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Background. Liver fibrosis is a chronic progressive liver disease, but no established effective treatment exists except for liver
transplantation. The present study was designed to investigate the effect of human placenta mesenchymal stem cells (hPMSCs)
expressing green fluorescent protein (GFP) on carbon tetrachloride- (CCl4-) induced liver fibrosis in rats. Methods. Liver fibrosis
was induced by subcutaneous injection with CCl4; hPMSCs were directly transplanted into rats through the caudal vein. The
therapeutic efficacy of hPMSCs on liver fibrosis was measured by liver function tests, liver elastography, histopathology,
Masson’s trichrome and Sirius red staining, and immunohistochemical studies. The expression levels of fibrotic markers,
transforming growth factor β1 (TGF-β1) and α-smooth muscle actin (α-SMA), were assessed using real-time polymerase chain
reaction. Results. We demonstrated that liver fibrosis was significantly dampened in the hPMSC transplantation group
according to the Laennec fibrosis scoring system and histological data. The Sirius red-stained collagen area and the elastography
score were significantly reduced in the hPMSC-treated group. Meanwhile, hPMSC administration significantly decreased TGF-
β1 and α-SMA expression and enhanced liver functions in CCl4-induced fibrotic rats. Conclusion. This study indicates that
transplantation of hPMSCs could repair liver fibrosis induced by CCl4 in rats, which may serve as a valuable therapeutic
approach to treat liver diseases.

1. Introduction

Liver fibrosis is a common chronic progressive liver disease
caused by one or more etiologies such as viruses, alcohol,
parasites, autoimmune reactions, long-term drug damage,
or repeated effects of the formation of diffuse liver damage
[1]. At home and abroad, orthotopic liver transplantation
is currently recognized as the most effective treatment,
but a shortage of donor organs and other issues limit the
wide application of the treatment [2, 3]. Therefore, it is
extremely important to find other effective methods to
treat liver fibrosis.

With the development of cell transplantation in recent
years, mesenchymal stem cells (MSCs) have attracted more
and more attention in the treatment of liver fibrosis [4, 5].
MSCs are a class of mesoderm-derived adult stem cells
with a high self-renewal capacity and multidirectional differ-
entiation potential. In addition, MSCs also have low immu-
nogenicity, immunomodulatory, and anti-inflammatory
effects [6, 7].

MSCs are widely found in the bone marrow, adipose
tissue, placenta, and cord blood as well as other tissues and
organs [8–10]. Among them, bone marrow-derived MSC
(BMSC) is currently the most widely studied MSC, but
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Figure 1: Assessment of liver fibrosis in the different experimental groups by tissue dyes. (a) Histological analysis was evaluated by H&E and
MTC staining; (b-c) representative micrograph of hepatic tissue stained with Sirius red (b), and the relative expression of collagen was
quantified using ImageJ analysis (c), n = 6.
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limited by its potential damages to the donors, its low
quantities available, and the existence of ethical problems.
Human placenta-derived mesenchymal stem cell (hPMSC),
a promising source of MSCs, has biological characteristics
similar to those of BMSC and is readily available from a
rich source through noninvasive methods, is free of ethical
issues, and has a higher differentiation capacity and lower
immunogenicity, as well as other advantages [11–14]. All
of these advantages indicate the broad potential applica-
tions for hPMSCs.

In this study, we used hPMSCs with green fluorescent
protein (GFP+ hPMSCs) and the corresponding imaging
modality to provide a novel approach to continuously track
and quantify the fate of hPMSCs in vivo, investigated the
effect of GFP+ hPMSCs on hepatic fibrosis in a carbon tet-
rachloride- (CCl4-) induced fibrotic rat model [15], and
provided an experimental and theoretical basis for the
clinical use of hPMSC transplantation for the treatment
of liver diseases.

2. Materials and Methods

2.1. Cell Culture and Gene Transduction. hPMSCs were
obtained and transduced as previously described [12, 16].
Briefly, hPMSCs were cultured in special medium (Mesen
Cult® Human Basal Medium plus MesenCult® Human
Supplement, STEMCELL Technologies Inc., Vancouver,
Canada) with a standard humidified incubator (HERA-
cell®150, Thermo Fisher Scientific Inc.) with 5% CO2 at
37°C. When the hPMSCs were stabilized and reached
50% confluence, the recombinant lentivirus (Gene Pharma,
Shanghai, China) was added to the medium to perform
the transfection experiment as previously described. Then,
the culture medium was replaced with fresh medium
mixed with 10μg puromycin (Sigma-Aldrich Co. LLC,
St. Louis, MO, USA); the cells were continuously cultured
and trypsinized using 0.25% (w/v) trypsin/ethylenediamine-
tetraacetic acid (EDTA, Invitrogen, Carlsbad, CA, USA)
and passaged at a 1 : 3 dilution upon reaching 70–80% con-
fluence. Finally, the verification of GFP successful expression
was done following the previous experiment. All protocols
for human tissue and cell handling were approved by the
Research Ethics Committee of First Affiliated Hospital,
School of Medicine, Zhejiang University (Reference number
2013-272).

2.2. Liver Fibrosis Animal Model. Six-week-old, specific-path-
ogen-free, male Sprague Dawley rats weighing 180 g to 200 g
were obtained from the Experimental Animal Center of
Zhejiang Academy of Medical Sciences and housed in an

air-conditioned animal room with 50% humidity and a 12h
daylight/darkness cycle. All rats were treated according to
protocols approved by the Research Ethics Committee of
the First Affiliated Hospital, School of Medicine, Zhejiang
University. To induce liver fibrosis, rats were given a subcu-
taneous injection of 50% CCl4 (Wuxi Zhanwang Chemical
Co. Ltd., Wuxi, China) mixed with olive oil (Sangon Biotech
Co. Ltd., Shanghai, China) at a dose of 0.5mL per 100 g of
body weight twice per week for 8 weeks. After 8 weeks, five
model rats were selected randomly to verify liver fibrosis by
pathological testing of liver tissue.

2.2.1. Experimental Groups and Cell Transplantation. The
animals were randomly divided into three groups as follows:
group I (saline control group, n = 24), which received saline
instead of carbon tetrachloride injection and cell transplanta-
tion (passages 3 to 6; 2.0× 106 hPMSCs in 1mL saline) by
caudal vein injection; group II (hPMSC-treated group,
n = 24), fibrosis models with hPMSC transplantation via the
caudal vein (passages 3 to 6; 2.0× 106 hPMSCs in 1mL
saline); and group III (untreated fibrosis group, n = 24),
which received saline by caudal vein injection instead of cell
transplantation. Fluorescence imaging and liver shear-wave
elastography were performed on the rats, and the rats were
then killed at 1 week (1w), 4 weeks (4w), 8 weeks (8w),
and 12 weeks (12w) post transplantation, after which liver
tissue and serum were extracted for follow-up analyses.

2.2.2. Biochemical Analysis and Serum Determination. Blood
samples were acquired from rats at each time point, placed at
room temperature for 30 minutes, and then centrifuged for
15 minutes at 3000 rpm (Sorvall® Biofuge Stratos, Thermo,
Germany), and the serum was collected. Then, albumin
(ALB), alanine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (ALP), and total
bilirubin (TBIL), direct bilirubin (DBIL), gamma-glutamyl
transpeptidase (γ-GT) concentrations were assessed using
an automated biochemical analyzer (Abbott Aeroset, Abbott
Laboratories, Chicago, IL, USA). The levels of hepatic fibro-
genesis indicators, such as laminin (LN) and hyaluronan
(HA), were measured using commercial enzyme-linked
immunosorbent assay (ELISA) kits (R&D Systems Inc.,
Minneapolis, USA and Abnova Corporation, Taiwan)
according to the manufacturer’s instructions.

2.2.3. Liver Evaluation with Elastography and Histology. First,
we performed liver shear-wave elastography (Siemens AG,
Berlin, Germany) to assess the degree of hepatic fibrosis in
rats at various time points. In the assessment of chronic liver
damage, hepatic elastography is the most reproducible. In the

Table 1: Histological stage of hepatic fibrosis.

Group Stage 0 Stage 1 Stage 2 Stage 3 Stage 4A Stage 4B Stage 4C Average

Score 0 1 2 3 4 5 6

Group I 24 0

Group II 1 5 8 10 4.125

Group III 9 15 5.625
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Figure 2: Semiquantitative assessment of liver fibrosis in the different experimental groups by shear-wave elastography. (a) Representative
micrograph of liver elastography in the three groups. Saline control group rats (group I), untreated fibrosis animals (group III), fibrotic
animals transplanted with hPMSCs (group II) at four weeks, eight weeks, and twelve weeks after transplantation (4w, 8 w, and 12w).
Images are representative images from n = 3 rats at each time point. The data are presented as the mean± SD (error bars) and were
statistically analyzed using one-way ANOVA.∗∗∗p < 0 001.
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scoring system, liver fibrosis is evaluated semiquantitatively
[17, 18]. As described below, the rats were weighed and
anesthetized by subcutaneous injection of chloral hydrate
(Sangon Biotech Co. Ltd., Shanghai, China) at a dose of
0.3mL/100 g, and then the liver shear-wave elastography
of rats was examined after rat thoracic hair was removed
with a shaver.

To further verify the extent of the rat liver fibrosis, the
hepatic specimens were fixed in 4% paraformaldehyde and
embedded in paraffin, then deparaffinized and rehydrated
with distilled water, and stained with hematoxylin and eosin
(H&E), Masson’s trichrome (MTC) and Sirius red using a
Masson’s trichrome staining kit (Sigma-Aldrich Co. LLC,
MO, USA) and Sirius red staining kit (Wuhan Goodbio
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Figure 3: Biochemical analyses. (a) Alanine aminotransferase (ALT); (b) aspartate aminotransferase (AST); (c) total bilirubin (TBIL); (d)
direct bilirubin (DBIL); (e) gamma glutamyl transpeptidase (γ-GT); (f) alkaline phosphatase (ALP); (g) albumin (ALB); (h) laminin (LN);
(i) hyaluronic acid (HA). Saline control group rats (group I), untreated fibrosis animals (group III), and fibrotic animals transplanted with
hPMSCs (group II) and sacrificed one week, four weeks, eight weeks, or twelve weeks after transplantation (1w, 4w, 8 w, or 12w). (a–g)
Group I, n = 20; group II, n = 8; and group III, n = 8. (h–i) Group I, n = 9; group II, n = 8; and group III, n = 8. Data represent the means
± SD and were statistically analyzed by one-way ANOVA. ∗p < 0 05, ∗∗p < 0 01, and ∗∗∗p < 0 001.
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Technology Co. Ltd., Wuhan, China) according to the man-
ufacturer’s instructions. First, the Laennec fibrosis scoring
system was used for quantitative analysis of fibrosis [19].
Additionally, Sirius red staining was performed to estimate
the amount of collagen in the liver tissue; the collagen con-
tent was quantified as a percentage of the total area positive
for Sirius red stain using ImageJ version 1.35s (National
Institutes of Health, Bethesda, MD).

2.2.4. Liver Immunohistochemistry. The paraffin sections
were deparaffinized and rehydrated. To inactivate the endog-
enous peroxidase, the sections were incubated in 3% hydro-
gen peroxide-methanol solution for 10 minutes. Then,
antigen retrieval was performed by microwave (Midea Group
Co. Ltd., Guangdong, China) treatment in 0.01M citrate salt
buffer (pH6.0, Wuhan Goodbio Technology Co. Ltd.,
Wuhan, China) for 15 minutes and blocked in 5% BSA for
45 minutes at room temperature. Sections were incubated
overnight at 4°C with the diluted primary antibody against
human ALB (1 : 250; Abcam, UK), alpha-fetoprotein (AFP,
1 : 100; Abcam, UK), cytokeratin 18 (CK18, 1 : 100; Abcam,
UK) as well as antirat α-smooth muscle actin (α-SMA,
1 : 400; Abcam, UK) and TGF-β1 (1 : 500; Abcam, UK). The
next day, the sections were washed 3 times with phosphate-
buffered saline (PBS, pH7.2± 0.1, GenomSciences, Hang-
zhou, China) and then incubated at 37°C in an incubator
for 60 minutes with horseradish peroxidase-conjugated sec-
ondary antibodies (1mg/mL, 1 : 1000; Abcam, UK). A brown
color was developed with diaminobenzidine tetrahydrochlo-
ride solution (DAB kit, Abcam, UK) for 10min, washed in
distilled water 3 times, and counterstained with hematoxylin
for 5 minutes at room temperature. Finally, the liver sections
were sealed with neutral resin and examined microscopically.

2.2.5. Reverse Transcription-Polymerase Chain Reaction
and Quantitative Real-Time Polymerase Chain Reaction.
Total RNA from each sample was extracted with the
Trizol reagent (Invitrogen, USA). The RNA purity and

quantity were measured by determining absorbance at
260 and 280 nm, and 1μg of RNA was used as the tem-
plate for cDNA synthesis using the QuantiTect Reverse
Transcription Kit (TAKARA Biotechnology (Dalian) Co.
Ltd., Dalian, China) according to the manufacturer’s
instructions. The primers for the target products were
designed as shown in Supplementary Table S1 available
online at https://doi.org/10.1155/2017/1798260. Polymerase
chain reaction (PCR) amplification was subsequently carried
out in a PCR thermal cycler (Life Technologies, Carlsbad,
California, USA). The PCR products were separated by
1.2% agarose gel electrophoresis containing gelred. Then,
the images were acquired using a gel documentation system
(Syngene GBox-HR Gel Doc System, UK). The quantita-
tive real-time polymerase chain reaction (qRT-PCR) was
performed to measure the mRNA levels of TGF-β1 and
α-SMA (QuantiTect SYBR Green RT-PCR kit, TAKARA
Biotechnology (Dalian) Co. Ltd.) with a 7500 Real Time
System (Life Technologies, Carlsbad, California, USA).
All PCR products were normalized to the expression levels
of β-actin used as an internal standard.

2.3. Statistical Analysis. Statistical analysis was performed
using the SPSS 19.0 software (SPSS Inc., Chicago, IL, USA).
All data were presented as the mean± standard deviation
(SD). Statistical comparison among three groups was per-
formed using a one-way ANOVA analysis, and a comparison
between the groups was evaluated using Student’s t-test.
p < 0 05 was considered statistically significant.

3. Results

3.1. Construction of hPMSCs Transfected with Green
Fluorescent Protein. hPMSCs that were cultured in normal
conditions showed a fibroblast-like morphology (see Sup-
plementary Figure S1A). Then, hPMSCs were transduced
with a lentiviral vector encoding GFP at a multiplicity of
infection (MOI) of 100 : 1. The expression of GFP visualized
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Figure 4: Localization and fate of the transplanted hPMSCs in rat livers of different experimental groups. (a) Representative figures of liver
fluorescence are from n = 6 rats from each group at each time point; (b) RT-PCR of human-specific markers. Lane 1, positive control (human
liver for ALB and CK18, human liver cancer for AFP); lane 2, the liver of group III as a negative control; lane 3 to 6, hPMSC transplantation at
1w, 4 w, 8w, and 12w in group I. Human AFP and CK18 were not detected at the four time points, but ALB was detected in lane 4. Lane 7 to
10, hPMSC transplantation at 1 w, 4w, 8w, and 12w in group II. Human ALB, AFP, and CK18 were all detected at the three later time points
but not at 1w.
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by fluorescence/phase-contrast microscopy was used to
evaluate the successful lentiviral transduction in cultured
hPMSCs (see Supplementary Figure S1B).

3.2. Enhanced Resolution of Liver Fibrosis by Transplantation
of hPMSCs. The results from the histologic liver evaluation
showed that transplantation of hPMSCs (group II) had a
more beneficial effect on the recovery of liver fibrosis than
saline treatment in the untreated fibrosis group (group III),
exhibited as strong H&E and MTC staining, showing regen-
erative nodules and progressive reduction in the amount of
collagen occurred in the fibrous septa, especially after the
eighth week of transplantation. The degree of fibrosis was sig-
nificantly improved by hPMSC transplantation. In group II
rats on twelve weeks after cell transplantation, the liver was
close to the normal structure of the liver, and the architecture
of the impaired hepatic lobule returned to normal, as it was
no different from the liver structure of rats in the saline con-
trol group (group I) (Figure 1(a)). Consistently, the results
from the Laennec fibrosis scoring system showed that group
II had a relatively lower average score than group III
(Table 1). The Sirius red staining results revealed that the

collagen-stained area in liver sections was more decreased
in the hPMSC-treated group than that in the untreated fibro-
sis group, and the collagen-stained area decreased with time
in the hPMSC-treated group. However, the collagen-stained
area maintained a high level in the untreated fibrosis group.
Almost no collagen deposition was observed in group I
(Figures 1(b) and 1(c)).

The liver elastography showed a similar result. In the
untreated fibrosis group, the stiffness score was significantly
upregulated, but it was significantly decreased in the
hPMSC-treated group (Figure 2). All of these data clearly
suggest that hPMSCs were an effective therapeutic method
for rat hepatic fibrosis and attenuated the extent of hepatic
fibrosis in experimental rats.

3.3. Biochemical Analysis. Biochemical analyses were per-
formed to assess the restoration of the liver functions and
hepatic fibrosis. The results showed that ALT, AST, TBIL,
DBIL, and γ-GT levels were significantly decreased in the
hPMSC-treated group (Figures 3(a)–3(e)) and approached
normal levels 12 weeks after cell transplantation. The levels
of ALP showed a similar pattern (Figure 3(f)). In addition,

ALB AFP CK18

I—4 w
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II—8 w

II—12 w

II—1 w

PC

Figure 5: Hepatogenic differentiation of transplanted hPMSCs in rat livers (20x). Immunohistochemistry staining for human hepatic
markers ALB, AFP, and CK18, light-brown coloration in cells means the positive staining results. Group III as a negative control; PC:
human liver as positive control for ALB and CK18 and human liver cancer as a positive control for AFP; group II: fibrotic animals
transplanted with hPMSCs and sacrificed one week, four weeks, eight weeks, or twelve weeks after transplantation (1w, 4 w, 8w, or 12w).
Scale bars: 100 μm.

7Stem Cells International



the serum level of albumin in the hPMSC-treated group was
higher than that in the untreated fibrosis group and
approached the normal level of the saline control group at
12 weeks after transplantation (Figure 3(g)).

The serum levels of LN and HA in the hPMSC-treated
group were lower than those in the untreated fibrosis
group. The level of LN approached the level in the saline
control group at the last time point examined, but the
level of HA was still higher than the normal level at that
time (Figures 3(h) and 3(i)).

3.4. Localization and Fate of the Transplanted hPMSCs in
the Liver. To detect the colonization and differentiation
of hPMSCs in the rat after transplantation, we used fluo-
rescence microscopy to image the liver of the rats at the

corresponding time points. As shown in Figure 4(a), in
group II, fluorescence was detected in the liver tissue at
all four time points after hPMSC transplantation, but the
fluorescence signal was very weak at 12 weeks. However,
in groups I and III, no fluorescence signal was detected
in the liver. The liver tissue samples were photographed
and fixed paraffin sections, and the expression of liver-
specific markers AFP, ALB, and CK18 were detected by
immunohistochemistry.

AFP, ALB, and CK18 mRNA were all detected in the
liver tissue at 4 weeks, 8 weeks, and 12 weeks after trans-
plantation through RT-PCR analysis using human-specific
primers. Human AFP, ALB, and CK18 mRNA were not
detected in the livers at 1 week after hPMSC transplanta-
tion, which was also confirmed by immunohistochemistry.

�훼-SMA TGF-�훽1
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Figure 6: Immunohistochemistry results of α-SMA and TGF-β1 in the different experimental groups. Light-brown coloration in cells means
the positive staining results. Immunohistochemical staining for α-SMA and TGF-β1 (20x), with a young rat liver as a negative control (NC),
fibrotic animals (group II), fibrotic animals transplanted with hPMSCs (group II) sacrificed at one week, four weeks, eight weeks, or twelve
weeks after transplantation (1w, 4 w, 8w, or 12w). Scale bars: 100 μm.
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No expression of human AFP, ALB, or CK18 was detected
in group I or group III liver samples, except that human
ALB mRNA expression was detected in one rat from
group I (Figure 4(b)).

We obtained similar results through immunohistochem-
istry. As shown in Figure 5, in group II, positive staining for
AFP, ALB, and CK18 was not observed in any liver specimen
at 1 week after hPMSC transplantation. However, the expres-
sion of AFP-, ALB-, and CK18-positive cells was detected in
all liver tissue of rats at 4 weeks after transplantation, and the
positive cells were mainly scattered along the perivascular
and the fibrous septa around the portal area. In addition,
AFP-, ALB-, and CK18-positive cells were also detected at 8
and 12 weeks after hPMSC transplantation, but the number
of positive cells decreased with time. In group III liver sam-
ples, no human AFP-, ALB-, or CK18-positive staining was
detected (data not shown).

3.5. Inhibition of Hepatic Stellate Cell Activation by hPMSCs.
It is well known that activation of hepatic stellate cells (HSCs)
is currently recognized as a central event in the development
of hepatic fibrosis, in which activated HSCs participate in
the formation of hepatic fibrosis through proliferation and
secretion of α-SMA protein, which is a marker of activated
HSCs and plays a central role in extracellular matrix (ECM)
production in response to liver damage. In addition,
TGF-β1 is a fibrogenic master cytokine that plays a central
role in the progression of ECM degradation. The results
through immunohistochemistry (Figure 6) and qRT-PCR
(Figure 7) revealed that α-SMA and TGF-β1 levels reached
the highest value in the untreated fibrosis group (group III).
However, α-SMA and TGF-β1 expression was significantly
lower in the hPMSC-treated group (group II) than that
in the untreated fibrosis group (group III). In addition,
in group II, the levels of α-SMA and TGF-β1 decreased
with time and approached normal levels (saline control
group) 12 weeks after cell transplantation. These results

indicated that hPMSC transplantation may prevent HSC
differentiation and inhibit HSC activity.

4. Discussion

Recently, MSCs have been reported to potentially secrete
organotrophic factors that protect cells from damage or acti-
vate endogenous restorative mechanisms to enhance fibrous
matrix degradation and restore the injured liver [20, 21]. In
this study, we investigated the therapeutic effect of hPMSCs
in a CCl4-induced rat liver fibrosis model. We found that
hPMSC transplantation exhibited an enhanced therapeutic
effect compared to that observed without hPMSC transplan-
tation. We performed fluorescence imaging of the rat liver at
multiple time points to determine whether GFP-labeled
hPMSCs were expressed in the rat liver. As an important
means of tracking cells, GFP tagging has a strong advantage.
Using fluorescent imaging devices, it was fairly easy to see
whether GFP-labeled hPMSCs colonized in the liver as well
as analyze the number and distribution of cells in the rat liver.
These results, combined with the data from RT-PCR and
immunohistochemistry, were much more credible. As the
images showed, the expression of the fluorescent signal was
detected at all four time points in the hPMSC-treated group
(group II), but the signal intensity was weakest at 12 weeks.
Nevertheless, our data clearly demonstrated the presence of
transplanted hPMSCs in the damaged rat liver.

Cirrhosis and advanced fibrosis are generally considered
irreversible conditions and are not diagnosed until the
condition has reached an advanced stage [22]. Therefore,
early diagnosis of liver fibrosis has become very important.
In general, liver fibrosis and its severity are determined
through H&E, MTC, and Sirius red and α-SMA staining
of histological sections. In addition, we used B-ultrasonog-
raphy, which has the advantages of less trauma, providing
intuitive results and having less of an effect on the exper-
imental animals and biological events that need to be
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Figure 7: Relative mRNA expression levels of α-SMA and TGF-β1 in the different experimental groups. Quantitative real-time polymerase
chain reaction (qRT-PCR) results from n = 6 rats from each group at each time point. The tests were performed in triplicate. The data are
presented as the mean± SD (error bars) and were statistically analyzed using Student’s t-test. ∗∗p < 0 01, ∗∗∗p < 0 001.
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observed to evaluate liver fibrosis in rats [23, 24]. In this
study, shear-wave elastography of the liver was also a sup-
plement to the results of the pathological analysis, making
the experimental results more credible. Some studies have
used the Metavir scoring system to classify liver fibrosis.
However, due to a lack of accurate subclassification of cir-
rhosis using the Metavir scoring system, liver pathologists
will often come to the wrong conclusions when assessing
the therapeutic effect. Therefore, further better histological
subclassification of cirrhosis is required. In this study, we
applied the new Laennec system; these histologic criteria
have been better defined to provide a more exact and
detailed classification of cirrhotic stage [19, 25].

HSC activation and increased ECM synthesis paired
with insufficient degradation play a central role in the
change induced by hepatic fibrosis. The expression of α-
SMA in the liver is an indicator for the HSC activation,
indicating that activated HSCs expressing α-SMA are
involved in the development and progression of hepatic
fibrosis [26, 27]. In the present study, levels of α-SMA in
the rat liver significantly decreased after hPMSC transplan-
tation. This result may explain the reduced fibrogenesis in
the hPMSC-transplanted liver.

The balance between ECM deposition and degradation is
regulated by a variety of cytokines, the most important of
which is TGF-β1 [28, 29]. TGF-β1 can inhibit the prolifera-
tion of hepatocytes, induce hepatocyte apoptosis, activate
HSCs, promote the production of extracellular matrix, and
inhibit the degradation of extracellular matrix. Furthermore,
TGF-β1 can inhibit the production of collagenase and prote-
ase, promote tissue inhibitors such as tissue inhibitor of
metalloproteinase production, and reduce ECM degradation
[30, 31]. TGF-β1 can also indirectly affect ECM synthesis by
acting on other cytokines [32]. As shown in this study,
hPMSC transplantation into the rat liver reduced the level
of TGF-β1, resulting in a decrease in the activation of
hepatic stellate cells and reduction in hepatic fibrosis.

In conclusion, our study showed that MSCs from the
human placenta could effectively cure liver fibrosis, reduce
the activation of hepatic stellate cells, and restore liver func-
tions. However, the underlying mechanism remains to be
further clarified. Therefore, hPMSC therapy may be a new
and effective strategy for the treatment of fibrotic liver disease
in the future.
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Additional Points

Highlights. The following are the highlights of the paper:

(i) Green fluorescent protein gene-transduced human
placenta-derived mesenchymal stem cells (hPMSCs)
and the corresponding imaging modality were used
to provide a novel approach to continuously track
and quantify the fate of hPMSCs in vivo and to
investigate the effect of their transplantation on the
carbon tetrachloride- (CCl4-) induced liver fibrosis
in rats.

(ii) Biochemical analyses, histology, immunohisto-
chemistry, and liver shear-wave elastography were
used to evaluate the improvement on hepatic
fibrosis after hPMSC transplantation.

(iii) hPMSCs had an enhanced therapeutic effect for
hepatic fibrosis compared to non-hPMSCs possi-
bly via their differentiation and inhibition of
hepatic stellate cell activation.

Conflicts of Interest

No competing financial interests exist.

Authors’ Contributions

Jiong Yu and Guangshu Hao contributed equally to this
work.

Acknowledgments

The authors would like to thank Dr. Tianan Jiang and
Dr. Danxia Xu of the Department of Ultrasound and
Dr. Ke Sun of the Department of Pathology at First Affiliated
Hospital of Zhejiang University for their professional review
on the B-ultrasonography and histopathology. This study
was supported by the National Natural Science Foundation
of China (no. 81471794) and Stem Cell and Translational
Research, the National Key Research and Development
Program of China (no. 2016YFA0101001).

10 Stem Cells International



References

[1] R. Bataller and D. A. Brenner, “Liver fibrosis,” Journal of
Clinical Investigation, vol. 115, no. 2, pp. 209–218, 2005.

[2] R. Pais, A. S. Barritt, Y. Calmus et al., “NAFLD and liver trans-
plantation: current burden and expected challenges,” Journal
of Hepatology, vol. 65, no. 6, pp. 1245–1257, 2016.

[3] G. Addolorato, A. Mirijello, P. Barrio, and A. Gual,
“Treatment of alcohol use disorders in patients with alco-
holic liver disease,” Journal of Hepatology, vol. 65, no. 3,
pp. 618–630, 2016.

[4] G. Ali, S. Mohsin, M. Khan et al., “Nitric oxide augments mes-
enchymal stem cell ability to repair liver fibrosis,” Journal of
Translational Medicine, vol. 10, no. 1, p. 75, 2012.

[5] B. M. Stutchfield, S. J. Forbes, and S. J. Wigmore, “Prospects
for stem cell transplantation in the treatment of hepatic dis-
ease,” Liver Transplantation, vol. 16, no. 7, pp. 827–836, 2010.

[6] A. R. Zekri, H. Salama, E. Medhat et al., “The impact of
repeated autologous infusion of haematopoietic stem cells
in patients with liver insufficiency,” Stem Cell Research &
Therapy, vol. 6, no. 1, p. 118, 2015.

[7] Y. O. Jang, M. Y. Kim, M. Y. Cho, S. K. Baik, Y. Z. Cho,
and S. O. Kwon, “Effect of bone marrow-derived mesenchy-
mal stem cells on hepatic fibrosis in a thioacetamide-
induced cirrhotic rat model,” BMC Gastroenterology, no. 1,
p. 14, 2014198, 2014.

[8] Y. H. Jiang, B. N. Jahagirdar, R. L. Reinhardt et al., “Pluripo-
tency of mesenchymal stem cells derived from adult marrow,”
Nature, vol. 418, pp. 41–49, 2002.

[9] P. S. In 't Anker, S. A. Scherjon, C. Kleijburg-van der Keur
et al., “Isolation of mesenchymal stem cells of fetal or maternal
origin from human placenta,” Stem Cells, vol. 22, no. 7,
pp. 1338–1345, 2004.

[10] O. K. Lee, T. K. Kuo, W. M. Chen, K. D. Lee, S. L. Hsieh, and T.
H. Chen, “Isolation of multipotent mesenchymal stem cells
from umbilical cord blood,” Blood, vol. 103, no. 5, pp. 1669–
1675, 2004.

[11] Z. Miao, J. Jin, L. Chen et al., “Isolation of mesenchymal stem
cells from human placenta: comparison with human bone
marrow mesenchymal stem cells,” Cell Biology International,
vol. 30, no. 9, pp. 681–687, 2006.

[12] H. C. Cao, J. F. Yang, J. Yu et al., “Therapeutic potential of
transplanted placental mesenchymal stem cells in treating Chi-
nese miniature pigs with acute liver failure,” BMC Medicine,
no. 1, p. 10, 201256, 2012.

[13] O. Parolini, F. Alviano, G. P. Bagnara et al., “Concise
review: isolation and characterization of cells from human
term placenta: outcome of the first international workshop
on placenta derived stem cells,” Stem Cells, vol. 26, no. 2,
pp. 300–311, 2008.

[14] P. Mattar and K. Bieback, “Comparing the immunomodula-
tory properties of bone marrow, adipose tissue, and birth-
associated tissue mesenchymal stromal cells,” Frontiers in
Immunology, vol. 3, no. 6, p. 560, 2015.

[15] P. Starkel and I. A. Leclercq, “Animal models for the study of
hepatic fibrosis,” Best Practice & Research. Clinical Gastroen-
terology, vol. 25, no. 2, pp. 319–333, 2011.

[16] J. Yu, X. Su, C. Zhu et al., “GFP labeling and hepatic differen-
tiation potential of human placenta-derived Mesenchymal
stem cells,” Cellular Physiology and Biochemistry, vol. 35,
no. 6, pp. 2299–2308, 2015.

[17] W. K. Jeong, H. K. Lim, H. K. Lee, J. M. Jo, and Y. Kim, “Prin-
ciples and clinical application of ultrasound elastography for
diffuse liver disease,” Ultrasonography, vol. 33, no. 3,
pp. 149–160, 2014.

[18] T. Jiang, G. Tian, Q. Zhao et al., “Diagnostic accuracy of 2D-
shear wave elastography for liver fibrosis severity: a meta-anal-
ysis,” PLoS One, vol. 11, no. 6, article e0157219, 2016.

[19] M. Y. Kim, M. Y. Cho, S. K. Baik et al., “Histological
subclassification of cirrhosis using the Laennec fibrosis
scoring system correlates with clinical stage and grade of
portal hypertension,” Journal of Hepatology, vol. 55, no. 5,
pp. 1004–1009, 2011.

[20] M. D. Kim, S. S. Kim, H. Y. Cha et al., “Therapeutic effect of
hepatocyte growth factor-secreting mesenchymal stem cells
in a rat model of liver fibrosis,” Experimental & Molecular
Medicine, vol. 46, no. 8, article e110, 2014.

[21] W. H. Liu, F. Q. Song, L. N. Ren et al., “The multiple functional
roles of mesenchymal stem cells in participating in treating
liver diseases,” Journal of Cellular and Molecular Medicine,
vol. 19, no. 3, pp. 511–520, 2015.

[22] D. Schuppan and M. Pinzani, “Anti-fibrotic therapy: lost in
translation?” Journal of Hepatology, vol. 56, Supplement 1,
pp. S66–S74, 2012.

[23] B. E. Van Beers, J. L. Daire, and P. Garteiser, “New imaging
techniques for liver diseases,” Journal of Hepatology, vol. 62,
no. 3, pp. 690–700, 2015.

[24] K. M. Moon, G. Kim, S. K. Baik et al., “Ultrasonographic
scoring system score versus liver stiffness measurement in
prediction of cirrhosis,” Clinical and Molecular Hepatology,
vol. 19, no. 4, pp. 389–398, 2013.

[25] P. Bedossa, G. Garcia-Tsao, and D. Jain, “Cirrhosis regression
and subclassification,” Surgical Pathology Clinics, vol. 6, no. 2,
pp. 295–309, 2013.

[26] F. J. Eng and S. L. Friedman, “Fibrogenesis I. New insights into
hepatic stellate cell activation: the simple becomes complex,”
American Journal of Physiology - Gastrointestinal and Liver
Physiology, vol. 279, no. 1, pp. G7–G11, 2000.

[27] S. Lindert, L. Wickert, I. Sawitza et al., “Transdifferentiation-
dependent expression of alpha-SMA in hepatic stellate cells
does not involve TGF-beta pathways leading to coinduction
of collagen type I and thrombospondin-2,” Matrix Biology,
vol. 24, no. 3, pp. 198–207, 2005.

[28] A. Weiss and L. Attisano, “The TGFbeta superfamily signaling
pathway,” Wiley Interdisciplinary Reviews: Developmental
Biology, vol. 2, no. 1, pp. 47–63, 2013.

[29] S. Dooley, B. Delvoux, B. Lahme, K. Mangasser-Stephan, and
A. M. Gressner, “Modulation of transforming growth factor
beta response and signaling during transdifferentiation of rat
hepatic stellate cells to myofibroblasts,” Hepatology, vol. 31,
no. 5, pp. 1094–1106, 2000.

[30] G. R. Grotendorst, “Connective tissue growth factor: a media-
tor of TGF-β action on fibroblasts,” Cytokine & Growth Factor
Reviews, vol. 8, no. 3, pp. 171–179, 1997.

[31] F. Verrecchia and A. Mauviel, “Transforming growth factor-β
and fibrosis,” World Journal of Gastroenterology, vol. 13,
no. 22, pp. 3056–3062, 2007.

[32] K. Sakai, S. Jawaid, T. Sasaki, G. Bou-Gharios, and T. Sakai,
“Transforming growth factor-beta-independent role of con-
nective tissue growth factor in the development of liver
fibrosis,” The American Journal of Pathology, vol. 184, no. 10,
pp. 2611–2617, 2014.

11Stem Cells International



Submit your manuscripts at
https://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Anatomy 
Research International

Peptides
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 International Journal of

Volume 201

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Molecular Biology 
International 

Genomics
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Bioinformatics
Advances in

Marine Biology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Signal Transduction
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Evolutionary Biology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Biochemistry 
Research International

Archaea
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Genetics 
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Virolog y

Hindawi Publishing Corporation
http://www.hindawi.com

Nucleic Acids
Journal of

Volume 2014

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Enzyme 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Microbiology


