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ABSTRACT

Liver cirrhosis is a major cause of morbidity and mortality in the world. Definitive therapy is
liver transplantation, but it is constrained by difficulties in finding a transplant donor. Human
mesenchymal stem cell-based therapy can help liver regeneration directly, through hepatogenic
differentiation, or indirectly through the paracrine secretome. Thus, this study aims to
determine the effect of Human mesenchymal stem cell secretome (HuMSC-S) administration
on caspase 3 levels and apoptotic hepatic cells in a rat model with cholestasis after choledochal
duct ligation receiving urso deoxy cholic acid (UDCA). Twenty-four male Wistar rats were
subjected to a choledochal duct ligation and were included in this randomized experimental
study. After surgical intervention, all rats were randomly assigned into 4 group: control, UDCA,
HuMSC-S, and a combination of UDCA and HuMSC-S for 4 weeks. Caspase-3 levels were
assessed from the blood sample, while the apoptosis of hepatocytes was evaluated using
histopathologic examination of the liver. Interestingly, caspase-3 level was significantly lower
in the UDCA and HuMSC-S-treated groups compared to the UDCA or HuMSC-S alone.
Similarly, the apoptosis of hepatocyte was significantly lower in the combination group
compared to the UDCA or HuMSC-S alone. In conclusion, addition of HuMSC-S to UDCA
lowered caspase-3 levels and apoptotic cell count in rats with hepatic cholestasis after
choledochal duct ligation.

INTRODUCTION

Cholestasis is a clinical syndrome caused by reduced bile secretion from liver cells,
impaired bile secretion at the cholangiocyte level, obstruction of bile flow by stones
(cholelithiasis), or tumor masses. When bile formation or excretion occurs, accumulation
of biliary constituents will exceed liver's normal cellular architecture, contributing to
liver parenchyma cellular damage. Cirrhosis is the final stage of chronic and progressive
liver disease caused by infection, autoimmune disorders, biliary obstruction, and
metabolic disorders. Globally, cirrhosis is ranked 15t as a cause of morbidity and 11t as
a leading cause of mortality [1]. Definitive therapy for cirrhosis is liver transplantation,
but it takes time to find a matched donor, and thus, patients have to wait relatively for a
long time and should continue to use urso deoxy cholicacid (UDCA) as an effort to slow
the disease progression [2, 3]. However, studies have found that UDCA can inhibit DNA
repair mediated by poly (ADP-ribose) polymerase, thereby interfering with the
effectiveness of regeneration of the damaged cells. Therefore, alternative medical therapy
that can stimulate liver regeneration is needed.

Human mesenchymal stem cells (HuMSC) have low immunogenicity, self-renewal, and
are easy to obtain, making it a promising therapy for liver regeneration [4]. HuMSC-
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based therapy can help liver regeneration directly, through hepatogenic differentiation,
or indirectly through the paracrine secretome [5]. Secretome is a soluble molecule and
exosome produced by HuMSC, which can support hepatic epithelial regeneration
through hepatogenic differentiation. The secretome was also found to inhibit cell
apoptosis [6], suggesting that adipose-derived stem cell secretome (ADSC-S) can reduce
liver cell apoptosis within 1-3 days after surgery.

The process of hepatic fibrogenesis is affected by the presence of oxidative stress that
increases proinflammatory cytokines, such as tumor necrosis factor-alpha (TNF-a),
platelet-derived growth factor (PDGF), transforming growth factor beta (TGF-(),
interferon, and interleukin (IL). Previous studies in rats showed that increased
inflammation, oxidative stress, and liver fibrosis in diabetic rats could be diminished by
ramipril treatment. Another found that HMG-CoA reductase inhibitor (rotuvastatin)
treatment could be used as an alternative therapy to decrease oxidative stress parameters
and liver enzyme activities [7-10]. These cytokines induce caspase-3 activation as an
effector caspase that activates hepatic stellate cells (HSCs) and cause fibrogenesis [11].
Suppression of caspase-3 is known to have protective andanti-apoptotic effects on liver
cells and reduces collagen deposition, ultimately leads to inhibition of fibrogenesis [12].
Because of this, we aimed to study the effect of human mesenchymal stem cell secretome
(HuMSC-S) administration on caspase 3 levels and apoptosis of hepatocytes ina rat model
with cholestasis aftercholedochal duct ligation receiving standard UDCA therapy.

MATERIALS AND METHODS

Randomized experimental research with a post-test only control group design was carried
out from April to December 2022 at Experimental Animal Laboratory, Gajah Mada
University, Indonesia.

Preparation of UDCA and HuMSC-S

The UDCA (Dexa Medica, Tangerang, Indonesia) dose for this study was based on the
range of doses used in human subjects that wereconverted to experimental animals,
resulting in a dose of 4.5 mg in rats weighing 200 grams [13].

Preparation of HuMSC-S was carried out in the laboratory of Gadjah Mada University,
Yogyakarta and was processed through 4 phases and cultured, in which HuMSC-S were
derived from human umbilical cord that reached 60% harvested using the warm
trypsinization. After trypsin neutralization, the cell suspension was centrifuged at 3000
rpm for 10 minutes. The supernatant was removed, and the cell precipitate was washed
with PBS three times. The cell precipitate was then resuspended in a new medium with
a concentration of 10,000 cells per ml. Stem cells are modified into embryoid bodies and
grown in culture media with complete media until a junction between the embryoid
bodies was formed. Mesenchymal stem cell-conditioned media (MSC-CM) production
was carried out by washing the embryoid body culture with sterile PBS and filling the
embryoid body culture plate with 10 mL of complete medium without serum. After 48h,
MSC-CM was stored at -20 °C until use [14]. The dose of HuMSC-S was based on the
effective dose range in regeneration in other studies, namely 0.2 ml/kg [15].

Animal models and study procedures

Twenty-four male Wistar rats aged two months and weighing 200-250 grams were used
as experimental models and were then adapted, given food and drink ad libitum for 5
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days. The Wistar rats were managed in accordance with animal welfare regulation [16].
Serum samples from the tail blood were obtained to measure the ALT and AST levels
before intervention using kinetic methods for transaminase assay. For the surgical
procedure, an injection of ketamine hydrochloride (0.5 cc) intramuscular (IM) was given
for anesthesia and cefotaxime (18 mg) intravenous (IV) for prophylactic antibiotic. After
disinfection of the surgicalarea, a midline incision was made to reach the peritoneum and
liver. After the common bile duct was visualized, it was then separated from the portal
vein and hepatic artery using micro-serrated forceps with a 0.5 mm, curved tip. A 4-0
Silk suture was placed around thebile duct and tied with two surgical knots for
maximum obstruction. Suturing was done to close the incision wound. After two weeks,
all 24 rats were randomly divided into four groups (6 rats per group): Control (K1),
UDCA therapy (K2), HuMSC-S therapy (K3), and combination of UDCA and HuMSC-S
(K4).UDCA (4.5 mg, orally) and HuMSC-S (0.2 ml/kg intraperitoneal)were given 1 dose
per week for 4 weeks. At the end of the treatment Wistar rats were killed with cervical
dislocation under general anesthesia.

The experiments were conducted following the institutional guidelines and the study has
been approved by Health Research Ethical Committee, Faculty of Medicine, Universitas
Diponegoro (Protocol Number: 09/EC/H/FK-UNDIP/1/2023). The Wistar rats were
managed in accord with animal welfare regulations.

Measurement of serum ALT and AST

Serum alanine transaminase (ALT) and aspartate aminotransferase (AST) levels were
analysised using kinetic methods with DiaSys Kit (Diagnostic Systems GmbH, Alte
Strasse 9, 65558 Holzheim, Germany) to measure the liver damage.

Evaluation of caspase 3 levels

At the end of the treatment, blood samples were taken through the medial canthus sinus
orbitalis using a syringe. A blood sample was inserted into a tube, then was centrifugated
for 10 minutes at a speed of 3000 rpm at a temperature of 40 C, and then the serum was
taken. Assessment of caspase-3 levels was examined using Direct ELISA technique with
ELISA Kit (FineTest© from Wuhan City, Hubei province, China). Optical density
absorbance was measured using a Microplate Reader at 450 nm.

Measurement of apoptosis of hepatocytes

Liver biopsies were done after secretome injection to determine histopathological
features using the Terminal deoxynucleotidyl Transferase-mediated dUTP Nick End
Labeling (TUNEL) staining. The amount of apoptotic hepatocyte was assessed through
observation using a microscope at 400x magnification. An apoptotic hepatocyte was
marked by green fluorescence color using TUNEL staining BioVision Apo-BrdU-IHC Kit
from Milpitas Blvd., Milpitas, CA 95035 USA. The assessment was carried out by two
anatomical pathologists independently, using the hotspot method on 10 visual fields by
counting the cells stained with fluorescence color. The results were then analyzed for
inter-observer agreement.
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Statistical analysis

The data distribution of caspase 3 levels and apoptotic hepatic cell count were analyzed
using theShapiro Wilk test. For normally distributed data, the parametric statistical
analysis was performed. Otherwise, the Kruskal Wallis test followed by the Mann
Whitney test was used to determine differences between groups. The difference is
considered significant if the p value <0.05 with a 95% confidence interval. The suitability
test for apoptosis data uses the Inter-Class Correlation Coefficient test. If the kappa value
is > 0.90, it can be concluded that it is almost perfect.

RESULTS
Baseline characteristics

The body weight of all rats was measured on the 6t day of acclimatization, which was
also the first day of the treatment process. The analysis result showed a normal and
homogeneous distribution of the body weight of the rats (Table 1). Table 1 showed that
male gender and rats body weight data were normally and homogeneously distributed
(p>0.05).

ALT and AST levels were measured before and after ligation to assess liver damage.
Table 2 showed significant differences in ALT levels in all groups, with data distributed
normally and homogeneously (p> 0.05). From Table 2, the results showed that there was
an increase in ALT and AST levels after ligation of the common bile duct, which indicates
liver damage.

Table 1. Baseline body weight.

Group Mean = SD (g) Median (min - max)  p*f Levene statistic
K1 191.57 +3.36 191 (188 - 197) 0.212* 0.735**

K2 191.71 +3.25 191 (188 -197) 0.610*

K3 186.57 +3.41 187 (182 - 191) 0.760*

K4 189.86 +2.41 190 (186 — 193) 0.976*

Control (K1), UDCA therapy (K2), HuMSC-S therapy (K3), and combination of UDCA and HuMSC-S (K4). *Normal
(p > 0.05), Shapiro-wilk, **Homogeneity (p > 0.05).

Table 2. ALT and AST levels at pre-and post-ligation of bile duct in rats

Level Pre-ligation (Mean * SD) Post-ligation (Mean + SD) o
ALT 18.48 +0.49 37.71+1.19 <0.001*
AST 35.52 +0.52 77.09 +1.23 <0.001t*

*Significant (p < 0.05), “Paired t test.

Effect of HuMSC-S on caspase-3 levels

The data on caspase-3 levels was normally distributed and there was a significant
difference in the caspase-3 levels between the study groups. The lowest caspase 3 level
was found in the K4 group (6.23 + 0.30 ng/ml), while the highest was in the K1 group
(19.56 + 0.38 ng/ml). Post Hoc analysis showed a significant difference in caspase 3 levels
in the K1 group compared to the K2, K3, and K4 groups (Figure 1). Also, there was a
significant difference in the caspase-3 levels in the K2 group compared to the K3 and K4
groups,and in the K3 group compared to the K4 group (Figure 1). HuMSC-S treated
group (K3) had lower caspase 3 expression indicating that therapeutic effect of HuMSC-
S was greater than UDCA. Finally, combination of UDCA and HuMSC-S (K4)-treated
group (K4) had lower caspase-3 expression than K3 group.
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Figure 1. The boxplot graphic of caspase 3 levels in each group. There was a statistically significant difference
(One Way ANOVA, p<0.05), and there was also a significant difference when compared in each group (Post
Hoc test); n=6, *significant. Control (K1), UDCA therapy (K2), HuMSC-S therapy (K3), and combination of UDCA

and HuMSC-S (K4).

T
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Effect of HuMSC-S on apoptosis of hepatocytes

Assessment of apoptosis of hepatocytes was carried out by 2 pathologists independently,

with an average score of observer-I was 27.85 + 17.45 and an average score of observer-II
was 28.24 + 16.45. The intraclass correlation coefficient test obtained a value of « = 0.990,

indicating a very good agreement between the two observers. Apoptosis of hepatocyte
wasassessed using histopathologic examination involving TUNEL staining and hotspot

method (Figure 2).

K1

K3

Figure 2. Histopathology of apoptotic hepatocyte. Control (K1), UDCA therapy (K2), HuMSC-S therapy (K3), and

.

K2

K4

combination of UDCA and HuMSC-S (K4). There were 6 samples per group. Apoptosis of hepatocyte marked

with black arrow, while normal hepatocyte marked with blue arrow. Scale bar: 800x448 pixels.
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The data on apoptosis of hepatocytes was not normally distributed, hence the difference
on apoptosis of hepatocytes between each group was analyzed using Kruskal Wallis test.
There was a significant difference in apoptotic hepatocyte count between the study
groups. Interestingly, K1, K2, and K3 groups had significantly higher numbers of
apoptotic cells compared to group K4. The highest number of apoptotic cells was in the K1
group (51.33+ 12.96%), while the lowest was found in the K4 group (8.88 + 5.46%). It
showed that the combination of UDCA and HuMSC-S was able to produce a decrease in
apoptosis (Figure 3).

The Mann Whitney test showed a significant difference in apoptosis of hepatocyte in the
K1 group to the K2, K3, and K4 groups. There was a significant difference in apoptosis
of hepatocyte in the K2 group to the K3 and K4 groups, and in the K3 group to the K4
group (Figure 3).

80,00 *

60.00+

40004 *

Apoptosis (%)
*

0.004

T T T T
K1 K2 K3 K4

Figure 3. The boxplot graphic of apoptosis of hepatocyte in each group. There was a statistically significant
difference (One Way ANOVA p<0.05), and there was also a significant difference when compared in each group
(Post Hoc test); n=6, *significant. Control (K1), UDCA therapy (K2), HuMSC-S therapy (K3), and combination of
UDCA and HuMSC-S (K4).

Correlation of caspase-3 levels and apoptosis of hepatocytes

Analysis of caspase-3 levels from all groups found an average of 10.46 + 5.46 ng/ml and
an average of hepatic cell apoptosis of 27.51 + 17.38% (Table 3). The normality test using
the Shapiro-Wilk test showed that caspase-3 levels data were not normally distributed,
and liver cell apoptosis data werenormally distributed. Thus, to test the relationship of
caspase-3 levels to liver cell apoptosis was carried out with the Pearson correlation test.
The results of the Pearson correlation test obtained p value <0.001 with r value = 0.865.
So, it can be concluded that there was a significant relationship between caspase-3 levels
and liver cell apoptosis. This significant relationship showed that caspase-3 levels have
important effects on the occurring of apoptosis process.

Table 3. Descriptive and normality test of caspase-3 and hepatic cell apoptosis.

Variable Mean £ SD Median (min — max) p
Caspase-3 (ng/ml) 10.46 + 5.46 8.01 (5.94 - 19.88) 0.000
Hepatic cell apoptosis (%) 27.51+17.38 25.0 (6.2-72.0) 0.071*

Description: *Significant (p < 0.05).
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DISCUSSION

This study aimed to examine the effect of HuMSC-S administration on caspase 3 levels
and apoptotic hepatic cell count in a rat model with cholestasis after choledochal duct
ligation receiving standard UDCA therapy.

This study found that groups K2, K3, and K4 had significantly lower caspase-3 levels
than groupK1. Caspase-3 levels were found to be lowest in the K4 group, indicating that
the combination of UDCA and HuMSC-S produced the most significant decrease in
caspase-3 levels. Several studieshave found that one of the effects of mesenchymal stem
cells (MSCs) administration is to inhibit the apoptosis of hepatocytecells and promote
their proliferation. Jiang et al. showed that administration of HuMSC-S resulted in
decreased caspase-3 and increased Bcl-2 levels [17], indicating that HuMSC-S inhibited
apoptosis of hepatocytes. In the line with this result, another study showed using western
blot andimmunohistochemical analysis that MSCs administration resulted in lower
levels of the pro-apoptotic marker caspase-3 and pro-inflammatory markers [18]. These
findings can be explained by the ability of cells to protect themselves when exposed to
an irritant or toxin. This property can be expressed by the release of the secretome in
response to an external stimulus. Because mesenchymal stem cell secretome has more
robust responsiveness and plasticity to external stimuli than mature cells, in general, and
these will produce a greater therapeutic potential effect.

This study used apoptosis of hepatocytes to assess the degree of cellular destruction. The
presence of pro-apoptotic stressors, such as in liver cirrhosis will increase mitochondrial
permeability and release of various apoptotic factors, which trigger activation of caspase
effectors like caspase 3. Activation of caspase 3 has a major role in the process of cell
damage and fibrosis of the liver, which will trigger a cutting process of a number of
substrates in the cell, causing changes in the morphological characteristics of apoptosis.
Suppression of caspase 3 levels has been shown to produce protective effects against
hepatocellular damage, cell apoptosis, as well as pro-inflammatory signals [19].

We found that the lowest apoptosis of hepatocyte was in the K4 group, while the other
groups had significantly highercount. These results indicated that the combination of
UDCA and HuMSC-S reduced liver cell apoptosis. UDCA is known to play a role in
cholestasis therapy by stimulating hepatic cell secretion, HCO3-secretion, anti-apoptotic
effects, and reducing the toxicity of bile to reduce patient symptoms [20].
Administration of HuMSC-S reduced thelevel of apoptosis that occurred in patients with
type 1 diabetes mellitus [21]. HuMSC-S is known to playa role in liver regeneration
through modulation of the immune system and inflammation, anti- apoptotic activity,
pro-angiogenic, antioxidants, and induced cell proliferation. Under conditions with a
strong inflammatory response, including tissue damage, caspase signal activation occurs
toinduce apoptosis. MSCs can modulate apoptotic signals through the secretion of
paracrine mediators, such as growth factors, but also through direct contact with affected
cell types, such asT cells and B cells. In its anti-apoptotic role, MSCs, through IL-6
mediated mechanisms whichwill induce STAT-3 translocation and reduce ROS [22-24].

In this study, it was found that there was a significant relationship between caspase 3
levels and liver cell apoptosis. These results are in accordance with theory and other
research which states that caspases are a family of cysteine proteins, functions in
programmed cell death. Caspase works in coordinating cellular structures destruction
such as DNA fragmentation and degradation of cytoskeletal proteins. This role makes
caspase 3 correlates in apoptosis process. Higher caspase 3 levels have been found in
many patients with various liver diseases such as steatohepatitis, acute liver failure, or
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chronic alcoholic hepatitis. In a study of these patients, a correlation was found between
activated caspase 3 and the degree of liver apoptosis as an indicator of worse prognosis
[25, 26].

CONCLUSION

From the research, it was found that administrating HuMSC-S lowered caspase 3 levels
and apoptosis of hepatocyte in rats with hepatic cholestasis after choledochal ductligation
that receivedstandard UDCA therapy. Caspase 3 levels also had a significant correlation
with hepatic cell apoptosis in male Wistar rats with hepatic cholestasis. Adding HuMSC-
S administration could be considered as therapy in patients that received standard
UDCA therapy, however further research should determine the effective therapeutic
dose for liver cell apoptosis.
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