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Exosomes Derived from Human Umbilical Cord
Mesenchymal Stem Cells Alleviate Liver Fibrosis
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Mesenchymal stem cells (MSCs) have been considered as an attractive tool for the therapy of diseases. Exosomes
excreted from MSCs can reduce myocardial ischemia/reperfusion damage and protect against acute tubular
injury. However, whether MSC-derived exosomes can relieve liver fibrosis and its mechanism remain unknown.
Previous work showed that human umbilical cord-MSCs (hucMSCs) transplanted into acutely injured and fibrotic
livers could restore liver function and improve liver fibrosis. In this study, it was found that transplantation of
exosomes derived from hucMSC (hucMSC-Ex) reduced the surface fibrous capsules and got their textures soft,
alleviated hepatic inflammation and collagen deposition in carbon tetrachloride (CCl4)-induced fibrotic liver.
hucMSC-Ex also significantly recovered serum aspartate aminotransferase (AST) activity, decreased collagen type
I and III, transforming growth factor (TGF)-b1 and phosphorylation Smad2 expression in vivo. In further ex-
periments, we found that epithelial-to-mesenchymal transition (EMT)-associated markers E-cadherin-positive cells
increased and N-cadherin- and vimentin-positive cells decreased after hucMSC-Ex transplantation. Furthermore,
the human liver cell line HL7702 underwent typical EMT after induction with recombinant human TGF-b1, and
then hucMSC-Ex treatment reversed spindle-shaped and EMT-associated markers expression in vitro. Taken
together, these results suggest that hucMSC-Ex could ameliorate CCl4-induced liver fibrosis by inhibiting EMT and
protecting hepatocytes. This provides a novel approach for the treatment of fibrotic liver disease.

Introduction

Liver fibrosis is a frequent event in response to a variety
of chronic injuries, such as viral hepatitis, alcohol, drugs,

metabolic diseases, and autoimmune attack of hepatic cells. It
is characterized by excessive extracellular matrix deposition
in liver tissue [1–4]. Interstitial fibroblasts are the key media-
tors of kidney and liver fibrosis, playing a crucial role in the
pathogenesis of tissue fibrosis. Several studies have shown
that fibroblasts are derived from hepatocytes via epithelial-to-
mesenchymal transition (EMT) and produce collagen [5–8].
Major advances have been made in the treatment of liver fi-
brosis, such as liver transplantation and the use of artificial
liver. However, because the number of patients suffering from
liver disease is still increasing and there is limited availability
of suitable donors, morbidity and mortality from liver fibrosis
continue to be an enormous burden experienced by many
individuals. Therefore, effective therapies to replace liver
transplantation are urgently needed.

The multipotent differentiation ability of mesenchymal
stem cells (MSCs) has been reported and it has attracted a lot
of attention as a reliable cell source for liver therapy [9–11].

Similar to the MSCs from bone marrow, human umbilical
cord-MSCs (hucMSCs) have a high self-renewal ability and
low immunogenicity, and hucMSCs can be obtained by a
noninvasive procedure and easily cultured, which make
them potentially superior to the MSCs from other sources for
cell transplantation therapy.

Some people reported that the mechanism of MSCs re-
paired tissue injury was related to paracrine action rather
than transdifferentiation [12–14]. Cell-derived exosomes
have been described as a new mechanism of cell-to-cell
communication [15]. Exosomes derived MSCs were critical to
protect against acute tubular injury [16–18] and reduce
myocardial ischemia/reperfusion damage [19], suggesting
that exosomes have the ability to serve as a novel therapeutic
modality for diseases [20]. So far, our laboratory has reported
the potential role of human bone marrow and umbilical cord
MSCs in the repair of injured liver and kidney [10,11,21–23].
Then, whether exosomes from MSCs can be exploited
following transplantation to reduce liver fibrosis remains
largely unknown. In this study, exosomes derived from
hucMSC (hucMSC-Ex) were used to treat carbon tetrachlo-
ride (CCl4)-induced mouse liver fibrosis and found that
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hucMSC-Ex ameliorated liver injury through inactivating the
transforming growth factor (TGF)-b1/Smad signaling path-
way and inhibiting the EMT of hepatocytes.

Material and Methods

Isolation of hucMSCs

Fresh umbilical cords were collected from informed, con-
senting mothers and processed within the optimal period of
6 h as described [24]. Umbilical cords were rinsed twice in
phosphate-buffered saline (PBS) containing 5% penicillin and
5% streptomycin until the cord blood was cleared, and cord
vessels were removed. Cords were cut into pieces of 1–3 mm3

and adhered to flasks for 30 min. Cord pieces were then
floated in a low-glucose Dulbecco’s modified Eagle’s me-
dium containing 10% fetal bovine serum (Gibco), 1% peni-
cillin, and 1% streptomycin (Gibco). Cord pieces were
subsequently incubated at 37�C in humid air with 5% CO2.
The medium was changed every 3 days after initial plat-
ing. When well-developed colonies of fibroblast-like cells
reached 80% confluence, cultures were trypsinized with
0.25% trypsin-EDTA (Invitrogen) and passaged into new
flasks for further expansion.

Osteogenic and adipogenic differentiation
of hucMSCs in vitro

hucMSCs in passage 3 were cultured in a medium that
contained either osteogenic (0.1 mM dexamethasone, 10mM
b-glycerophosphate, and 50mM ascorbate-phosphate) or adi-
pogenic (0.5mM isobutylmethylxanthine, 1mM dexametha-
sone, 10mM insulin, and 200mM indomethacin) reagents. All
reagents were from Sigma-Aldrich. hucMSCs were cultured in
the regular medium as control. Two weeks later, osteogenic
differentiation was assessed by the examination of neutrophil
alkaline phosphatase (NAP) with the NAP staining kit (Sun
Bio) and adipogenic differentiation was examined via intra-
cellular lipid accumulation, which was visualized using
Oil-Red-O staining by an inverted microscope (Ti; Nikon
Corporation).

Isolation and identification of hucMSC-Ex

hucMSC-Ex were isolated and purified as described pre-
viously, with added modifications [25]. Briefly, the condi-
tioned medium was collected and centrifuged at 1,000 g for
20 min to remove cell debris, followed by centrifugation at
2,000 g for 20 min and 10,000 g for 20 min. The supernatant
was collected and concentrated using 100 KDa molecular
weight cut off (MWCO) (Millipore) at 1,000 g for 30 min. The
concentrated supernatant was loaded upon 5 mL of 30%
sucrose/D2O cushions, and then ultracentrifuged at 100,000
g for 60 min (optimal-90K; Beckman Coulter). The exosome-
enriched fraction was diluted with PBS, and then centrifuged
thrice at 1,000 g for 30 min using 100 KDa MWCO. Finally,
the purified exosomes were subjected to filtration on a 0.22-
mm pore filter (Millipore) and stored at - 80�C. The protein
content of the concentrated exosomes was determined using
a BCA protein assay kit (Pierce). hucMSCs-Ex were identi-
fied by transmission electron microscopy (FEI Tecnai 12;
Philips), tetraspan molecules [CD9 (1:500; Bioworld), CD81
(1:1,000; Epitomics)] were verified by western blotting.

CCl4-induced liver fibrosis and hucMSC-Ex
transplantation

Mice (Kunmingbai strains, aged 4–5 weeks) were pur-
chased from the Animal Experimental Center of Jiangsu
University. All experimental procedures were in accordance
with the Chinese legislation regarding experimental animals.
Mice were administered with an intraperitoneal injection of
CCl4 (Nanjing Chemical Company) at a dose of 0.6 mL/kg in
vegetable oil, twice in 1 week. Six weeks later, the left and
right lobes of mice livers were directly injected with 250mg
hucMSC-Ex in 330mL PBS (hucMSC-Ex group) (n = 6). The
control group was administered with PBS alone (PBS group)
(n = 6). The normal group is without any of treatment. Blood
samples were collected every week and the entire liver was
taken, fixed, and prepared for further analysis at the end of
the experiment.

hucMSC-Ex labeling

hucMSC-Ex were labeled with the crosslinkable mem-
brane dye, CM-Dil, according to the manufacturer’s protocol,
at a concentration of 1 mL hucMSC-Ex suspension, and then
add 5 mL of the CM-Dil cell-labeling solution (CM-Dil;
Molecular Probes). Cells were incubated for 30 min at 37�C,
then the dye-labeled hucMSC-Ex were transplanted into
mouse liver. We used an in vivo imaging system to observe
after injection for 4 h.

Quantitative reverse transcription–polymerase
chain reaction

Total RNA was extracted with the Trizol reagent accord-
ing to the manufacturer’s instructions (Invitrogen). The
cDNA was synthesized using the SuperScript� II RT kit
according to the manufacturer’s instructions (Invitrogen).
Primers to generate specific products were designed as
shown in Table 1. Primers were produced by Shanghai Bio-
Engineering Company. Quantitative reverse transcription–
polymerase chain reaction (qRT-PCR) was performed using
SYBR� qPCR mix (ToYoBo) in a CFX96� real-time system
(Bio Rad). b-actin served as an internal control. All reactions
were performed in triplicate. Levels are expressed relative to
matched control samples from the same time point.

Histopathological staining

Liver tissues were processed for paraffin embedding and
were sectioned into 4-mm sections. The sections were stained
with hematoxylin and eosin and masson trichrome (MT)
according to standard protocols. To analyze the extent of
liver fibrosis, randomly picked fields of MT sections were
captured from each animal.

Immunohistochemistry

For immunohistochemical staining, the liver slides were
incubated with diluted primary antibodies against anti-
mouse TGF-b1 (1:200; Bioworld), N-cadherin (1:1,000; BD),
E-cadherin, and vimentin (1:50; SAB), according to the
manufacturer’s instructions. The primary antibody was
detected using the biotin-conjugated anti-rabbit immuno-
globulin G antibody, and then incubated with streptavidin–
biotin. The complex was visualized with the 3,3¢-diamino
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benzidine reagent for microscopic examination. Removal of
the primary antibody from the procedure provided a nega-
tive control.

Serum assay

The TGF-b1 level in mouse serum was detected by ELISA
(Excell). Hyaluronic acid (HA) levels in mouse serum were
measured with the double antibody sandwich chemilumines-
cence method. Serum AST and alanine aminotransferase (ALT)
levels were measured with an automated biochemical analyzer.

Western blotting

Liver tissues were harvested, pulverized, and lysed in the
RIPA buffer. Equal amounts of protein were loaded and sepa-
rated on a 12% SDS-PAGE gel. Proteins were transferred
to polyvinylidene fluoride membranes (Millipore). After
incubation with the primary antibodies overnight at 4�C,
membranes were incubated with horse radish peroxidase
(HRP)-conjugated goat anti-rabbit, or goat anti-mouse anti-
bodies (1:2,000; Kangcheng). This was followed by detection
with a luminata� crescendo Western HRP substrate (Millipore)
and quantitated using a Molecular Dynamics Densitometer
(Sage Creation Science) with LANE 1D software. Sources and
dilution factors of primary antibodies were mouse polyclonal
anti-TGF-b1 (1:500; Bioworld), rabbit polyclonal anti-E-cadherin
(1:200; SAB), mouse polyclonal anti-N-cadherin (1:2,000; BD),
anti-phosphorylation-Smad2, anti-total-Smad2 (1:500; SAB), and
mouse monoclonal anti-GAPDH (1:5,000; Kang Cheng).

Statistical analysis

Data are expressed as means – standard deviation. Statis-
tical analysis was performed using Prism software (Graph
Pad). Analysis of variance was used to analyze variance
among all groups, and the Student’s t-test was performed to
compare experimental and relative control groups. Statistical
P values < 0.05 were considered significant.

Results

Identification of hucMSCs and hucMSC-Ex

hucMSCs presented a homogeneous population of spindle
fibroblast-like cells. They positively expressed CD29, CD44,

and HLA-I and negatively expressed CD34, CD38, and HLA-
DR by flow cytometry (Fig. 1.A). Numerous lipid droplets
were observed with Oil-Red-O staining in hucMSCs after
incubation with the adipogenic supplementation for 14 days
(Fig. 1.Bb) and positive staining of alkaline phosphatase
and Von Kossa were shown after osteogenic induction
(Fig. 1.Bd). Control groups did not show any spontaneous
adipocyte or osteoblast formation (Fig. 1.Ba, c). By trans-
mission electron microscope, it was found that hucMSC-Ex
were 40–100 nm microvesicles (MVs) (Fig. 1Ca). hucMSC-Ex
showed the positive expression of exosomal markers, such as
CD9 and CD81 (Fig. 1Cb).

hucMSC-Ex location in mouse liver

The cell dye-labeled hucMSC-Ex were administered into
mouse liver for 4 h, an in vivo imaging system was used to find
the PBS group liver had no fluorescence (Fig. 2Aa) and hucMSC-
Ex treatment had red fluorescence in 90% of the liver (Fig. 2Ab).
This data illustrated that hucMSC-Ex located to the liver.

hucMSC-Ex alleviated CCl4-induced mouse
liver fibrosis

The normal mouse liver had a smooth surface, uniform
and soft textures (Fig. 2Ba). Six weeks after CCl4 adminis-
tration, the surface of the mice livers had fibrous capsules
and their textures turned hard (Fig. 2Bb). Three weeks after
transplantation, hucMSC-Ex group livers (Fig. 2Bd) were
softer than the PBS group (Fig. 2Bc).

Mice livers of PBS groups had apparent fibrosis confor-
mation (Fig. 2Cb–d), which the normal liver had not
(Fig. 2Ca). The recovery of injured livers was continuously
investigated for 3 weeks after hucMSC-Ex treatment. At
1 week, injured livers between PBS (Fig. 2Cb) and hucMSC-
Ex groups (Fig. 2Ce) had no difference, with visible fibrosis,
destruction of hepatic lobules, a large amount of hepatocyte
apoptosis, and infiltration of inflammatory cells. However, at
2 weeks, hucMSC-Ex treatment inhibited hepatocyte apo-
ptosis and hepatic lobule destruction; PBS treatment did not
(Fig. 2Cf, c). Interestingly, 3 weeks after hucMSC-Ex treat-
ment, CCl4-induced liver fibrosis was significantly alleviated
(compare Fig. 2Cg with Fig. 2Cd).

Table 1. Specific Primers for Target and Control Genes

Target/control gene Primer sequence (5¢–3¢) Annealing temperature (�C) Amplicon size (bp)

Mouse TGF-b1 For: CAAGTGTGGAGCAACATGTG 60 157
Rev: ATTCCGTCTCCTTGGTTCAG

Mouse collagen I For: TGAGACAGGCGAACAAGGTG 63 320
Rev: GCTGAGGCAGGAAGCTGAAG

Mouse collagen III For: CTGGTCAGCCTGGAGATAAG 58 284
Rev: ACCAGGACTACCACGTTCAC

Human E-cadherin For: CGCATTGCCACATACACTCT 60 252
Rev: TTGGCTGAGGATGGTGTAAG

Human N-cadherin For: AGTCAACTGCAACCGTGTCT 60 337
Rev: AGCGTTCCTGTTCCACTCAT

Human twist For: ACGAGCTGGACTCCAAGATG 60 484
Rev: GGCACGACCTCTTGAGAATG

M/H b-actin For: CACGAAACTACCTTCAACTCC 58 265
Rev: CATACTCCTGCTTGCTGATC

For, forward; Rev, reverse.
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The level of serum HA is a sign of liver fibrosis [26].
Comparing to the normal group, it was found that serum HA
levels of the PBS group increased remarkably. Meanwhile,
hucMSC-Ex transplantation decreased serum HA levels
compared to the PBS group (Fig. 2D). Also serum TGF-b1
levels declined after hucMSC-Ex treatment as assayed by

ELISA; PBS treatment did not decrease the TGF-b1 content
(Fig. 2E). After CCl4 injury for 9 weeks, the serum AST level
increased obviously in the PBS group, while hucMSC-Ex
transplantation almost kept AST at normal levels. There was
no difference in the Serum ALT level between hucMSC-Ex
and PBS groups (Fig. 2F).

FIG. 1. Identification of human umbilical cord-mesenchymal stem cells (hucMSCs) and exosomes derived from hucMSC
(hucMSC-Ex). (A) Flow cytometry analysis of the surface markers in hucMSCs. (B) Adipogenic and osteogenic differentiation
of hucMSCs (100 · ). (a, b) Results of Oil-Red-O staining detection in hucMSCs cultures grown for 14 days; (a) hucMSCs
cultured in the regular medium; (b) hucMSCs cultured in adipogenic medium; (c, d) Results of neutrophil alkaline phos-
phatase (NAP) with NAP staining kit detection in hucMSCs cultures grown for 14 days; (c) hucMSCs cultured in the regular
medium; (d) hucMSCs cultured in osteogenic medium. (C) Identification of hucMSCs-Ex. (a) Transmission electron micro-
graph of hucMSC-Ex, Scale bar = 200 nm; (b) Detection of hucMSC-Ex CD9 and CD81 expression by western blotting.
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hucMSC-Ex reduced the expression
of collagen I and III

Blue/green matrixes indicated collagen deposition in
tissue sections with MT dyeing. Much of the collagen de-
position was observed in the PBS group livers (Fig. 3Ab–d);
the normal liver did not have any collagen deposition (Fig.
3Aa). One week after hucMSC-Ex transplantation, collagen
did not decline (Fig. 3Ae). However, after 2 weeks, collagen
started to decrease (Fig. 3Af) and it reduced remarkably
after 3 weeks (Fig. 3Ag). Quantitative RT-PCR showed that

the expression of collagen I and III mRNAs in PBS livers
increased, and collagen I and III mRNA expression de-
creased significantly after 3 weeks from hucMSC-Ex trans-
plantation (P < 0.05) (Fig. 3B).

hucMSC-Ex inactivated the TGF-b1/Smad
signaling pathway

The TGF-b1/Smad pathway is greatly associated with
liver fibrosis. Three weeks after CCl4 treatment, TGF-b1 ex-
pression was detected in liver. Quantitative RT-PCR showed

FIG. 2. hucMSC-Ex promoted the recovery of carbon tetrachloride (CCl4)-induced mouse liver injury. (A) hucMSC-Ex
location in mouse liver by an in vivo imaging system. (a) The phosphate-buffered saline (PBS) group liver; (b) The cell dye-
labeled hucMSC-Ex administrated into mouse liver showed red fluorescence. (B) Pictures of mouse livers. (a) normal group;
(b) CCl4 group, 6 weeks after CCl4 injury; (c) PBS group 3 weeks after PBS treatment; (d) hucMSCs-Ex group 3 weeks after
hucMSC-Ex transplantation. The arrows indicated the liver damage/fibrotic areas. (C) Hematoxylin and eosin dyeing of liver
sections (200 · ). (a) normal group; (b) PBS group, 1 week; (c) PBS group, 2 weeks; (d) PBS group, 3 weeks; (e) hucMSC-Ex
group, 1 week; (f) hucMSC-Ex group, 2 weeks; (g) hucMSC-Ex group, 3 weeks. (D) Serum hyaluronic acid (HA) level 3 weeks
after hucMSC-Ex transplantation. (E) Serum transforming growth factor (TGF)-b1 level 3 weeks after hucMSC-Ex trans-
plantation. (F) Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels after hucMSC-Ex trans-
plantation. *P < 0.05, **P < 0.01, and ***P < 0.001.
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that the expression of TGF-b1 mRNA was increased in the
PBS group (P < 0.01); it declined significantly in the hucMSC-
Ex group compared with the PBS group (P < 0.05) (Fig. 4A).
A similar result of TGF-b1 was confirmed by western blot-
ting (Fig. 4B). TGF-b1-positive cells in the hucMSC-Ex group
were less than that in the PBS group by immunohisto-
chemistry (Fig. 4C).

TGF-b1/Smad pathway activation is critical to EMT. The
effect of hucMSC-Ex on the status of Smad was investigated
and it was found that the phosphorylation of Smad2 in-
creased in the PBS group; it decreased significantly after
hucMSC-Ex transplantation (Fig. 4B).

hucMSC-Ex inhibited EMT

EMT is a physiological process in liver fibrosis. Three
weeks after hucMSC-Ex transplantation, immunohisto-
chemistry results showed E-cadherin-positive cells in liver
(Fig. 5Ac) were more than the PBS group (Fig. 5Ab), as well
as the normal liver (Fig. 5Aa). Meanwhile, N-cadherin- and
vimentin-positive cells in the hucMSC-Ex group (Fig. 5Af, i)
were less than that in the PBS group (Fig. 5Ae, h).

hucMSC-Ex reserved TGF-b1-induced EMT
in HL7702 cell line in vitro

Typically, the human epithelioid liver cell line, HL7702,
turns to fibroblasts with recombinant human TGF-b1 treat-
ment for 3 days (Fig. 6Ab). Then, the hucMSC-Ex (100 mg/
mL) treatment for 3 days reversed the morphology switch
(Fig. 6Ad); without hucMSCs-Ex treatment, there was
no change (Fig. 6Ac). After TGF-b1 induction for 3 days,
the expression of E-cadherin mRNA decreased, while N-
cadherin and Twist mRNA expression increased in HL7702
cells by quantitative RT-PCR. However, after hucMSC-Ex
treatment for 3 additional days, E-cadherin mRNA expression
increased and N-cadherin and Twist mRNA expressions de-
creased (Fig. 6B). There were similar results for N-cadherin
and E-cadherin by western blotting (Fig. 6C).

Discussion

MSCs are a promising therapeutic tool for diseases, such
as liver failure, kidney injury, and myasthenia gravis. In re-
cent years, hucMSCs represent a novel source of MSCs for

FIG. 3. hucMSC-Ex reduced collagen deposition and inhibited the expression of collagen mRNA. (A) Masson’s trichrome
stain of liver sections (100 · ). (a) normal group; (b) PBS group, 1 week; (c) PBS group, 2 weeks; (d) PBS group, 3 weeks; (e)
hucMSC-Ex group, 1 week; (f) hucMSC-Ex group, 2 weeks; (g) hucMSC-Ex group, 3 weeks. (B) Quantitative analyses of type
I and III collagen mRNA expression 3 weeks after hucMSC-Ex transplantation. *P < 0.05 and **P < 0.01.
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FIG. 4. hucMSC-Ex inacti-
vated TGF-b1/Smad signaling
pathway. (A) Quantitative re-
verse transcription–polymerase
chain reaction (qRT-PCR) ana-
lyses of TGF-b1 expression 3
weeks after hucMSC-Ex trans-
plantation. (B) Western blotting
analysis of TGF-b1 and Smad2
expression 3 weeks after
hucMSC-Ex transplantation.
(C) Immunohistochemical anal-
ysis of TGF-b1 expression
3 weeks after hucMSC-Ex
transplantation (200 · ). (a)
normal group; (b) hucMSC-Ex
group; (c) PBS group. *P < 0.05
and **P < 0.01.

FIG. 5. hucMSC-Ex inhibited epithelial-to-mesenchymal transition (EMT). (A) Immunohistochemistry analysis of E-
cadherin, N-cadherin, and vimentin 3 weeks after hucMSC-Ex transplantation (200 · ). (a, d, g) normal group; (b, e, h) PBS
group; (c, f, i) hucMSC-Ex group. (B) Positive cells analysis of immunohistochemical sections. (n = 3). *P < 0.05, **P < 0.01, and
***P < 0.001.
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tissue injury because there are no ethical considerations.
Work by Zhang et al. [27] suggest that hucMSCs significantly
improve liver function and reduce ascites in decompensated
liver cirrhosis patients. Tsai et al. [28] reported that hucMSCs
alleviated the rat liver fibrosis and reduced collagen depo-
sition. Further work shows that the mechanism was by
secreting a variety of bioactive cytokines, but not differenti-
ating into hepatocytes. Zhang et al. [29] compared hucMSCs
with adult human hepatocyte (AHH) transplantation and
found that hucMSCs transplantation was more effective than
AHH treatment and successfully decreased systemic in-
flammatory cytokines. Furthermore, hucMSCs cocultured
with CCl4-damaged mouse hepatocytes (MHs) were com-
pared with AHH in vitro. The author identified that
hucMSCs enhanced the regeneration of MHs by producing
paracrine effects. Our previous work showed that hucMSCs
reduced a-smooth muscle actin, fibroblast-specific protein-1,
decreased ALT and AST, enhanced recovery of CCl4-injured
mouse liver [10].

Some articles revealed that MSCs might perform their
therapeutic roles through paracrine mechanism [12–14,30].
Bruno et al. reported that some mRNAs and surface mole-
cules of human bone marrow MSC-derived MVs, were crit-

ical to protect against acute tubular injury [16–18] and
myocardial ischemia/reperfusion damage [19]. Work by
Herrera et al. shows that human stem cell-derived exosomes
accelerate hepatic regeneration in hepatectomized rats. Fur-
ther work confirmed that some mRNAs and adhesion mol-
ecules of exosomes play a critical role [31]. Furthermore, the
MSC has an effect on immunomodulatory properties [32].
MSC-derived MVs (exosomes) are viewed as potential me-
diators for induction of peripheral tolerance and modulation
of immune responses [33]. Bruno et al. and Gatti et al. also
found that human-derived exosomes can be successfully
used in kidney injury and enhance survival in mice model
[16–18]. In this study, exosomes derived from humans were
used in mice and no evidence of immune rejection was found
during the transplantation in mice. The isolation of exosomes
from hucMSCs was successful, confirming their diameters at
about 40–100 nm and protein expression of CD9 and CD81.
Further experiment found that hucMSC-Ex transplanted into
mouse liver fibrosis, also successfully downregulated serum
fibrotic marker HA and TGF-b1, decreased the serum AST
level, and reduced hepatic inflammation and collagen de-
position in the liver fibrosis, and enhanced the recovery of
hepatocyte damage.

FIG. 6. hucMSC-Ex reversed TGF-b1-induced EMT in human hepatocyte cell line HL7702 cells. (A) The morphology of
HL7702 cells treated with TGF-b1 for 3 days followed by hucMSC-Ex for 3 days (200 · ). (a) HL7702 cells, 3 days (C3d); (b)
TGF-b1 + HL7702, 3 days (T3d); (c) TGF-b1 + HL7702, 6 days (T6d); (d) TGF-b1 + HL7702 + hucMSC-Ex, 6 days (T + E 6d). (B)
Quantitative RT-PCR analyses of E-cadherin, N-cadherin, and Twist mRNA expression. (C) Western blotting analyses of E-
cadherin and N-cadherin expression in cells. (D) Density analysis of western blot bands. *P < 0.05 and **P < 0.01.
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Accumulating evidence has demonstrated the repair role
of human bone marrow or umbilical cord MSCs in liver fi-
brosis, but the specific mechanism is still not clear. Some
studies have reported that upon phosphorylation, Smad2
and Smad3 form complexes with Smad4 and, subsequently,
translocate into the nucleus to regulate the transcription of
target genes responsible for EMT, such as Smad7, snail, and
collagen type I [8,34,35]. Our work mainly investigated how
hucMSC-Ex recovered the liver fibrosis, focusing on the
regulation of the TGF-b1/Smad signaling pathway inacti-
vation and EMT inhibition. Six weeks after CCl4-induced
liver fibrosis, it was found that TGF-b1 levels in serum and
liver increased. Several studies reported that TGF-b1 acti-
vated the Smad2/3 pathway in hepatocytes and induced
EMT [7,8]. In this study, it was confirmed that TGF-b1 acti-
vated the phosphorylation of Smad2 and led to liver EMT
in vivo. Furthermore, the human liver cell line, HL7702,
underwent typical EMT with recombinant human TGF-
b1 induction for 3 days in vitro. However, it was found
that hucMSC-Ex transplantation reduced TGF-b1 expres-
sion, inactivated the phosphorylation of Smad2, and re-
versed liver EMT in vivo. After HL7702 cells happened to
EMT, hucMSC-Ex treatment reversed spindle-shaped cells
and EMT-associated marker expression in vitro.

In conclusion, these findings suggest that hucMSC-Ex in-
hibit EMT and ameliorate CCl4-induced liver fibrosis. The
study provided a novel mechanism for MSC-mediated tissue
repair and an alternative source for the treatment of fibrotic
liver disease. Whether or not the mRNA of hucMSC-Ex and
its surface adhesion molecules play a critical role in inhibit-
ing EMT and treatment of liver fibrosis needs to be further
investigated.
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