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ABSTRACT

Aim To investigate the effect of umbilical cord-derived me-
senchymal stem cells (UC-MSCs) administration among liver
fibrosis experimental rat model via the regulation of angiotensin
IT type 1 receptor (AT1R) and platelet-derived growth factor-§
(PDGF-B) due to their therapeutic potential to replace liver tran-
splantation for advanced liver fibrosis. Yet the mechanism of ac-
tion has been questionably associated with UC-MSCs fibrosis re-
gression properties.

Methods Sprague-Dawley (SD) rats (n=18) were separated into
three groups (control, untreated liver fibrosis, and UC-MSCs tre-
ated group). Serum PDGF-B level was determined by enzyme-
linked immunosorbent assay (ELISA) following 14 days of UC-
MSCs injection. Meanwhile, ATIR expression was interpreted
based on immunoreactive score (IRS) stained using polyclonal
antibody and liver fibrosis stained with hematoxylin & eosin was
graded using the METAVIR score.

Results UC-MSCs were isolated successfully from rat umbilical
cord. Liver fibrosis was observed following 14 weeks of CCl,
injection concurrent with higher serum level of PDGF-f, but the
UC-MSCs-treated group had lower level (980.08 +289.41 and
606.42+109.85 for untreated liver fibrosis and UC-MSCs treated
group, respectively; p=0.004). There was also a high expression
of ATIR among untreated liver fibrosis group, as well as high-
grade liver fibrosis versus localized fibrosis and low level of AT1R
expression among UC-MSCs treated-group (p=0.001).

Conclusion UC-MSCs administration could ameliorate liver fi-
brosis by reducing the AT1R expression and PDGF-§ serum le-
vels, and intervention through this signaling pathway could be
alternative evidence for the causative of positive outcome.
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INTRODUCTION

Liver fibrosis is an abnormal response of hepa-
tocyte producing collagenous composition re-
sulting from repetitive noxious exposure as eti-
ologic agents of chronic liver diseases (CLDs)
(1). Several causative factors are associated with
CLDs ranging from genetic diseases, viral infec-
tions, cholestasis, metabolic disorders, alcohol,
and other hepatotoxic substance exposures (2). In
severe form of liver fibrosis, so-called cirrhosis,
it contributes to higher mortality and the leading
cause of disability-adjusted life-years (DALYs)
worldwide (3). There are more than 300 million
or 5% of the World population who suffered from
CLDs, with two million premature deaths predo-
minantly caused by hepatitis B viral infection
accounting for 257 million cases in 2015 (4).

The pathomechanism of liver fibrosis involves
the interaction between immunologic cascade
by inducing extracellular matrix production, and
harmful stimuli (5). Initially, the accumulation of
extracellular matrix (ECM) becomes a hallmark
for fibrotic development until it finally impairs
liver function. This hostile environment activates
quiescent hepatic stellate cells (HSCs) to myofi-
broblasts (MFBs); MFBs will act as the essential
source for ECM (6-8). In recent findings, plate-
let-derived growth factor-beta (PDGF-f) also
plays pivotal roles as a potent mitogen for cultu-
re-activated HSCs as well as a chemotactic fac-
tor (9). Higher levels of PDGF-f also ramp the
proliferative response in HSCs among cirrhotic
liver patients compared to healthy controls (10).

In another theory subset, angiotensin II and its
receptor, angiotensin II type 1 receptor (AT1R)
is also involved in the HSCs activation (11). Ac-
tivated-HSCs can promote ATIR expression or
vice versa through the AT1R signaling pathway
that activates quiescent HSCs via phosphorylati-
on of Janus kinase-2 (12,13). The AT1R activati-
on enhances angiotensin-II effect that perpetually
insults the liver by triggering the activation of the
renin-angiotensin-aldosterone system (RAAS); it
will promote oxidative stress and up-regulation
of proinflammatory cytokines (14,15). In a pre-
vious study, there was low-grade liver fibrosis in
the ATIR deficient rat model with less inflamma-
tory response versus markedly increased fibrosis
progression in wild type rats after chronic ad-
ministration of carbon tetrachloride (CCl,) (16).

Therefore, managing liver fibrosis directed aga-
inst AT1R and PDGF-f inhibition could become
one of the promising approaches.

The elucidation of liver fibrosis pathogenesis co-
uld unfold several accessible options to halt or
reverse its progression. Meanwhile, the definitive
treatment for advanced- liver fibrosis only reli-
es on liver transplantation (LT) that is frequently
overshadowed by several drawbacks, such as do-
nor availability, long term use of immunosuppre-
ssive medication, host rejection, and high cost
(17). Nevertheless, the presence of mesenchymal
derived- stem cells (MSCs) could become a re-
placement for LT since it has successfully ame-
liorated liver cirrhosis in several studies but no
findings of any sole mechanism that has been
attributed to the positive outcomes (18). The
selection of stem cells source must also be con-
sidered based on various indicators. However,
umbilical cord-derived MSCs (UC-MSCs) are
superior as they offer several advantages, such as
high content sources for pluripotent stem cells,
accessibility, and they also highly regenerate to
hepatocyte (19,20).

The aim of this study was to analyze and de-
monstrate the fibrotic regression function of
UC-MSCs administration by reducing the AT1R
expression and PDGF- serum level in experi-
mental rats induced liver fibrosis.

MATERIALS AND METHODS

Materials and study design

This laboratory experimental study with rando-
mized post test control group design was conduc-
ted at the Stem Cell and Cancer Research (SCCR)
Laboratory and the Animal House Integrated Bi-
omedical Laboratory facility, Faculty of Medici-
ne, Sultan Agung Islamic University, Semarang,
Indonesia, during the period April-July 2019.

A total of 18 Sprague-Dawley (SD) rats with si-
milar characteristics, including aged 12-14-week-
old and 200-250 g each, was housed under a con-
trolled environment (12h:12h light/dark cycle,
temperature 22+ 2°C, 55% of humidity with
accessible food and water sufficient for 104 days
before the study) and umbilical cord-derived me-
senchymal stem cells (UC-MSCs) were used.

Carbon tetrachloride (CCl,) (Sigma-Aldrich,
USA) was injected into the intraperitoneal site of
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SD rats to induce liver fibrosis at a dose of 1 mL/kg
body weight twice weekly (12 weeks of duration).
The SD rats were then allocated in randomized
mode into three groups with six rats in each group:
group I (G1) as control group that received normal
saline injection, group II (G2) as untreated liver
fibrosis group, which was only administered the
CCl, injection, and group III (G3) as UC-MSCs
treated-group; this group conceived rats with CCI,
injection as well as UC-MSCs (1x10° cells per rat)
via the tail vein. Blood sampling and liver tissue
extraction were conducted on the fourteenth day
after UC-MSCs injection (Figure 1).

Normal saline injection 1

mL/kg body weight twice Sacrifice

::Go1r1)trol group | 12 Weeks | 2 Weeks
CCl, injection 1 mL/kg body .
weight twice weekly Sacrifice
Untreated-
group (G2) | 12 Weeks | 2 Weeks
CCl, injection 1 mL/kg body Sacrifice
weight twice weekly ~ UC-MSCs
Treated-group J
(G3) | 12 Weeks 2 Weeks

Figure 1. Flow chart of the experimental study which was
divided into three groups, G1, G2, and G3; G1, control group
received normal saline injection; G2, untreated liver fibrosis group
(only administered the CCI4 injection); G3, UC-MSCs treated-
group (rats with CCI4 injection as well as UC-MSCs of 1x106
cells per rat).

Anesthetized-rats were euthanized through cer-
vical dislocation procedure at the end of the
observation based on animal euthanasia guideli-
nes (American Veterinary Medical Association/
AVMA) (21). The study protocol was also decla-
red following the guidelines for the care and use
of laboratory animals and approved by the Ethi-
cal Commission of Faculty of Medicine, Univer-
sitas Sumatera Utara, Medan, Indonesia.

Methods

Isolation, purification, and cultivation of UC-
MSCs. The UC-MSCs were developed from the
umbilical tissue of single pregnant Sprague-Dawley
(SD) rats (8 x 10°cells). Small pieces of umbilical
cord were then inundated with Dulbecco’s Modi-
fied Eagle’s medium/ DMEM (Sigma-Aldrich,
Louis St, MO) in T25 culture flask supplemented
with 10% Fetal Bovine Serum (FBS) (GibcoTM
Invitrogen, NY, USA). Nucleated cells were iso-
lated in a complete culture medium, which was
also supplemented with 100 IU/mL or 1% of pe-
nicillin/ streptomycin (Sigma-Aldrich, USA) and

incubated at 37 °C with 5% humidified CO, for 14
days following manufacturer’s instructions. Cell
growth continuation was observed every 24 hours
under an inverted microscope with replacing the
medium every 2-3 days until it approached 80%
of confluence. It proceeded into two times-washi-
ng processes using phosphate buffer saline (PBS)
followed by trypsinization with 1 mL of 0.25%
trypsin-EDTA (Gibco-BRL, NY, USA) while sha-
king the tube. Inactivation of Trypsin-EDTA was
done using a new medium then the cells were tran-
sferred into a new conical tube for centrifugation
in 1900 rpm for 10 minutes. Pellet form cells was
re-suspended into complete medium and incubated
in new flask disks, mentioned as first-passage cul-
tures until it sub-cultured in the fourth passage that
had been used for the experiment.

Flow cytometric analysis. The immunophe-
notypes of UC-MSCs were analyzed at the
fourth passage using conjugated antibodies, na-
mely fluorescein isothiocyanate (FITC) CD90,
allophycocyanin (APC) CD73, peridinin chlo-
rophyll protein complex (PerCP) CD105 and
phycoerythrin (PE) lin monoclonal antibodies.
After this, flow cytometry (BD Bioscience, Fran-
klin Lakes, NJ, USA) determined the fluorescen-
ce intensity of the cells.

In vitro differentiation of UC-MSC:s to the oste-
ogenic lineage. Mesenchymal stem cells must
demonstrate their ability to differentiate into me-
sodermal or osteogenic lineage cells. Cells of the
fourth passage were used at a density of 5x10°
cells/cm? and cultured in DMEM medium supple-
mented with 10% FBS, 10 mmol/L § glycerop-
hosphate, 107 mol/L/ 0.1 uM dexamethasone,
50umol/L ascorbate 2-phosphate (all from Sigma-
Aldrich, Louis St, MO) to induce osteogenic diffe-
rentiation. Cell culture was then incubated at 37
°C and 5% CO,, as well as twice a week of me-
dium replacement. It was ultimately stained with
0.2% alizarin red solution (Sigma-Aldrich, USA);
the appearance of bright red-stain was interpreted
as osteocytes, which represents calcium depositi-
on as well as its multipotency properties.

Histopathological analysis. The SD rats were
anesthetized and sacrificed on days 14 after UC-
MSCs injection in advance of liver extraction.
The analysis was aimed at evaluating the extent
of fibrosis among the experimental groups (G1,
G2, and G3). Firstly, liver fixation used pot-con-
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taining 10% formalin to preserve cells and tissue
components. Secondly, paraffin-embedded tissue
was cut into smaller pieces (3-5 pm of thickness)
using a microtome. Lastly, routine hematoxylin-
eosin (H&E) staining was applied to tissue sam-
ples and observed under microscope at high ma-
gnification. Liver fibrosis was graded based on
the histological scale of the METAVIR score; it
consists of five-point scale ranging from FO to
F4 (FO0, no fibrosis; F1, localized fibrosis enclose
portal area; F2, periportal fibrosis or mild portal-
portal septa; F3, bridging fibrosis or septa fibro-
sis surrounded portal tracts and terminal hepatic
vein; F4, diffuse nodule or cirrhosis) (22).

Immunohistochemistry. Immunohistochemical
staining employed angiotensin II receptor type-
1 (ATIR) polyclonal antibody (MyBioSource,
San Diego, USA). The samples were also pre-
served using 10% formalin and embedded in pa-
raffin to accommodate microtome cut. Staining
was further applied to samples according to the
manufacturer’s instructions. The interpretation
of immunohistochemistry was grouped based on
immunoreactive score (IRS) from the multiplica-
tion between given score for positive cell covera-
ge (0, no immunoreactive cells; 1, <10%; 2, 10-
50%; 3, 51-80%; 4, > 80%) and colour intensity
(0, no colour; 1, mild; 2, moderate; 3, intense).
The IRS score was divided into four categories
(0-1= negative; 2-3= mild; 4-8= moderate; and,
9-12= strongly positive) (23).

Platelet-Derived Growth Factor- (PDGF-p)
analysis. Blood was extracted from the perior-
bital venous plexus under general anesthesia
following 14 days of MSCs administration. Pla-
telet-derived growth factor-f (PDGF-B) serum
levels were measured by sandwich enzyme-lin-
ked immunosorbent assay (ELISA), from Rat
PDGF-B ELISA kit (MyBioSource, United Sta-
tes), which perform under the manufacturer’s in-
structions as well as the interpretations (formu-
lated through the analysis of the standard curve
and optical density each sample spectrophotome-
trically at wavelength of 450 using software).

Statistical analysis

A one-way ANOVA determined the mean diffe-
rence of serum PDGF-f level with an LSD com-
parison post hoc test preceded by normality test.
The AT1R expression was determined by Kruskal
Wallis and post hoc with the Mann Whitney test. A
p<0.05 was considered as statistically significant.

RESULTS

Umbilical cord-derived mesenchymal stem cells
were expressed CD105 (95.9%), CD73 (99.2%),
and CD90 (99.9%), but were negative for Lin
(2%) through flow cytometric analysis (Figure
2A). The UC-MSCs appeared as long spindle-
shaped cells under a microscope (Figure 2B), and
it adhered to plastic in cell culture. Additionally,
UC-MSCs should also demonstrate osteogenic
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Figure 2. Characteristics, isolation, and differentiation of UC-MSCs. A-C) Most UC-MSCs expressed positive markers (CD90, CD105,
and CD73) with D) negative marker Lin; E) UC-MSC candidates appear as fibroblast-like cell characteristics (magnification 10x,
scale bar 200 ym); F) osteogenic differentiation (magnification 40x, scale bar 50 ym); UC-MSCs, umbilical cord-derived mesen-

chymal stem cells;
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Figure 3. Histology of liver sections from rats in various groups. A) no fibrosis (G1); B) untreated liver fibrosis group (G2) was posi-
tive with a fibrous expansion of the most portal areas with marked bridging (F3); C) UC-MSCs treated-group (G3) had eliminated the
effect of CCI4 injection with mild fibrosis (F1) (magnification 400x); UC-MSCs, umbilical cord-derived mesenchymal stem cells; G1,
control group received normal saline injection; G2, untreated liver fibrosis group (only administered the CCI4 injection); G3, UC-MSCs
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treated-group (rats with CCl4 injection as well as UC-MSCs of 1x 106 cells per rat);

differentiation capability, which was noticeable
through the appearance of calcium deposition
stained red by Alizarin red dye (Figure 2C).

CCl, successfully induced fibrosis in the experi-
mental rat model; it demonstrated significant hi-
stological alteration encompassing from septal fi-
brosis that expanded to portal tracts and terminal
hepatic vein until conspicuous bridging fibrosis
(F3) (Figure 3). It was also notable that the UC-
MSCs-treated group (G3) had low-grade hepatic

fibrosis; specifically, it included isolated fibrosis
surrounding the portal area (F1) compared with
the untreated liver fibrosis group (G2). In other
words, UC-MSCs injection was associated with
a lower accumulation of collagenous scar.

UC-MSCs injection into fibrosis-induced rat gro-
up remarkably reduced serum PDGF-f level com-
pared to control (G1) and untreated liver fibrosis
group (G2) with a significant mean difference at
day 14 (606.42+109.85 vs. 762.11 £235.12 vs.

A) 1200 B) 45

1000

800

600

IRS of AT1R

400

Serum PDGF- level (pg/ml)

Figure 4. The effect of UC-MSCs injection on serum level of PDGF-8 and AT1R expression. A) Lower serum level of PDGF-8 fol-
lowing 14 days of UC-MSCs administration compared to untreated liver fibrosis group (G2) (p=0.003); B) AT1R expression also
significantly reduced in UC-MSCs treated groups versus untreated liver fibrosis group (p=0.003); C-E) immunohistochemistry
analysis showed that UC-MSCs attenuated AT1R expression, as well as fibrosis up-regulated AT1R abundantly (left to right G1-G3)
(magnification 400x); UC-MSCs, umbilical cord-derived mesenchymal stem cells; PDGF-B, platelet-derived growth factor-beta; AT1R,
angiotensin Il type 1 receptor; G1, control group received normal saline injection; G2, untreated liver fibrosis group (only administered the
CCl4 injection); G3) UC-MSCs treated-group (rats with CCI4 injection as well as UC-MSCs of 1x 106 cells per rat);
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980.08 £289.41, respectively) (p=0.004). Post hoc
analysis using LSD also demonstrated significant
mean differences between each group (Figure 4A).
Low immunoreactive score (IRS) of AT1R in UC-
MSC:s treated group (G3) compared to G2 (1 (1-2)
vs. 4 (4-6), p=0.001) was also successfully proved
(Figure 4B). The G2 showed a strong expression
of AT1R, which was represented by the appearance
of dark-brown colour through polyclonal antibody-
targeted ATIR staining, but no AT1R expression
was demonstrated in G1. Immunohistochemistry
interpretation verified low expression of ATIR
among UC-MSCs treated group as well as fibrosis
induced up-regulation of AT1R expression (Figure
4C). The post hoc analysis of immunoreactive sco-
res of AT1R expression and PDGF-f level for three
groups is depicted in Figure 4.

DISCUSSION

Repetitious administration of CCI, establishes
liver fibrosis; it initially triggers an acute respon-
se, including interstitial edema, focal or centrilo-
bular necrosis, and inflammatory cell infiltration
followed by HSCs activation that increases the
production of extracellular matrix (ECM), and it
ultimately transforms normal liver parenchyma
into well-established liver fibrosis (24-27). In the
presented study, CCl, induction produced patho-
logical changes consisting of high-grade fibrosis
among experimental rats.

The major problem relating to chronic liver di-
seases, as well as liver fibrosis, is the continu-
ation of collagenous and ECM deposition in
the liver tissue (28). The immune arm would
react, subsequently resulting in the activation
of quiescent HSCs that directly play pivotal ro-
les in the progression of hepatic fibrosis per se.
Several growth factors and cytokines will also
overwhelm liver milieu to turn on dormant HSC
(29). Therefore, experimental studies have shown
that suppression of HSCs proliferation could be
beneficial against liver fibrosis. The PDGF is one
of the efficient mitogens that could up-regulate
supportive protein expression for HSCs proli-
feration and migration. Several reports have in-
vestigated PDGFRp up-regulation during HSCs
activation and positively correlated with liver fi-
brogenesis (25,30,31). In general, mesenchymal
stem cells (MSCs) can produce cytokines and
signaling molecules, which finally produce an

immunomodulatory and paracrine effect, hepa-
tocyte proliferation, and restoration (32). The
role of MSCs has been studied for their activity
to restrain myofibroblast differentiation, and they
act in deterring quiescent HSCs transformation
to myofibroblast in several stages, thus reducing
fibrosis progression (33,34). The presented study
showed considerable reduction of PDGF-f level
following UC-MSCs injection intravenously to
the experimental rats indicating inhibitory effects
of UC-MSC to prevent catastrophic implications
of PDGF/PDGFR signaling pathway; on the 14®"
day, PDGF- level decreased in the UC-MSCs-
treated group, but there was no significant diffe-
rence between the control group and UC-MSCs
treated-group. This phenomenon is relatable to
the fact that MSCs will actively engage in the
induction of endogenic stem cells to trigger he-
patocyte regeneration via paracrine effect during
the initial phase of administration (35).

The renin-angiotensin system (RAS) is also in-
volved in the process of fibrogenesis. Several
investigations reported that RAS re-distributed
only in chronically injured livers and activated
HSCs de novo, which then generates angiotensin
11 (36). Subsequently, angiotensin Il accumulates
at the sites of parenchymal injury and binds to
angiotensin II type 1 receptor (AT1R) in myofi-
broblasts to promote the recruitment of inflamma-
tory cells, secretion of extracellular matrix prote-
ins, and inhibition of collagen degradation (37).
Albeit angiotensinogen is the only component of
the RAS expressed in the healthy rat liver, the
expression of angiotensin-converting enzyme
(ACE) and ATIR are evident in the fibrotic rat
livers. In humans, there was up-regulation of
ACE and chymase, a serine protease, in the liver
with severe fibrosis, whereas AT 1R expression is
re-located to fibrotic areas (38). In the previous
study, the administration of human adipose-de-
rived MSCs down-regulated AT1R expression in
addition to a-SMA, TGFp1, Col I, and Col III
reduction in cardiac myofibroblast (39).

Regarding the direct anti-fibrotic effects of MSCs
against HSCs, MSCs can inhibit the proliferation
of HSCs as well as its apoptosis inducer (40). In
our study, prominent pathological abnormalities
among the untreated liver fibrosis group occurred
in linear with the strong expression of AT1R; in
contrast, UC-MSCs treated group showed weak
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expression of ATIR. Therefore, the primary
outcome relating to the UC-MSCs administrati-
on is to down-regulate the AT1R expression that
subsequently halts fibrosis progression.

CCl, injection in our study was administered
biweekly via intraperitoneal for 12 weeks until
it developed liver fibrosis, as confirmed throu-
gh histopathological examination. Liver fibrosis
was significantly mild in rats which received
UC-MSCs and CCl, injection, acknowledging
the anti-fibrotic effect of UC-MSCs specifically
through the reduction of PDGF-B serum level
and ATIR expression; the amalgamation of the
processes synergistically decreased or inhibited
HSCs activation from proliferating.

Our study did not escape some limitations, inclu-
ding several markers for HSCs activation that
were not investigated; the HSCs activity was
purely based on the final results of the induction
and UC-MSC:s transplantation. In addition, some
transcription factors associated with ATIR upre-
gulation have not yet been elucidated, but mea-

REFERENCES

1. Friedman SL. Liver fibrosis—from bench to bedside.
J Hepatol 2003; 38:38-53.

2. Weiskirchen R, Weiskirchen S, Tacke F. Recent ad-
vances in understanding liver fibrosis: bridging ba-
sic science and individualized treatment concepts.
F1000Res 2018; 7:1-17.

3. Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Bur-
den of liver diseases in the world. J hepatol 2019;
70:151-71.

4.  Mokdad AA, Lopez AD, Shahraz S, Lozano R, Mo-
kdad AH, Stanaway J, Murray CJ, Naghavi M. Liver
cirrhosis mortality in 187 countries between 1980
and 2010: a systematic analysis. BMC Med 2014;
12:145.

5. LiuY, Wang Z, Kwong SQ, Lui ELH, Friedman
SL, Li FR, Lam RWC, Zhang GC, Zhang H, Ye T.
Inhibition of PDGF, TGF-B, and Abl signaling and
reduction of liver fibrosis by the small molecule Ber-
Ab] tyrosine kinase antagonist Nilotinib. J Hepatol
2011; 55:612-25.

6. Lei X, Fu W, Kaneyama JK, Omoto T, Miyazaki T,
Li B, Miyazaki A. Hic-5 deficiency attenuates the
activation of hepatic stellate cells and liver fibrosis
through upregulation of Smad7 in mice. J Hepatol
2016; 64:110-17.

7. Hernandez-Gea V, Friedman SL. Pathogenesis of
liver fibrosis. Annu Rev Pathol Mech Dis 2011;
6:425-56.

8. Gressner AM, Weiskirchen R. Modern pathogenetic
concepts of liver fibrosis suggest stellate cells and
TGF-B as major players and therapeutic targets. J
Cell Mol Med 2006; 10:76-99.

suring ATIR expression was still acceptable to
determine the linkage between its overexpression
and fibrosis development.

In conclusion, the attenuation of liver fibrosis
occurred following UC-MSCs administration via
AT1R down-regulation and PDGF-f3 serum level
reduction. This supportive mechanism directly
implicated the disease progression of the experi-
mental rat model. The study results indicated that
UC-MSCs might have a potential as anti-fibrotic
treatment through downregulating PDGF-§ and
ATI1R signaling pathways.

FUNDING

No specific funding was received for this study.

The study approved by the Ethical Commission
of Faculty of Medicine, Universitas Sumatera
Utara, Medan, Indonesia (No: 542/TGL/KEPK
FK USU-RSUP HAM/2019).

TRANSPARENCY DECLARATION

Conflict of interest: None to declare.

9.  Yoshida S, Ikenaga N, Liu SB, Peng ZW, Chung
J, Sverdlov DY, Miyamoto M, Kim YO, Ogawa
S, Arch RH, Schuppan D, Popov Y. Extrahepatic
platelet-derived growth factor-p, delivered by pla-
telets, promotes activation of hepatic stellate cells
and biliary fibrosis in mice. Gastroenterol 2014;
147:1378-92.

10. Borkham-Kamphorst E, Weiskirchen R. The PDGF
system and its antagonists in liver fibrosis. Cytokine
Growth F R 2016; 28:53-61.

11.  Yoshiji H, Kuriyama S, Yoshii J. Angiotensin-II type
1 receptor interaction is a major regulator for liver fi-
brosis development in rats. Hepatol 2001; 34:745-50.

12. Bataller R, Gines P, Nicolas JM, Gorbig MN, Gar-
cia—Ramallo E, Gasull X, Bosch J, Arroyo V, Rodés
J. Angiotensin II induces contraction and prolifera-
tion of human hepatic stellate cells. Gastroenterol
2000; 118:1149-56.

13. Bataller R, Sancho-bru P, Gines P, Lora JM, Al-ga-
rawi A, Solé M, Colmenero J, Nicolas JM, Jiménez
W, Weich N, Gutiérrez-ramos JC. Activated human
hepatic stellate cells express the renin-angiotensin
system and synthesize angiotensin II. Gastroenterol
2003; 125:117-125.

14. Shim KY, Eom YW, Kim MY, Kang SH, Baik SK.
Role of the renin-angiotensin system in hepatic fi-
brosis and portal hypertension. Korean J Intern Med
2018; 33:453-61.

15. Zhang Y, Yang X, Wu P, Xu L, Liao G, Yang G.
Expression of angiotensin II type 1 receptor in rat he-
patic stellate cells and its effects on cell growth and
collagen production. Horm Res 2003; 60:105-10.




Sungkar et al. Anti-fibrotic effect of UC-MSCs

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kanno K, Tazuma S, Chayama K. AT1R-deficient
mice show less severe progression of liver fibrosis
induced by CCl,. Biochem Biophys Res Commun
2003; 308:177-83.

Forbes SJ, Gupta S, Dhawan A. Cell therapy for liver
disease: from liver transplantation to cell factory. J
Hepatol 2015; 62:157-69.

Raphael PH, Mahou R, Morel P. Microencapsulated
human mesenchymal stem cells decrease liver fibro-
sis in mice. J Hepatol 2015; 62:634—41.

Yin F, Wang WY, Jiang WH. Human umbilical cord
mesenchymal stem cells ameliorate liver fibrosis in
vitro and in vivo: from biological characteristics to
therapeutic mechanisms. World J Stem Cells 2019;
11:548-64.

Tsuchiya A, Takeuchi S, Watanabe T, Yoshida T, No-
jiri S, Ogawa M, Terai S. Mesenchymal stem cell
therapies for liver cirrhosis: MSCs as “conducting
cells” for improvement of liver fibrosis and regene-
ration. Inflamm Regen 2019; 39:1-6.

Underwood W, Anthony R, Cartner S, Corey D,
Grandin T, Greenacre CB, Gwaltney-Bran S,
McCrackin MA, Meyer R, Miller D. AVMA gu-
idelines for the euthanasia of animals: 2013 editi-
on. Schaumburg, IL: American Veterinary Medical
Association, 2013.

Bedossa P, Poynard T. An algorithm for the grading
of activity in chronic hepatitis C. Hepatol 1996;
24:289-93.

Remmele W, Stegner H. Recommendation for uni-
form definition of an immunoreactive score (IRS)
for immunohistochemical estrogen receptor detec-
tion (ER-ICA) in breast cancer tissue. Pathologe
1987;8:138-40.

Fortea JI, Fernandez-Mena C, Puerto M, Ripoll
C, Almagro J, Banares J, Bellon JM, Banares R,
Vaquero J. Comparison of two protocols of carbon
tetrachloride-induced cirrhosis in rats — improving
yield and reproducibility. Sci Rep 2018; 8:9163.
Chen C, Li X, Wang L. Thymosin 4 alleviates cho-
lestatic liver fibrosis in mice through downregula-
ting PDGF/PDGFR and TGFf/Smad pathways. Di-
gest Liver Dis 2020; 52:324-30.

Lu B, XuY, Xu L, Cong X, Yin L, Li H, Peng J.
Mechanism investigation of dioscin against CCl4 in-
duced acute liver damage in mice. Environ Toxicol
Phar 2012; 34:127-35.

Wang R, Wang J, Song F, Li S, Yuan Y. Tanshi-
nol ameliorates CCl, induced liver fibrosis in rats
through the regulation of Nrf2/HO-1 and NF-kB/
IkBa signaling pathway. Drug Des Dev Ther 2018;
12:1281-92.

Mormone E, George J, Nieto N. Molecular patho-
genesis of hepatic fibrosis and current therapeutic
approaches. Chem Biol Interact 2011; 193:225-31.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Perepelyuk M, Terajima M, Wang AY, Georges PC,
Janmey PA, Yamauchi M, Wells RG. Hepatic stella-
te cells and portal fibroblasts are the major cellular
sources of collagens and lysyl oxidases in normal li-
ver and early after injury. Am J Physiol Gastrointest
Liver Physiol 2013; 304:G605-14.

Foo NP, Lin SH, Lee YH, Wu MJ, Wang Y]J.
a-Lipoic acid inhibits liver fibrosis through the atte-
nuation of ROS-triggered signaling in hepatic stella-
te cells activated by PDGF and TGF-B. Toxicology
2011; 282:39-46.

Ezhilarasan D, Sokal E, Najimi M. Hepatic fibro-
sis: It is time to go with hepatic stellate cell-specific
therapeutic targets. Hepatobiliary Pancreat Dis Int
2018; 17:192-197.

Berardis S, Sattwika PD, Najimi M, Sokal EM. Use
of mesenchymal stem cells to treat liver fibrosis: cu-
rrent situation and future prospects. World J Gastro-
entero 2015; 21:742.

Sriramulu S, Banerjee A, Di Liddo R, Jothimani G,
Gopinath M, Murugesan R, Marotta F, Pathak S.
Concise review on clinical applications of conditi-
oned medium derived from human umbilical cord-
mesenchymal stem cells (UC-MSCs). Int J] Hematol
Oncol Stem Cell Res 2018; 12:230.

Zhang LT, Peng XB, Fang XQ, Li JF, Chen H, Mao
XR. Human umbilical cord mesenchymal stem cells
inhibit proliferation of hepatic stellate cells in vitro.
Int J Mol Med 2018; 41:2545-52.

Putra A, Antari A, RetnoKustiyah A, SorayaNurln-
tan Y, Anna C, Sadyah N, Wirawan N. Mesenchymal
stem cells accelerate liver regeneration in acute li-
ver failure animal model. Biomed Res Ther 2018;
5:2802-10.

Munshi MK, Uddin MN, Glaser SS. The role of the
renin—angiotensin system in liver fibrosis. Exp Biol
Med 2011; 236:557-66.

Okamoto K, Tajima H, Nakanuma S, Sakai S, Maki-
no I, Kinoshita J, Hayashi H, Nakamura K, Oyama
K, Nakagawara H, Fujita H. Angiotensin Il enhances
epithelial-to-mesenchymal transition through the in-
teraction between activated hepatic stellate cells and
the stromal cell-derived factor-1/CXCR4 axis in
intrahepatic cholangiocarcinoma. Int J Oncol 2012;
41:573-82.

Moreno M, Bataller R. Cytokines and renin-angio-
tensin system signaling in hepatic fibrosis. Clin Li-
ver Dis 2008; 12:825-52.

Yong KW, Li Y, Liu F, Gao B, Lu TJ, Abas WA,
Safwani WK, Pingguan-Murphy B, Ma Y, Xu F
and Huang G. Paracrine effects of adipose-derived
stem cells on matrix stiffness-induced cardiac myo-
fibroblast differentiation via angiotensin II type 1
receptor and Smad?7. Sci Rep 2016; 6:33067.

Alfaifi M, Eom YW, Newsome PN, Baik SK. Me-
senchymal stromal cell therapy for liver diseases. J
Hepatol 2018; 68:1272-85.

69



