholism, 
nonalcoholic steatohepatitis, toxicants or drugs, autoimmune 
liver disease, genetic and metabolic diseases, and liver conges-
tion (2). It is a complex disease process that requires various 
different therapies for effective treatment  (3). Improved 
knowledge concerning the initiation and progression of liver 
fibrosis has resulted in the development of novel therapies. 
Liver transplantation is the only treatment for patients with 
cirrhosis and clinical complications (4). Removal of pathogens 
is the most effective treatment of liver fibrosis; this strategy 
has been proved to be effective in most of the causes of chronic 
liver disease (5). Blockade of the tyrosine kinase appears to be 
a prospect treatment of liver fibrosis. Protein tyrosine kinase 
inhibitors have been considered to be effective anti‑schisto-
somal and anti‑fibrotic drugs, which inhibit and reverse liver 
fibrosis induced by Schistosoma mansoni (6). Vatalanib is a 
tyrosine kinase inhibitor that reduces liver fibrosis and sinus 
capillary vascularization in CCl4‑induced fibrotic mice (7). 
The use of anti‑inflammatory drugs has been suggested 
because inflammation precedes and promotes the progress of 
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liver fibrosis (8). Glucocorticoids are used only for the treat-
ment of liver fibrosis in patients with autoimmune hepatitis 
and acute alcoholic hepatitis  (8). Antioxidants, including 
vitamin E, silymarin, phosphatidylcholine and methionine, 
are beneficial in the treatment of alcoholic liver disease and 
non‑alcoholic steatohepatitis (9). However, monotherapy with 
tyrosine kinase inhibitors or antioxidants exhibit limited 
therapeutic effects (10,11). In addition, previous results have 
suggested that the use of any single pharmacological agent at 
high doses may induce severe side effects (12). Subsequently, 
research into the identification of novel effective therapies 
that treat hepatic fibrosis with fewer side effects is warranted. 
Combination therapies involving the use of multiple pharma-
cological agents may be superior to monotherapy due to their 
potential synergistic effects and limited side effects (13,14). 
Combination therapies consist of multiple pharmacological 
agents that target various cellular sites of action and may 
intervene at different stages of fibrogenesis (15). Therefore, the 
use of combination therapies may be an effective therapeutic 
method of treating liver fibrosis.

During the course of fibrogenesis, hepatic stellate cells 
(HSCs) undergo activation and transdifferentiate into myofi-
broblast‑like cells that proliferate and synthesize excess levels 
of extracellular matrix (ECM) (16,17). Therefore, experimental 
analysis of HSC activation is an important aspect of research 
into the pathogenesis hepatic fibrosis. Our group previously 
reported that combination therapy with taurine, epigallo-
catechin gallate (EGCG) and genistein exhibits a protective 
effect against alcohol‑induced liver fibrosis and also reduces 
cell proliferation and the expression of fibrogenic factors in the 
rat HSC‑T6 cell line (15,18).

To determine the mechanism by which combination 
treatment with taurine, EGCG and genistein protects against 
hepatic fibrosis in the present study, an isobaric tag for relative 
and absolute quantification (iTRAQ) was used to analyze the 
proteome of HSC‑T6 cells following treatment with combina-
tion therapy. The use of cutting‑edge iTRAQ‑based proteomic 
profiling with two‑dimensional liquid chromatography 
coupled with tandem mass spectrometry allows for multidi-
mensional protein identification with high sensitivity (19‑21). 
This approach aids the analysis of the entire proteome of 
a given biological sample in a single experiment  (22,23). 
This advanced proteomic approach was used in the present 
study to improve mechanistic understanding of hepatic 
fibrogenesis.

Materials and methods 

Pharmacological agents and reagents. Genistein, taurine, 
3‑[(3‑cholamidopropyl) dimethylammonio]‑1‑propane-
sulfonate (CHAPS), Tris, SDS, DL‑dithiothreitol (DTT), 
trichloroacetic acid (TCA), Dulbecco's modified Eagle's 
medium (DMEM), sodium dihydrogen phosphate (NaH2PO4), 
potassium chloride (KCl), acetone and acetonitrile (ACN) 
were all purchased from Sigma‑Aldrich; Merck KGaA 
(Darmstadt, Germany). EGCG was acquired from Sichuan 
Yuga Tea Development Co., Ltd. (Sichuan, China). Reagents 
for iTRAQ were obtained from AB Sciex Pte., Ltd. (Concord, 
ON, Canada). Phosphate buffered saline (PBS; pH  7.4), 
ampholine and apotinin were purchased from Thermo 

Fisher Scientific, Inc. (Waltham, MA, USA). Furthermore, 
radioimmunoprecipitation assay lysis buffer was purchased 
from Beyotime Institute of Biotechnology (Shanghai, China) 
and Trypsin Gold was acquired from Promega Corporation 
(Madison, WI, USA).

Cell lines. The HSC‑T6 cell line, an immortalized rat HSC 
line exhibiting a stable phenotype and biochemical charac-
teristics of liver fibrosis, was purchased from the Xiangya 
School of Medicine, Central South University (Hunan, China). 
HSC‑T6 cells were cultured in DMEM supplemented with 
heat‑inactivated 10% fetal bovine serum (both Gibco; Thermo 
Fisher Scientific, Inc.) at 37˚C in a humidified atmosphere 
containing 5% CO2. Cells were passaged via trypsinization 
every 3 days.

Protein extraction and preparation. HSC‑T6 cells were 
seeded into 50‑ml culture flasks at a density of 5x104 cells/ml. 
Following 24 h culture, cells were treated with or without 
combined treatment with 0.03 mg/ml taurine, 0.035 mg/ml 
EGCG and 0.007 mg/ml genistein for 24 h, as previously 
reported  (15). Subsequently cells were trypsinized, and 
centrifuged at 12,000 x g and 4˚C for 20 min to obtain cell 
pellets. Pellets were washed three times with ice‑cold PBS, 
resuspended in 1 ml lysis buffer (containing 9 mol/l urea, 
4% CHAPS, 40 mmol/l Tris, 1% DTT, 0.8% ampholine and 
0.002% apotinin), placed on ice and vortexed every 5 min for 
a total of 20 min. Cell supernatants were collected following 
centrifugation at 12,000 x g for 20 min at 4˚C. Supernatants 
were then precipitated with pre‑chilled acetone (containing 
10% v/v TCA) for 2 h and centrifuged at 12,000 x g for 15 min 
at 4˚C. The resulting pellets were washed with pre‑chilled 
acetone, incubated at 4˚C for 2 h and centrifuged again at 
12,000 g for 15 min at 4˚C. Subsequently, cells were washed 
with pre‑chilled acetone a further three times. The final pellets 
were lyophilized and protein concentration was determined 
using bovine serum albumin (Wuhan Boster Biological 
Technology, Ltd., Wuhan, China) as the standard (24).

Protein digestion and peptide iTRAQ labeling. A total 
of 100  µg processed protein was reduced, blocked with 
cysteine (25) and digested with Trypsin Gold at a ratio of 
protein to trypsin of 20:1 at 37˚C for 12 h. Following trypsin 
digestion, peptides were dried using vacuum centrifugation 
(250 x g, ‑20˚C, 1 h). Subsequently, peptides were reconsti-
tuted in 0.5 mol/l tetraethylammonium bromide and processed 
using 4‑plex iTRAQ (both AB Sciex Pte., Ltd.) following the 
manufacturer's protocol. One unit of iTRAQ reagent was 
thawed and reconstituted in 150 µl 100% isopropanol. Peptides 
were individually labeled with iTRAQ tags as follows: 
Control group, 114; and the combination treatment group, 115. 
Following incubation for 2 h at room temperature with the 
iTRAQ reagent, labeled samples were mixed equally prior to 
further analysis (25).

Strong cation exchange (SCX) chromatography. SCX 
chromatography was performed using a LC‑20AB high 
performance liquid chromatography pump system (Shimadzu 
Corporation, Kyoto, Japan). iTRAQ‑labeled peptide mixtures 
were reconstituted with 4 ml buffer A (25 mmol/l NaH2PO4 
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in 25% ACN, pH  2.7) and loaded onto a Ultremex SCX 
column (4.6x250 mm, 5 µm; Phenomenex, Torrance, CA, 
USA). Peptides were eluted with a gradient of buffer A for 
10 min, 5‑35% buffer B (25 mmol/l NaH2PO4, 1 mol/l KCl 
in 25% ACN, pH 2.7) for 11 min and 35‑80% buffer B for 
1 min at a flow rate of 1 ml/min. The system was maintained 
in 80% buffer B for 3 min prior to equilibrating with buffer 
A for 10 min before the next injection. Elution was measured 
at 214 nm and fractions were collected every min. Eluted 
peptides were pooled into 20 fractions, desalted with a Strata 
X C18 column (Phenomenex) and vacuum‑dried.

Liquid chromatography‑electrospray ionization‑tandem 
mass spectrometry (LC‑ESI‑MS/MS) analysis. Each fraction 
was resuspended in buffer A, which consisted of 2% ACN, 
0.1% formic acid (FA), and centrifuged at 20,000 rpm for 
10 min. In each fraction, the final concentration of peptide 
was ~0.25 µg/µl. Using an auto sampler, 9 µl supernatant 
was loaded onto a Symmetry C18 column (180 µm x20 mm, 
5  µm). LC‑ESI‑MS/MS was performed using a nanoAC-
Quity UPLC system (Waters Corporation, Milford, MA, 
USA). The sample was eluted with buffer A at 2 µl/min for 
15 min. Peptides were eluted onto a BEH130 C18 column 
(100 µm x10 mm, 1.7 µm; Waters Corporation) for online trap-
ping, desalting and analytical separation. Samples were loaded 
at a flow rate of 300 nl/min with 5% buffer B (98% ACN 
and 0.1% FA) for 1 min, eluted with a 40‑min gradient from 
5‑35% buffer B, followed by a 5‑min linear gradient to 80% 
buffer B and maintenance with 80% buffer B for 5 min. Initial 
chromatographic conditions were restored following 2 min.

A TripleTOF 5600 system fitted with a Nanospray III 
source (both AB Sciex Pte., Ltd.) and a pulled quartz tip as 
the emitter (New Objective, Inc., Woburn, MA, USA) was 
used for data acquisition. Data were acquired using an ion 
spray voltage of 2.5 kV, curtain gas of 30 PSI, nebulizer gas 
of 5 PSI and an interface heater (temperature, 150˚C). Survey 
scans were acquired in 250 msec and the top‑30 product ion 
scans were collected if a threshold of 120 counts per sec was 
exceeded and a +2 to +5 charge state was exhibited. Four 
time bins were summed for each scan at a pulse frequency 
value of 11 kHz by monitoring the 40 GHz multichannel TDC 
detector with 4‑anode channel detection. A sweeping collision 
energy setting of 35±5 eV was applied to all precursor ions for 
collision‑induced dissociation. Dynamic exclusion was set for 
the ½ peak width (~18 sec) and the precursor was refreshed off 
of the exclusion list. All iTRAQ experiments were performed 
in triplicate.

Western blot analysis. Changes in the expression of 
hexokinase‑2 (HK2) and lysosome‑associated membrane 
glycoprotein 1 (LAMP 1) were determined by western blot 
analysis following iTRAQ analysis. Proteins were extracted 
in the iTRAQ experiment and quantified with a bicinchonic 
acid protein assay kit (Wuhan Boster Biological Technology, 
Ltd.). Subsequently, 50 µg total protein were separated in each 
lane via a 10% SDS‑PAGE gels (Wuhan Boster Biological 
Technology, Ltd.) and transferred to polyvinylidene fluo-
ride membranes (EMD Millipore, Billerica, MA, USA). 
Membranes were blocked for 1 h at room temperature with 
5% non‑fat dried milk in Tris‑buffered saline with Tween 

20 (TBST). Subsequently, proteins were washed and incu-
bated with anti‑HK2 (cat.  no.  ab227198), anti‑LAMP 1 
(cat. no. ab62562; both 1:1,000; Abcam, Cambridge, MA, USA) 
and anti‑GAPDH (cat. no. A00227‑1; 1:500; Wuhan Boster 
Biological Technology, Ltd.) antibodies at room temperature 
for 1 h. Membranes were washed three times with TBST 
and incubated with secondary antibodies (IRDye® 680LT 
Goat anti‑Rabbit IgG; cat. no. 926‑68021; 1:10,000; LI‑COR 
Biosciences; Lincoln, NE, USA) for 1 h at room temperature. 
Blots were washed three times with TBST and detected using 
an LI‑COR Odyssey® Infrared Imaging system (Odyssey 
System, Version 2.0.25, LI‑COR Biosciences). GAPDH was 
used as the loading control and total protein content in each 
lane was quantified using densitometry. Experiments were 
performed in triplicate.

Data analysis and bioinformatics. Data analyses were 
performed using Protein‑Pilot software 4.0 (AB Sciex Pte., 
Ltd.) and the search parameter for cysteine was determined to 
be the carbamidomethylation of cysteine. Resulting MS/MS 
spectra were searched against the International Protein Index 
(IPI) rat sequence databases (version 3.87; 39,925 sequences; 
http://www.ebi.ac.uk/IPI/IPIhelp.html) using MASCOT 
software (version 2.3.02; Matrix Science, London, UK). For 
protein identification and quantification, a peptide mass toler-
ance of 8.6 ppm was used for intact peptide masses and 0.05 Da 
for fragmented ions. One missed cleavage was accepted in 
the trypsin digests, carbamidomethylation of cysteine was 
considered to be a fixed modification and the conversion of 
N‑terminal glutamine to pyro‑glutamic acid and methionine 
oxidation were considered variable modifications. All identi-
fied peptides had an ion score above the Mascot peptide 
identity threshold and a protein was considered identified if 
at least one such unique peptide match was apparent for the 
protein. For protein‑abundance ratios measured using iTRAQ, 
fold‑changes >1.3 or <0.7 were set as the threshold and P<0.05 
was considered to indicate a statistically significant difference. 
The accession numbers of proteins that were significantly 
differentially expressed were converted to a gene list using 
the Database for Annotation Visualization and Integrated 
Discovery (DAVID) functional annotation tool (http://david.
abcc.ncifcrf.gov/summary.jsp) and biological processes, cell 
components and molecular functions were analyzed using the 
Gene Ontology terms (26). The protein interaction network 
mode was created using the Search Tool for the Retrieval of 
Interacting Genes (STRING) database (http://string‑db.org/), 
which quantitatively integrated interaction data for a large 
number of organisms and transferred information between 
these organisms where applicable.

Statistical analysis. To determine the proteins that were 
differentially expressed, another two separate experiments 
were performed as aforementioned. Statistical analysis was 
performed using SPSS 16.0 for Windows (SPSS, Inc., Chicago, 
IL, USA). Data were presented as the mean  ±  standard 
deviation from three independent experiments. Quantitative 
variables were analyzed using Student's t‑test. Spearman's 
rank was used to determine whether there was a correlation 
between parameters. P<0.05 was determined to indicate a 
statistical significance.
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Results

To investigate the response in the HSC‑T6 proteome to 
combination treatment, quantitative proteomic analysis was 
performed and differentially expressed proteins were identi-
fied. A total of 713 distinct proteins were identified and 
quantified using the MASCOT search algorithm against the 
IPI rat protein database. According to the set change ratio 
(fold‑change, >1.3 or <0.7; P<0.05), 166 proteins were iden-
tified as significantly differentially expressed proteins in all 
three experiments (data not shown).

Functional classifications of proteins. Of the 166 differen-
tially expressed proteins, the expression of 76 were increased 
and 90 were decreased following combination treatment. 
Details of the proteins associated with cell signaling path-
ways associated with fibrosis are listed in Table I. Peptide 
Mass (https://web.expasy.org/peptide_mass/) and Prot Param 
(https://web.expasy.org/protparam/) tools in ExPASy were 
used to predict peptides produced by trypsin digestion of heme 
oxygenase 1 and analyze physical and chemical properties, 
including peptides molecular weight, isoelectric point, amino 
acid, atom, molar absorptivity, half‑life, instability coefficient, 
aliphatic amino acid coefficient and average hydrophilicity 
coefficient. Peptides with good solubility and stability, and 
satisfying mass spectrometry detectable mass‑to‑charge 
ratio were selected, and analyzed for peptide homology using 
online software BlastP (https://blast.ncbi.nlm.nih.gov/Blast.
cgi?PROGRAM=blastp&PAGE_TYPE=BlastSearch&LINK_
LOC=blasthome) in NBCI database. Skyline (version 4.1; 
MacCoss Lab Software, Washington, USA) was used to 
predict specific peptide scanning mass spectrometry fragment 
information. Therefore, a representative mass spectrum and 
quantitative information of the heme oxygenase 1 peptide 
(sequence: PSLFPAASGAFSSFR) is indicated in Fig. 1. First 
order mass and tandem mass spectra of heme oxygenase 1 
were presented in Fig. 1 (the control group, n=114 and the 
combination treatment group, n=115).

The 166 differentially expressed proteins were analyzed 
using the DAVID functional annotation tool to determine 
their cellular components, molecular functions and participa-
tion in biological processes (data not shown). The top three 
biological processes included cellular processes (11.86%), 
single‑organism processes (10.09%) and metabolic processes 
(9.85%). The top three molecular function categories included 
binding (49.82%), catalytic activity (24.21%) and structural 
molecule activity (6.67%). The top three associated cellular 
components included the cell (37.60%), organelle (27.15%) and 
membrane (11.55%).

Protein‑protein interaction analysis. In order to characterize 
the protein‑protein interactions of the identified differentially 
expressed proteins, the STRING database was assessed 
to establish a protein‑protein interaction network (Fig. 2). 
Proteins that responded significantly to combination treat-
ment and interacted with each other included Stat1, Icaml, 
Timp1, Cfd, Got2, Gpi, Pmpcb, Cox7a2, Phf5a, Nop58, 
Rps17, Rpl18, Rp18 and Gfm1 (Fig. 2). These seed proteins 
serve important roles in catalytic activity, biological regula-
tion and coagulation systems (27‑33). Furthermore, pathway 

annotation indicated that certain differentially expressed 
proteins, including glucose‑6‑phosphate isomerase (GPI) and 
ribosomal protein L8 (RPL8), were involved in eight different 
Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
ways (glycolysis and gluconeogenesis; lysosome metabolism; 
ribosome metabolism; spliceosome metabolism; butanoate 
metabolism; arginine and proline metabolism; cardiac muscle 
contraction; and pyruvate metabolism signaling pathways; 
Table  II). Notably, GPI is a crucial enzyme that catalyzes 
the interconversion of glucose‑6‑phosphate and fructose‑6‑
phosphate in glycolysis and gluconeogenesis (34). Rp18 is a 
component of the 60S subunit of the ribosome that is involved 
in the protein synthesis pathway. Depletion of Rp18 impairs 
drosophila development and is associated with apoptosis (35). 
The results suggest that the interactions and signaling pathways 
associated with the differentially expressed proteins may serve 
important roles in the pathogenesis of liver fibrosis.

Confirmation of differentially expressed proteins using 
western blot analysis. To further investigate the expression 
of the differentially expressed proteins obtained from the 
iTRAQ‑based quantitative proteomics study, western blot 
analysis was performed to assess the expression of HK2 and 
LAMP 1. Levels of HK2 and LAMP 1 were significantly 
downregulated and upregulated in HSC‑T6 cells following 
combination therapy, respectively (each, P<0.05; Fig. 3). This 
pattern was similar to the changes in the expression of these 
proteins obtained following iTRAQ (Table I), supporting the 
validity of the proteomic analysis performed in the present 
study.

Discussion

A variety of biological factors are involved in the pathogenesis 
of liver fibrosis. As an approach to investigate the multiple 
signaling pathways that may contribute to liver fibrosis, our 
group previously reported that combination therapy with 
taurine, EGCG and genistein exhibits a protective effect 
against liver fibrosis in vivo and in vitro (15,18). In the present 
study, the mechanistic underpinnings of this effect in HSC‑T6 
cells were evaluated using a proteomic approach. Proteomic 
analysis is a powerful tool for revealing the molecular 
mechanisms of disease development, and is useful for the 
identification of disease‑specific biomarkers and evaluating 
biological networks for drug therapy (36,37). Previous studies 
have also revealed that the optimal approach for developing 
novel therapies is to characterize key regulatory pathways and 
networks (38,39).

One of the primary objectives of treatments for liver 
fibrosis is the inhibition of proliferation or the induction 
of apoptosis of activated HSC cells  (40). Therefore, in the 
present study, activated HSC‑T6 cells were used to study the 
anti‑fibrotic effects of combination treatment with taurine, 
EGCG and genistein. iTRAQ‑based proteomics was used to 
analyze the molecular targets of combination treatment with 
taurine, EGCG and genistein in HSC‑T6 cells. A total of 166 
differentially expressed proteins were identified, which repre-
sent a diverse array of molecular weights, isoelectric point 
and protein functions. In a previous study by our group, it was 
demonstrated that changes in the expression of transforming 
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Table I. Identification of differentially expressed proteins for pathway and protein‑protein interaction.

	 Accession				    Unique	
N	 no.	 Gene symbol	 Protein name	 % Cov	 peptide	 Ratio

  1	 IPI00215208	 Rpl8	 LOC100360117 60S ribosomal protein L8	 30.4	 5	 0.683±0.026
  2	 IPI00230917	 Rpl18	 60S ribosomal protein L18	 19.7	 3	 0.623±0.027
  3	 IPI00203523	 Rpl23a	 60S ribosomal protein L23a	 25.0	 4	 0.654±0.042
  4	 IPI00231202	 Rps8	 40S ribosomal protein S8	 45.7	 8	 0.697±0.073
  5	 IPI00324983	 Rps17	 LOC100365810 40S ribosomal protein S17	 49.6	 6	 0.566±0.021
  6	 IPI00358600	 RGD1559972	 Ribosomal protein L27a‑like	 17.6	 2	 0.541±0.051
  7	 IPI00369491	 RGD1564744	 Ribosomal protein P1‑like	 29.2	 2	 0.510±0.060
  8	 IPI00765221	 LOC683961	 Ribosomal protein S13‑like	 29.0	 5	 1.315±0.054
  9	 IPI00206336	 Lamp1	 Lysosome‑associated membrane	 5.4	 2	 1.585±0.013
			   glycoprotein 1
10	 IPI00212731	 Ctsd	 Cathepsin D	 28.0	 8	 1.412±0.010
11	 IPI00195160	 Psap	 Prosaposin	 13.9	 7	 1.632±0.032
12	 IPI00230870	 Clta	 Isoform Non‑brain of Clathrin light chain A	 13.3	 2	 0.687±0.016
13	 IPI00215580	 Atp6v0c	 V‑type proton ATPase 16 kDa proteolipid	 11.6	 1	 0.615±0.061
			   subunit
14	 IPI00201057	 Hk2	 Hexokinase‑2	 31.6	 20	 0.432±0.030
15	 IPI00951991	 Aldoa	 45 kDa protein	 58.6	 13	 1.313±0.012
16	 IPI00203690	 Aldh9a1	 4‑trimethylaminobutyraldehyde	 17.3	 7	 1.313±0.053
			   dehydrogenase
17	 IPI00364311	 Gpi	 Glucose‑6‑phosphate isomerase	 25.6	 12	 1.336±0.024
18	 IPI00231631	 Eno3	 Beta‑enolase	 21.4	 2	 1.370±0.038
19	 IPI00209980	 Pmpcb	 Mitochondrial‑processing peptidase	 12.1	 4	 0.567±0.057
			   subunit beta
20	 IPI00213245	 Stat1	 Signal transducer and activator of	 15.9	 10	 0.603±0.098
			   transcription 1 isoform alpha
21	 IPI00205805	 Timp1	 Metalloproteinase inhibitor 1	 40.1	 6	 0.529±0.030
22	 IPI00200610	 Gfm1	 Elongation factor G, mitochondrial	 18.2	 10	 0.699±0.058
23	 IPI00192246	 Cox5a	 Cytochrome c oxidase subunit 5A, 	 28.1	 3	 0.602±0.020
			   mitochondrial
24	 IPI00210945	 Tpm1	 Tropomyosin alpha‑1 chain isoform c	 31.3	 1	 0.425±0.014
25	 IPI00187731	 Tpm2	 Isoform 2 of Tropomyosin beta chain	 31.3	 3	 0.499±0.026
26	 IPI00203832	 Plrg1	 Pleiotropic regulator 1	 4.7	 2	 0.679±0.034
27	 IPI00763263	 Thoc4	 Uncharacterized protein	 23.4	 4	 0.574±0.059
28	 IPI00194222	 Cox4i1	 Cytochrome c oxidase subunit 4 isoform 1, 	 26.6	 4	 0.624±0.066
			   mitochondrial
29	 IPI00200920	 Khsrp	 Far upstream element‑binding protein 2	 30.1	 14	 0.482±0.015
30	 IPI00464532	 Pycr2	 Pyrroline‑5‑carboxylate reductase 2	 25.3	 3	 1.483±0.023
31	 IPI00372370	 P4ha2	 Uncharacterized protein	 23.7	 9	 1.317±0.034
32	 IPI00365868	 Acyp1	 Acylphosphatase‑1	 47.5	 4	 1.416±0.094
33	 IPI00480766	 Acat3	 Acetyl‑CoA acetyltransferase, cytosolic	 22.2	 4	 1.595±0.028
34	 IPI00195860	 Cox7a2	 Cox7a2 Cytochrome c oxidase subunit 7A2, 	 12.0	 1	 3.396±0.034
			   mitochondrial
35	 IPI00210920	 Got2	 Aspartate aminotransferase, mitochondrial	 34.7	 14	 1.391±0.086
36	 IPI00214536	 Nop58	 Nucleolar protein 58	 31.1	 11	 1.322±0.005
37	 IPI00197164	 Icam1	 Intercellular adhesion molecule 1	 10.8	 5	 1.419±0.010
38	 IPI00371124	 Srsf9	 Serine/arginine‑rich splicing factor 9	 21.7	 4	 1.455±0.064
39	 IPI00411215	 Phf5a	 PHD finger‑like domain‑containing	 18.2	 2	 1.379±0.021
			   protein 5A
40	 IPI00192936	 Magoh	 Protein mago nashi homolog	 51.4	 7	 1.369±0.039
41	 IPI00357978	 Srsf6	 Splicing factor, arginine/serine‑rich 6	 11.8	 3	 1.354±0.029
42	 IPI00372819	 Snrpc	 U1 small nuclear ribonucleoprotein C	 18.9	 2	 1.741±0.036
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growth factor (TGF)‑β1, tissue inhibitor of metalloproteinases 
(TIMP)‑1 and ‑2, matrix metalloproteinase (MMP)‑2 and 
collagen type (Col)‑I mRNA were associated with hepatic 
fibrogenesis in HSC‑T6 cells  (10). The present study also 
revealed similar results regarding the expression of TGF‑β1, 
TIMP‑1, MMP‑2, TIMP‑2 and Col‑1 proteins. In the present 
study, due to the set change ratio (fold‑change >1.3 or <0.7), 
the proteins TIMP‑2 and Col‑1 were not regarded as signifi-
cantly differentially expressed. Furthermore, bioinformatics 
analysis revealed that all 166 differentially expressed proteins 
are involved in various biological processes, including meta-
bolic processes, single‑organism processes, cellular processes, 
response to stimuli, cell necrosis, reproduction and cell 
apoptosis (data not shown). Additionally, several identified 

significantly differentially expressed proteins, including Hk2, 
Aldoa, Aldh9a1, Gpi, Eno3, Atp6v0c, Clta, Psap, Ctsd and 
Lamp1, were associated with eight different KEGG pathways 
that connected with each other to form a network (Table II). 

Based on the present data, it was speculated that the anti-
fibrotic activity associated with combination treatment with 
taurine, EGCG and genistein in HSC‑T6 cells was associated 
with multiple biological processes and signaling pathways. 
From these indicated associations, the cellular processes of 
glycolysis and gluconeogenesis, and the signaling pathways 
of lysosome and ribosome synthesis were suggested to be of 
particular importance. Glycolysis and gluconeogenesis serve 
important roles in supplying ATP for hypoxic metabolism, 
cellular proliferation and apoptosis  (41). Several enzymes 

Table I. Continued.

	 Accession				    Unique	
N	 no.	 Gene symbol	 Protein name	 % Cov	 Peptide	 Ratio

43	 IPI00188158	 Hmgcs1	 Hydroxymethylglutaryl‑CoA synthase, 	 17.1	 8	 1.733±0.025
			   cytoplasmic
44	 IPI00204738	 Aacs	 Acetoacetyl‑CoA synthetase	 4.5	 3	 1.312±0.021
45	 IPI00766047	 LOC679203	 TH1‑like isoform 4	 7.3	 4	 1.756±0.057

Ratio indicated the specific value of protein expression between combination treatment with epigallocatechin gallate and genistein group 
(iTRAQ label 115) and the control group (iTRAQ label 114). Data are expressed as mean ± standard deviation (n=3). % Cov, percentage 
coverage of protein; iTRAQ, isobaric tags for relative and absolute quantitation. Ratios >1.3 represent an increase in protein expression and 
ratios <0.7 represent a decrease in protein expression (P<0.05).

Figure 1. Identification of heme oxygenase 1. (A) Representative tandem mass spectrometry identified the peptides from heme oxygenase 1 (peptide sequence: 
PSLFPAASGAFSSFR). (B) Quantitative information for peptide (peptide sequence: PSLFPAASGAFSSFR). The Control and combination treatment with 
taurine, EGCG and genistein groups were labeled with isobaric tags for relative and absolute quantitation reagents 114 and 115, respectively. 
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and proteins, including hexokinase‑2, aldolase A and 
glucose‑6‑phosphate isomerase, associated with glycolysis 
and gluconeogenesis may be potential molecular targets in 
pancreatic, breast and gastrointestinal tumors  (42,43). The 
ribosome signaling pathway has been implicated in a wide 
variety of biological functions, including cell cycle progression, 
apoptosis and DNA damage responses (44‑47). Furthermore, 
the lysosomal signaling pathway may be involved in a series 
of pathological processes, including cell death, necrosis, 
apoptosis and autophagy (48).

In the early phase of liver damage or inflammation, the 
hepatocyte microenvironment becomes hypoxic, leading to 
a failure in oxidative energy generation and a switch to the 
glycolysis and gluconeogenesis pathway to produce ATP (3). 
HK2 is the rate‑limiting enzyme in the glycolysis and 
gluconeogenesis pathway and its expression is significantly 
enhanced in different types of cancer, including metastatic 

colorectal cancer, lung cancer and gastric cancer (49‑52) and 
rapidly proliferating cells, including those in the developing 
embryo (53). Previous studies have reported that HK2 binding 
in the mitochondrial membrane may promote tumor growth by 
inhibiting apoptosis and promoting cell proliferation (54,55). 
This suggests that HK2 may be a potential molecular target 
in the treatment of various diseases  (56,57). The results 
of the present study indicate that combination treatment 
with taurine, EGCG and genistein significantly inhibits the 
expression of HK2. This may potentially lead to improved 
oxygenation in the cell microenvironment and induce the 
apoptosis of HSC‑T6 cells. Thus, downregulation of HK2 
may contribute to the antifibrotic effects associated with 
combination therapy.

GPI is a crucial enzyme that catalyzes the interconversion 
of glucose‑6‑phosphate and fructose‑6‑phosphate in glycolysis 
and gluconeogenesis (34). Furthermore, GPI is secreted by 

Figure 2. Protein‑protein interaction networks of the differentially expressed proteins using the Search Tool for the Retrieval of Interacting Genes. Proteins 
that responded significantly to combination treatment and interacted with each other are indicated in red boxes.
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tumor cells and stimulates cell migration (58). In hepatocellular 
carcinoma cells, GPI may promote cell movement and activate 
the synthesis of MMP‑3 (59). Upregulated GPI expression in 
response to combination treatment with taurine, EGCG and 
genistein in HSC‑T6 cells, as identified in the current study, 
may induce MMP‑3 synthesis. MMP‑3 is associated with the 
degradation of the ECM (60); therefore, this upregulation may 
promote ECM degradation and contribute to the reversal of 
hepatic fibrosis.

Autophagy is a degradation and recirculation system 
in eukaryotic cells that is required for the induction of 
apoptosis  (61,62). During autophagy, lysosomes serve an 
important role in the degradation and recycling of material 
within the terminal organelle (63). The protein cathepsin D 
is a major incision enzyme in lysosomes that maintains cell 
metabolism by degrading intracellular substances (64). The 
overexpression of cathepsin D may stimulate a series of 
pathological processes, including cell necrosis, apoptosis and 
autophagy (48,65). Another important lysosomal protein is 
LAMP 1, which may induce autophagy and apoptosis (65). 
A previous study indicated that LAMP 1 was upregulated 
and induced apoptosis in human glioblastoma cells following 
treatment with cisplatin (66). In the present study, cathepsin 
D and LAMP 1 were upregulated in HSC‑T6 cells following 
combination treatment. In Table I, relative LAMP1 protein 
expression was increased at a ratio of 1.585±0.013 after treat-
ment and cathepsin D was increased at a ratio of 1.412±0.010. 

Relative HK2 protein expression was decreased at a ratio of 
0.432±0.030 following treatment.

These results suggest that the upregulation of cathepsin 
D may lead to the interaction with LAMP 1 in the lyso-
some pathway, initiating HSC autophagy and apoptosis, thus 
contributing to the antifibrotic effect of the combination 
treatment. Ribosome proteins are crucial components of the 
ribosomal subunits that function in ribosome assembly and 
protein synthesis (67,68). The abnormal expression of specific 
ribosome proteins may be responsible for several human 
conditions, including Diamond‑Blackfan anemia (69), Turner 
syndrome (70), hearing loss (71) and cancer (72). 

In conclusion, combination treatment with taurine, EGCG 
and genistein induced antifibrotic effects in HSC‑T6 cells in 
at least three ways: i) Regulation of energy metabolism in 
HSCs via glycolysis and gluconeogenesis; ii) protection of 
the liver via the ribosome signaling pathway, with subse-
quent effects on numerous biological functions, including 
cell cycle progression, protein synthesis and DNA damage 
responses; and iii)  regulation of apoptosis and autophagy 
via the lysosomal signaling pathway. Although the exact 
roles of these pathways remain to be elucidated, the present 
study has enhanced understanding of the molecular mecha-
nism by which combination therapy alleviates liver fibrosis. 
Furthermore, the present study also demonstrated that protein 
profiling using iTRAQ‑based proteomics is a powerful 
method of performing quantitative proteome analysis 

Table II. Pathway annotation of the differentially expressed proteins involved in eight different Kyoto Encyclopedia of Genes 
and Genomes pathways. 

Pathway	 Differentially expressed proteins with pathway annotation

Glycolysis and gluconeogenesis	 Hk2, Aldoa, Aldh9a1, Gpi, Eno3
Lysosome	 Atp6v0c, Clta, Psap, Ctsd, Lamp1
Ribosome	 Rpl8, Rpl18, Rps8, Rps17, Rpl23a, LOC683961 RGD1559972, RGD1564744
Spliceosome	 Magoh, Thoc4, Snrpc, Srsf9, Phf5a, Srsf6, Plrg1
Butanoate metabolism	 Hmgcs1, Aldh9a1, Aacs, LOC679203
Arginine and proline metabolism	 Aldh9a1, Khsrp, Pycr2, P4ha2
Cardiac muscle contraction	 RGD1559972, Cox5a, Tpm1, Tpm2
Pyruvate metabolism	 Aldh9a1, Acyp1, Acat3

Figure 3. Differentially expressed protein expression levels using western blot analysis. (A) Hexokinase‑2 and LAMP 1 protein levels were downregulated and 
upregulated in HSC‑T6 cells treated with taurine, EGCG and genistein compared with the control group. (B) Densitometric analysis indicated that these differ-
ences were significant. Data are presented as the mean ± standard deviation. This trend was similar to the changes in protein expression obtained using the 
isobaric tag for relative and absolute quantification. GAPDH was used as a loading control. *P<0.05. LAMP 1, lysosome‑associated membrane glycoprotein 1.
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in cell models in response to therapy. Furthermore, the 
results suggest that iTRAQ‑based proteomics may be used 
to identify underlying mechanisms of action and potential 
targets for novel therapies.
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