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Smad7-overexpressing rat BMSCs inhibit the fibrosis of hepatic
stellate cells by regulating the TGF-$1/Smad signaling pathway
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Abstract. Mesenchymal stem cells (MSCs) are able to
differentiate into hepatocytes, promote the regeneration of
hepatic cells and inhibit the progression of hepatic fibrosis.
Transforming growth factor (TGF)-f1 is one of the key factors
in the development of liver fibrosis, which also promotes extra-
cellular matrix (ECM) formation. Drosophila mothers against
decapentaplegic 7 (Smad7) is an essential negative regulator
in the TGF-B1/Smad signaling pathway. In the present study,
bone mesenchymal stem cells (BMSCs) were isolated from rat
bone marrow and transfected with lentiviral vectors carrying
the Smad7 gene. Smad7-enhanced green fluorescent protein
(EGFP)-BMSCs stably expressing Smad7 were subsequently
co-cultured with hepatic stellate cells (HSCs) for 48 h. Smad7
and TGF-p1 levels in the culture medium were detected using
ELISA, and the levels of collagen (Col) I, Col III, laminin
(LN) and hyaluronic acid (HA) were measured using immuno-
assays. The early apoptosis rates of HSCs were determined via
flow cytometry. Reverse transcription-quantitative polymerase
chain reaction and western blotting were performed to evaluate
the mRNA and protein expression profiles, respectively. The
results indicated that Smad7-EGFP-BMSCs stably expressing
Smad7 were successfully constructed. Upon co-culturing with
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rat Smad7-EGFP-BMSCs, the early apoptotic rate of HSCs
was significantly increased (P<0.05). Levels of Smad7 in the
culture medium were also significantly increased (P<0.05),
whereas the levels of TGF-f1, Col I, Col III, LN and HA were
significantly decreased (P<0.05). Furthermore, the mRNA and
protein levels of Smad7 and matrix metalloproteinase 1 were
significantly increased (P<0.05), whereas those of TGF-f1,
a-SMA, Smad2, smad3, TGF-f3 receptor I, Col I, tissue inhibi-
tors of metalloproteinase-1 and Col III were significantly
decreased. The results of the present study suggest that rat
BMSCs overexpressing Smad7 may inhibit the fibrosis of
HSCs by regulating the TGF-1/Smad signaling pathway. This
provides a novel insight into future treatments for liver fibrosis.

Introduction

Stem cells that are capable of self-renewal and differentiation
are thought to have therapeutic potential for the treatment of
liver cirrhosis (1). There are two types of stem cells, embryonic
and adult; adult stem cells are the focus of clinical research (2).
Mesenchymal stem cells (MSCs) are multipotent adult stem
cells with low immunogenicity that are able to differentiate
into liver cells. MSCs are able to promote liver regeneration
and suppress liver fibrosis, and thus may partially recover liver
function and reverse liver cirrhosis (3). Transforming growth
factor (TGF)-f1 is one of the key factors in the development of
liver fibrosis, which also promotes extracellular matrix (ECM)
formation (4). Drosophila mothers against decapentaplegics
(SMAD:s) are intracellular proteins that transduce extracel-
lular signals from TGF-f1 to the nucleus and further activate
downstream gene transcription. Smad7 protein is an essential
negative regulator in the TGF-f31/Smad7 signaling pathway (5).
Hepatic stellate cells (HSCs) have a primary role in the
pathogenesis of liver fibrosis (6). A previous experimental
study suggested that activated HSCs are an attractive target for
antifibrotic therapy (7). Potential therapeutic strategies include
downregulating HSC activation and neutralizing the antipro-
liferative, fibrogenic, and contractile responses of HSCs (8). It
has been reported that migrated MSCs are present in the portal
areas and fibrous bands in the liver, where activated HSCs are
localized (9). This suggests that suppressing TGF-f1 function
may improve the therapeutic effect of treatment with MSCs.
In the present study, rat BMSCs with stably expressed
Smad7 that were able to suppress TGF-f3 were constructed and
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co-cultured with HSCs. The aim was to investigate the inhibi-
tory effects of Smad7-enhanced green fluorescent protein
(EGFP)-BMSC:s on the fibrosis of HSCs and the mechanisms
involved in order to provide experimental evidence for the
development of future liver cirrhosis treatment strategies.

Materials and methods

Isolationandpurificationofrat BMSCs. Atotal of 10 6-week-old
male Wistar rats (each weighing 160 to 200 g) were purchased
from the Laboratory Animal Center of Sun Yat-sen University
(Guangzhou, China). Rats received ordinary feed for 1 week
and had free access to food and water, and were exposed to a
12-h light/dark cycle (humidity, 40-70%; temperature, 37°C).
All animal experiments were performed under the ethical
guidelines of the Ethics Committee of The Second Affiliated
Hospital of Jinan University (Shenzhen, China). Wistar rats
were sacrificed and their femurs were harvested. Bone marrow
cells were harvested by carefully washing the marrow cavity
with PBS. The cells were isolated using density gradient
centrifugation (x400 g for 10 min at 37°C) and an adherence
screening approach (10). Subsequently, cells were cultured in
Dulbecco's modified Eagle's medium (DMEM)/F12 medium
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
supplemented with 10% fetal bovine serum (FBS; Hyclone;
GE Healthcare Life Sciences, Logan, UT, USA) at a density
of 1x10° cells/ml. Half of the culture medium was replenished
after 3 days, and thereafter the whole culture medium was
replaced every 3 days. When cells reached 80% confluence,
they were digested with 0.05% trypsin and passaged at 30%
confluence. Following the third passage, BMSCs were stained
with green fluorescent protein, and surface markers of MSCs,
including cluster of differentiation (CD)31, CD34, CD45,
CD73, CDI105 and CD106, were detected by flow cytometry
(ALTRA; Beckman Coulter, Inc., Brea, CA, USA).

Construction of the lentiviral vectors carrying the Smad7
gene and Smad7-EGFP-BMSCs. Total RNA was extracted
from the cerebral cortex, and reverse transcription/amplifi-
cation was performed to obtain the Smad7 DNA fragments.
Reverse transcription was performed using a reverse tran-
scription kit (205310; Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions. Reverse
transcription reaction conditions included 10 min at 40°C
and 95°C for 2 min. The PCR reaction conditions were as
follows: Pre-denaturation at 94°C for 5 min and 94°C 30 sec;
annealing at 55°C for 45 sec, 72°C for 60 sec for a total of
35 cycles, followed by an extension of 72°C for 10 min. The
following primers were used: Smad7, forward 5'-GGGTTT
ACAACCGCAGCAGT-3' and reverse: 5-GCCTTGATG
GAGAAACCAGG-3'. Upon cleaving the lentiviral vector,
pCDH-CMV-MCS-EF1-copEGFP (Shanghai GenePharma
Co., Ltd., Shanghai, China), with restriction enzymes (EcoRI
and BamHI; Shanghai GenePharma Co., Ltd.), the Smad7
DNA fragment was inserted and co-expressed with EGFP. The
resultant recombinant plasmid was Smad7-EGFP.

BMSCs after the third passage were seeded in a 6-well
plate at a density of 1x10° cells/ml. When the cells reached
70% confluence, Smad7-EGFP recombinant plasmid and
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
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Inc.) were added into each well and the culture medium was
replenished after 10 h. Neomycin was added to the culture
medium to screen and select for the recombinants. The
transfection efficiency was evaluated under a fluorescence
microscope and cells with stably expressed Smad7-EGFP
were subcultured at 37°C for 24 h in vitro.

Cell culture. Hepatic stellate cells (HSCs) line T6 were
purchased from the Shanghai Institute of Cell Biology
(Shanghai, China). Cell lines were cultured in DMEM supple-
mented with 10% FBS, 100 U/ml penicillin and 100 pg/ml
streptomycin. Cells were maintained in a humidified incubator
at 37°C in an atmosphere containing 5% CO,. All cell lines
were passaged for <6 months.

Cells were divided into the following four groups:
i) Smad7-EGFP-BMSCs + HSCs; ii) BMSCs + HSCs;
iii) PBS + HSCs; and iv) Smad7-EGFP recombinant
plasmid + HSCs. For the Smad7-EGFP-BMSCs + HSCs
experimental group, the two cells lines were co-cultured
as previously described (11). Following 48 h of cultivation,
the Smad7 and TGF-P1 levels in the culture medium were
detected using ELISA, according to the manufacturer's
instruction, and the levels of Col I (cat. no. CX20063), Col
IIT (cat. no. CX20064), LN (cat. no. KT20202) and HA (cat.
no. 23610) were measured using an immunoassay according
to manufacturer's instruction (Merck, New Jersey, CA, USA).

Flow cytometry. Upon co-cultivation with Smad7-EGFP-
BMSC:s for 48 h, HSCs were washed twice with PBS, fixed with
70% ethanol, and treated with RNase A (1 mg/ml (Invitrogen;
Thermo Fisher Scientific, Inc.). Cells were double-stained with
fluorescein isothiocyanate-conjugated Annexin V and prop-
idium iodide (PT) solution (50 xg/ml; Invitrogen, Thermo Fisher
Scientific, Inc.). For each sample, data from ~10,000 cells were
recorded in the list mode on logarithmic scales. Apoptosis
and necrosis were analyzed using a flow cytometer (Altra;
Beckman Coulter, Inc., Brea, CA, USA) and quadrant statis-
tics on double negative, Annexin V-positive/PI-negative,
Annexin V-negative/PI-positive, and double positive cells
were applied.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA samples were extracted from the
transfected HSCs using TRIzol (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instruc-
tions. qPCR analysis was performed using a kit (4389986;
Invitrogen; Thermo Fisher Scientific, Inc). The following
cycling conditions were performed: A total of 10 min at
40°C, 95°C for 2 min followed by 40 cycles of denaturation
at 50°C for 2 min, annealing at 95°C for 2 min, elongation at
95°C for 15 sec and extension at 60°C for 32 sec. containing
SYBR-Green according to the manufacturer's instructions and
an Applied Biosystems 7500 Real-Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). GAPDH was used
as an internal control for mRNAs. The level of expression was
calculated using the 224°4 method (12). Primers used in qPCR
analysis are provided in Table I.

Western blot analysis. HSCs were lysed in radioimmunopre-
cipitation assay buffer containing a proteinase inhibitor cocktail
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Table I. Primers used for reverse transcription-quantitative
polymerase chain reaction.

Gene Direction Primer sequence
Smad7 F 5-GGGTTTACA ACCGCAGCAGT-3'

R 5-GCCTTGATGGAGAAACCAGG-3'
TGFp1 F 5'-AAACGGAAGCGCATCGAA-3'

R 5-GGGACTGGCGAGCCTTAGTT-3'
Smad2 F 5-GTGTTTGCCGAGTGCCTAAGT-3'

R 5-TTACAGCCTGGTGGGATTTTG-3'
Smad3 F 5-GGACGCAGGCTCTCCAAAC-3'

R 5'-AGGAGATGGAGCACCAAAAGG-3'
TIMP-1 F 5'-GATTCGACGCTGTGGGAAAT-3'

R 5-AAACTCCTCGCTGCGGTTCT-3'
CollagenI F 5'-CTCCCAGCGGTGGTTATGAC-3'

R 5-TGCTGGCTCAGGCTCTTGA-3'
Collagen F 5-CCCTCTCTTATTTTGGCACAGC-3'
I R 5-TGACATGGTTCTGGCTTCCAG-3'
a-SMA F 5'-AATGGCTCCGGGCTCTGTA-3'

R 5-TTCCAACCATCACTCCCTGG-3'
TPRRI F 5-GCTGTGGTTGGTGTCGGATT-3'

R 5-CGTGGACAGAGCGAGTTTGAT-3'
MMP1 F 5-CACAACAATCCTCGTTGGACC-3'

R 5'-AAGGCTCTCTCGATGGCGTT-3'
GAPDH F 5-AGGGCTGCCTTCTCTTGTGA-3'

R 5-AACTTGCCGTGGGTAGAGTCA-3'

Smad, Drosophila mothers against decapentaplegic; F, forward; R,
reverse; TGF-B1, transforming growth factor-f1; TIMP-1, tissue inhibi-
tors of metalloproteinase-1; a-SMA, a-smooth muscle actin; TPRI,
TGF-f receptor I; MMP-1, matrix metalloproteinase 1.

(Shenergy Biocolor BioScience & Technology, Shanghai,China).
Protein concentration was determined using bicinchoninic
acid (BIOSS, Beijing, China). Proteins were separated by 10%
SDS-PAGE at 30 pg/gel lane and electrotransferred to nitrocel-
lulose membranes. The resolved proteins were transferred onto
a nitrocellulose membrane (EMD Millipore; Billerica, MA,
USA), which was then exposed to 5% non-fat dried milk in
Tris-buffered saline-Tween buffer for 1 at room temperature
prior to incubation overnight at 4°C with primary antibodies.
Membranes were incubated with rabbit polyclonal primary
antibodies against Smad7 (SC-11392), Smad?2 (:5339), Smad3
(9513), TGF-p receptor I (TPRI; Ab31013), matrix metal-
loproteinase 1 (MMP-1; SC-241561), a-smooth muscle actin
(0-SMA; 14968), collagen (Col) I (Ab7778), Col III (Ba0290),
TGF-p1 (SC-5538) and tissue inhibitors of metalloproteinase-1
(TIMP-1; all 1:1,000; all Shunho Cell Biotech Co., Ltd.,
Tianjin, China) at 4°C overnight. Following washing with 0.1%
Tween-20 in PBS, membranes were subsequently incubated
with a secondary antibody conjugated to horseradish peroxi-
dase (1:1,000; Ab7076; BD Pharmingen; BD Biosciences, San
Jose, CA, USA) at room temperature for 3 h. Immunolabeling
was visualized using an enhanced chemiluminescence system
(GE Healthcare Life Sciences, Little Chalfont, UK).
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Statistical analysis. Data are presented as the means + standard
deviation of at least three independent experiments from
separately treated and transfected cultures. Statistical
comparisons were made by one-way analysis of variance and
the Student-Newmnan-Keuls test was applied. P<0.05 was
considered to indicate a statistically significant difference.

Results

Isolation and purification of rat BMSCs. Rat BMSCs were
isolated via density gradient centrifugation and an adherence
screening approach, followed by confirmation using flow
cytometry. Results indicated that the purity of the isolated
Wistar rat BMSCs was 98%, and the transfection efficiency
of lentiviral vector pCDH-CMV-MCS-EF1-copEGFP was
90% (Fig. 1A-C). Surface markers of BMSCs (CD31, CD34,
CD45, CD73, CDI105 and CD106) were successfully detected
by flow cytometry, which further confirmed that the isolated
cells were BMSCs (Fig. 1D-I).

Successful construction of lentiviral vectors carrying
the Smad7 gene and Smad7-EGFP-BMSCs. Total RNA
was extracted from the cerebral cortex, and reverse
transcription/amplification was performed to obtain
Smad7 DNA fragments. Upon cleaving the lentiviral vector
pCDH-CMV-MCS-EF1-copEGFP with restriction enzymes
(EcoRI and BamHIs), the Smad7 DNA fragment was
then inserted and co-expressed with EGFP. The resultant
recombinant plasmid was subjected to DNA sequencing for
further confirmation (Fig. 2A). Plasmids carrying the Smad7
gene were subsequently transfected into BMSCs, and the
transfection efficiency was revealed to be ~90% when observed
under a fluorescence microscope (Fig. 2B). These results
indicated that the lentiviral vectors carrying the Smad7 gene
and Smad7-EGFP-BMSCs were successfully constructed.

Smad7-EGFP-BMSCs affect the expression of TGF-f1,
Smad7, Col I, Col Ill, LN and HA in HSCs. Upon co-cultiva-
tion with Smad7-EGFP-BMSC, Smad7 and TGF-f1 levels in
the culture medium were detected using ELISA. The results
suggested that, in the Smad7-EGFP-BMSCs + HSCs group,
the Smad7 level was significantly increased but the TGF-f1
level was significantly reduced compared with the other
groups (P<0.05; Table II). Furthermore, the immunoassay
results indicated that in the Smad7-EGFP-BMSCs + HSCs
group, Col I, Col III, LN and HA levels were significantly
decreased when compared with the other groups (P<0.05;
Table III). These results suggest that Smad7-EGFP-BMSCs
affects the expression of TGF-f1 and Smad7, which contrib-
utes to HSC fibrosis.

Smad7-EGFP-BMSC promotes the early apoptosis of HSCs.
Following co-cultivation with Smad7-EGFP-BMSC, the early
apoptotic rate of HSCs was detected by flow cytometry. The
results indicated that the early apoptotic rate of HSCs in
the Smad7-EGFP-BMSCs + HSCs group was significantly
increased compared with the control, PBS + HSCs and
Smad7 + HSCs groups (P<0.05; Fig. 3). Flow cytometry results
indicated that co-cultivation with Smad7-EGFP-BMSCs
promotes early apoptosis of HSCs and inhibits fibrosis.
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Figure 1. Isolation and purification of rat BMSCs. Representative images of (A) isolated rat BMSCs, (B) purified BMSCs (C) enhanced green fluorescent
protein-positive BMSCs (magnification, x40). (D) BMSCs with CD31 staining; (E) BMSCs with CD34 staining; (F) BMSCs with CD45 staining; (G) BMSCs

with CD73 staining; (H) BMSCs with CDI105 staining; and (I) BMSCs with CD106 staining. BMSCs, bone marrow stem cells; EGFP; CD, cluster of differ-
entiation.
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Table II. Levels of TGF-f1 and Smad7 in the co-culture
medium of different groups (pg/ml).

Group TGF-p1 Smad?7
Smad7-EGFP- 17.91+1.23 457.51%12.12°
BMSCs + HSCs

BMSCs + HSCs 83.71+5.62 222.82+18.64
PBS + HSCs 174.62+11.23 38.33+2.65
Smad7 + HSCs 56.91+1.78 300.21+9.68

“P<0.05 vs. all other groups. TGF-$1, transforming growth factor-f1;
Smad7, Drosophila mothers against decapentaplegic 7; EGFP,
enhanced green fluorescent protein; BMSCs, bone marrow stem
cells; HSCs, hepatic stellate cells.
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B

Figure 2. Construction of lentiviral vectors carrying the Smad7 gene.
(A) Correct coding sequence of Drosophila mothers against decapentaplegic
7 as confirmed by DNA sequencing. (B) Lentiviral titers observed under
fluorescence microscope (magnification, x400).

Smad7-EGFP-BMSCs affect the expression of Smad7, Smad?2,
Smad3, TGRI, MMP-1, a-SMA, Col I, Col 1Il, TGF-f1 and
TIMP-1 mRNA in HSCs. Following co-cultivation with
Smad7-EGFP-BMSC, the mRNA levels of Smad7 and
MMP-1 were significantly increased when compared with
BMSCs + HSCs, PBS + HSCs and Smad7 + HSCs groups
(P<0.05; Fig. 4A and B). However, the mRNA levels of
TGF-p1, a-SMA, Smad2, Smad3, TRRI, Col I, TIMP-1 and
Col IIT were decreased when compared with BMSCs + HSCs,
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PBS + HSCs and Smad7 + HSCs groups. (P<0.01; Fig. 4C-J).
These results suggest that Smad7-EGFP-BMSC affects the
mRNA expression levels of Smad7, Smad2, Smad3, TPRI,
MMP-1, a-SMA, Col I, Col III, TGF-f1 and TIMP-1 in HSCs,
which are essential in HSC fibrosis (13).

Smad7-EGFP-BMSCs affect the protein expression of
Smad7, Smad2, Smad3, TBRI, MMP-1, a-SMA, Col I, Col
11, TGF-f1 and TIMP-1 in HSCs. Western blotting revealed
that, following co-cultivation with Smad7-EGFP-BMSC,
the protein levels of Smad7 and MMP-1 were significantly
increased when compared with BMSCs + HSCs, PBS + HSCs
and Smad7 + HSCs groups. (P<0.05; Fig. 5). However, the
protein levels of TGF-p1, a-SMA, Smad2, Smad3, TPRI, Col
I, TIMP-1 and Col III were significantly decreased following
co-cultivation with Smad7-EGFP-BMSC when compared
with BMSCs + HSCs, PBS + HSCs and Smad7 + HSCs group
(P<0.05; Fig. 5), indicating that Smad7-EGFP-BMSC affects
these protein expressions, contributing to HSCs fibrosis.

Discussion

BMSCs were first isolated by Friedenstein et al (14), and
since then have been considered as the progenitor cells for
the skeletal tissues. BMSCs are clonogenic, fibroblastic
in shape, and are capable of differentiating into multiple
lineages, such as osteoblasts, chondrocytes, adipocytes, and
hematopoiesis-supportive stroma (15). Furthermore, BMSCs
are able to migrate and attach to the damaged area, and help
to repair the damaged organ (6). In the present study, BMSCs
were isolated and purified from rat bone marrow cells and
identified by detecting BMSC surface markers (CD31, CD34,
CD45, CD73, CD105 and CD106) using flow cytometry. The
results indicated that rat BMSCs were successfully isolated.

Smad7 was initially identified as an inhibitor of TGF-f3 due
mainly to its ability to bind TBRI and prevent TGF-[3-associated
Smad signaling (16). Recently it has been demonstrated that
Smad7 interacts with other intracellular proteins and regulates
TGF-B-independent signaling pathways, thus making a valid
contribution to neoplastic processes in various organs (17). In
the present study, lentiviral vectors carrying the Smad7 gene
were successfully constructed and transfected into BMSCs.
The results suggest that Smad7-EGFP-BMSCs affect TGF-f1
and Smad7 expression in HSCs following co-cultivation. Since
liver fibrosis is characterized by the excessive deposition of
ECM, serum markers representing ECM components are
widely employed to assess the development of liver fibrosis.
HA, LN, Col I, and Col IV are major serum markers of liver
fibrosis (18). In the present study, Smad7-EGFP-BMSCs
significantly induced early apoptosis of HSCs and suppressed
the expression levels of Col I, Col III, LN and HA, suggesting
that Smad7 may inhibit HSC fibrosis.

As liver fibrosis is characterized by the excessive deposi-
tion of ECM, the key step is fibrosis of HSCs. Activation of
HSCs transforms them into myofibroblasts and fibroblasts,
resulting in increased ECM synthesis and a-SMA expres-
sion, thus accelerating liver fibrosis (19). TGF-p1 is a key
factor in the development of liver fibrosis and also promotes
ECM formation (7). Smad7 is an essential negative regulator
in the TGF-B1/Smad signaling pathway (20). TGF-p1 is able
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Table III. Levels of Col I, Col III, LN and HA in the co-culture medium of different groups (xg/ml).

Group Col Il Col IIT LN HA
Smad7-EGFP-BMSCs + HSCs 32.11+4.36° 40.9+5 98" 23.89+2.65* 13.67+0.96*
BMSCs + HSCs 102.1+2.96 98.76+5.69 90.67+7.63 56.78+6.02
PBS + HSCs 198.67+7.54 234.56+13.23 309.78+12.6 114.5+£5.873
Smad7 + HSCs 289.92+5.69 179.65+9.86 213.22+10.36 118.9+£7.45

2P<0.05 vs. all other groups. Col, collagen; LN, laminin; HA, hyaluronic acid; Smad7, Drosophila mothers against decapentaplegic 7; EGFP,
enhanced green fluorescent protein; BMSCs, bone marrow stem cells; HSCs, hepatic stellate cells.
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Figure 3. Early apoptosis of HSCs, as determined by flow cytometry. (A) ANN-V/PI staining of HSCs cells in different groups. (B) Histogram showing
apoptotic HSC rates in different groups. "P<0.05 vs. BMSCs + HSCs, PBS + HSCs and Smad7 + HSCs groups.
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Figure 4. mRNA expression detected by reverse transcription-quantitative polymerase chain reaction. mRNA levels of (A) Smad7, (B) MMP-1, (C) TGF-f1,
(D) a-SMA, (E) Smad2, (F) Smad3, (G) TRRI (H) Col I, (I) TIMP-1 and (J) Col I1L. "P<0.05 vs. BMSCs + HSCs, PBS + HSCs and Smad7 + HSCs groups.

to activate HSCs via the TGF-f31/Smad signaling pathway,
upregulate the expression of Col I, Col III, Col IV, LN and
fibronectin, and promote ECM synthesis and deposition.
Furthermore TGF-f1 is also able to upregulate the expression

of TIMP-1 by suppressing the synthesis of MMP-1, reducing
ECM degradation and by increasing ECM deposition in the
damaged tissue or organ (21). TGF-f1 activates HSC with
a positive feedback effect, resulting in increased TGF-f1
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Figure 5. Protein expression levels, as detected by western blot analysis. (A) Representative image of western blots. (B) Relative quantitative of protein
expression. "P<0.05 vs. BMSCs + HSCs, PBS + HSCs and Smad7 + HSCs groups.

expression and rapid progression of liver fibrosis (22). In
the present study, co-cultivation with Smad7-EGFP-BMSC
resulted in a significant increase in mRNA and protein levels
of Smad7 and MMP-1, whereas the mRNA and protein
levels of TGF-f1, a-SMA, Smad2, Smad3, TPRI, Col I,
TIMP-1 and Col III were decreased. A potential reason for
this may be Smad7 and Smad2/3 competing to bind TPRI,
triggering an upregulation in the expression of the down-
stream effector, MMP-1, and downregulating the expression
levels of a-SMA, Col I, TIMP-1 and Col III. According to
Pan et al (23), the Dlk1/Notch signaling pathway may also
be involved in the process by which BMSCs inhibit HSC
fibrosis.

The results of the present study indicate that rat BMSCs
with Smad7 overexpression may inhibit the fibrosis of HSCs
by regulating the TGF-f1/Smad signaling pathway. Hence,
Smad7-EGFP-BMSC may be used for the treatment of liver
cirrhosis, as it has the potential to transform into liver cells,
and also may suppress liver fibrosis by releasing Smad7 and
inhibiting the function of TGF-f1. To further evaluate these
therapeutic effects, an in vivo study should be conducted on
a rat liver cirrhosis model with direct Smad7-EGFP-BMSC
transplantation to provide further insights into the future treat-
ment of liver cirrhosis.
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