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Infusion of human umbilical cord-derived mesenchymal
stem cells effectively relieves liver cirrhosis in DEN-induced rats
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Abstract. Cirrhosis is the long-term outcome of chronic
hepatic injury and no effective therapy is currently available
for this disease. Mesenchymal stromal cells (MSCs) are multi-
potent cells that are easily acquired and amplified, and may be
potential candidates for cell therapy against cirrhosis. This
study aimed to determine the therapeutic effects of human
umbilical cord-derived MSCs (hUCMSCs) for the treat-
ment of liver cirrhosis and identify an effective method for
engrafting MSCs. The model of liver cirrhosis was established
by induction of diethylnitrosamine (DEN) in rats. The isolated
hUCMSCs were identified by morphology, flow cytometry and
multilineage differentiation; they were injected into the vein
of DEN-induced rats at varied cell doses and infusion times.
Biochemical analyses of the serum and histopathological
analysis of the liver tissues were performed to evaluate the
therapeutic effects of hUCMSCs in all treatment groups.
The results indicated that isolated hUCMSCs were capable
of self-replication and differentiated into multiple lineages,
including osteoblast-, adipocyte- and hepatocyte-like
cells. Compared with the control group, administration of
hUCMSC:s at different cell doses and infusion times relieved
DEN-induced cirrhosis to varying degrees. The therapeutic
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effects of hUCMSCs on liver cirrhosis gradually improved
with increased cell dose and infusion times. The improvement
of cirrhosis was due to the capacity of hUCMSCs to breakdown
collagen fibers in the liver. It was demonstrated that infusion of
hUCMSCs effectively relieved liver cirrhosis by facilitating
the breakdown of collagen fibers in a dose-dependent manner
and multiple infusions caused a relatively greater improvement
in cirrhosis compared with a single infusion of hUCMSCs.

Introduction

Cirrhosis is a consequence of chronic liver disease, it is char-
acterized by scar tissue development, which replaces normal
parenchyma and blocks the portal flow of blood through the
liver subsequently hindering normal liver function (1). It can
be divided into two categories, namely compensated and
decompensated cirrhosis (2). The liver can compensate for a
significant amount of damage through regeneration; however,
the decompensation threshold is reached once the ability to
replace damaged hepatocytes is lost. Ascites (fluid retention
in the peritoneal cavity) is the most common complication
resulting from decompensated cirrhosis and is associated with
poor quality of life, increased risk of infection and a poor
long-term outcome (3).

Cirrhosis is currently the 12th leading cause of mortality
in the United States and is responsible for >27,000 deaths each
year (4). Traditional treatments for cirrhosis commonly focus
on preventing the progression and complications of the disease.
In the advanced stages of cirrhosis, the only treatment option is
liver transplantation, which is critically limited by the shortage
of available liver donations required for the millions of patients
with cirrhosis worldwide (5,6). Thus, the requirement for a
novel approach for treating liver cirrhosis is crucial.

It has been well documented that human mesenchymal
stem cells, also known as mesenchymal stromal cells (MSCs)
from different sources, have therapeutic potential for liver
cirrhosis (7-9). Among them, bone marrow-derived MSCs
(BMMSCs) can be injected into functional liver cells in vitro
and differentiate into human hepatocytes without cell fusion
in vivo (10). Previous studies have demonstrated that in rat
and mouse models of carbon tetrachloride (CCl,)-induced
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Table I. Primers used for quantitative polymerase chain reaction in hepatogenic differentiation.

Product

Primers Sequence (bp)

a-FP S: 5-TACATTGACCACGTTCCAGC-3' 144
A: 5-ATGAGCACTGTTGCAGAGGA-3'

ALB S: 5'-CTTGTTTTGCACAGCAGTCAG-3' 135
A: 5-CAAAAACATGTGTTGCTGATGA-3'

CK-18 S: 5'-GTCAATCTGCAGAACGATGC-3' 126
A: 5'-GAGCACTTGGAGAAGAAGGG-3'

CK-19 S: 5-GTCGATCTGCAGGACAATCC-3' 97
A: 5-CCGCGACTACAGCCACTACT-3'

GAPDH S: 5'-“TCAGTGGTGGACCTGACCTG-3' 244

A: 5-TGCTGTAGCCAAATTCGTTG-3'

a-FP, a-fetoprotein; ALB, albumin; CK, cytokeratin.

liver fibrosis (a main pattern of the manifestation of
cirrhosis), the application of BMMSCs showed potential
therapeutic effects on the fibrotic process through their
ability to differentiate into hepatocytes (11-15). In contrast to
BMMSCs, human umbilical cord-derived MSCs (hUCMSCs)
are more primitive and have lower immunogenicity and
risk of viral transmission (16). Moreover, infusion of
hUCMSCsin CCl,-inducedcirrhoticrats alleviated liver fibrosis
by inhibiting the expression of transforming growth factor-f1,
collagen type I and a-smooth muscle actin (17). However, the
optimal usage of hUCMSCs, particularly the cell dose and
infusion times, have not been fully elucidated.

In this study, a model of liver cirrhosis in rats was estab-
lished by the induction of diethylnitrosamine (DEN) and the
therapeutic effects of hUCMSC infusion were investigated for
reversing fibrosis using varied cell doses and infusion times.
The treatment efficiency of hUCMSCs was examined through
biochemical and histopathological analyses.

Materials and methods

Isolation and culture of hUCMSCs

Isolation. This study was approved by the ethics committee
of the Tianjin Cord Blood Bank (Tianjin, China) and written
informed consent was obtained from the subjects. Fresh human
umbilical cord samples (n=15) were collected at birth from full
term deliveries and processed within 6 h following collection
at 4°C. MSCs were isolated according to the method described
by Wang et al (18). Briefly, the umbilical cords were rinsed
twice with Dulbecco's phosphate-buffered saline (D-PBS;
no. 14190-144; Gibco-BRL, Carlsbad, CA, USA) treated with
antibiotics (100 IU/ml penicillin and 100 pg/ml streptomycin)
and minced into 1-2 mm?® fragments to expose Wharton's
jelly. Fragments were then digested with 0.1% collagenase
(20 ml 0.1% collagenase II/cm umbilical cord) at 37°C. The
digested mixture was passed through a 100-pm filter to obtain
cell suspensions. Subsequent to removal of the supernatant
fraction, the precipitate (dissociated MSCs) was washed with
serum-free Dulbecco's modified Eagle's medium (DMEM)/F12

media (no. 12400-024; Gibco-BRL) twice and counted under
an inverted microscope (ECLIPSE TE300; Nikon, Tokyo,
Japan) using a hemocytometer (COUNTESSTM automated
counter C10227, Invitrogen, Carlsbad, CA, USA). Cells were
plated at a density of 1x10* cells/cm? in non-coated T-25 or
T-75 cell culture flasks (Corning, San Jose, CA, USA).

Expansion. The suspended cells were removed after three days
and adherent cells were additionally cultured. Cultured media
was replaced every three days after initial plating. When the
large fibroblast-like cell colonies developed after seven days,
cultures were washed twice with PBS and the cells were
detached with TrypLE™ Select (no. 12563-029; Gibco-BRL)
for 2-5 min at 37°C. After centrifugation for 5 min at 300 x g,
cells were resuspended with DMEM/F12 supplemented with
10% fetal bovine serum (FBS) and incubated in 75-cm? culture
flasks (Corning) for further expansion. The hUCMSCs between
the 4th and 6th passages were collected for cell infusion.

In vitro differentiation

Osteogenic differentiation. To induce osteogenic differ-
entiation, the hUCMSCs (4th passage, 1x10* cells/cm?) were
cultured in osteogenic medium (DMEM/F12 supplemented
with 10% FBS, 0.1 mM dexamethasone, 10 mM f-glycerol
phosphate and 50 yM ascorbic acid) for three weeks.
Osteogenesis was then evaluated by bone sialoprotein (BSP)
immunohistochemistry and Von Kossa staining.

Adipocyte differentiation. To induce adipogenesis differ-
entiation, the hUCMSCs (4th passage, 1x10* cells/cm?) were
cultured in adipogenesis medium (DMEM/F12 supplemented
with 10% FBS, 1 yuM dexamethasone, 50 mg/l ascorbic acid
and 100 mg/l isobutylmethyl xanthine) for three weeks. The
obtained adipocyte-like cells were detected by oil red O
staining, a method commonly utilized to identify the lipid
content.

Hepatogenic differentiation. To induce hepatogenic
differentiation, the hUCMSCs (4th passage, 1x10* cells/cm?)
were treated by a two-step protocol. Cells were cultured
in the differentiation medium [DMEM/F12 supplemented
with 10% FBS, 20 ng/ml hepatocyte growth factor,
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10 ng/ml basic fibroblast growth factor,0.5 M dexamethasone,
0.61 mg/ml nicotinamide and 1X insulin/transferrin/sodium
selenite mix (ITS)] for 14 days. Subsequently, the cells
were transferred into a maturation medium [consisting of
20 ng/ml oncostatin M (OSM), 0.5 yuM dexamethasone and
1X ITS]. After four weeks, hepatogenesis was assessed by
quantitative reverse transcription polymerase chain reac-
tion (QRT-PCR) for the liver-associated genes listed in Table I.
The relative expression of each gene was determined using
GAPDH as an endogenous control and normalizing to that of
L-02, a normal liver cell line.

Immunophenotype. The hUCMSCs (6th passage,
1x10¢ cells/cm?) were incubated with fluorescein isothio-
cynate- or phycoerythrin (PE)-conjugated antibodies,
including anti-CD29, -CD31, -CD90, -CD105, -HLA-DR
(BD Biosciences, Sparks, MD, USA) and anti-CD73,
-CD34, and -CD44 (AbD Serotec, Oxford, UK), for 30 min
at 4°C in the dark. Allophycocyanin- or PE-labeled mouse
immunoglobulin G was used as the negative control. After
washing in PBS, cells were analyzed on a flow cytometer
(FACSAria; BD Biosciences) collecting 10,000 events and the
data were analyzed by cell analysis software (FACSCalibur;
BD Biosciences).

Animal model of DEN-induced liver cirrhosis. All animal
experiments were performed in adherence with the National
Institutes of Health Guidelines on the Use of Laboratory
Animals and approved by the Second Military Medical
University Committee on Animal Care (Shanmghai,
China). Male Sprague-Dawley rats, (age, 3.5 weeks; weight,
150-200 g) were purchased from the Shanghai Laboratory
Animal Center (Shanghai, China). Rats were housed in an
air-conditioned room at 25°C with specific pathogen-free
conditions and were subjected to a 12 h light/dark cycle with
access to chow and sterile water ad libitum. The rat model of
liver cirrhosis was established by addition of 0.01% (v/v) DEN
(Sigma-Aldrich, St. Louis, MO, USA) to the drinking water
for four weeks.

hUCMSC administration. Rats were randomly divided into
seven groups, including two control and five treatment groups.
In the normal control group, rats were not induced with DEN
and were injected with 1 ml normal saline (n=10). In the DEN
control group, rats were induced with DEN for four weeks
and injected with 1 ml normal saline (n=10). The treatment
groups consisted of two series, namely the cell dose series and
the infusion time series. The cell dose series included: The
DI1/T1 group in which rats received 1x10° hUCMSC infusion
(n=15); the D3 group in which rats received 3x10° hUCMSC
infusion (n=15); and the D6 group in which rats received
6x10° hUCMSC infusion (n=15). The infusion time series
included: The D1/T1 group (abovementioned); the T3 group
in which rats received hUCMSC infusion three times at a
dose of 1x109 cells/cm? once every three days (n=15); and the
T6 group in which rats received hUCMSCs infusion six times
at a dose of 1x10° cells/cm? once every three days (n=15). Prior
to infusion, the hUCMSCs were collected and suspended in
1 ml normal saline and then the cell suspensions were injected
intravenously via the tail vein. Rats were sacrificed via 2%
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pentobarbital anaesthesia injected through the abdominal
cavity injection after four weeks and the liver tissues and blood
samples from the heart were collected.

Biochemical examination. The biochemical parameters in
the serum, including total bilirubin (TBIL), total protein (TP),
albumin (ALB), globulin (GLB), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), glutamyl peptidase
(GGT) and alkaline phosphatase (ALP) were analyzed with an
automated biochemistry analyzer (XL-300; Erba Mannheim,
Mannheim, Germany) at the clinical laboratory of the Eastern
Hepatobiliary Surgery Hospital (Shanghai, China).

Histopathological analysis. The collected liver samples were
fixed in 10% formaldehyde for 24 h at room temperature.
Serial 5-um sections were stained with hematoxylin and eosin
for routine histopathological analysis. The paraffin sections
were stained with the collagen fibers kit (Genmed Scientifics,
Inc., Arlington, MA, USA) for the quantitative analysis of
collagen. The degree of hepatic fibrosis was assessed by two
pathologists according to the METAVIR scoring system:
0, no fibrosis; I, perivenular and/or pericellular fibrosis; 11,
septal fibrosis; III, incomplete cirrhosis; and IV, complete
cirrhosis (19).

Collagen detection. Relative expression levels of collagen
type I al chain gene (Collal) in rats from all groups was quan-
titatively analyzed by qPCR. The total RNA of three randomly
selected liver samples either from the two control groups or
the hUCMSC treatment groups were extracted using TRIzol
reagent and the three independently extracted RNAs from the
same group were equally mixed to form a bulk. Subsequently,
the first strand of cDNA of each bulk was synthesized
using a primescript st strand cDNA Synthesis kit and
gPCR was performed using SYBR Premix Ex Taq (Takara
Biotechnology, Inc., Dalian, China) with a PCR amplification
cycle of 94°C for 60 sec, 94°C for 5 sec and 60°C for 30 sec,
for 40 cycles. The relative Collal expression of all test groups
was determined using GAPDH as an endogenous control and
normalized to that of the normal group (Table I). Each sample
was assayed in duplicate (n=3).

Statistical analysis. All data are expressed as the mean =+ stan-
dard deviation. An independent Student's t-test was used to
analyze the variation of two selected groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

hUCMSCs are capable of self-replication and differenti-
ating into multiple lineages. MSCs isolated from the human
umbilical cord rapidly formed colonies, which homogeneously
exhibited fibroblast-like morphology at a lower confluence
on day one, while growing to confluence on day seven after
initial plating (Fig. 1A). Flow cytometric analyses indicated
that the MSC-specific markers, including adhesion molecules
(CD29/CD44), mesenchymal cell [CD73 (SH3)/CDI105 (SH2)]
and stem cell markers (CD90) (Fig. 1B), were expressed, but the
surface antigens of hematopoietic cells, such as CD31, CD34
and HLA-DR (Fig. 1B), were not detected. These fibroblast-like
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Table II. Values of biochemical indictors in the serum of the different groups.

Groups TBIL (umol/l) TP (g/l) ALB (g/l) GLB (g/l) ALT (IU/) AST dU/M1)  GGT (IU/1)  ALP (IU/1)
Normal 0.83+0.13°  60.95+2.48 40.33+x1.24 20.75x1.26 30.65x647°  76.10£8.53*  0.25+0.50° 114.00+9.20°
DEN 5.67+1.63 57.33+£1.33 37.80+1.56 19.33+0.58 132.30+30.26 241.73+40.29 48.33+19.66 393.00+76.24
DI1/T1 1.09£0.31°  57.59£2.86 39.20+2.00 18.38+1.96 52.93+16.38" 145.78+25.24* 4.31+4.69* 210.94+56.85°
D3 1.16£0.36"  58.50+1.79 40.97+1.88 17.5+1.72 57.01+23.50" 132.24+36.65* 4.00+4.37° 204.69+48.84*
D6 0.90+£0.38"  59.66+2.13 40.58+2.82 19.09+2.51 55.36+19.84" 132.11£39.15* 2.27+2.61> 182.45+32.48"
T3 1.07£0.25"  63.57+1.65 4150123 22.33x1.15 46.57+8.41° 159.87+£39.90* 3.17+4.36" 128.33+6.00"
T6 1.5320.12>  64.50£4.34 43.03£1.86 21.33£231 49.13£7.20° 151.60+56.74* 1.67+1.15° 110.00+39.25

1P<0.05 and °P<0.01. Data are expressed as the mean + standard deviation. Values of all groups were compared with those of the DEN control
group. DEN, diethylnitrosamine; TBIL, total bilirubin; TP, total protein; ALB, albumin; GLB, globulin; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GGT, glutamyl peptidase; ALP, alkaline phosphatase; D1/T1, 1x10° hUCMSC infusion; D3, 3x10° hUCMSC
infusion; D6, 5x10° hUCMSC infusion; T3, 1x10° hUCMSC infusion three times once every three days; T6, 1x10° hUCMSC infusion six times

once every three days.
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Figure 1. Flow cytometric analyses of isolated hUCMSCs. (A) Morphology of isolated hUCMSCs on day one (left) and day seven (right) (magnification, x200).
(B) Multimarker analyses using flow cytometry. hUCMSCs, human umbilical cord-derived mesenchymal stromal cells..

MSCs were capable of self-replication through several passages
and their duplication time ranged from 32 to 45 h.

Under the induction of osteogenic medium for three weeks,
the hUCMSCs differentiated into osteoblast-like cells that
were positively expressed in BSP immunohistochemistry
and Von Kossa staining (Fig. 2A). Under the induction of

adipogenesis medium for three weeks, the hUCMSCs differ-
entiated into adipocyte-like cells that were positively stained
in oil red O (Fig. 2B). Under the induction of hepatic medium
for four weeks, the hUCMSCs lost the primary fibroblastic
morphology. hUCMSCs developed a cube-like morphology
at the 1st stage and exhibited hepatocyte morphology and
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Table III. Cirrhotic grade determined by pathological analysis.

Group Grade 0 Grade | Grade 11 Grade III Grade IV
Normal 10 0 0 0 0
DEN* 0 0 0 2 4
D1/T1 3 8 3 1 0
D3 4 6 5 0 0
D6 8 5 2 0 0
T3 9 6 0 0 0
T6 11 4 0 0 0

*Four rats in the diethylnitrosamine (DEN) control group succumbed to their disease before they were sacrificed for pathological analysis.
D1/T1, 1x10° hUCMSC infusion; D3, 3x10°hUCMSC infusion; D6, 5x10° hUCMSC infusion; T3, 1x10° hUCMSC infusion three times once
every three days; T6, 1x10° hUCMSC infusion six times once every three days.

A

B

C Expression of hepatic specific gene
16
14
1.2

Relative Expression

. }&ﬁ"*’;ﬁ-‘-—*f—ff 0 2 AFP ALB KRT-18
e L2315 S EL-02 EMSC [OHepatocyte-like
Figure 2. Multilineage differentiation of isolated hUCMSCs. (A) Osteoblast differentiation was identified by BSP immunohistochemistry and Von Kossa

staining (magnification, x200). (B) Adipocyte differentiation was detected by oil red O staining (magnification, x200). (C) Two-stage hepatocyte differentiation
(magnification,x200).hUCMSCs,humanumbilicalcord-derivedmesenchymalstromalcells; BSP,bonesialoprotein; AFP,a-fetoprotein; ALB,albumin; KRT,keratin.



1108

Normal control group

HONG et al: INFUSION OF MSCs RELIEVES LIVER CIRRHOSIS

D6 group (n=15)  6X10° (1time)

(n=10)
Died
(n=17)
Rats
(n=121)
Excluded (suffering serious ascites)
(n=9)
DEN-induced
(n=111) DEN control
(n=10)

hUCMSCs treatment groups

(n=75)

Dose series

D3 group (n=15)  3X10° (1time)

D1/T1 group (n=15) 1x10° (1 time)

\

T3 group (n=15) 1108 (3 times)

Times series

T6 group (n=15) 1x10° (6 times)

Figure 3. Flow chart summarizing the course of the animal experiment and the different groups. DEN, diethylnitrosamine; D1/T1, 1x106 hUCMSC infusion;
D3, 3x10° hUCMSC infusion; D6, 5x10° hUCMSC infusion; T3, 1x10° hUCMSC infusion three times once every three days; T6, 1x10° hUCMSC infusion

six times once every three days.
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Figure 4. Pathological analyses of liver tissues. (A) Liver morphology. Normal, rat in the normal control group; MSC, a representative rat chosen from
the T6 group. (B) Pathological analyses of liver tissues from various groups (magnification, x200). The quantitative result is shown on the right. "P<0.05
compared with the DEN control group. DEN, diethylnitrosamine, MSC, mesenchymal stromal cells. Normal, rat in the normal control group; MSC, a repre-

sentative rat chosen from the T6 group.

expressed hepatic-specific genes at the 2nd stage (Fig. 2C).
These results indicated that the isolated hUCMSCs were able
to differentiate into multiple lineages.

DEN successfully induces liver fibrosis in rats. At the end
of induction, 14.2% (17 of the 120 rats) of DEN-induced
rats succumbed to their disease and 6.7% (8 of the 120 rats)
of the rats that survived exhibited serious ascites (Fig. 3). The
body weight of the DEN-induced rats was markedly lower
than that of the normal rats (data not shown). The livers of
DEN-induced rats appeared coarser and almost bloodless with
numerous small regenerative nodules (Fig. 4). By contrast,
the livers of the normal group were smooth, lustrous and
reddish on the surface. Furthermore, repeated DEN intake
led to a marked increase of TBIL, ALT, AST, GGT and

ALP levels in the blood, suggesting that the liver function of
DEN-induced rats was damaged (Table II). Histopathological
analysis of the liver tissues identified a thick fibrous septa
extending from the portal tracts into the liver parenchyma of
DEN-induced rats (Fig. 4). These results indicated that liver
fibrosis was successfully induced when rats were treated
with DEN via the drinking water, which was consistent with
a previous finding that liver fibrosis was induced by weekly
intraperitoneal injections of DEN (20). Subsequently, the
remaining 85 DEN-induced rats (except the 8 rats exhibiting
serious ascites) were randomly divided into the DEN control
group and 5 hUCMSCs treatment groups (Fig. 3).

hUCMSCs infusion ameliorates biochemical indictors. Four
weeks following infusion, the biochemical indictors in the rat
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Figure 5. Analysis of collagen fiber. (A) Pathological analysis of liver tissues from various groups using collagen fiber staining. The arrows indicate the collagen
deposition (magnification, x200). The quantitative result is shown on the right. "P<0.05 compared with the DEN control group. (B) The relative collagen type I
al chain gene expression was measured by quantitative polymerase chain reaction using GAPDH as the endogenous control and the detected expression values
were normalized to that of normal liver tissue. "P<0.05 and “'P<0.01. DEN, diethylnitrosamine; D1/T1, 1x106 hUCMSC infusion; D3, 3x10° hUCMSC infusion;
D6, 5x10° hUCMSC infusion; T3, 1x10° hUCMSC infusion three times once every three days; T6, 1x10° hUCMSC infusion six times once every three days.

serum were measured to identify the capacity of hUCMSC
infusion on improving liver function. As shown in Table II,
serum markers, including TBIL, ALT, AST, GGT and ALP,
significantly decreased in all h(UCMSCs treatment groups
compared with those of the DEN control group (P<0.01).
Compared with the normal control group, which was not
induced by DEN, the values of TBIL decreased quicker
than the remaining serum markers, the levels of TBIL almost
returned to normal even in the low dose group (D1/T1 group).
The values of ALT and AST also decreased rapidly. However,
they remained marginally higher than the normal level even in
the high dose treatment groups (D6 and T6 groups). The values
of GGT and ALP decreased relatively slower and gradually
returned to a normal level with prolonged cell dose and infu-
sion times. Comparison of the paired groups that received the
same dose of hUCMSC s, but at different infusion times (i.e.,
D3 and T3, D6 and T6) indicated the GGT and ALP levels in
the T3 and T6 groups were relatively higher than those in the
D3 and D6 groups.

hUCMSC infusion reverses liver fibrosis.
Histopathological analysis was performed todirectly investigate
the capacity of hUCMSC infusion for reversing liver fibrosis.
The histopathology of liver tissues between the hUCMSC
treatment and the control groups was compared. The results
demonstrated that the livers of rats that survived treatment in
the DEN control group (n=6, four rats in the group succumbed
within two weeks) were seriously fibrotic, displaying

disruption of tissue architecture, extension of fibers and large
fibrous septa formation (Fig. 4). In the DEN control group
two rats exhibited grade III liver fibrosis and four exhibited
grade IV fibrosis (Table III). By contrast, liver fibrosis was
greatly repaired following one infusion of hUCMSCs at a
dose of 1x10° cells/cm? (D1/T1 groups), exhibiting relatively
normal architecture of the liver parenchyma (Fig. 4). With
prolonged cell dose or infusion times, liver fibrosis decreased or
disappeared (Fig. 4) and the grade of liver fibrosis was close
to normal (grade 0). Consistent with the results obtained from
the biochemical analysis, the fibrotic state of rats in the T3 and
T6 groups was less severe than that of the D3 and D6 groups
(Table III and Fig. 4).

hUCMSC infusion facilitates the breakdown of collagen
fibers. Collagen fiber staining was performed on the rat liver
tissues. The results showed that the livers from the DEN
control group displayed marked collagen distribution along
the edge of the liver lobules (Fig. 5A). In the hUCMSC treat-
ment groups, collagen deposition was markedly decreased
(Fig. 5A), particularly in the D6 and T6 groups, which
displayed almost no collagen accumulation compared with the
DEN control group (Fig. 5A).

Furthermore, the expression of Collal in three randomly
selected liver samples from each group were quantified by
gPCR. The results showed that the Collal expression of rats
in the hUCMSC treatment groups was significantly decreased
compared with that in the DEN control group (P<0.05). With
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increased cell dose or infusion time, the expression levels of
Collal were gradually decreased to that of the normal group
(Fig. 5B).

Discussion

MSCs are capable of self-renewal while maintaining their
potential to differentiate into multiple lineages (21). At present,
MSCs have been isolated from bone marrow, umbilical cord,
adipose tissue, adult muscle and the dental pulp of deciduous
baby teeth (22). Among these, (UCMSC:s are the youngest cells
with more primitive properties than that of cells from other
origins; therefore, (UCMSCs may be a useful source of MSCs
for clinical application (16). In this study, the characteristics
of hUCMSCs and their potential to differentiate into osteo-
blast-, adipocyte- and hepatocyte-like cells were identified.
In addition, their ability to treat DEN-induced liver fibrosis
in rats was investigated. It was demonstrated that infusion of
hUCMSC:s effectively relieved DEN-induced liver fibrosis in
a dose-dependent manner by facilitating the breakdown of
collagen fibers.

Biochemical indicators in the serum are clinically impor-
tant for determining liver function (23). To a certain extent,
the values of ALB, TP and GLB can reflect the capacity of
the liver to synthesize protein, while the values of TBIL,
ALT, AST, GGT and ALP can reflect damage to the liver.
In this study, the values of ALB, TP and GLB were similar
between the normal control group and the DEN control group,
whereas the values of TBIL, ALT, AST, GGT and ALP
were distinctly different between the two groups. Therefore,
DEN-induced rats demonstrated compensated cirrhosis.
Histopathology showed that the liver was heavily scarred, but
could still perform several crucial functions. As the values
of TBIL, ALT and AST were recovered to different degrees
by the infusion of hUCMSCs, it was hypothesized that
hUCMSC-based treatment may be effective for compensated
cirrhosis.

Although the potential of MSCs to relieve liver cirrhosis
has been repeatedly verified (10-15,17), the effective infu-
sion dosage and times have not been fully elucidated. In
this study, it was demonstrated that the therapeutic effects
of hUCMSC:s in the T3 and T6 groups were relatively greater
than that in the D3 and D6 groups, indicating that multiple
hUCMSC infusions are more effective than a single infusion.
The possible underlying mechanism is that multiple infusions
of MSCs maintain the greatest number of healthy cells, which
mediates the reduction in fibrosis. Notably, liver fibrosis was
gradually relieved with increased infusion time. The results
indicated that the infusion of hUCMSCs to immune-compe-
tent rats does not induce a strong immune response, which is
consistent with the view that hUCMSCs possess low immuno-
genicity and are safe as regenerative medicinal treatments (16).

Currently, the underlying mechanisms of MSCs for
treating liver cirrhosis have not been fully elucidated (24,25).
Previous studies have suggested that the ability of MSCs
to differentiate into hepatocytes occurs during the liver
recovery process, as engrafted human MSCs can express
human a-fetoprotein, ALB and cytokeratin-18 (10,14,26). By
contrast, opposing results have been obtained which reject
this theory (17). Additionally, other mechanisms, including
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paracrine effects have been studied (24,25). It has been demon-
strated that MSCs can secrete a variety of bioactive cytokines
or growth factors, including interleukin-10, tumor necrosis
factor-a, hepatocyte growth factor and nerve growth factor,
to induce apoptosis of hepatic stellate cells (the major source
of fibrillar collagens) and consequently facilitate the regenera-
tion of the liver (26-29). Thus, paracrine effects may exhibit a
major role since the transplanted hUCMSCs have been found
to repair liver fibrosis by facilitating the breakdown of collagen
fibers. Considering the different characteristics of cirrhosis,
it is possible that infused MSCs may relieve liver cirrhosis
through different mechanisms. They function mainly through
paracrine effects for treating compensated cirrhosis or via
hepatocyte-differentiation for decompensated cirrhosis.

In conclusion, this study demonstrated that hUCMSCs can
differentiate into multiple lineages. Infusion of hUCMSCs can
effectively relieve liver cirrhosis in a dose-dependent manner
and multiple infusions caused a relatively greater reversal of
cirrhosis compared with a single infusion of hUCMSCs. These
results may provide an insight into the potential clinical appli-
cation of hUCMSC:s for treating liver cirrhosis.
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