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Polaprezinc inhibits liver fibrosis and
proliferation in hepatocellular carcinoma
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Abstract. Hepatic fibrosis is defined as a pathological process,
and activation of hepatic stellate cells (HSCs) is believed to
be the key event of liver fibrosis. Additionally, activated HSCs
may participate in the formation of the tumor microenviron-
ment. Polaprezinc, a protector of the gastric mucosa, has been
recently demonstrated to be an inhibitor of liver fibrosis in a
mouse model. Proliferation and colony formation assays were
performed to determine the inhibitory effects of polaprezinc
on the growth of LX-2 and hepG2 cells. A migration assay
was used to evaluate the change in mobility of LX-2 cells
and quantitative polymerase chain reaction was performed to
detect the expression levels of key markers of fibrosis. Finally,
a gene chip assay for polaprezinc-treated hepG2 cells was
performed to evaluate the effect of polaprezinc on the hepG2
gene expression profile. The proliferation assay indicated
that polaprezinc may inhibit the LX-2 cell proliferation and
the migration assays confirmed the inhibition of mobility.
The expression levels of fibrotic markers such as collagen I,
fibronectin and a-smooth muscle actin were downregulated
following polaprezinc treatment. The proliferation activity
of polaprezinc-treated hepG2 cells was reduced and the gene
chip assay indicated that series of gene expression changes
associated with cancer migration, cell skeletal organization
and proliferation had occurred. In conclusion, polaprezinc
treatment mayinhibit the proliferation of hepatocellular carci-
noma cells and reverse liver fibrosis by deactivating HSCs.
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The present findings suggest that polaprezinc provides a novel
treatment for patients with gastritis complicated with cirrhosis.

Introduction

Hepatocellular carcinoma (HCC) is one of the most chal-
lenging malignancies worldwide, particularly in China and
statistical data revealed that more than half a million indi-
viduals succumb to HCC annually worldwide (1,2) and HCC
is the third most common cause of cancer-associated death.
HCC is known for its quick progression, high mortality and
resistance to majority of chemotherapy types, making pallia-
tive care the only available choice (3). Additionally, in most
cases patients with HCC are already at the advanced stage
by the time of diagnosis. Therefore, it is important to develop
therapies that effectively block the initial onset of HCC.

Fibrosis is the process by which fibrogenic cells overpro-
duce large quantities of extracellular matrix (ECM) under
specific pathological conditions (4,5), such as hepatitis B virus
and hepatitis C virus infection. It has been previously esti-
mated that up to 90% of patients with HCC exhibit advanced
liver fibrosis or cirrhosis (6-8). The quiescent hepatic stellate
cells (HSCs), which reside in the perisinusoidal space are
the major producers of ECM in the liver, and production of
ECM is believed to be the key event of liver fibrosis (9-11).
Once activated by pathological factors such as viral infection,
HSCs secrete fibrillar collagens, particularly type I and II1, to
remodel hepatic tissue, favoring a liver microenvironment that
facilitates carcinogenesis by promoting angiogenesis, chronic
inflammation and oxidative stress (12-15). Additionally, acti-
vated HSCs may participate in the formation of the tumorous
environment to promote proliferation, transformation and
invasion of HCC (16-18). Collectively, these previous findings
suggest that HSCs are an ideal target for HCC treatment.

The development of effective therapies that specifically
target HSC remains a challenge. This may due to several
factors: There is a HSC-dependent pathway driving hepato-
carcinogenesis is elusive, drug-specific multiple transport
receptors for drug delivery are lacking in HSCs, and avail-
able candidate compounds, including cytokines and short
interfering (si)RNAs administered systemically are subject to
fast degradation in the plasma due to their short half-lives (19).
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Furthermore, the physiological function of HSCs is essential
during liver hemostasis; therefore, suppression of their activa-
tion maybe harmful.

Polaprezinc, a zinc complex of L-carnosine, is widely used as
a gastric mucosal protector to treat gastric ulcers and a previous
study revealed it may inhibit liver fibrosis in mice (20). Although,
it was believed that HSCs are involved in polaprezinc-induced
reversal of liver fibrosis, more evidence is required to confirm
this hypothesis. Cirrhosis is believed to be an irreversible
process; however, a previous study indicated that liver fibrosis,
which occurs at the early stages of cirrhosis, maybe reversed
by inhibiting HSC activation and proliferation (21). The present
study aimed to describe the mechanism by which polaprezinc
inhibits HSC proliferation and ECM production, along with
HCC formation and progression. These findings may elucidate
the mechanism by which polaprezinc blocks HCC development.

Materials and methods

Cell culture. LX-2 human HSC line, and hepG2 and huh7
human hepatic cancer cell lines were purchased from the cell
bank of the China Academy of Medical Science (Shanghai,
China) and cultured in RPMI 1640 medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
with 10% fetal bovine serum (FBS, Gibco; Thermo Fisher
Scientific, Inc.). The cells were maintained at 37°C in 5% CO,.

Cell proliferation assays. LX-2 or hepG2 cells were seeded
at a density of 1x10%/well in 96-well plates containing 0.2 ml
RPMI 1640 medium with 10% FBS at 0, 8, or 16 ug/ml respec-
tively. Then 20 ul MTS (Promega Corporation, Madison, WI,
USA) reagent was added to each well and incubated at 37°C for
4 h. The absorbance values were measured at 490 nm using a
microplate reader (Bio-Rad Laboratories, Hercules, CA, USA)
and assessed daily for up to 6 days.

Colony forming assay. The proliferation of cells was assessed
using a colony formation assay. Approximately 500 cells were
seeded per well of a 24-well plate. Following incubation at
37°C for 14 days, the cells were washed twice with PBS, fixed
with methanol and stained with 0.1% crystal violet for 15 min
at room temperature. The number of colonies containing more
than 300 cells was counted under an inverted microscope
(DMI4000; Leica Microsystems GmbH, Wetzlar, Germany).

In vitro migration assay. Transwell insert chambers with an
8-um porous membrane (Corning, Corning, NY, USA) were
used for the assay. Cells were washed three times with PBS
and 5x10* cells were added to the top chamber in serum-free
medium. The bottom chamber was filled with RPMI 1640
medium containing 15% FBS. Cells were incubated for 24 h
at 37°C in 5% CO,. To quantify the migrating cells, cells in
the top chamber were removed using a cotton-tipped swab, the
migrated cells were fixed in methanol and stained with 0.1%
crystal violet for 15 min at room temperature. The cells were
observed under an inverted microscope (magnification, x100;
DMI4000; Leica Microsystems GmbH).

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). LX-2 cells were treated with O or 8 pg/ml
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polaprezinc (donated by Jilin Broadwell Pharmaceutical Co.
Ltd., Jilin, China) for 7 days. Total RNA was extracted from
the cultured cells using an RNeasy mini kit (Qiagen GmbH,
Hilden, Germany) and treated with RNase-free DNase I
(Qiagen GmbH) according to the manufacturer's protocol.
The RNA was reverse-transcribed into cDNA using Reverse
Transcriptase M-MLV (Promega Corporation). The reactions
were incubated at 42°C for 60 min and then inactivated at
95°C for 10 min. The expression of collagen I, fibronectin and
a-smooth muscle actin (a-SMA) was measured using SYBR
Green PCR Master mix (Thermo Fisher Scientific, Inc.) on
the Step One Plus system (Thermo Fisher Scientific, Inc.).
The semi-qualification results were analyzed with the AACq
methods as formerly defined by Livak and Schmittgen (22).
The primers used for qPCR analysis were as follows: Collagen
I forward (F) 5-TTGCCTGTGTCTGAAACGCT-3' and
reverse (R) 5"TGACGAGTGTCCGGTAGTC-3"; fibronectin
F 5-ATTGCCAACCTTTACAGACC-3' and R 5-GAGTTG
TTGGCTCAAAAGC-3'; a-SMA (F) 5-TCCACCTTCCAG
CAGATGTGG-3" and R 5-ACGAGTCAGAGCTTTGGC
T-3'; GAPDHF 5-GGAGCGAGATCCCTCCAAAAT-3' and
R 5-GGCTGTTGTCATACTTCTCATGG-3" Cycling condi-
tions were 10 min at 95°C for initial denaturation, followed by
40 cycles of 15 sec at 95°C for denaturation, 30 sec at 60°C for
combined annealing and 30 sec at 72°C for primer extension.
Each sample was run in triplicate and the gene expression
levels were normalized to that of GAPDH expression.

Gene chip analysis. After 7 days of treatment with polaprezinc
at 0 or 16 pug/ml, total RNA from hepG2 cells was extracted
using the TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.)
method. A NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies; Thermo Fisher Scientific, Inc.) was used to deter-
mine RNA concentration. The criteria for absorbance ratios was
established as A,q)/A,50Z1.8 and A,4/A,5,Z1.5. The criteria for
the RNA integrity number value was set at 46. Genomic DNA
contamination was evaluated by gel electrophoresis. Microarray
analysis was performed using OneArray (array version HOA
7.1), which contains 31,741 mRNA probes, detecting 20,672
genes in the human genome (data may be downloaded from
www.ncbi.nlm.nih.gov; GEO no. GSE101305).

Statistical analysis. Data are presented as the mean + standard
error. One-way analysis of variance followed by Fisher's
least significant difference test was used for multiple group
comparisons; otherwise, data were analyzed using a two-tailed
unpaired Student's t-test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Polaprezinc suppresses hepatic stellate cell growth in vitro.
Proliferation experiments were performed on the LX-2, huh7
and hepG?2 cell lines (Fig. 1). The in vitro experiments revealed
that the number of proliferating LX-2 cells treated with 8 or
16 ug/ml polaprezinc after 3 days was significantly lower
than that of cells treated with O pg/ml polaprezinc (Fig. 1A;
Day 3, P=0.0025; Day 4, P<0.0001; Day 5, P<0.0001; Day
6, P=0.0002; 0 vs. 8 ug/ml), while there was no significant
difference between 8 and 16 pg/ml polaprezinc. These results
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Figure 1. Growth and colony formation assays in LX-2 human hepatic stellate
cells, and hepG2 and huh7 human hepatic cancer cell lines. Cell proliferation
of (A) LX-2 and (B) hepG2 cells exposed to polaprezinc and controls. “P<0.05
vs. 0 pg/ml. (C) Colony formation assays of hepatic cancer cells and hepatic
stellate cells. "P<0.05.

indicate that therapeutic concentrations of polaprezinc may
inhibit proliferation of HSCs. The proliferation inhibition in
human hepatic stellate cells could not be compared in plate
cloning experiment as LX-2 could not form cell clones (0 vs.
8 pg/ml, P=0.881; 0 vs. 16 ug/ml, P=0.9702).

Polaprezinc suppresses hepatocellular carcinoma cell growth
in vitro. In vitro cell proliferation experiments indicated that
the number of hepG2 cells was significantly reduced following
treatment with 8 or 16 ug/ml polaprezinc, compared with
0 pg/ml polaprezinc, after 5 days (Fig. 1B; Day 5, P=0.0033;
Day 6, P<0.0001; O vs. 8 ug/ml), whereas there was no
significant difference between the 8 and 16 ug/ml polapre-
zinc treatments. Moreover, polaprezinc significantly inhibit
proliferation of human hepatoma cells huh7 (0 vs. 8 pg/ml,
P=0.0131; 0 vs. 16 ug/ml, P<0.0001) and hepG2 (0 vs. 8 ug/ml,
P=0.0527; 0 vs. 16 pug/ml, P<0.0001) in plate cloning experi-
ments. The aforementioned findings revealed that therapeutic
concentrations of polaprezinc may inhibit the proliferation of
human hepatocellular carcinoma cells (Fig. 1C).

Polaprezinc inhibits migration of hepatic stellate cells
in vitro. The viability of HSCs is associated with the progres-
sion of liver cirrhosis. The Transwell assay was used to
analyze cell viability as this is an essential prerequisite for cell
migration. The results indicated that the migratory ability
of LX-2 cells was significantly reduced following treatment
with 8 pg/ml polaprezinc, suggesting that polaprezinc may
improve liver cirrhosis by inhibiting HSC viability (Fig. 2;
P=0.0082).

Polaprezinc inhibits fibrotic marker levels in hepatic stel-
late cells. Liver fibrotic markers are important serological
indicators for monitoring cirrhosis progression. The present
study demonstrated that the mRNA levels of hepatic fibrotic
indicators including collagen I, fibronectin and a-SMA were
significantly reduced in LX-2 cells treated with 8 pg/ml
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Figure 2. Effects of polaprezinc treatment on LX-2 human hepatic stellate
cell migration. (A) Representative photographs of cell migration assays of
LX-2 cells treated with polaprezinc, compared with controls. (B) Statistical
analysis of cell migration assays. "P<0.05.

Gene expression
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a-SMA

Fibronectin
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Figure 3. Effects of polaprezinc on the mRNA expression of fibrotic markers
including collagen I, fibronectin and a-SMA were analyzed using reverse
transcription-quantitative polymerase chain reaction. a-SMA, asmooth
muscle actin. "P<0.05.

collagen |

polaprezinc compared with those treated with 0 yg/ml (Fig. 3;
collagen I P<0.0001; fibronectin P=0.0008; a-SMA P=0.0004).

Gene ontology enrichment analysis based on function.
Treatment with 16 pg/ml polaprezinc inhibited the growth of
liver cancer cells. HepG2 cells were treated with O or 16 zg/ml
polaprezinc for 7 days and RNA was extracted by the TRIzol
method. Based on the gene ontology (GO) database (david.
nciferf.gov), differentially expressed genes (DEGs) were
identified in cells treated with 16 vs. O pg/ml polaprezinc
and 202 DEGs were found to be altered >1.5-fold. According
to biological process, the DEGs were primarily associated
with extracellular stimuli for the regulation of cell growth,
chemotaxis, behavior and cell surface receptor-linked signal
transduction, such as the G-protein-coupled receptor signaling
pathway. Cellular component classification revealed that the
DEGs were associated mainly with the cytoskeleton, integral
to membranes. Biological functional classification indicated
that the DEGs were associated primarily with cytoskeletal
protein binding, including actin binding, such as tropomyosin
binding (Fig. 4).

Discussion
Various methods have been considered to treat liver fibrosis,

most of which may inhibit myofibroblast activation by
targeting the transforming growth factor-f (TGF-f) signaling
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Figure 4. (A) Hierarchical clustering of differentially expressed genes and (B) GO enrichment analysis of the top differentially expressed mRNAs. GO, gene

ontology.

axis, which is one of the most potent stimuli of extracel-
lular matrix synthesis. Fan ef al (23) and Ling er al (24)
demonstrated that TGF-f neutralization in animal models
attenuated liver fibrosis and prevented development of chol-
angiocarcinoma (23,24). Additionally, the anti-human-TGF-f
monoclonal antibody fresolimumab has been developed and is
under clinical investigation for several malignancies (25,26).
The TGF-f Ser/Thr kinase receptor (TGFBR1) is necessary for
TGF-p signal transduction and the TGFfR1 inhibitor GW6604
(2-phenyl-4-(3-pyridin-2-yl-1H-pyrazol-4-yl)-pyridine) has
been previously reported to be effective in ECM deposition
and improving liver function in mice (27). Furthermore, the
TGF-p-regulated gene connective tissue growth factor (CTGF)
is recognized as a specific promoter of fibrosis and small
interfering RNA-mediated CTGF knockdown blocked C-C
motif chemokine ligand 4-induced liver fibrosis (28). However,
TGF-p-inhibition may also induce some unwanted side effects,
including sustained inflammation and an increased risk of
carcinogenesis. The present study introduced a novel therapy
to reverse liver fibrosis, polaprezinc, a drug that is widely used
to treat gastric disease with acceptable toxicity and that is
more economical compared with newly developed molecular
drugs targeting the TGF-f pathway.

Previous studies indicate that liver fibrosis maybe reversed
or even eliminated by immediate therapies, including hepa-
tocyte protection and regeneration, as well as deactivation
of HSCs, which are the primary source of fibrosis in the
liver (29-32). Therefore, it is possible to control liver fibrosis by
targeting HSCs. Fibronectin, collagen I, and a-SMA are asso-
ciated with HSC activation. a-SMA production may induce

conversion of HSCs into myofibroblasts and is a hallmark
of HSC activation (33), accompanied by deposition of ECM,
which contains type I collagen and fibronectin (34,35).

Polaprezinc is widely used as a protector of the gastric
mucosa and previous studies have confirmed that it may
inhibit liver fibrosis in mice (36,37). The present study
aimed to identify the ability of polaprezinc to deactivate
HSCs in vitro; therefore, LX-2 cells were treated, leading
to inhibition of both cell proliferation and migration by
polaprezinc, as presented in Figs. 1A and 2. The underlying
molecular mechanism was subsequently investigated. mnRNA
was extracted from polaprezinc-treated LX-2 cells, and the
expression levels of collagen I, fibronectin, and a-SMA were
analyzed using qPCR. In line with Figs. 1A and 2, the find-
ings indicated that the expression of these fibrosis-associated
markers were reduced to at least 30-50% following pola-
prezinc treatment (Fig. 3). The present study confirmed that
polaprezinc may deactivate HSCs by inhibiting both cell
behavior transitions and essential gene production. Due to its
critical role in HCC progression, polaprezinc may be valu-
able to be developed as an adjuvant for additional anti-HCC
therapies and damage the essential microenvironment for
HCC.

Cirrhosis is a pathological event involved in the develop-
ment of HCC (38,39). It was believed that HCC progression
may be a consequence of the interaction between activated
HSC, potential HCC and the other cell components of the
peritumoral microenvironment (17), which promote the inva-
siveness of the HCC cells (40). Coulouarn ez al (41) simulated
the direct interaction between the HSC and the HCC by
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co-culturing the LX2 cells with HepaRG and a 292-gene
signature was determined (41). In the present study, polapre-
zinc treatment inhibited proliferation of the hep G2HCC cell
line in an in vitro clone formation assay. mRNA from treated
hepG2 cells was prepared for further digital gene expression
analysis based on the GO database. The analyzed results indi-
cated that as many as 202 genes exhibited a 1.5-fold change
compared with the control group. These genes were sorted
into the following categories: Regulation of cell prolifera-
tion, cytoskeleton formation and cell mobility. For example,
metallothionein 1E overexpression may increase the migra-
tion of cancer cells and lead to metastasis, leucine rich repeat
containing 4 hypermethylation was directly associated with
HCC genesis and C-C motif chemokine ligand 17 is believed
to promote HCC proliferation and may be perceived as a prog-
nostic marker (42-44).

In conclusion, the present study introduced a novel therapy
that may reverse liver fibrosis an inhibit HCC progression
by blocking HSC and HCC proliferation, and HSC migra-
tion, together with downregulation of fibrosis-associated key
molecules, such as collagen I, fibronectin and a-SMA. The
present study may lead to the clinical use of polaprezinc or its
derivatives as novel anti-HCC therapy.
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