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Galectin-1 gene silencing inhibits the activation and
proliferation but induces the apoptosis of hepatic
stellate cells from mice with liver fibrosis
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Abstract. Liver fibrosis is a serious threat to human health,
and there is currently no effective clinical drug for treatment
of the disease. Although Galectin-1 is effective, its role in
liver function, inflammation, matrix metalloproteinases and
the activation of hepatic stellate cells (HSCs) remains to be
elucidated. The aim of the present study was to elucidate the
effect of Galectin-1 on the activation, proliferation and apop-
tosis of HSCs in a mouse model of liver fibrosis. Following
successful model establishment and tissue collection, mouse
HSCs (mHSCs) were identified and an mHSC line was
constructed. Subsequently, to determine the role of Galectin-1
in liver fibrosis, the expression levels of transforming growth
factor (TGF)-B1, connective tissue growth factor (CTGF) and
a-smooth muscle actin (a-SMA) pre- and post-transfection
were evaluated by reverse transcription-quantitative poly-
merase chain reaction and western blot analyses. In addition,
the effects of Galectin-1 on the biological behavior and
mitochondrial function of mHSCs were determined using a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay, flow cytometry and a scratch test. It was first observed
that the expression levels of Galectin-1, TGF-f1, CTGF and
a-SMA were downregulated by silencing the gene expression
of Galectin-1. Additionally, silencing the gene expression of
Galectin-1 inhibited cell cycle progression, proliferation and
migration but induced the apoptosis of mHSCs from mice with
liver fibrosis. Furthermore, the in vivo experimental results
suggested that silencing the gene expression of Galectin-1
improved liver fibrosis. Collectively, it was concluded that
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silencing the gene expression of Galectin-1 ameliorates liver
fibrosis and that functionally suppressing Galectin-1 may be a
future therapeutic strategy for liver fibrosis.

Introduction

Liver fibrosis is a prolonged injury that occurs in combina-
tion with superfluous scar deposition inside the hepatic
parenchyma, which is caused by an excessive wound healing
response triggered by activated myofibroblasts (1). Reacting
to liver damage requires a recovery process, however, chronic
and severe injuries enhance the collection of fibrous matrix,
damaging the liver architecture and affecting normal func-
tions (2). Experimental and clinical evidence suggests that
hepatic fibrosis is reversible via removal of the etiological
agent (3,4). Hepatic stellate cells (HSCs), namely liver pericytes
which reserve retinoids, are pivotal for the presence of myofi-
broblasts in hepatotoxic liver fibrosis (4). A previous study
demonstrated that activating HSCs into a myofibroblast-like
phenotype is triggered by a number of chronic injuries to the
liver, including toxins, viral hepatitis, autoimmune disorders
and nonalcoholic steatohepatitis (5). This activation process
is often mediated by two cytokines, platelet-derived growth
factor and transforming growth factor (TGF)-p1, resulting
in the elevated expression of contractile filaments, including
extracellular matrix (ECM) proteins (collagen I) and a-smooth
muscle actin (a-SMA) (6). During the regression process of
liver fibrosis, the number of activated HSCs declines substan-
tially by returning to a quiescent state or undergoing cellular
apoptosis and senescence (7,8). HSCs are generally quiescent
in the normal healthy liver but are activated during liver
injury and are further transformed into contractile myofibro-
blasts (9,10). In a previous study, it was observed that human
HSCs express Galectin-1, which contributes to HSC-induced
immunomodulatory functions (11).

As a multivalent carbohydrate binding protein, Galectin-1
mediates malignant cellular activities by regulating the
cross-linking of glycoproteins in the tumor microenviron-
ment (12). Galectin-1 is associated with multivalent mechanisms
that accumulate cell surface glycoproteins (13,14), form lattices
and larger aggregates (15), and cross-link receptors (16).



104

Tumor vascularization is reported to be closely correlated
with elevated levels of Galectin-1 in the endothelium (14,17).
Galectin-1 can directly mediate invasion and migration by
competitively combining with receptors associated with
cell-ECM interactions, allowing cancer cells to detach from
their primary site (18,19). Generated by the activated HSCs,
Galectin-1 promotes the migration of HSCs and the prolifera-
tion of HSCs through involvement in the $-galactoside binding
process and through inducing various intracellular signaling
pathways (20). The findings of a previous study indicated
that Galectin-1 may serve as a potential target for the treat-
ment of pulmonary fibrotic disease (21). However, the role
of Galectin-1 in the activation, proliferation and apoptosis of
HSCs in liver fibrosis models remains to be fully elucidated.
Therefore, the present study investigated how Galectin-1 influ-
ences the activation, proliferation and apoptosis of HSCs in a
mouse model of liver fibrosis.

Materials and methods

Ethics statement. The present study was performed in strict
accordance with the recommendations of the Guide for the
Care and Use of Laboratory Animals of the National Institutes
of Health. The protocol was approved by the Institutional
Animal Care and Use Committee of the First Affiliated
Hospital, Zhejiang University School of Medicine (Zhejiang,
China). Significant efforts were made to minimize the number
of animals used and their respective suffering.

Liverfibrosis model establishment. A total of 32 male C57BL/6J
mice (age: 8 weeks; weight: 25-30 g) were purchased from
Laboratory Animal Center of Zhejiang University (Zhejiang,
China). The mice were housed at 22°C and 55% humidity, and
had normal circadian rhythm light exposure and free access
to water and food. A total of 22 mice were selected for liver
fibrosis model establishment using the following method:
20 ml of carbon tetrachloride (CCl,) liquid was mixed with
30 ml of olive oil, which was stirred with a magnetic stirrer for
8-12 h to prepare a 40% CCl, olive oil suspension. The liver
fibrosis model was established via an intraperitoneal injection
of the 40% CCl, olive oil suspension (2; 0.8 ml/kg CCl,) twice
per week. None of the animals died during the model estab-
lishment process. The model establishment lasted for 6 weeks,
following which time the mice were sacrificed, and their livers
were removed. The edge of liver became blunt according to the
observation by naked eyes. The liver presented with a white
color and greasy surface. Liver tissues of mice in each group
were fixed in formaldehyde (cat. no. 30525-89-4; Shanghai
Aladdin Bio-Chem Technology Co., Ltd., Shanghai, China)
for 6 h at room temperature, paraffin-embedded, and sliced
into 5-ym sections. Subsequently, the pathological changes of
the sections were observed using the hematoxylin and eosin
(H&E) and Masson staining as detailed below, which indicated
a small amount of fiber formation, indicating the formation
of early liver fibrosis and successful model establishment.
Subsequently, the mice were assigned to the normal group
(normal mice) or the model group (liver fibrosis model mice).

Enzyme-linked immunosorbent assay (ELISA). The mice
selected from the two groups were anaesthetized intraperito-
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neally with 2% sodium pentobarbital (cat. no. WS20051129;
Sinopharm Group Chemical Reagent Co., Ltd., Shanghai,
China), and 0.5 ml of blood was collected from the abdominal
aorta via a tube. The blood was incubated at room temperature
for 30 min and was then centrifuged (2,192 x g) for 15 min
at room temperature to separate the serum. The serum levels
of alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), total bilirubin (TBil) and albumin (ALB) were
measured using an ALT ELISA kit (cat. no. YS01266B, Y-J
Biological Company, Shanghai, China), an AST ELISA kit
(cat.no. SBJ-M0078; Nanjing SenBeilJia Biological Technology
Co.,Ltd., Jiangsu, China), a TBil ELISA kit (cat. no. YS05110B;
Shanghai Caiyou Industrial Co., Ltd., Shanghai, China) and an
ALB ELISA kit (cat. no. abl08792; Abcam, Cambridge, MA,
USA), respectively. The ELISA kits were placed at the room
temperature for 20 min, and the washing liquid was prepared.
Following dissolving of the standard samples, 100 ul of each
sample was added to the reaction plate to produce the standard
curve. Following this, 100 pl of each test sample was added
to the wells, and the plate was incubated at 37°C for 90 min
and then washed five times with ELISA cleaning solution at
30-sec intervals. Following washing, 100 pl of the ready-made
biotinylated antibody working solution was added, and the
mixture was incubated at 37°C for 30 min in the dark. The
plate was washed five times, and the stop solution was imme-
diately added to terminate the reaction. The optical density
(OD) value was detected at a wavelength of 450 nm using a
microplate reader (BioTek Synergy 2; BioTek Instruments,
Inc., Winooski, VT, USA) within 3 min, and the standard
curve was drawn according to the OD value. The serum levels
of ALT, AST, TBil and ALB were measured in each group.

H&E staining. The mice were sacrificed in the 6th week
following model establishment, and their hepatic tissues were
removed, fixed with 4% formaldehyde (cat. no. 30525-89-4;
Shanghai Aladdin Biochemical Technology Co., Ltd.,
Shanghai, China) for 6 h, soaked in wax, embedded, and cut
into sections (5-ym). Subsequently, the sections were heated
at 60°C overnight, dewaxed in Xylene I (cat. no. 14936-97-1,
Shanghai Institute of Bioscience and Technology Co., Ltd.,
Shanghai, China) and Xylene II (Shanghai Yuduo Biological
Technology Co., Ltd., Shanghai, China), treated with gradient
alcohol (100, 95, 80 and 70%) for 5 min, and placed in
distilled water. The sections were stained with hematoxylin
(cat. no. 474-07-7; Qingdao Jie Shi Kang Biotechnology Co.,
Ltd., Qingdao, China) for 10 min, flushed with tap water and
stained blue for 15 min. The sections were then stained with
eosin (cat. no. RY0648; Qingdao Jie Shi Kang Biotechnology
Co., Ltd.) for 30 sec, washed with double-distilled water to
remove the red staining, degraded by alcohol, cleaned with
xylene and, finally, sealed with neutral balsam. The H&E
staining was performed for histopathological examination, and
images of the samples were captured. Using the morphological
image analysis system (JD801; Jetta Technology Development
Co., Ltd., Nanjing, China), sections from the different groups
were selected at x200 magnification, and the structure of the
hepatic lobules, infiltration of inflammatory cells, and necrosis
of the hepatocytes in the mouse liver sample sections were
observed by H&E staining. The images were collected, and
the experiment was repeated three times.
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Masson staining. The mouse liver tissues selected
from each group were fixed with 4% paraformaldehyde
(cat. no. 30525-89-4; Shanghai Aladdin Biochemical
Technology Co., Ltd.), conventionally dehydrated, cleaned,
soaked in wax, embedded, sectioned (thickness, 5 ym),
stained with picrosirius red, and restained with hematoxylin
(cat. no. PT003; Shanghai Bogoo Biotechnology. Co., Ltd.,
Shanghai, China). Images of the sections were captured using
a polarizing microscope (XPT-480; Shanghai Zhongheng
Biotechnology Co., Ltd., Shanghai, China), and the images
were analyzed with Image-Pro Plus 5.1 image analysis soft-
ware (Media Cybernetics, Inc, Bethesda, MD, USA) to assess
lobular hyperplasia in the liver. A total of five fields (magni-
fication, x200 in each section were selected randomly, and
the percentage of collagen fibers (collagen index) was deter-
mined. The calculation method was as follows: Collagen fiber
area/liver tissue area x100%. The mean value was recorded as
the result.

Immunohistochemistry. The paraffin tissue sections were
routinely dewaxed and dehydrated with gradient alcohol.
Subsequently, 0.02 mol/l citrate buffer (pH 6.0) was used for
antigen retrieval for 15 min. The sections were then washed
with phosphate-buffered saline (PBS) three times (5 min/wash),
sealed with 3% peroxidase for 10 min, washed again with PBS
three times (5 min/wash), and sealed with 10% goat serum
(cat. no. C-0005; Shanghai Haoran Biotechnology Co., Ltd.,
Shanghai, China) for 30 min. The rabbit anti-a-SMA primary
antibody (cat. no. ab32575; 1:200) and rabbit anti-Desmin
primary antibody (cat. no. ab32362, 1:2,000) (both from
Abcam) were then added, and the samples were incubated
overnight at 4°C. Following three PBS washes (5 min/wash),
the sections were incubated with the goat anti-rabbit secondary
antibody (cat. no. ab205718, 1:2,000; Abcam) for 1 h at
room temperature in the dark, rinsed three times with PBS
(5 min/wash), treated with diluted 4',6-diamidino-2-phenyl-
indole (1:100), incubated at room temperature for 20-30 min
in the dark, washed with PBS three times (5 min/wash) and
sealed with 60% glycerol. The samples were observed under
a fluorescence microscope (GFM: 600; Shanghai Optical
Instrument Co., Ltd., Shanghai, China), and cells with a visible
yellow-stained cytoplasm or cell membrane were considered
positive. A total of four fields in each section were randomly
selected (magnification, x200), with 200 cells per field. The
percentage of positive cells=positive liver cells/total liver
cells. When the percentage was >10%, it was regarded as posi-
tive (+); otherwise, it was negative (-) (22). The experiment was
repeated three times and the mean was obtained.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Total RNA from the liver sample tissues
was extracted using the TRIzol one-step method according
to the manufacturer's protocol of the TRIzol kit (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The
RNA was dissolved in ultrapure water treated with diethyl-
pyrocarbonate (Shanghai Sangon Biological Engineering
Technology & Services Co., Ltd., Shanghai, China), and the
absorbance was measured using an ND-1000 ultraviolet/visible
spectrophotometer (Thermo Fisher Scientific Inc.) at wave-
lengths of 260 and 280 nm. The quality and concentration of
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the total RNA were determined. The extracted RNA was used
for RT by the two-step method according to the manufacturer's
protocol of the kit (cat. no. RR037Q; Takara Biotechnology
Co., Ltd., Dalian, Liaoning, China). The RT reaction was as
follows: 2 ul of 5X PrimeScript Buffer (for Real-Time), 0.5 ul
of PrimeScript RT Enzyme mix I, 0.5 pl of oligo dT primer
(50 uM), 0.5 ul of random 6-mers (100 uM); 2 ug of total
RNA; and RNase-free dH,O, reaching a total volume of 20 1.
The reaction conditions were as follows: 37°C for 15 min, 85°C
for 5 sec, and a 4°C hold. Following RT, the cDNA was tempo-
rarily stored at -80°C. The qPCR analysis was performed using
the TagMan probe method according to the manufacturer's
protocol of the kit (MBI Fermentas; Thermo Fisher Scientific,
Inc.), and the primer sequences are shown in Table I. The
reaction conditions were as follows: Predenaturation at 95°C
for 30 sec, followed by 40 cycles of denaturation at 95°C for
10 sec, annealing at 60°C for 20 sec, and extension at 70°C
for 10 sec. The reaction sample was as follows: 12.5 ul of
Premix Ex Taq or SYBR Green Mix, 1 ul of forward primer,
1 ul of reverse primer, 1-4 ul of cDNA and ddH,O, bringing
the volume to 25 pl. Real-time fluorescence qPCR (Bio-Rad
1Q5; Bio-Rad Laboratories, Inc., Hercules, CA, USA) was
used to detect mRNA expression, with -actin serving as the
internal reference. The solubility curve was used to evaluate
the reliability of the PCR results using the Cq (inflexion point
of amplification dynamic curve) values obtained. The formula
was as follows: ACq=Cq (target gene)-Cq (internal reference),
AACG=AC experiment groupyAC(model group)- 1 HE Telative quantita-
tive method was used for the calculation, and 224 was adapted
for the relative expression of the target genes (23). Each experi-
ment was repeated three times, and the mean was obtained.
This method was also used for subsequent cell experiments.

Western blot analysis. Proteins from liver sample tissues
from the groups were extracted using 3 ml of lysis buffer
comprising well-mixed solution containing 7 mol/l urea,
2 mol/I thiourea, 5 ml/l isocratic pH gradient buffer (pH 3-10),
65 mmol/l dithiothreitol, 40 g/1 3-[(3-cholamidopropyl)
dimethylammonio]-1-propanesulfonate, 5 mg/1 protease inhib-
itor and 10 ml/I trypsin inhibitor, and homogenized on ice. The
samples were then centrifuged (120,000 g) for 30 min at 4°C
to obtain the liquid supernatant, and the protein concentra-
tion was measured using the BCA method. The proteins were
then mixed with 5X sodium dodecyl sulfate (cat. no. PO013G,
Beyotime Institute of Biotechnology, Shanghai, China) at
100°C for 5 min to inactivate the protein. Subsequently,
20 ul of the loading buffer was obtained for performing
electrophoresis on a polyacrylamide gel (5% concentrated
gel and 12% separation gel). Following transferring of the
proteins onto a membrane, the membrane was blocked
with Tris-buffered saline tween (TBST) containing 5%
bovine serum albumin (BSA; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) by incubating at room temperature for
1 h. Following removal of the blocking solution, the membrane
was incubated with the primary antibody at the appropriate
concentration, prepared in 5% BSA. The antibodies were as
follows: Rabbit anti-Galectin-1 (cat. no. ab25138, 1:5,000),
rabbit anti-TGF-f1 (cat. no. ab179695, 1:1,000), rabbit
anti-connective tissue growth factor (CTGF; cat. no. ab6992,
1:1,000), rabbit anti-a-SMA (cat. no. ab5694, 1:1,000), rabbit
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anti-a-SMA (cat. no. ab5694, 1:1,000), rabbit anti-proliferating
cell nuclear antigen (PCNA; cat. no. ab18197, 1:1,000), rabbit
anti-B-cell lymphoma-2 (Bcl-2; cat. no. ab27795, 1:1,000),
rabbit anti-caspase-3 (cat. no. ab44976, 1:1,000), rabbit
anti-active-caspase-3 (cat. no. ab49822, 1:1,000) and rabbit
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH,;
cat. no. ab181602, 1:10,000). All primary antibodies listed
above were purchased from Abcam. The membrane surface
was placed upright in a refrigerator at 4°C overnight. The
following day, the membrane was washed with TBST three
times (10 min/wash), following which the diluted goat
anti-rabbit secondary antibody (cat. no. ab6721, 1:2,000,
Abcam) was added at 4°C and incubated for 4-6 h, and the
membrane was washed with TBST three times (15 min/wash).
The chemiluminescent reagents, liquid A and liquid B (Yanhui
Biology Co., Ltd., Shanghai, China), were mixed at a concen-
tration of 1:1, and the mixture was then evenly dropped onto
the nitrocellulose membrane to develop the samples. All bands
were analyzed to obtain the relative OD. Each experiment was
repeated three times, and the mean was obtained. This method
was used for subsequent cell experiments.

Isolation and culturing of HSCs. The mice in the normal
and model groups were randomly selected for isolating the
HSCs (24). The HSCs were isolated using a collagenase IV
in situ liver recirculating perfusion and centrifuged by
Nycodenz density gradient centrifugation (376 x g) for 17 min
at room temperature. Following centrifugation, the cells on
the interface were selected for isolating the mouse HSCs
(mHSCs). The cells were resuspended in Dulbecco's modified
Eagle's medium (DMEM,; cat. no. 12800017; Nanjing Ampere
Chemical Technology Co., Ltd., Nanjing, China) supplemented
with 15% fetal bovine serum (FBS; cat. no. 16000-044; Beijing
Jie Hui Bo Gao Biotechnology Co., Ltd., Beijing, China), and
the cell concentration was adjusted to 1x10° cells/l. The cells
were seeded in a noncoated 96-well plate, 24-well plate and
6-well plate at a concentration of 1x10® cells/l. In addition, a
small quantity of cells was set aside for purity and viability
identification. The cells were incubated in a 5% CO, incubator
at a constant temperature of 37°C for 24 h. The culture medium
was then replaced, the cells were further incubated, and the
nonadhered cells were removed. The purity of the mHSCs was
identified using an immunofluorescence assay. Cell viability
was identified using trypan blue staining under an inverted
microscope (TS100; Olympus Corporation, Tokyo, Japan),
with the unstained cells considered to be active cells.

Construction of a Galectin-1 overexpression lentivirus vector
and a low-expression plasmid. A recombinant vector with a
Galectin-1 overexpression plasmid was constructed as follows:
Total RNA was extracted using TRIzol and reverse transcribed
to obtain the cDNA. The Galectin-1 target gene was amplified
by PCR, and the sequences of the amplified primers were as
follows: Forward, 5'-CTCGCTCGAGGTCTTCTGACTGCT
GGTGG-3' and reverse, 5-AGAGCGATCCGCCTTTAT
TGAGGGCTACA-3'. Then, a total of 50 ul PCR system was
prepared using PrimeSTAR® GXL Premix (cat. no. RO51A,
Takara Biotechnology Co., Ltd.), which consisted of 25 ul
PrimeSTAR GXL Premix (2X), 1 ul forward primer (20 uM),
1 ul reverse primer (20 uM), 1 ul cDNA template, and RNase
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Table I. Reverse transcription-quantitative polymerase chain
reaction primer sequences.

Gene Sequence (5'-3")
Galectin-1 F: GCCAGCAACCTGAATCTC
R: AGGCCACGCACTTAATCT
TGF-p1 F: CAACAATTCCTGGCGTTACCTTGG
R: GAAAGCCCTGTATTCCGTCTCCTT
CTGF F: CTCCACCCGAGTTACCAATGACAA
R: CCAGAAAGCTCAAACTTGACAGGC
a-SMA F: ACTGGGACGACATGGAAAAG
R: CATCTCCAGAGTCCAGCACA
PCNA F: AACTTGGAATCCCAGAACA
R: AGACAGTGGAGTGGCTTTT
Bcl-2 F: GACAGAAGATCATGCCGTCC
R: GGTACCAATGGCACTTCAAG
Caspase-3 F: CTAAGCCATGGTGATGAAGGG
R: CTGCAAAGGGACTGGATGAAC
[-actin F: GCTGTCCCTGTATGCCTCT

R: GGTCTTTACGGATGTCAACG

TGF-f1, transforming growth factor-f1; CTGF, connective tissue
growth factor; a-SMA, a-smooth muscle actin; PCNA, proliferating
cell nuclear antigen; Bcl-2, B-cell lymphoma-2; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; TBil, total bilirubin;
F, forward; R, reverse.

Free dH,O up to 50 ul. Reaction conditions were set as follows:
Denaturation at 98°C for 10 sec, annealing at 60°C for 15 sec
and extension at 68°C for 90 sec for a total of 30 cycles. The
enzyme-detached product obtained from BamHI and EcoRI
was incubated with T, buffer and T, DNA ligase with gentle
mixing at 4°C overnight. Following selection of the mono-
clonal antibody, the products were transferred into competent
DH5a cells (Takara Biotechnology Co., Ltd., Dalian, China).
Following positive clone examination by bacterial fluid
PCR, the plasmid was identified by enzyme detachment and
sequenced. The Galectin-1 overexpression plasmid generated,
and the empty plasmid were cotransfected into 293T cells
(Institute of Biochemistry and Cell Biology, Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences,
Shanghai, China), which were then grouped into two groups,
the overexpressed group (transfection with the Galectin-1
overexpression plasmid) and the control group (transfection
with the empty plasmid). Following transfection for 48 h,
the mRNA and protein expression levels of Galectin-1 were
detected by RT-qPCR and western blot analyses, respectively.

The recombinant vector containing the Galectin-1
low-expression plasmid was constructed as follows: Using
Galectin-1 as the target, the sequences for the short hairpin
(sh)RNAs (shRNAI, shRNA2, and shRNA3) and the negative
control (NC) plasmids were designed as follows: shRNAI,
5'-CTATGACGATCCCTTCGTGCACTC-3'; shRNA2,
5'-CGGACCTGTGCTACACTTCAACTC-3'; shRNA3,
5'-AGACGGACATGAATTCAAGTTCTC-3' and NC, 5'-AAG
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GTTAAGTCGCCCTCGCTC-3'. The shRNA sequences and
the NC sequences were synthesized by Shanghai Sangon
Biological Engineering Technology & Services Co., Ltd. The
shRNA and NC sequences were inserted into the pLVTHM
plasmid and detached by BamHI and EcoRI using T, DNA
ligase. The products were transformed into competent
DH5a cells and transfected into 293T cells. The transfec-
tion experiments were allocated into four groups as follows:
sh-NC (transfection with the NC plasmid sequence), shRNA 1
(transfection with the shRNA 1 sequence), sShRNA 2 group
(transfection with the shRNA 2 sequence), and shRNA3
group (transfection with the shRNA 3 sequence). Following
transfection for 48 h, the shRNA that exhibited the optimal
interference by gene expression was selected for the RT-qPCR
and western blot assays.

The Galectin-1 overexpression vector and the shRNA with
the optimal interference were used to construct lentiviral vectors
overexpressing Galectin-1 and Galectin-1-shRNA; these were
then used for cotransfection with a lentivirus-coated plasmid
into 293T cells via the following liposome method: At 12 h prior
to transfection, the 293T cells were plated onto 6-well plates at
a density of 5x10° cells/well in DMEM supplemented with 5%
FBS. Subsequently, 20 ul of Lipofectamine 2000 was added
to 500 pl of DMEM without serum and the double-antibody.
Following evenly shaking, 2 ug of the Galectin-1 overexpres-
sion vector, 2 pug of the Galectin-1-shRNA3 expression vector
and 10 pg of the lentivirus-coated plasmid were added, thor-
oughly mixed, and allowed to incubate for 20 min at room
temperature. The mixture was then transferred to the 293T
cell culture plate. After 6 h, the culture medium was replaced.
After 72 h, the virus supernatant was collected for viral titer
determination. The 293T cells were seeded in 96-well plates
at a density of 2x10® cells/l with 100 ul of DMEM medium
containing 10% FBS per well overnight at 37°C. When the
examination was performed, eight wells were used per group.
The first well was incubated with 10 gl of the virus solution,
and the remaining wells were incubated with an equal volume
of solution, followed by 10:1 serial dilutions. The final well
was used as a blank control. After 48 h, the number of cells
with green fluorescence was observed under an inverted
fluorescence microscope in the sequence of high to low
concentration. If the number of positive cells in the previous
well was greater than five and the fluorescence disappeared,
or if the fluorescence disappeared and the well had a positive
cell number less than five, the well was set as the measure-
ment well, named 1 TU. The number (m) of positive cells was
measured, and the viral titer was calculated as follows: Viral
titer=mx (1 IUx dilution ratio between the measured well and
the first well)/viral volume added in the first well (25). The
isolated mHSCs from the model mice were infected with the
concentrated lentivirus to create mHSC lines overexpressing
and with low expression of Galectin-1.

Cell grouping. The mHSCs were assigned into normal
(mHSCs isolated from healthy mice), model (mHSCs isolated
from the mouse model), NC (empty plasmid-cotransfected
mHSCs from the mouse model), overexpressed Galectin-1
(Galectin-1 overexpression plasmid-cotransfected mHSCs
from the mouse model), sh-Galectin-1 (Galectin-1 low-expres-
sion plasmid-cotransfected mHSCs from the mouse model)
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and sh-NC (Galectin-1 NC shRNA plasmid-cotransfected
mHSCs from the mouse model) groups.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. When the cells were infected for 24 h and the
cell confluence reached 80%, the cells were washed twice with
PBS, detached with 0.25% trypsin and made into a single cell
suspension. Following counting, 3x10*-6x10° cells were seeded
per well (200 pl) onto 96-well plates with six duplicate wells.
Following an incubation period, 20 ul of 5 mg/mL MTT solu-
tion (Sigma-Aldrich; Merck KGaA) was added to each well. The
cells were then incubated for 4 h, the culture medium discarded,
and 150 ul of dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA)
was added to each well; the mixture was gently shaken for
10 min. The OD of each well was measured at the wavelength
of 490 nm by the ELISA instrument (Nanjing Detie Company,
Nanjing, China) at 24, 48 and 72 h. The cell viability curve was
plotted with the time point as the X-axis and the OD value as
the Y-axis.

Flow cytometry. Cell apoptosis was detected by flow cytom-
etry following 48 h of cell infection in each group. The cells
were then detached with protease solution and observed
under an inverted microscope (TS100; Olympus Corporation,
Tokyo, Japan) for cell changes, namely, shrinking to round.
Subsequently, the digestion solution was discarded and the
serum solution was added to terminate the detachment. The
cells were then gently scraped from the wall in the cell suspen-
sion, centrifuged (179 x g) for 5 min at room temperature and
the liquid supernatant was eliminated. Following two PBS
washes, the cells were fixed with precooled 70% ethanol for
30 min, collected following centrifugation (179 x g) for 5 min
at room temperature and washed with PBS. Subsequently, 1%
iodized ethidium containing RNA enzyme was used to stain
the cells (cat. no. 40711ES10; Yeasen Biotechnology, Shanghai,
China) for 30 min, and the cells were washed with PBS twice
for PI elimination. PBS was then used to adjust the volume to
1 ml. The samples were analyzed on a BD-Aria FACSCalibur
flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA) to
detect cell apoptosis, with three samples in each group. Each
experiment was repeated three times.

Scratch test. Horizontal lines were drawn behind a 6-well plate
with a marker at a distance interval of 0.5-1 cm. Following
this, 3x10* cells were seeded onto the 6-well plate and cultured
overnight. When the cell confluence reached 80-90% the
following day, scratches perpendicular to the horizontal
scratches were made using a spearhead. Following 48 h of
continuous culture, a field containing eight scratches was then
randomly selected, and the cell motility conditions close to the
scratches were observed and images captured. Motic Images
Advanced 3.2 software was used to detect the relative width of
the scratches, reflecting the cell migration ability. Each experi-
ment was repeated at least three times.

Rhodamine 123 staining. Following 48 h of infection in each
group, Rhodamine 123 was added to a final concentration
of 10 pug/ml. Following incubation for 30 min at 37°C in the
dark and centrifugation (179 x g) for 5 min at room tempera-
ture, the cells were washed twice and resuspended in culture
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Figure 1. Successful establishment of the mouse model of liver fibrosis. (A) Hematoxylin and eosin staining results confirmed that the mice in the normal
group had no obvious inflammatory cell infiltration, whereas mice in the model group had inflammatory cell infiltration (magnification, x200). (B) Masson
staining results suggested that mice in the normal group had normal liver tissue with a low degree of fibrosis, whereas mice in the model group had significantly
increased liver fibrosis (magnification, x200). (C) Immunohistochemistry results verified that mice in the normal group had a relatively small number of cells
with a-SMA- and Desmin-positive expression, whereas mice in the model group had increased positive expression of a-SMA and Desmin (magnification,

x200); "P<0.05 vs. normal group. a-SMA, a-smooth muscle actin.

medium in the dark. Following incubating at 37°C for 60 min,
the mitochondrial membrane potential was measured by flow
cytometry. The results are expressed as the mitochondrial
mean fluorescence intensity (MFI).

In vivo experiment. A total of 12 mice with hepatic fibrosis
were classified into the sh-NC group or sh-Galectin-1 group.
Following 6 weeks of modeling, the mice in the sh-NC group
were injected with sh-NC (0.3 mg per body weight) via
their tail vein, and the mice in the sh-Galectin-1 group were
injected with sh-Galectin-1 (0.3 mg per body weight) via their
tail vein. After 3 days, ELISA was performed to measure the
expression levels of ALT, AST, TBil and ALB in the serum
of the mice in each group. Following sacrifice of the mice,
the liver tissues were harvested for H&E staining and Masson
staining. In addition, the positive rates of a-SMA and Desmin
protein expression were determined by immunohistochem-
istry, and the level of Galectin-1 was assessed using a western
blot assay.

Statistical analysis. All data were analyzed using the SPSS 21.0
statistical analysis software (IBM SPSS, Armonk, NY, USA).
The data are expressed as the mean + standard deviation.
One-way analysis of variance (ANOVA) was used for compari-
sons among multiple groups; the Turkey post hoc test was used
following ANOVA to compare two specific groups among
multiple groups. Student's t-test was used for comparisons
between two groups. P<0.05 was considered to indicated a
statistically significant difference.

Results

Mice with liver fibrosis have elevated ALT, AST and TBil
levels and decreased ALB levels. Initially, the serum levels of
ALT, AST, TBil and ALB in each group were measured by
ELISA (Table II). Compared with those in the normal group,
the levels of ALT, AST and Tbil were increased significantly

Table II. Mice with liver fibrosis have increased levels of ALT,
AST and TBil, and decreased levels of ALB.

Factor Normal group ~ Model group P-value®
ALT (U/) 47.53+4.02 225.43+19.02 <0.05
AST (U/) 60.75+16.14  249.89+24 .22* <0.05
TBil (xmol/1) 0.63+0.40 6.43+£0.53* <0.05
ALB (g/) 26.16x2.21 17.58+1.62 <0.05

*P<0.05 model group, compared with the normal group. ALT, alanine
aminotransferase; AST, aspartate aminotransferase; TBil, total bili-
rubin; ALB, albumin.

(P<0.05), whereas the ALB level was significantly decreased
in the model group (P<0.05), indicating severe liver injury.

Successful establishment of a mouse model of liver fibrosis.
H&E staining (Fig. 1A), Masson staining (Fig. 1B) and immu-
nohistochemistry (Fig. 1C) were used to determine whether
the mouse model was successfully established. The H&E
staining results showed that the mice in the normal group had
no obvious inflammatory cell infiltration, no necrosis, and had
a clear liver lobular structure. In the model group, destruc-
tion of liver lobules, local hyperplasia, and inflammatory
cell infiltration were observed, and necrosis and extravasated
blood was present. In addition, the Masson staining results
showed that the mice in the normal group had normal liver
tissue, a low degree of fibrosis, and liver cells were arranged
radially with the central vein at the centre and no collagen
fiber proliferation. By contrast, the mice in the model group
had significantly increased liver fibrosis, liver lobular destruc-
tion, irregular hepatic cords, collagen fiber, hyperplasia, and
an enlarged liver collagen area. The immunohistochemistry
results showed that the cells with positive expression of



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE

25pm

Normal

43: 103-116, 2019

109

.

Model

Figure 2. Purity and viability of mouse HSCs. (A) Expression of Desmin in the isolated HSCs under a fluorescence microscope in the normal group (magnification,
x200). (B) Expression of desmin in the isolated HSCs under a fluorescence microscope in the model group (magnification, x200); HSCs, hepatic stellate cells.
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Figure 3. Establishment of mouse hepatic stellate cell lines stably expressing Galectin-1 at low or high levels. (A) RT-qPCR results show that the mRNA
expression level of Galectin-1 was higher in the overexpressed Galectin-1 groups. (B) A western blot assay and (C) quantification of results confirmed that
the protein expression level of Galectin-1 was higher in the overexpressed Galectin-1 groups; "P<0.05 vs. control group. (D) RT-qPCR results that the mRNA
expression level of Galectin-1 was highest for siRNA1 among the shRNA groups. (E) A western blot assay and (F) quantification confirmed that the protein
expression level of Galectin-1 was highest for hRNA1 among the shRNA groups; "P<0.05 vs. sh-NC group; “P<0.05 vs. shRNAI group; “P<0.05 vs. sShtRNA2
group. sh, short hairpin RNA; NC, negative control; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RT-qPCR, reverse transcription-quantitative

polymerase chain reaction.

o-SMA and Desmin were light yellow. The normal group
had a relatively small number of cells with a-SMA-positive
expression in the artery wall and vein wall in the portal area,
and a relatively small number of cells with Desmin-positive
expression around the hepatic sinusoid, whereas other regions
had none of these features. In the model group, the cells with
a positive expression of a-SMA and Desmin and the fibrosis
condition exhibited the same trend. Compared with that in
the normal group, the model group had an increased number
of cells with positive expression of a-SMA and Desmin
(P<0.05).

Purity and viability of the mHSCs. Subsequently, the mHSCs
were identified. Undera fluorescence microscope,>90% percent
of the cells emitted a blue-green fluorescence (Fig. 2A and B).
Therefore, the isolated cells were verified as mHSCs, and the
purity and viability of these isolated mHSC were 90 and 95%,
respectively.

Establishment of mHSC lines stably transfected with a high
or low expression of Galectin-1. Compared with those in the
NC group, the overexpression group had elevated mRNA and
protein expression levels of Galectin-1 (P<0.05), indicating
that it was suitable for use to construct mHSC lines stably
expressing the overexpressed Galectin-1 plasmid (Fig. 3A-C).
Compared with those in the sh-NC group, the shRNAI,
shRNA2 and shRNA3 groups showed decreased mRNA
and protein expression of Galectin-1 (all P<0.05), with the
lowest mRNA and protein expression levels of Galectin-1 in
the shRNA3 group. Therefore, shRNA3 was selected for the
establishment of the cell line stably expressing the Galectin-1
low expression plasmid (Fig. 3D-F).

Cells transfected with sh-Galectin-1 show decreased expres-
sion of Galectin-1, TGF-f1, CTGF and o-SMA in mHSCs from
mice with liver fibrosis. To investigate the effect of Galectin-1
on mHSCs, RT-qPCR and western blot assays were performed,



110

JIANG et al: EFFECTS OF GALECTIN-1 ON HSCs IN LIVER FIBROSIS

== Normal == Normal
A = Model B C = Hgdm
-
== NC . Galectin-1 e=—— S— ". — Overexpressed Galectin-1
S 4- QOverexpressed Galectin-1 <4 = Sh-Galectin-1
B mm Sh-Galectin-1 2 %9 .
3 St msene TOF-p1 w— - - D —— 2 = sh ':C
s3] I a3d34 # . T
ﬁ N CTGE ——— — e G —— — : I
zZ21 sl 4 5 21
€ z iy 4 ‘{ a-sMa == [P s
@ 1 1 3 - 3 T - * -
s 2k ' — — — — — — 2!
s : GAPDH 3
@ 0 , R o= - 2 0
Galectin-1 TGF-p1  CTGF  o-SMA § 8 2 %z z 2 % Galectin1TGF-p1 CTGF a-SMA
g9 w©
80 9
@ L
& ®

Figure 4. Downregulation of Galectin-1 inhibits expression of Galectin-1, TGF-f1, CTGF and a-SMA in mHSCs. (A) Reverse transcription-quantitative
polymerase chain reaction analysis confirmed that silencing Galectin-1 downregulated the mRNA expression levels of Galectin-1, TGF-f1, CTGF and a-SMA
in mHSCs. (B) A western blot assay and (C) quantification confirmed that silencing Galectin-1 downregulated the protein expression levels of Galectin-1,
TGF-B1, CTGF and a-SMA in mHSCs. "P<0.05 vs. normal group; “P<0.05 vs. model group. mHSCs, mouse hepatic stellate cells; TGF-B1, transforming
growth factor-f1; CTGF, connective tissue growth factor; a-SMA, a-smooth muscle actin; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; sh, short

hairpin RNA; NC, negative control.
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Figure 5. Galectin-1 silencing is a negative factor for mouse hepatic stellate cell proliferation. (A) An MTT assay confirmed that proliferation was inhib-
ited by a low expression of Galectin-1; (B) Results of the western blot assay and (C) quantification confirmed that the protein expression level of PCNA
was downregulated by the low expression of Galectin-1. “P<0.05 vs. normal group; “P<0.05 vs. model group. PCNA, proliferating cell nuclear antigen;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; sh, short hairpin RNA; NC, negative control; OD, optical density.

and the results are presented in Fig. 4A-C. Compared with
those in the normal group, the expression levels of Galectin-1,
fibrosis process effector cytokines (TGF-f1 and CTGF), and
activated molecule (a-SMA) in the other five groups were
increased (all P<0.05). Compared with those in the model
group, no significant differences were found in the expression
levels of Galectin-1, TGF-f1, CTGF or a-SMA in the NC and
sh-NC groups (all P>0.05). The overexpressed Galectin-1
group had higher expression levels of Galectin-1, TGF-f1,
CTGF and a-SMA (all P<0.05) compared with those in the
model group, whereas the sh-Galectin-1 group had lower
expression levels of Galectin-1, TGF-p1, CTGF and a-SMA
(all P<0.05) compared with the model group. Taken together,
decreased Galectin-1 was a negative factor for the expression
of Galectin-1, TGF-f1, CTGF and a-SMA in the mHSCs from
mice with liver fibrosis.

Galectin-1 gene silencing suppresses cell proliferation of
mHSCs from mice with liver fibrosis. Subsequently, the impact
of Galectin-1 on mHSC proliferation was determined using
the MTT and western blot assays. The MTT results (Fig. 5A)
showed no significant difference in the OD values among

groups at the O and 24 h time-points (P>0.05). Compared
with those in the normal group, the OD values at 48 and 72 h
in the other five groups were elevated, suggesting increased
cell proliferation (P<0.05). Compared with that in the model
group, there were no significant differences in the OD values
of the NC and sh-NC groups (P>0.05), whereas the overex-
pressed Galectin-1 group had an increased OD value (P<0.05),
suggesting increased cell proliferation, and the sh-Galectin-1
group had a decreased OD value (P<0.05). A western blot assay
was also used to further examine the expression changes in the
proliferation-related protein PCNA triggered by the upregula-
tion of Galectin-1. The protein expression of PCNA was higher
in the cells transfected with the overexpression Galectin-1
plasmid, however, this trend was reversed by transfection
with sh-Galectin-1 (P<0.05; Fig. 5B and C). Considering the
above results, it was concluded that the decreased expression
of Galectin-1 exerted a negative effect on the proliferation of
mHSCs from mice with liver fibrosis.

Galectin-1 gene silencing induces cell apoptosis and decreases
cell cycle progression in mHSCs from mice with liver fibrosis.
To examine how the cell cycle and apoptosis of mHSCs were



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 43:

103-116, 2019

111

A Normal Model NC
800 800 800
5 600 5600 5 600 B
£ £ £ = Normal
S 400 =400 S 400 we Model
= = = = NC
200 200 200 QOverexpressed Galectin-1
m sh-Galectin-1
o L o G 0 i ws sh-NC
0 30 60 90 120 150 0 30 60 90 120 150 0 30 60 90 120 150
Channels (FL2-H) Channels (FL2-H) Channels (FL2-H)
Overexpressed sh-Galectin-1 sh-NC
800 Galectin-1 800 800
800 600
5 3
£ 400 [ 400
= =1
z z
200 200
0 30 60 90 120 150 0 30 60 90 120 150 0 30 60 90 120 150
Channels (FL2-H) Channels (FL2-H) Channels (FL2-H)
C ?3 Normal ?—_‘ Model ?: NC
%] = D
30
T k=3 g
i3
- - = 20
=% (=2 o
EF 13 £
o SE il _ Nt g 10
100 100 10" 102 10® 10* 10° 10" 10% 10% 10f 2
FITC FITC 0
- . in- = - T s OFT T Q
é Overexpressed Galectin-1 é sh-Galectin-1 =) sh-NC E § 28 =
5 = 9T © £
=z =2 z @
j=%
= ?] 2 £8 8
£T
T % ) 3 & *
2 2] 2
S 1l S E =k
10° 10" 10?7 10° 10* 10° 10' 10% 10° 10* 10° 10" 10% 10°® 10°
FITC FITC FITC
== Normal
F == Model
g 15 OhveGrefe%esst Galectin-1
. 5 = sh-Galectin-
BCI2  cn e m— e p - 8 = sh-NC
Cleaved 5]
caspase-3 - e é 1.0
Caspase-3 MG -
205
GAPDH gup g o 0 s 8. ©
o
= T O D= - [&] =
E 8§ 28c ¢ 2 Fo
g = 28 8 & I Bcl-2 Cleaved caspase-3/
%8 & caspase-3
) =
> o
[s]

Figure 6. Silencing the expression of Galectin-1 increases cell apoptosis and delays cell cycle progression in mouse hepatic stellate cells. (A) Flow cytometric
analysis and (B) quantification showed that a low the expression of Galectin-1 suppressed cell cycle progression. (C) Flow cytometric analysis confirmed that
a low expression of Galectin-1 accelerated cell apoptosis; (D) apoptotic rate in each group; (E) Bcl-2, cleaved caspase-3 and caspase-3 protein bands in each
group; (F) levels of Bel-2 and cleaved caspase-3/caspase-3 in each group; "P<0.05 vs. normal group; “P<0.05 vs. model group. sh, short hairpin RNA; NC,
negative control; Bcl-2, B-cell lymphoma-2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

affected by Galectin-1, flow cytometry and western blot
assays were performed. The flow cytometry results (Fig. 6A
and B) showed that, compared with that in the normal group,
the numbers of cells arrested at the GO/G1 phase in the other
five groups were decreased, whereas more cells were arrested
at the S phase. The other five groups also showed inhibited
cell apoptotic rates compared with that in the normal group
(P<0.05). Compared with those in the model group, the

number of cells in the G2/M phase and the cell apoptotic rate
in the NC and sh-NC groups were not significantly different
(P>0.05). Furthermore, the overexpressed Galectin-1 group
had fewer cells that were arrested at the GO/G1 phase and more
cells that were arrested at the S phase compared with numbers
in the model group. The overexpressed Galectin-1 group
also showed an inhibited cell apoptotic rate compared with
that in the model group (P<0.05), whereas the sh-Galectin-1
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Figure 7. Silencing the expression of Galectin-1 inhibits mitochondrial
function in mouse hepatic stellate cells. “P<0.05 vs. normal group; “P<0.05
vs. model group. sh, short hairpin RNA; NC, negative control; MFI, mean
fluorescence intensity.

group showed the opposite trend (P<0.05; Fig. 6C and D).
The western blot assay results (Fig. 6E and F) indicated
that, compared with those in the normal group, the protein
expression levels of the apoptosis-related protein Bcl-2 in the
other five groups were markedly higher, with lower protein
expression levels of cleaved caspase-3/caspase-3 observed
(all P<0.05). Compared with those in the model group, no
significant differences were found in the levels of Bcl-2 and
cleaved-caspase-3/caspase-3 in the NC and sh-NC groups
(P>0.05), whereas the overexpressed Galectin-1 group had an
increased protein expression of Bcl-2 and decreased protein
expression of cleaved-caspase-3/caspase-3 compared with
levels in the model group. The trend in the sh-Galectin-1
group was the opposite of that in the overexpressed Galectin-1
group (P<0.05). In summary, decreased Galectin-1 promoted
apoptosis and inhibited cell cycle progression of mHSCs from
mice with liver fibrosis.

Galectin-1 gene silencing decreases mitochondrial function
in mHSCs from mice with liver fibrosis. Rhodamine 123
staining and flow cytometry were utilized to assess the cell
mitochondrial membrane potential. Compared with the
normal group, the mitochondrial MFI in the other five groups
exhibited a significant increase (all P<0.05). Compared with
the model group, no notable change in the MFI was observed
in the sh-NC and NC groups (P>0.05), however, the MFI in the
overexpressed Galectin-1 group was significantly increased
and that in the sh-Galectin-1 group was significantly decreased
(P<0.05) (Fig. 7). These findings suggested that the decreased
expression of Galectin-1 reduced mitochondrial function in
the mHSCs from mice with liver fibrosis.

Galectin-1 gene silencing inhibits the cell migration ability
of mHSCs from mice with liver fibrosis. In addition, a scratch
test was used to determine changes in the migration abilities
of the mHSCs. The scratch test results (Fig. 8A and B) showed
that, compared with that in the normal group, the cell migra-
tion abilities at 48 h in the other five groups were increased
(P<0.05). No significant difference was observed in the cell

JIANG et al: EFFECTS OF GALECTIN-1 ON HSCs IN LIVER FIBROSIS

migration abilities among the model group, NC and sh-NC
groups (P>0.05). The overexpressed Galectin-1 group exhib-
ited increased cell migration ability (P<0.05), whereas the
sh-Galectin-1 group exhibited decreased cell migration ability
(P<0.05). Therefore, it was concluded that the decreased
expression of Galectin-1 had a negative effect on the cell
migration ability of mHSCs from mice with liver fibrosis.

Galectin-1 gene silencing improves liver fibrosis. Finally,
H&E staining, Masson staining, immunohistochemistry and
ELISA were performed to observe the effect of Galectin-1
on liver fibrosis. As shown in Fig. 9A and B, the patho-
logical results showed that liver fibrosis was reduced in the
sh-Galectin-1 group, as a low level of inflammatory cell
infiltration and a marginally increased liver cell volume with
a cord-like arrangement were observed, with no apparent
necrosis, interstitial hyperplasia or fibrosis. The immunohis-
tochemistry results (Fig. 9C) demonstrated that, compared
with the Sh-NC group, the positive protein expression of
a-SMA and Desmin was decreased in the sh-Galectin-1 group
(P<0.05). The ELISA results (Fig. 9D) showed that, compared
with those in the sh-NC group, the expression levels of ALT,
AST and Tbil were reduced and the expression level of ALB
was increased in the sh-Galectin-1 group (P<0.05). Western
blot analysis (Fig. 9E) suggested that the protein expression
of Galectin-1 was decreased in the sh-Galectin-1 group
and increased in the sh-NC group (P<0.05). In conclusion,
Galectin-1 silencing ameliorated liver fibrosis.

Discussion

Liver fibrosis is a chronic progressive liver disease that results
from one or more etiologies, including autoimmune reactions,
alcohol, viruses, long-term drug damage, parasites, and the
repeated impact of liver damage (26). Orthotopic liver trans-
plantation is the most useful treatment, however, shortages of
donor tissues and organs restrict its wide application (27,28).
Galectins have emerged as a significant regulator of cellular
physiology (29). Over the last 10 years, various biological func-
tions have been demonstrated for this protein family, as they
have been shown to be involved in cell migration, adhesion,
survival and cytokine synthesis (19,30). Therefore, the present
study investigated and demonstrated the role of Galectin-1 in the
activation, proliferation and apoptosis of HSCs in a liver fibrosis
mouse model. It was shown that silencing the gene expression
of Galectin-1 reduced liver fibrosis by suppressing the activation
and proliferation and accelerating the apoptosis of mHSCs.
The present study found that mice with liver fibrosis
had increased expression levels of ALT, AST and Tbil, but
showed reduced expression of ALB. ALT is a liver enzyme
commonly used to screen for hepatic disease and liver injury
in humans (31). Persistently normal ALT is associated with a
good long-term prognosis, whereas certain increases in ALT
levels are associated with increased mortality and morbidity
rates in chronic hepatitis B virus infection (32). The AST, ALT
and y-glutamyl transferase parameters are regarded as impor-
tant markers of liver damage assessment (33). The association
between liver fibrosis and ALT has been examined in previous
studies, and ALT has been shown to exert an important effect
on liver fibrosis via its interaction with proinflammatory cyto-
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Figure 9. Silencing the expression of Galectin-1 ameliorates liver fibrosis. (A) Hematoxylin and eosin staining results verified that mice in the sh-Galectin-1
group had a small amount of inflammatory cell infiltration (magnification, x200). (B) Masson staining results verified that mice in the sh-Galectin-1 group
had significantly decreased liver fibrosis (magnification, x200). (C) Immunohistochemistry results verified that mice in the sh-Galectin-1 group had decreased
positive expression for a-SMA and Desmin (magnification, x200). (D) ELISA demonstrated that the expression levels of ALT, AST and Tbil were decreased,
whereas that of ALB was increased by Galectin-1 gene silencing. (E) Western blot assay results demonstrated that Galectin-1 was expressed at a low level
in the sh-Galectin-1 group; "P<0.05 vs. sh-NC group. a-SMA, a-smooth muscle actin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
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kines and chemokines (34,35). Liver function is often examined
by determining the serum levels of ALT, alkaline phospha-
tase (ALP), AST, Tbil, and lactate dehydrogenase (LDH) to
evaluate the hepatic fibrosis condition, and reduced serum
activities of ALT, AST, ALP and TBil indicate alleviated liver
damage (36). AST is also considered to be involved in liver
fibrosis, and it is used with the platelet ratio index to evaluate
the development of liver fibrosis in infants with a shortened
gut (37,38). In addition, a previous report indicated a correla-
tion between TBil and liver disease, finding that liver patients
with elevated Tbil levels had a significantly increased number
of glycans modified with al-6 fucose, which is a marker of
hepatocellular carcinoma (39). Advanced cirrhosis features a
reduced concentration of ALB, and impaired ALB function
is the result of specific structural changes together with oxida-
tive damage (40). In addition, HSCs exert key effects on liver

fibrosis, and HSC inactivation is commonly considered an
effective therapeutic approach (41).

In the present study, Galectin-1 silencing decreased the
mRNA and protein expression levels of TGF-B1, CTGF
and a-SMA, but increased that of ALB. The expression of
Galectin-1, carbohydrate-binding protein, which has an affinity
for B-galactoside, is high among isolated activated pancreatic
stellate cells (42-44). Galectin-1 is reportedly overexpressed in
various types of tumors, including colorectal cancer, gastric
cancer, and hepatocellular carcinoma (45-47). Pancreatic
ductal adenocarcinoma cells secrete TGF-f1 cytokines, and
the expression of Galectin-1 is associated with the paracrine
secretion of TGF-f1 (44). Further investigation into the mech-
anism by which Galectin-1 promotes the TGF-f1-induced
differentiation of fibroblasts has revealed that knocking down
Galectin-1 reduces the phosphorylation and nuclear retention
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of mothers against decapentaplegic 2 (Smad2), which may be
responsible for delaying the differentiation of fibroblasts by
sustaining the nuclear localization of Smad2 (48). a-SMA, a
widely featured cytoskeletal protein, represents myofibroblast
differentiation, whereas TGF-P1 triggers the expression of
a-SMA, offering a promoted myofibroblast contractile event
that is involved in tissue remodelling (49). Upon liver injury,
quiescent HSCs become activated and then transform into
myofibroblast-like cells, which are invariably associated with
positive staining for a-SMA and markedly elevated synthesis
of ECM proteins (8). The expression of Galectin-1 was reported
to be positively correlated with a-SMA in oral squamous cell
carcinoma specimens, and Galectin-1 knockdown decreased
the expression of a-SMA (50). In addition, Galectin-1 modu-
lates the expression of hypoxia-related genes, including CTGF,
which are implicated in angiogenesis (51). A previous report
showed that ALB, which inhibits HSC activation, is endoge-
nously expressed among quiescent HSCs (52). As the previous
data are in line with the findings of the present study, it was
concluded that the low expression of Galectin-1 decreased the
mRNA and protein expression levels of Galectin-1, TGF-pl1,
CTGF and a-SMA, but elevated that of ALB.

Furthermore, the silencing of Galectin-1 inhibited the
proliferation and migration and induced the apoptosis of
mHSCs. High serum levels of Galectin-1 correlate with
tumor aggression (53-55) and a metastatic phenotype (56-58).
Similar to neuroblastoma (59), breast cancer (60), and oral
squamous cell carcinoma, Galectin-1 enhances the prolifera-
tion and migration of lung adenocarcinoma (61). Galectins are
known as a growing group of f-galactoside binding animal
lectins and are implicated in biological behaviors, including
proliferation and apoptosis, by binding to complementary
glycoconjugates (62). PCNA, which was upregulated by
Galectin-1 in the present study, has received attention due to
its role in proliferation (63,64). In addition, PCNA is expressed
in the nuclei of plant, yeast and animal cells that undergo cell
division, indicating that it functions in DNA replication and/or
cell cycle regulation (65). The present study also revealed that
Galectin-1 decreased the expression levels of Bcl-2, CTGF and
Caspase-3. Proteins in the Bcl-2 family are effective regulators
of mitochondrial membrane integrity and are vital in the control
of apoptosis (66). Galectin-1, which shows marked expression
in naive and IgM* memory B cells, affects cell survival and
death by regulating the Bcl-2-regulated pathway (67). The
overexpression of Bcl-2 protects HSCs against oxidative stress
and may affect the progression of fibrosis in chronic liver
diseases (68). A previous study revealed that serum CTGF is
associated with the stage of liver fibrosis, indicating that it is an
important indicator of liver fibrosis and may be a useful marker
for the assessment of the liver fibrosis (69). Serum CTGF levels
in patients with hepatitis B are significantly elevated compared
with those in controls (70). Caspase-3 activity is also regarded
as a marker of apoptosis in fibrosis studies in vivo (71). In
conclusion, the present study demonstrated that Galectin-1
enhanced the activation and proliferation, but suppressed the
apoptosis of HSCs from a mouse model of liver fibrosis, which
may provide a basic foundation for hepatic diseases. These
findings indicated that Galectin-1 may be a future therapeutic
candidate for liver fibrosis. However, due to the limited data and
conditions examined, improvements are required in the future.
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