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Abstract
Background and Purpose

In this study, the therapeutic effect of Mel-incubated ADSCs on CCl4-induced hepatic �brosis was
investigated.

Methods

The experiment was arranged into ADSCS group, ADSCS + Mel group, Model group and Control group
with 10 mice in each group. The other three groups of mice were intraperitoneally injected with 8% CCl4,
and the control group was injected with the same dose of PBS twice a week for 4 weeks. From the �fth
week, ADSCs group and ADSCs + Mel group mice were injected with 1×106 cells/1 ml PBS dose of ADSCs
and 50 μM Mel pretreated ADSCs into tail vein, respectively, twice a week for 2 weeks, and mice in the
control and model groups were injected with the same dose of PBS. Samples were tested after six weeks.

Results

In model group, severe histomathological changes were observed in liver, including severe vacuolation,
nuclear fragmentation and liver �brosis, and these changes were ameliorated by Mel pretreated ADSCs.
At the same time, RT-qPCR results showed that Mel-induced ADSCs signi�cantly inhibited the expression
of pro-apoptotic genes (Caspase-8, Bax and Caspase-3), and promoted the expression of anti-apoptotic
gene (Bcl-2). Immunohistochemical results showed that a large number of MMP-9, TGF-β, MMP-2 yellow-
stained positive cells were found in the liver tissues of the model group, while the expression of positive
cells was blocked by Mel-induced ADSCs.

Conclusion and Implications

ADSCs pretreated with Mel signi�cantly improved CCl4-induced liver �brosis, which provides a reference
for clinical treatment of liver injury with mesenchymal stem cells.

1. Introduction
The largest solid organ and digestive gland in the body is thought to be the liver, for example, which plays
a key role in purifying toxic chemicals, synthesizing new molecules, and storing and metabolizing
nutrients(Trefts, Gannon, & Wasserman, 2017). Although the liver has a strong regenerative capacity,
sustained and chronic injury induced by internal and external factors can lead to liver �brosis(Kung &
Forbes, 2009). For example, stimuli such as hepatitis virus, alcohol, and autoimmunity attack normal liver
cells, resulting in liver cell damage, endothelial barrier damage, activation of in�ammatory cells and
hepatic stellate cells (HSCs), and damage to normal liver structure and function(Eom, Shim, & Baik,
2015). Eventually lead to the occurrence of liver �brosis. Up to now, some studies have indicated that
abnormal activation and proliferation of HSCs are the key factors leading to liver �brosis(Aydın & Akçalı,
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2018; Zhou, Zhang, & Qiao, 2014). On the one hand, HSCs break down the balance of Extracellular matrix
(ECM) in the liver by synthesizing a large amount of ECM, resulting in excessive ECM deposition and
continuous proliferation of collagen �bers in the liver. On the other hand, the intracellular hepatic sinus
pressure is continuously increased by cell contraction, resulting in hyperplasia of collagen �bers. These
two changes ultimately promote the formation of liver �brosis(Sun & Kisseleva, 2015). If not treated
promptly, with the development of the disease will produce a large number of �brous nodules, so that the
normal liver structure and function is destroyed. The disease eventually developed into cirrhosis and even
liver cancer. At present, it is known that liver transplantation is still one of the effective methods for the
treatment of liver �brosis, but due to its limited source and severe immune rejection, it is di�cult to get
effective and extensive treatment(Fallow�eld & Iredale, 2004).

Stem cells are not only self-replicating but also have the potential for multidirectional differentiation,
which can constantly self-renew and transform into cells that form human tissues or organs under
speci�c conditions. In recent years, stem cells transplantation has been regarded as a very effective
alternative therapy for the treatment of liver diseases due to their own advantages and post-
transplantation research(Z. Zhang & Wang, 2013). Studies have shown that stem cells (embryonic stem
cells, hematopoietic stem cells, and mesenchymal stem cells) can be differentiated into hepatocyte-like
cells, both in vitro and in vivo(Kia et al., 2013; Shu et al., 2004; Si-Tayeb et al., 2010). Among the above
stem cell types, it is known that fat-derived stem cells (adipose-derived stem Cells, ADSCs), as the name
suggests, are derived from adipose tissue, with the advantages of rich, easy to obtain, strong proliferative
ability and in vivo expansion(Strem, Hicok, Min, Wulur, & Hedrick, 2005; Zuk et al., 2001). In addition,
ADSCs has immunoremodulatory characteristics to migrate to the injured tissue area and secrete
nutrients such as factors including growth and cytokines, which promote the repair and regeneration of
damaged organs and tissues such as the liver(Eom et al., 2015). Studies have found that after
transplantation of ADSCs into CCl4-induced liver �brosis mice, the abnormally elevated levels of Alanine
aminotransferase (ALT) and Aspartate aminotransferase (AST) in the serum of the mice gradually
decreased and became normal, indicating that ADSCs had an obvious protective effect on the damaged
liver(Banas et al., 2008). Although ADSCs transplantation has many positive effects on the treatment of
liver �brosis, there are still some de�ciencies in ADSCs transplantation. For example, the survival rate of
ADSCs transplantation is relatively low, and it is greatly affected by the microenvironment in vivo, so a
good microenvironment is needed to play a better role. In vitro induced differentiation of hepatocyte-like
cells still cannot be compared with mature liver cells an. Therefore, it is of great signi�cance to study how
to improve the survival rate of ADSCs after transplantation and how to improve its paracrine effect.

Melatonin (Mel) is secreted by the pineal gland at night and the gastrointestinal tract during the
day(Margheri et al., 2012). It is responsible for a variety of physiological functions, including the
antioxidants, anti-apoptotic, and pro-apoptotic activities(K. Mortezaee, 2018; Keywan Mortezaee &
Khanlarkhani, 2017; Shibo et al., 2017). Numerous existing studies have shown that Mel can promote the
proliferation and differentiation of stem cells to some extent. For example, Kumar et al. found that Mel
can promote the growth and proliferation of embryonic stem cells (ESCs)(Kumar et al., 2012). Fu et al.
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showed that Mel can promote the proliferation of neural stem cells (NSCs) under hypoxic conditions(Fu
et al., 2011). And Mel also a vital role in the differentiation, survival and migration of NSCs(Jiaqi et al.,
2016). In addition, BMMSCs pretreated with Mel obtained better therapeutic effects in myocardial
infarction, cerebral ischemia and renal ischemia models(Y. Tang et al., 2014). And Mel can promote the
differentiation of dental pulp stem cells (DPSCs) into hepatocytes and help to reverse liver �brosis(Cho,
Noh, Jue, Lee, & Kim, 2015). Here, we used Mel to incubate ADSCs for 24 hours to explore the therapeutic
effect of CCl4-induced liver �brosis.

2. Materials And Methods

2.1 Cell isolation and culture
The adipose tissue was isolated from the groin of 3‐week old mice and minced under sterile conditions.
Next, the separated adiposing tissues were digested with 0.1% collagenase tm at 37℃ for 60 min, and
the digestion was terminated with 10% FBS. After centrifugation, it was added to the medium, cultured in
the incubator for 24 hours, and replaced to remove unattached cells and impurities. Mice ADSCs were
subcultured twice before the experiment. (DMEM; FBS; Gibco; Thermo Fisher Scienti�c, Inc.)

2.2 Preconditioning of ADSCs with Mel
According to previous studies, the third generation ADSCs were incubated for 24 h with 50 µM Mel
(M5250-1G; Sigma, St. Louis, USA).

2.3 Animals
Male Kunming mice (n = 50), weighing 20 ± 2 g, were purchased from Animal Center of Medical College of
Henan University of Science and Technology (Luoyang, Henan, China). All mice were placed in an air-
conditioned room with a temperature of 24˚C and a light cycle of 12 h and were provided with free
feeding standard laboratory water and food. All animal experiments have been approved by the Animal
Protection and Use Committee of Henan University of Science and Technology. 40 mice were randomly
divided into Control group, Model group, ADSCs group and ADSCs + Mel group, with 10 mice in each
group. For chronic CCl4-induced liver �brosis, Model group, ADSCs group and ADSCs + Mel group mice
were intraperitoneally injected with 8% CCl4 solution at 1ml/kg body weight (CCl4:oil = 8:92) and the
control group was injected with the same dose of PBS twice a week for 4 weeks to induce liver �brosis. At
the beginning of week 5, ADSCs group and ADSCs + Mel group mice were injected with 1×106 cells/1 ml
PBS dose of ADSCs and 50 µM Mel pretreated ADSCs into tail vein, respectively, twice a week for 2
weeks. The mice in the model group and the control group were injected with the same dose of PBS in the
tail vein.

2.4 Biochemical Assays
Blood was extracted from the heart immediately after the mice was sacri�ced, and the serum was
separated at 4℃, 3500rpm for 10min, and stored at − 20℃. The activities of ALT, AST, ALP, and ALB in
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the serum samples were measured using a commercial kit according to the operating instructions.

2.5 Histopathological analysis
After the liver tissue was �xed with 48 h of 4% polyformaldehyde, the tissue was dehydrated, embedded
in para�n, sectioned at 5 µm. The sections were stained with hematoxylin and eosin (H.E), and the
histopathological changes were observed under microscope. Para�n sections were also collected to
perform immunohistochemistry and Masson’s trichrome staining. Three representative sections were
selected from each liver tissue and were detected in turn.

2.6 Quantitative real-time reverse transcription PCR (RT-
qPCR)
Brie�y, TRIzol (Cwbio Technologies, Beijing, China) reagent was used to extract total RNA from
cryopreserved liver tissue when qRT-PCR analysis of liver tissue was performed. Next, cDNA reverse
transcription was performed using the PrimeScript RT reagent kit (Takara, Dalian, China). The SYBR®
Premix Ex Taq™ kit (Takara, Dalian, China)was used for the next quantitative PCR assays. Target gene
expression was quanti�ed using the 2−△△Ct method and normalized to the expression of GAPDH. The
primer sequences are summarized in Table 1.

Table 1
Primer sequence.

Gene Forward primer (5'->3') Reverse primer (5'->3')

Caspase-3 AGCTTGGAACGGTACGCTAA GAGTCCACTGACTTGCTCCC

Caspase-8 GAAGGAACAGAAAAGGAACAGACT GTAAGATGTCAGGTCATAGATGGAG

Bcl-2 CCATGATGGTTCTGATCAGCTC GAACTCAAAGAAGGCCACAAC

Bax TTGCCCTCTTCTACTTTGCTAG CCATGATGGTTCTGATCAGCTC

β-actin CTACCTCATGAAGATCCTGACC CACAGCTTCTCTTTGATGTCAC

2.7 Hydroxyproline assay
According to the instructions, liver hydroxyproline (Hyp) levels are measured using a speci�c assay kit.
Five replicates were used for each test.

2.8 Immunohistochemical Staining and Assessment
Before the immunohistochemical study, liver tissue sections were �xed with 4% paraformaldehyde for 48
h, followed by tissue dehydration, para�n embedding, and 5 µm sections. After repair with 0.1 mol/L
antigenic repair solution, 3%H2O2 was used for inactivation of endogenous enzymes, followed by 5%BSA
sealant. Primary antibody (TGF-β, 1:400 dilution), (MMP-9, 1:800 dilution), (MMP-2, 1:200 dilution) were
incubated overnight at 4℃. Goat anti-rabbit/mouse HRP labeled polymers were used as secondary
antibodies, 37°C for 30min. After dehydration, the tissue was sealed with neutral gum and observed under
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a Nikon Eclipse E100 microscope. The immunohistochemical results were measured by image J software
for section optical density (IOD).

2.9 Statistical Analysis
According to SPSS 20.0 statistical software, the data were analyzed by LSD’s (Least Signi�cant
Difference) post hoctest and one-way ANOVA. All the data were presented as means ± SD. P < 0.05 was
considered statistically signi�cant.

3. Results

3.1 Serum biochemical analysis
Serum ALT, AST, ALP and ALB levels were detected to observe the changes of liver function(Y. Liu et al.,
2021). As shown in Fig. 1, it is obvious that the serum levels of AST, ALT and ALP in model group were
signi�cantly higher than that in the control group, while the level of ALB was opposite. After treatment
with ADSCs, we found that compared with the model group, the AST, ALT, and ALP activities of serum in
ADSCs group and ADSCs + Mel group mice were signi�cantly reduced, and ALB levels were signi�cantly
increased. Notably, the changes in ADSCs + Mel group are more signi�cant. The above results indicate
that Mel-incubated ADSCs are more helpful in improving liver injury induced by CCl4.

3.2 Mel-incubated ADSCs improves CCl4-induced liver
pathological changes
The liver tissue was stained with H&E for histopathological analysis. The hepatic sinusoids and
hepatocytes of the control mice were arranged radially around the central vein with intact structure, large
and round nuclei (Fig. 2). Compared with the above, unclear outlines, disordered arrangement, severe
cytoplasmic vacuolation, fragmented nuclei were found in the model group (Fig. 2). After treatment with
ADSCs, liver morphology improved signi�cantly. And we found that ADSCs incubated with Mel improved
better than the ADSCs group. The above results indicated that the Mel-incubated ADSCs had a better
effect on the pathological changes of mice liver induced by CCl4.

3.3 Mel-incubated ADSCs improves CCl4-induced liver
�brosis
In order to explore the effect of Mel-incubated ADSCs on liver �brosis, Masson staining and detection of
Hyp content were used to re�ect the content of collagen �bers in the liver of each group. Collagen �bers
are dyed green. As shown in Fig. 3, compared with the control group, the green area and Hyp content of
the model group were signi�cantly increased, indicating that the liver had obvious �brosis. After 2 weeks
of treatment of ADSCs, the �brosis area and Hyp content were signi�cantly reduced. It was noted that
compared with the ADSCs group, the Mel-incubated ADSCs had a better effect in reducing collagen �bers.



Page 7/25

The above results indicated that the Mel-incubated ADSCs had a better therapeutic effect on CCl4-induced
liver �brosis in mice.

3.4 Mel-incubated ADSCs improves CCl4-induced
hepatocyte apoptosis
The Bcl-2 and Caspase families play an indispensable role in the execution and regulation of apoptosis(Y.
Liu et al., 2021). The expression levels of protease caspase-8, Bax and caspase-3, anti-apoptotic gene Bcl-
2, pro-apoptotic gene Bax in each group were detected by qPCR. As shown in Fig. 4, compared with the
control group, the expression levels of Bcl-2 were signi�cantly reduced, and the expression levels of
Caspase-8, Bax and Caspase-3 in the model group were signi�cantly increased. After treatment of ADSCs,
the expression levels of Bcl-2 were signi�cantly increased, and the expression levels of Caspase-8, Bax
and Caspase-3 were signi�cantly decreased. Notably, the changes in ADSCs + Mel group are more
signi�cant. The above results indicated that the Mel-incubated ADSCs had a better therapeutic effect on
CCl4-induced hepatocyte apoptosis.

3.5 Mel-incubated ADSCs regulated the expression of MMP-
9, TGF-β and MMP-2 in liver injury.
The occurrence of liver �brosis is mainly caused by excessive synthesis or reduced degradation of
extracellular matrix, and MMP-9, TGF-β and MMP-2 play a crucial role in the synthesis and degradation of
extracellular matrix(Beljaars, Daliri, Dijkhuizen, Poelstra, & Gosens, 2017; Helaly, 2011; Kurzepa et al.,
2014; Mohseni, Karimi, Tavilani, Khodadadi, & Hashemnia, 2019). Therefore, the immunohistochemical
results (expression of MMP-9, TGF-β and MMP-2) of the sections were further observed under a
microscope, and the optical density (IOD) values were measured and analyzed using Image J software.
As shown in Fig. 5–7, the number of MMP-9, TGF-β and MMP-2 positive cells in the liver of mice in the
control group was low, while a large number of yellow staining positive cells were found in the model
group. The number of MMP-9, TGF-β and MMP-2 positive cells in ADSCs alone group and ADSCs
combined with Mel group were signi�cantly decreased, and the number of positive cells decreased more
in Mel combined with ADSCs group.

4. Discussion
The liver will be affected by harmful factors from the outside or inside the body and be damaged to
varying degrees, so that it forms liver related diseases and then affect normal activities. So far, the
clinical treatment methods for liver diseases are divided into drug therapy(Lambrecht, van Grunsven, &
Tacke, 2020) and liver transplantation(Aehling, Seehofer, & Berg, 2020). On the one hand, traditional
drugs can be effective in treating liver diseases. For example, statins, acetaminophen, �avonoids and
other traditional Chinese medicine extracts can reduce liver �brosis through anti-in�ammatory, anti-
oxidative stress and a series of pathways (NF-Κb, MAPK), which can effectively prevent liver injury in the
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process of chronic liver injury and play a role in protecting the liver(Fisher & Curry, 2019; Jiang et al., 2019;
Vargas, Arrese, Shah, & Arab, 2017). However, the unreasonable use of drugs will produce side effects, for
example, 7%-29% of patients will develop myotoxemia due to their own reasons and the unreasonable
use of statins, the excessive use of acetaminophen will cause a series of pathological phenomena (such
as vacuolar degeneration, hepatic lobular necrosis and hemorrhage) leading to liver failure, and the
adverse reactions of �avonoids and Chinese medicine saponins will also cause liver toxicity(Cai, Qiu, Qi,
& Zhang, 2019; Cassidy & Minihane, 2017; du Souich, Roederer, & Dufour, 2017; Fisher & Curry, 2019; X. Li,
Li, Huang, Liu, & Sun, 2018; Mahmoud & Mahmoud, 2016; Wu et al., 2016). On the other hand, liver
transplantation is also a means of clinical treatment of liver disease. Up to now, there have been one
million cases of liver transplantation around the world, and the �rst-year survival rate for liver transplant
patients is already as high as 80–90%(Meirelles Júnior et al., 2015). Liver transplantation is still limited
due to factors such as limited liver sources, mismatches (rejection), and the mortality rate from liver
transplantation remains high over time(Fukazawa & Nishida, 2016; Kirchner, Goldaracena, Sapisochin,
Alejandro, & Shah, 2020). For example, long-term immunosuppression of liver transplant recipients may
lead to complications such as infection, renal failure and malignant tumors, leading to long-term poor
prognosis after treatment, and even liver injury caused by chronic immunity may also affect graft
function(Jadlowiec & Taner, 2016). According to the Spanish liver transplant registry a gradual decrease
in 1, 5 and 10 year survival rates were 86%, 73% and 62%, respectively(Pons Miñano, 2018). Oscar et al.
performed 305 liver transplants on 284 patients and found that survival rates after 1 year and 5 years
were 78% and 68%, respectively. 30% of patients developed acute rejection, 41% found infection, and
14.5% had biliary tract complications(Santos et al., 2015). However, the study found that the intrahepatic
transplantation of stem cells can change the immune regulation in the liver microenvironment(Regmi et
al., 2019) and reduce the in�ammatory damage of liver diseases(Chen et al., 2017), which has become a
research object in the treatment of liver diseases in recent years. For example, due to the abnormal
activation and proliferation of hematopoietic stem cells leading to liver �brosis, ADSCs can promote the
expression of HGF in the liver, prevent the expression of α-SMA, inhibit the proliferation of HSCs, promote
the apoptosis of HSCs, and thereby alleviate liver �brosis(W. P. Tang, Hu, Dai, He, & Luo, 2018). Yan et al.
pointed out that stem cell transplantation can change the migration of MDSCs, CD4 + T cells and the
expression of immune cytokines to prevent acute liver injury caused by ConA(Bi, Li, et al., 2019). Recently,
a study using ADSCs of mesenteric origin to treat CCl4-induced liver cirrhosis in rats for 5 weeks found
that ADSCs could improve the histopathological changes of the liver, and also make the rats have normal
clinical behavior(Nazhvani, Haghani, Nazhvani, Namazi, & Ghaderi, 2020). With the same results, based
on liver function, biochemical and pathological tests, we concluded that ADSCs transplantation improved
CCl4-induced hepatic �brosis injury.

Cells of adult organs can be replaced by differentiation or transdifferentiation of stem cells, especially
after injury(Kopp, Grompe, & Sander, 2016). MSCs either lack the expression of class II major
histocompatibility (MHC) antigens or many molecules (CD80, CD40, CD86N) required for immune
recognition(Alfai�, Eom, Newsome, & Baik, 2018), so low immunogenicity is used by many investigators
in experiments. It is known that stem cells or specially differentiated cells transplanted to the site of liver
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injury can differentiate or transdifferentiate under the in�uence of cytokines released by various cells, and
differentiated liver cells or other cells can provide support for the liver and promote liver tissue
repair(Bandi, Tchaikovskaya, & Gupta, 2019; Ghosheh et al., 2017). Lay et al. found that human
pluripotent stem cells (HPSC) differentiated into hepatocyte progenitor cells at day 6 and hepatocellular
like cells at day 18,and they further showed that HPSC derived hepatocellular like cells were transplanted
into liver injury model mice and migrated to the injury site, improving liver function and promoting the
survival rate of mice(Ang et al., 2018; Loh, Palaria, & Ang, 2019). Gage et al. showed that human
pluripotent stem cells (HPSCs) could differentiate into venous angioblasts in vitro, which up-regulated the
markers of hepatic sinusoid endothelial cells (LSEC), and produced mature LSEC after intrahepatic
transplantation of LSEC in neonatal mice and adult mice(Gage et al., 2020). In addition, paracrine factors
(cytokines, growth factors, exosomes, etc.) of stem cells can promote indirect and remote liver tissue
repair by indirectly mediating anti-apoptosis, regulating nutritional factors, anti-�brosis, anti-oxidation,
angiogenesis, and immunosuppression(Watanabe et al., 2019). For example, stem cell-derived
extracellular vesicles accumulate mainly in the liver, kidney, spleen, and lung, and that extracellular
vesicles can reduce liver and kidney injury by reducing hepatic stellate cell activation and liver �brosis or
by treating mitochondrial injury through the mitochondrial transcription factor A (TFAM) pathway(Povero
et al., 2019). Exosomes released into the extracellular environment by mesenchymal stem cells can be
absorbed by target cells in the microenvironment, or can be carried far away through biological �uids, and
inhibit hepatic stellate cell (HSC) activation through the Wnt/β-catenin pathway, thereby modulating
oxidative markers (MDA) and liver function markers(Hyp)and improving CCl4-induced liver �brosis (Lou,
Chen, Zheng, & Liu, 2017; Rong et al., 2019). Su et al. showed that milk fat globules -EGF factor 8
(MFGE8), an anti-�brotic protein in the MSC-secreted group and a potent inhibitor of HSC activation,
strongly inhibited TGF-β signaling and reduced extracellular matrix deposition and liver �brosis in
mice(An et al., 2017).

However, stem cell transplantation also has some problems, such as cell viability, differentiation and
survival barrier at the damaged site after transplantation, which makes the transplantation e�ciency not
ideal(Kim, Na, Lee, Kim, & Cho, 2015). Adrien et al. showed that the energy needed by the stem cells is
produced by glucose fermentation, and that the stem cells die within three days of implantation when the
damaged tissue area becomes too close to hypoxia (0.1% O2) to produce energy and the body's energy
reserves are used up(Moya et al., 2018). It has been reported that cell necrosis and apoptosis may occur
due to the loss of adhesion related signals in most transplanted cells during the treatment with stem
cells(Don & Murry, 2013). Other studies have shown that ROS normally controls the signal transduction
mechanism of the transplanted stem cells, but under pathological conditions, tissue damage will produce
a large amount of ROS, which will harm the survival of stem cells(Kränkel, Spinetti, Amadesi, & Madeddu,
2011). In 2010, a study showed that one hour after treating ischemic injury with stem cells, less than 1%
of the cells in the injured kidney were detected and disappeared within a few days of injection(Burst et al.,
2010). As research continues, it was reported in 2019 that within a week of transplantation, more than
80–90% of the stem cells die, leaving 9–19% of the cells in the animal(Zhao, Hu, Zhang, Jiang, & Chen,
2019). Although transplant survival rates have improved, they are still not enough to meet demand, and
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more research is needed. Therefore, overcoming these obstacles is the key to stem cell transplantation in
the treatment of liver disease.

Mel has been used by many researchers to improve the e�ciency of stem cell proliferation, differentiation
and transplantation in clinical experiments, due to its anti-in�ammatory, anti-aging, anti-oxidation, anti-
apoptosis and other properties. For example, some scholars have found that melatonin can promote the
proliferation and osteogenic differentiation of neural stem cells through PI3K/Akt signaling pathway in
vitro(C. Liu et al., 2020; Yu, Zhang, Xu, & Hu, 2019). Liu et al. induced oxidative damage of stem cells by
H2O2 and Ti in vitro respectively, and found that Mel treatment not only signi�cantly promoted the
proliferation ability of ADSCs, but also improved the osteogenic differentiation ability of BMSCs through
SIRT1 / SOD2 signaling pathway(Liao et al., 2020; Y. Zhang et al., 2020). Mel also has a protective effect
on the aging of BMSCs induced by iron overload, because it can promote the proliferation of BMSCs,
reduce the storage of ROS and the expression of ERK/p53/p38(Yang et al., 2017). In addition, there is
literature showing that Mel can also reduce the aging and improve the survival rate of ADSCs by
inhibiting the NF-κB signaling pathway(Fang et al., 2018), enhancing mitochondrial function(Lee, Yoon,
Song, Noh, & Lee, 2020). In treating the disease, Saberi et al. transplanted Mel-pretreated BMSCs into
damaged kidneys and found that they reduced renal �brosis, improved the condition of the damaged
renal tubule tissue, and signi�cantly increased cell transplant survival(Saberi et al., 2019). Li et al.
demonstrated that Mel-pretreated MSC enhanced mitochondrial Mel and cell cyclin-related protein activity
by increasing the expression of peroxidase-associated receptor PGC-1α, signi�cantly increased the
survival rate of MSC, promoted the formation of new blood vessels and decreased �brosis, and improved
the ischemic tissue of limbs(Lee, Han, & Lee, 2020). In the treatment of CCl4-induced hepatic �brosis, Mel
pretreated BMSCs decreased the expression of Bax and TGF-β1, decreased the serum ALT content, but
increased the expression of Bcl2 and MMPs, compared with BMSCs alone(K. Mortezaee et al., 2017).
Similarly, Data showed that pretreatment of ADSCs with 10 µM Mel (1mM) in medium increased
transplantation e�ciency, decreased AST, ALT, TBIL, hepatic hydroxyproline expression and hepatic
�brosis area, and improved CCl4-induced liver injury(Liao et al., 2020). According to our previous study, 50
µM MT at different concentrations signi�cantly promoted the proliferative activity of ADSCs, so we used
50 µM MT pretreated ADSCs in the treatment of CCl4-induced liver �brosis. The results showed that
ADSCs pretreated with 50 µM MT signi�cantly improved liver function, liver pathology, and apoptotic
genes compared with ADSCs alone.

The synthesis and degradation of extracellular matrix (ECM) are in dynamic equilibrium in normal liver.
When the liver is damaged, this equilibrium is disrupted, leading to the activation of �brosis matrix
metalloproteinases (MMPs), which are responsible for the turnover of ECM during highly dynamic
processes(Bi, Liu, et al., 2019). In addition, it has been reported that with the progression of �brosis, the
acute phase will lead to increased expression of matrix metalloproteinases (MMPs) and tissue inhibitors
(TIMPs) in the liver(Arthur, 2000). However, the expression of MMP-2 and MMP-9 is considered as an
early signal of hepatotoxin and hepatitis response(Hernandez-Gea & Friedman, 2011). Studies have also
shown that �brosis will lead to the abnormal activation and proliferation of hematopoietic stem cells
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(HSCs), and the decomposition of type IV collagen by activated MMP-2 is a necessary condition for HSCs
to maintain physiological static state(Ma et al., 2019). Activated HSCs are also considered to be the
primary source of MMP-2 in the liver, which in turn promotes the activation of HSCs by degrading the
normal subcutaneous matrix and disrupting the environment of HSCs and other cells(Ma et al., 2019).
Therefore, the production of MMP-2 interacts with the activation of HSCs. Like MMP-2, activated MMP-9
also degrades type IV collagen, which in turn promotes the activation of HSCs and Kupffer cells, which
secrete large amounts of TIMPs, type I, and type III collagen(Wang et al., 2019; Xu, Liu, Fang, Gao, & Yan,
2014). For example, the study of Long et al. showed that CCl4-induced liver injury can signi�cantly
increase the expression of MMP-2 and MMP-9, while trans-2,3,5,4'-tetrahydroxystilbene 2-O-β-D-
glucopyranoside (Trans-THSG) signi�cantly reduced this change(Long et al., 2019). Artesunate has also
been shown to improve bovine serum albumin-induced liver �brosis in rats by decreasing MMP2, α-SMA,
and MMP-9(Xu et al., 2014). During the development of liver �brosis, some endogenous pro-�brogenic
factors such as IL-17 are released, which in turn This stimulated Kupffer cells to produce other pro-
in�ammatory factors (TGF-β1 and TNF-α), all of which stimulate HSC activation to express collagen and
enhance ECM deposition(Long et al., 2019). In addition, studies have shown that TGF-β is activated
through a variety of mechanisms, including MMP2 and MMP-9(Piek, Heldin, & Ten Dijke, 1999). Li et al.
also proved that Chinese medicine CGA formula can reduce the expressions of TGF-β, MMP2 and MMP-9
in the liver tissue of rats with DMN-induced liver �brosis(X. M. Li et al., 2016). And again, our study found
that MMP2, TGF-β and MMP-9-positive cells were signi�cantly expressed in the liver after administration
of CCl4. These were signi�cantly reduced by Mel-incubated ADSCs. It is suggested that reducing the
expression of MMP2 and MMP-9 can improve the survival environment of HSCs and other cells, thereby
reducing the activation of HSCs and improving the pathological changes of liver tissue. However, the role
of MMP2 and MMP-9 remains controversial. Daniel et al. showed that MMP2 and MMP-9 were
signi�cantly expressed in rat liver �brosis induced by diethylnitrosamine, while the treatment of S-Nitroso-
N-acetylcysteine (SNAC) signi�cantly reduced this change(Mazo et al., 2013). Con�icts may occur due to
the existence of different types of animal models and very complex mechanisms leading to liver �brosis.
So the exploration of its mechanism may require further research.

5. Conclusion
In conclusion, CCl4-induced liver �brosis was signi�cantly improved by Mel-pretreated ADSCs, which
provides a reference for clinical treatment of liver injury with mesenchymal stem cells.
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Figure 1

The effect of Mel-incubated ADSCs on CCl4-induced serum biochemical indices. A Control group. B
Model group. C ADSCs treatment group. D ADSCs combined with Mel treatment group. Note: *indicates
signi�cant, P<0.05; **indicates extremely signi�cant, P<0.01.
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Figure 2

The effect of Mel-incubated ADSCs on CCl4-induced liver pathology. A1, A2 Control group. B1, B2 Model
group. C1, C2 ADSCs treatment group. D1, D2 ADSCs combined with Mel treatment group.
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Figure 3

The effect of Mel-incubated ADSCs on CCl4-induced liver �brosis. A Control group, B Model group, C
ADSCs treatment group, D ADSCs combined with Mel treatment group. E Area of �brosis (here the
collagen �bers are dyed green). F HYP content. Note: *indicates signi�cant, P<0.05; **indicates extremely
signi�cant, P<0.01.

Figure 4

Effect of Mel incubation ADSCs on CCl4-induced apoptosis of hepatocytes. A Control group, B Model
group, C ADSCs treatment group, D ADSCs combined with Mel treatment group. Note: *indicates
signi�cant, P<0.05; **indicates extremely signi�cant, P<0.01.
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Figure 5

Effects of Mel-incubated ADSCs on the expression of MMP-2 in CCl4-induced liver. A1, A2 Control group.
B1, B2 Model group. C1, C2 ADSCs treatment group. D1, D2 ADSCs combined with Mel treatment group. E
IOD value of MMP-2. Note: *indicates signi�cant, P<0.05; **indicates extremely signi�cant, P<0.01.
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Figure 6

Effects of Mel-incubated ADSCs on the expression of MMP-9 in CCl4-induced liver. A1, A2 Control group.
B1, B2 Model group. C1, C2 ADSCs treatment group. D1, D2 ADSCs combined with Mel treatment group. E
IOD value of MMP-9. Note: *indicates signi�cant, P<0.05; **indicates extremely signi�cant, P<0.01.
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Figure 7

Effects of Mel-incubated ADSCs on the expression of TGF-β in CCl4-induced liver. A1, A2 Control group.
B1, B2 Model group. C1, C2 ADSCs treatment group. D1, D2 ADSCs combined with Mel treatment group. E
IOD value of TGF-β. Note: *indicates signi�cant, P<0.05; **indicates extremely signi�cant, P<0.01.


