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ABSTRACT

UNIVERSA MEDICINA

Suppression of transforming growth factor-
by mesenchymal stem-cells accelerates liver regeneration

in liver fibrosis animal model

Nur Anna C Sa'dyah1,4, Agung Putra2,4,5*, Bayu Tirta Dirja3, Nurul Hidayah2,
Salma Yasmine Azzahara6, and Risky Chandra Satria Irawan2

INTRODUCTION
Liver fibrosis (LF) results from the unregulated chronic wound healing
process in liver tissue. Transforming growth factor-beta (TGF-β) is the
major contributing cytokine of LF promotion through activation of quiescent
hepatic stellate cells (HSCs) into myofibroblasts (MFs) and increased
extracellular matrix (ECM) deposition such as collagen leading to scar
tissue development. Mesenchymal stem cells (MSCs) have an
immunomodulatory capability that could be used as a new treatment for
repairing and regenerating LF through suppression of TGF-β. This study
aimed to examine the role of MSCs in liver fibrosis animal models through
suppression of TGF-β levels without scar formation particularly in the
proliferation phase.

METHODS
In this study, a completely randomized design was used with sample size of
24. Male Sprague Dawley rats were injected intraperitoneally (IP) with
carbon tetrachloride (CCl

4
), twice weekly, for eight weeks to induce LF.

Rats were randomly assigned to four groups: negative control, CCl
4 
group

,

and CCL
4 
+ MSC-treated groups T1 and T2, at doses of 1 x 106 and 2x106

cells, respectively. TGF-β levels were analyzed by enzyme-linked
immunosorbent assay (ELISA). One-way ANOVA and a least significant
difference (LSD) was used to analyse the data.

RESULTS
The TGF levels of LF rat models decreased on day 7 after MSC
administration. The levels of TGF-β in both MSC groups T1 and T2
decreased significantly compared with the control group (p<0.05). The
TGF-β suppression capability of T2 was optimal and more significant than
that of T1.

CONCLUSION
MSCs can suppress TGF levels in liver fibrosis induced rats.
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INTRODUCTION

Liver fibrosis (LF), a most common chronic
liver injury, results from unregulated wound
healing.(1,2) Transforming growth factor-beta
(TGF-β), a cytokine released by inflammatory
cells (for example macrophages), parenchymal
cells, and platelets during the healing process, is
the main contributor of LF promotion through
activation of quiescent hepatic stellate cells
(HSCs) into myofibroblasts (MFs).(3) The active
MFs are characterized by expression of α-smooth
muscle actin (α-SMA) and increased synthesis
of the extracellular matrix (ECM) such as
collagen, potentially inducing scar tissue
development.(4–6) Therefore, novel treatments to
reverse fibrogenesis via TGF-β suppression
remain to be explored. On the other hand, recent
studies have reported that mesenchymal stem
cells (MSCs) offer a new alternative pattern in
the repair and regeneration of LF that results in
improved hepatocyte survival and inhibition of
HSC activation.(7–9) However, the role of MSCs
in inactivating HSCs through TGF-β has not been
evaluated.

Mesenchymal stem cells (MSCs) are
identified as plastic-adherent cells, which have
multipotent differentiation capacity into several
specific mature tissue cells including osteocytes,
chondrocytes, adipocytes, and neurocytes. (10)

Mesenchymal stem cells can also express several
surface markers such as CD73, CD90, CD105,
CD44, while lacking the expression of CD45,
CD34, CD14 or CD11b, CD79a, or CD19, and
human leucocyte antigen (HLA) class II. (11,12) A
previous study revealed that MSCs could preserve
immunoregulatory properties including
suppressing the prolonged release of TGF in liver
injury.(5) Furthermore, the improvement of LF is
associated with a decreased level of TGF-β.(13)

These statements indicate that MSCs may
decrease inflammatory cell-released TGF-β
expression to induce optimum liver regeneration
in LF.

Transforming growth factor β , belonging
to a superfamily of cytokines and molecular

agents, has a prime role in immune regulation and
wound healing, including LF regeneration. (13,14)

Previous studies have demonstrated that TGF-
β1 can activate HSCs into MFs leading to the
synthesis of excessive amounts of matrix proteins
resulting in accelerated wound healing.(15,16)

Furthermore, TGF-β expressed by Kupffer and
other proinflammatory immune cells during liver
injury plays essential roles in regulating tissue
development and homeostasis.(17) However, a
prolonged wound healing process could cause the
aggregation of proinflammatory immune cells in
liver injury, resulting in a continuous release of
TGF β that is correlated with the accumulation
of collagen deposition leading to LF formation.(7)

Therefore, there is a need for the suppression of
TGF-β levels released by inflammatory cells, at
the appropriate time, specifically on day 7, that
indicates the proliferation phase, by using MSCs
to modulate liver regeneration without scar
formation. Here lies the difference between our
study and the previous studies. The aim of this
study was to examine the role of MSCs in
suppressing TGF-β levels to accelerate liver
regeneration in LF.

METHODS

Research design
This experimental study was of completely

randomized design to compare the treatment
effects on the experimental and control groups at
the end of the treatment. The research was
conducted in June – August 2020 at the Stem
Cell and Cancer Research (SCCR) Laboratory,
Faculty of Medicine, Sultan Agung Islamic
University, Semarang.

Isolation of MSCs
Mesenchymal stem cells were obtained

from a single pregnant Sprague-Dawley (SD) rat
under anesthesia and transplanted into an LF rat
model. In brief, after removal of the blood vessels
the umbilical cord was cut into pieces and then
transferred to a T25 culture flask containing
complete Dulbecco’s Modified Eagle’s medium
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(DMEM) (Sigma-Aldrich, St Louis, MO) mixed
with 10% fetal bovine serum (FBS) (Gibco(TM)
Invitrogen, NY, USA), and 100 IU/mL penicillin/
streptomycin (Sigma-Aldrich). Isolated cells were
incubated in a 5% CO

2
, 37ºC incubator and the

medium was changed every 3 days. After the
cells had attained 80% confluence, the MSC-like
cells were passaged with trypsin. Cells from the
4th passage were used for the experiments.

Animal model for liver fibrosis
In order to develop the liver fibrosis model,

twenty-four male SD rats were injected
intraperitoneally with carbon tetrachloride (CCl

4
)

(Sigma–Aldrich, USA) at 1 ml/kg body weight,
twice weekly for 8 weeks.

Administration of MSCs
We isolated MSCs from a single rat umbilical

cord and transplanted the UC-MSCs into other
rats (allogeneic transplantation). The sample size
in this research was determined using the Federer
formula (t-1) (r-1) 15 (t=number of treatments;
r=number of replications).

Therefore the size of the sample used in this
study was 4x4=16 animals in which there were 4
animals in every treatment group. However,
replication is required at every treatment as an
alternative. Therefore the total number of animals
needed was 24, such that there were 6 animals
for each treatment. The experimental rats were
randomly assigned into the negative control (n=6),
CCl

4
 (n=6), and CCL

4
+T1 (n=6) and CCl

4
+T2

(n=6) groups. In addition, the negative controls
received NaCl 0.1 mL twice for a week, and the
treatment groups T1 and T2 received CCl

4.
 plus

MSCs at doses of 1x106 and 2x106 cells in 500
µL NaCl, respectively. The treatment doses were
administered in 0.1 mL saline via tail vein injection
twice for a week.

Flow cytometric immunophenotyping of
MSCs

The MSC immunophenotypes were
analyzed in the fourth passage. MSCs were
stained with conjugated antibodies, namely

fluorescein isothiocyanate (FITC)-conjugated
CD90, allophycocyanin (APC)-conjugated CD73,
peridinin chlorophyll protein complex (PerCP)-
conjugated CD105 and phycoerythrin (PE)-
conjugated Lin monoclonal antibodies, for 30 min
at 40C in the dark. The fluorescence intensity of
the cells was evaluated through flow cytometry
(BD Bioscience, Franklin Lakes, NJ, USA).

In vitro differentiation
Mesenchymal stem cell differentiation

potential was determined in order to characterize
the isolated cells. These cells were cultured in
DMEM medium supplemented with 10% FBS,
10 mmol/L β-glycerophospate, 107mol/L/ 0.1 µM
dexamethasone, 50 µmol/L ascorbate-2-
phosphate (all from Sigma-Aldrich, Louis St, MO),
at 370C and 5% CO

2
. The fixed cells were stained

with 0.2% Alizarin Red solution (Sigma-Aldrich)
to demonstrate calcium deposition (cells used
were from the fourth passage).

Enzyme-linked immunosorbent assay
(ELISA)

Rat blood was harvested via periorbital
venous plexus bleeding under general anesthesia
on day 7 after MSC administration and the serum
was collected by centrifugation at 40C. The TGF-
β levels were measured by means of enzyme-
linked immunosorbent assay (ELISA) kits, based
on the manufacturer’s instructions (Abbkine) and
according to a standard curve constructed for
each assay. The colorimetric absorbance was
recorded at a wavelength of 450 nm.

Statistical analysis
All data were presented as mean ± standard

deviation with differences between groups
analyzed by a one-way ANOVA and a least
significant difference (LSD) comparison post hoc
test. This was obtained using a p < 0.05 statistical
significant value.

Ethical clearance
This study was approved by the Institutional

Review Board of the Ethics Committee, Faculty

Univ Med                                                                                                                                                              Vol. 40 No 1
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of Medicine, Sultan Agung Islamic University,
Semarang, Indonesia, under number 607/VI/2020/
Komisi Bioetik.

RESULTS

Characteristics and differentiation of MSCs
The immunophenotype characteristics of

MSCs were evaluated using flow cytometric
analysis to determine and verify the specific
markers of MSCs. The results showed that the
isolated cells expressed an MSC-specific marker
profile, such as the presence of CD105 (96.7%),
CD73 (99.2%), and CD90 (96.7%), and lack of
Lin (0.03%) (Figure 1). In line with the expression
of MSC specific markers, we also analyzed MSC
morphology and differentiation. MSCs were
isolated by their plastic adherence capability under
standard culture conditions (37°C, 5% CO

2
) and

their peculiar fibroblast-like (spindle shape)
morphology (magnification x200, scale bar 100
μm). The differentiation assay indicated that the
multipotency of cultured MSCs was well-
maintained which was identified as calcium
deposits (red color appearance) in Alizarin red
staining (Figure 2). This method corresponds to
the minimal criteria for MSCs of the International
Society of Cellular Therapy (ISCT).

Mesenchymal stem cell suppression of TGF-
β levels in LF

In LF, TGF-β plays a crucial role through
induction of HSC activation, whereas reduction
of TGF-β expression is correlated with LF
improvement. To determine the role of MSCs in
LF regeneration, we measured the TGF-β levels
using ELISA. The levels of TGF-β in both the
low and high dose MSC groups were significantly

Figure 1. MSC characteristics by flow cytometry. MSCs expressed positive markers
(CD105, CD73, and CD90) and lack of Lin (Lin ).

Figure 2. Morphology and differentiation of MSCs. (A) MSC morphology. MSCs showed a red color with
Alizarin red staining (magnification x40, scale bar 50 μm). (B) MSC differentiation.

After the fourth passage, MSC differentiation showed as homogeneous, spindle-shaped, fibroblast-like cells
(200× magnification, scale bar 100 μm)
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decreased (T1=64.07 ± 27.53; T2=34.91 ± 0.74)
compared with the control group (184.3 ± 8.26)
(p<0.05). The suppression capability of high dose
MSCs was optimal and more significant than that
of low dose MSCs. In addition, the level of TGF-
β1 expression in the CCl

4
 group was high due to

continuous inflammation.

DISCUSSION

This study showed that the TGF-β levels of
the LF rat models decreased on day 7 after MSC
administration. Several studies have widely
demonstrated that the potential of MSCs to
regenerate diseased livers, including LF, is by
inducing hepatocyte proliferation, in addition to
reducing the activation of hepatocyte stellate cells
(HSCs).(18–20) The activation and differentiation
of HSCs into MFs are induced by main molecular
agents, particularly TGF-β.(14,21) TGF-β is the most

potent profibrotic cytokine released and activated
after tissue injury, thus suppressing its expression
is important in fibrotic disease.(21) Previous studies
have shown that MSCs can reduce the expression
of TGF-β1 level in fibrotic diseases.(13,22)

However, the decrease in TGF-β expression by
MSCs in LF has not been clearly explained.
Therefore, in this study we investigated the
MSCs’ pivotal role in suppressing TGF-β levels,
leading to the decrease in collagen density in LF
regeneration. To analyze the roles of MSCs in
suppressing TGF-β levels associated with
collagen density in LF, we used carbon
tetrachloride (CCl

4
)-injected Sprague-Dawley

rats to induce an established LF animal model,
according to previous protocols.

In our study, the decrease in TGF-β1 levels
occurring in LF might be controlled by MSC
administration through the release of anti-
inflammatory cytokines, primarily interleukin 10
(IL-10). As a potent anti-inflammatory cytokine,
IL-10 could prevent fibrosis progression by
competitively binding to TGF-β receptors resulting
in the reduction of TGF-β expression. Currently,
MSCs can suppress TGF-β levels released by
M2 macrophages through release of IL-10.(9,23)

We suggest that the decrease in TGF by IL-10
occurs through the binding of IL-10 to Kupffer
receptors that activate Janus tyrosine kinase 1
(JAK1) and tyrosine kinase-2, leading to signal
transduction and activation of transcription 3
(STAT3) which then migrates to the nucleus and
binds to the target gene promoter, resulting in the
suppression of TGF-β expression.(9,24,25) In

Group TGF-β1 (pg/mL)(Mean ± SD) 

NC 44.38 ± 8.60 

CCl4 184.31 ± 28.55* 

T1 64.07 ± 27.53* 

T2 34.1 ± 0.74* 

Table 1. Levels of TGF-β1 by
treatment group on day 7

Data were presented as the mean ± standard deviation.
*p<0.05. NC = negative control; CCl

4
 = Carbon tetrachlo-

ride; T1 = CCl
4 
+ MSC dose of 1 x 106 cells; T2 = CCl

4 
+

MSC dose of 2 x 106 cells; TGF-β1 = transforming growth

factor-β1.

Group Comparison group Significance 
95% Confidence Interval 

Lower limit Upper limit 

NC CCl4
*

 0.01 -178.06 -101.77 

 T1 0.27 -57.83 18.46 

 T2 0.58 -28.67 47.62 

CCl4 T1* 0.01 82.09 158.38 

 T2* 0.01 111.25 187.54 

T1 T2* 0.04 -8.98 67.31 

Table 2. Post-hoc LSD test for levels of TGF-β1 expression between study groups

Significance p < 0.05; NC = negative control; CCl4 = Carbon tetrachloride; T1 = CCl4+ MSC dose of 1 x 106 cells; T2 =

CCl4+ MSC dose of 2 x 106 cells
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addition, the increased TGF-β levels in the control
group may be due to the lack of IL-10 that is
released by MSCs to suppress the TGF-β levels,
consequently, the TGF level increases because
the inflammation has not been controlled. On the
other hand, the decrease in TGF may also be
effected by blocking the SMAD pathway.(24)

In regard to the Janus tyrosine kinase 1
(JAK1) pathway to suppress TGF, IL-10 also
blocks the SMAD pathway. The interaction of
IL-10 with the TGFβ-receptor induces serine/
threonine kinase activity, leading to the induction
of the downstream signaling proteins SMAD2 or
SMAD3. This results in the inhibition of the
expression of fibrotic genes, such as α-SMA,
collagen and fibronectin.(26–28) This is supported
by a previous study that reported that increased
IL-10 induces SMAD7, resulting in
downregulation of the SMAD2/SMAD3
pathway.(29) Thus, we believe that blocking the
binding of TGFβ-receptors by IL-10 released
MSCs may be associated with decreased TGF-
β expression leading to LF improvement. Overall,
the implication of this study may be useful for
research on the potential of stem cells to
accelerate and direct target screening through
molecular mechanisms to treat fibrosis in chronic
liver injury. A limitation of this study is that we
did not examine IL-10 as a competitive receptor
to TGF-β associated with JAK1 and SMADs. In
addition, we also did not analyze the collagen
density as a fibrosis indicator in the LF animal
model. Therefore, for future directions,
understanding the role of IL-10 secreted by
MSCs to suppress TGF-β expression in
association with the decrease in collagen remains
to be explored.

CONCLUSIONS

We conclude that MSCs can suppress the
TGF-β levels in LF induced rats. This study
provides new insights into the benefits of UC-
MSCs administration in most injured tissues,
particularly in the proliferation phase in liver
fibrosis.
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