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1 | INTRODUCTION

Various stimulators, such as viral hepatitis, alcohol steatohepatitis, non-
alcoholic steatohepatitis, and autoimmunity, can cause the occurrence of
chronic inflammation of the liver, which leads to injury of the liver, and
the activation of inflammatory cells and hepatic stellate cells, finally
leading to the occurrence of liver fibrosis (Jorge Matias et al., 2017). With
the aggravation of liver fibrosis, the body's dysfunction would eventually
develop into cirrhosis, and even liver cancer (Wang et al., 2016) (Figure 1).
Liver transplantation and hepatocyte transplantation are efficient ap-
proaches to managing liver fibrosis. However, due to the lack of liver
organs, immune rejection, surgical complications, and other factors, this
cannot be applied in clinical practice (Javazon et al., 2001). Therefore,
given the increasing number of patients and the limited number of do-
nors, and the increase in morbidity and mortality of liver fibrosis, alter-
native therapies are needed.

Mesenchymal stem cells (MSCs) have been proposed for the
treatment of fibrosis, based on their hepatocyte differentiation and
regeneration potential, as well as their immunomodulatory proper-

ties. The Mesenchymal and Tissue Stem Cell Committee of the
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Recently, mesenchymal stem cell (MSC) therapy has been suggested as an effective
alternative approach for the treatment of hepatic diseases. MSCs have potential ther-
apeutic value, because they have high self-renewal ability, are capable of multipotent
differentiation, and have low immunogenicity. Furthermore, MSCs have the potential to
differentiate into hepatocytes, and the therapeutic value exists in their immune-
modulatory properties and secretion of trophic factors, such as growth factors and cy-
tokines. Moreover, MSCs can suppress inflammatory responses, reduce hepatocyte

apoptosis, increase hepatocyte regeneration, regress liver fibrosis, and enhance liver

immunomodulatory, liver fibrosis, liver injury, mesenchymal stem cell

International Society for Cell and Gene Therapy (ISCT) proposed a
minimal set of standard criteria to define MSCs, which includes ad-
herence to plastic, specific surface antigen expression, and the po-
tential to differentiate into osteoblasts, adipocytes, and chondrocytes
(Ankrum & Karp, 2010; Friedenstein, 1976). It has been generally
recognized that MSCs have CD29*, CD44", CD73", CD90*, CD105%,
CD457,CD347,CD147,CD11b", and HLA-DR™ (Dominici et al., 2006)
(Table 1). Furthermore, MSCs are being clinically investigated in over
800 clinical trials due to their ease of isolation and propagation, re-
lative safety profile, secretion of paracrine factors, and ability to in-

teract and mitigate immune effector responses (Olsen et al., 2018).

2 | THE FORMATION MECHANISM OF
LIVER FIBROSIS

Normal liver tissue comprises hepatocytes, endothelial cells, hepatic
macrophages, and hepatic stellate cells (HSCs). HSCs are nonparenchymal
cells located between hepatocytes and endothelial cells, which store a
large amount of vitamin A and lipids (Wake, 1971). Furthermore, HSCs
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can regulate portal vein pressure and promote material exchange. The
number of HSCs accounts for 13% of liver cells. In addition, HSCs are the
main extracellular matrix (ECM)-producing cells in the liver. Notably,
several studies have shown that HSCs play a critical role in liver fibrosis.
When the liver is exposed to various injuries, quiescent HSCs change into
activated HSCs. Activated HSCs specifically express high levels of alpha-
smooth muscle actin (a-SMA). This is identified by the intense deposition
of the ECM, which is transformed into myofibroblast-like cells (Tsuchida
& Friedman, 2017; Zhou et al., 2016). Hence, HSCs are considered as the
principal precursor population for myofibroblasts (Figure 2). Previously,
liver fibrosis was considered to be irreversible. Statistics have shown that
cirrhosis is 14th of the most common cause of adult death worldwide,
affecting hundreds of millions of people. Until the 1990s, studies have
confirmed that liver fibrosis is reversible. Therefore, it is important to take
effective antifibrosis treatment measures, which can prevent or even

reverse the pathological process of liver fibrosis.

3 | THE THERAPEUTIC EFFECT OF MSCs
ON DIFFERENT TYPES OF LIVER INJURY

Since 1974, when Friedenstein et al. first isolated and characterized
MSCs, MSC-based therapy has been shown to be safe and effective
(Friedenstein, 1974). Nevertheless, many scientists and clinical re-
searchers wanted to improve the success of MSCs in regenerative ther-
apy. MSCs are easily isolated and amenable to culture expansion in vitro.
Hence, MSCs are being exploited as an experimental therapy for a variety
of human diseases (Jung et al., 2017; A. Huang et al., 2018; Liu et al.,
2017). Furthermore, MSCs play several simultaneous roles: limits
inflammation through the release of cytokines; aid healing by expressing

Liver transplantation
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1. Scarce donors

2. High cost

3. Surgical complication

4. Lifelong immunosuppression

1. Scarce donors
2. Poor migration
3. Weak in hepatic functions

1. Proliferation
2. Hepatogenic differentiation

5. Antifibrosis

TABLE 1 Surface marker expression profile of MSCs in humans

MSC-positive markers MSC-negative markers

CD29 CD45
CD44 CD34
CD73 CD14
CD9%0 CD11b
CD105 HLA-DR

Abbreviation: MSC, mesenchymal stem cell.

growth factors; alter host immune responses by secreting im-
munomodulatory proteins; enhance responses from endogenous repair
cells; serve as mature functional cells in some tissues, such as the bone
(Galipeau & Stagg, 2013; Gebler et al., 2011). MSCs are presently being
clinically investigated in a number of acute and chronic infllmmatory
diseases. Hence, MSCs are a new and effective therapy to attenuate liver
fibrosis due to their immunomodulatory and antifibrotic properties (An
et al., 2017; Chang et al., 2017; Huafeng et al., 2017).

MSCs play an important role in the treatment of liver damage by
inhibiting inflammation, inhibiting apoptosis of liver cells, secreting
various soluble factors, and inhibiting oxidative stress (Figure 3).

The characteristics of acute liver injury are rapid onset, rapid disease
progression, and its development into acute liver failure. The present
treatment is orthotopic liver transplantation. Studies have revealed that
MSC transplantation can effectively improve the condition of acute liver
injury in mice (Guo et al.,, 2016; S. Zhang et al., 2018). Furthermore, mice
serum alanine transaminase (ALT), alkaline phosphatase, total bilirubin,
and albumin levels can be restored to normal levels at four weeks after
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cell injection. At the same time, MSCs can be located in the liver, and play
a certain role in the treatment of abnormal liver function.

Chronic fibrosis is also a type of liver injury. Chronic hepatitis leads to
the activation of HSCs, and the conversion into myofibroblasts to pro-
duce a large amount of ECM. With the rate of decomposition, collagen
fibers would gradually deposit, leading to the occurrence of liver fibrosis.
Studies have confirmed by the histopathological observation that the
degree of fibrosis can be reduced and that the computed tomography
(CT) perfusion scan also revealed a significant hemodynamic improve-
ment after the portal vein transplantation of MSCs to rats with liver
fibrosis (Y. Wang et al., 2010). In the mouse liver fibrosis model, it was
found that the transplantation of MSCs can significantly reduce the ex-
pression of Type | collagen, and at the same time, the number of
a-SMA-positive HSCs was found to be reduced, indicating that the me-
chanism of reducing fibrosis may be through the inhibition of the acti-
vation of HSCs (B. Huang et al., 2016).

The ischemia-reperfusion injury caused by liver transplantation is
also a type of liver injury. This is mainly caused by transient hepatic
portal vein hypertension and the destruction of hepatic sinus endothelial

cells, which leads to a prolonged ischemia period, and in turn, leads to
severe inflammation after blood reperfusion (Kwan Man et al., 2010).
Studies have shown that in the rat model of hepatic ischemia-
reperfusion, the liver regeneration rate of rats transplanted with MSCs
was significantly higher, when compared to that of rats in the control
group, after 2 days, and that the expression levels of vascular en-
dothelial growth factor (VEGF), tumor necrosis factor-a (TNF-a), hepa-
tocyte growth factor (HGF), and other regeneration-related proteins

were also higher when compared to the control group (Seki et al., 2012).

4 | REGULATORY MECHANISM OF MSCs
IN THE TREATMENT OF LIVER INJURY

More and more researchers are using stem cells to treat a variety of
liver diseases. A large number of studies have confirmed that MSC
transplantation can improve liver function, reduce liver fibrosis, and
repair liver injury, and the therapeutic mechanism may be realized
through the following aspects (Figure 4).
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4.1 | Differentiation of MSCs

MSCs can be induced to differentiate into hepatocyte-like cells in vitro,
and can express hepatocyte-specific markers. Seo was the first to report
that adipose-derived stem cells can differentiate into hepatoid cells in
vitro, and the expression of hepatocyte-specific marker albumin was
detected by flow cytometry (Seo et al., 2005). Yamamoto reported that
hepatoid cells differentiated from adipose-derived stem cells were very
similar to normal hepatocytes in gene expression by cluster analysis. In
addition, Agnieszka isolated adipose-derived stem cells from six patients
who were undergoing gastrectomy for gastric cancer. After incubation
with HGF and basic fibroblast growth factor (bFGF) in vitro, the adipose-
derived stem cells exhibited a high degree of liver differentiation and
were able to express markers of human hepatocytes (Banas et al., 2007).
All these indicate that MSCs can be induced to differentiate into he-
patocytes in vitro, and express the markers of hepatocytes.

MSCs have the characteristic of homing, that is, they can migrate to
certain specific areas, especially tissue focus areas (Karp & Leng Teo,
2009). Many scientists have taken advantage of this feature to directly
transplant MSCs in the microenvironment of the liver injury, in which
MSCs differentiate into liver cells and repair the damaged liver. Horng
reported that in the rat model of liver injury induced by thioacetamide-
transplanted MSCs, the levels of serological indexes ALT, aspartate
aminotransferase, albumin, and total bilirubin returned to the normal
steady-state and that the pathological morphology of liver tissues gra-
dually became normal (Harn et al., 2012). Guangfeng et al. reported that
adipose-derived stem cells were transplanted into liver failure models,
and did not differentiate into hepatocytes after three days (Guangfeng
et al, 2015). Studies have shown that the microenvironment of liver
injury is conducive to the migration of transplanted MSCs to the liver.
However, it needs to be further confirmed whether uninduced MSCs

can differentiate themselves in the liver.

4.2 | Immune regulation of MSCs

The liver is a very important immune organ in the human body, which

contains a large number of immune cells. The immune response is

Homing .

closely correlated to the development of liver diseases (Ahmed,
2018; Devarbhavi & Raj, 2018; Noll et al., 2016). MSCs can maintain
homeostasis by secreting soluble factors that interact with cells of
the innate and adaptive immune systems, enabling these to partici-
pate in the treatment of a variety of liver diseases, without being
affected by immune rejection (Michelle et al., 2011; Keating, 2008)
(Figure 5).

Wan et al. reported that adipose-derived stem cell transplanta-
tion can significantly inhibit the proliferation of T lymphocytes, and
significantly reduce the acute rejection of rats (Wan et al., 2008).
Higashimoto et al. reported that adipose-derived stem cells can in-
hibit the activation of T-cells and macrophages, and inhibit hepatitis
(Mami et al., 2013). Mohammadzadeh et al. reported that adipose-
derived stem cells have the ability to regulate the differentiation of
Th cell subsets, which can suppress Th1, Th2, and Th17 cells while
suppressing T cells, thereby avoiding the liver damage caused by an
excessive immune response, and inhibiting the immune rejection
(Mohammadzadeh Adel 2014).

Milosavljevic et al. reported that the concentration of indoleamine

after transplantation et al.,

2,3-dioxygenase (IDO) increased after transplantation of MSCs
2018). IDO
munosuppressive factor, which can reduce Th17 cell infiltration,

(Milosavljevic et al., is a very important im-
thereby reducing the production of interleukin (IL)-17, inhibiting the
activation of HSCs, and increasing the proportion of CD4" T cells, and
in turn, induces the production of IL-10, inhibits related immune
pathways, and ultimately, improves fibrosis in mice. This shows that
MSCs can directly regulate immune cytokines, and further achieve
antifibrotic effects through immunosuppressive effects. Wang et al.
reported that MSCs can suppress the growth of interferon (IFN)-y",
IL-6" and other lymphocytes, and regulate the related pathways of
inhibiting pro-fibrosis in nonalcoholic steatohepatitis mice (Huafeng
et al., 2017). In 2019, Luo et al. reported that MSCs can inhibit the
activation of M1 pro-inflammatory macrophages, regulate the im-
mune pathway, promote the activation of M2 anti-inflammatory
macrophages, and increase the expression of metalloproteinase-13
(Luo et al., 2019). In addition, the activation of HSCs accelerate the
rate of fibrinolysis and delay or even block the development of liver

fibrosis diseases.
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Potential roles of mesenchymal stem cells (MSCs) in liver fibrosis
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In addition, inflammation-related pathways caused by immune
responses play an important role in the development of liver diseases.
In the early development stage of liver fibrosis, hepatocytes and
endothelial cells are damaged to release chemokines, recruit macro-
phages to damaged lesions, and release a series of pro-inflammatory
factors, such as transforming growth factor-B (TGF-B), and in turn,
activate HSCs, which are further transformed into myofibroblasts,
produce a large amount of ECM, and promote the development of
fibrosis (J. Zhang et al., 2019). MSCs can secrete various cytokines
and growth factors, such as HGF, IL-6, prostaglandin, TNF-a, bFGF,
and VEGF (Yu et al., 2014; Yuan et al., 2013). After the liver is sti-
mulated by alcohol and viruses, hepatocytes will undergo apoptosis,
while the cytokine IL-6 secreted by MSCs can upregulate the ex-
pression of antiapoptotic factors Bcl-2 and Bcl-xI during liver repair,
inhibiting the further decline of liver cells (Kovalovich et al., 2001). At
the same time, MSCs can secrete prostaglandin E, and promote liver
cell regeneration and proliferation (Liu et al., 2018). In addition, an-
giogenesis factors and basic fibroblasts secreted by MSCs can pro-
mote the angiogenesis of liver cells, and further reshape the liver
microenvironment. Reza et al. transplanted human MSCs into mice
with acute liver failure induced by CCl, (Saidi et al., 2015). It was
observed that the levels of ALT improved and the secretion of IL-6
increased in the serum of mice treated with MSCs. The study con-
ducted by Banas and other studies has confirmed that HGF can be
secreted to reduce inflammation in the liver lesion area after MSC
transplantation, thereby achieving the purpose of treating fibrosis
(Agnieszka et al., 2008). After culturing MSCs of umbilical cord (UC)
blood in vitro, An et al. collected the secreted proteome after sti-
mulation under certain conditions and intraperitoneally injected these

into a rat model of liver fibrosis (An et al., 2017). It was observed that
the degree of fibrosis improved in the rat model. Furthermore, they
were also able to prove through in vitro experiments that the milk fat
globule epidermal growth factor (EGF) factor 8 (MFGES) in the pro-
teome secreted by MSCs can inhibit the TGF-B/Samd signaling
pathway, which in turn leads to the inactivation of HSCs (Aimaiti
et al., 2017). Yu Saito et al. reported that the VEGF secreted by MSCs
can stimulate liver regeneration in ischemia-reperfusion mice and
improve liver injury after coculture with hepatocytes (Saito
et al,, 2013).

4.3 | Antifibrosis effect of MSCs

Liver fibrosis is the abnormal proliferation of connective tissues in the
liver. The present pathological mechanism is the activation and pro-
liferation of HSCs and the production of a-SMA. Endogenous or
exogenous MSCs can be directed to migrate under the influence of
various factors, penetrate vascular endothelial cells, and tend to
target tissues and localize survival (Figure 6).

Studies have confirmed that MSCs are directed toward the da-
maged area of the liver, and in turn, secrete soluble factors, reduce
hepatocyte apoptosis, activate activated HSCs, inhibit their activa-
tion, and reshape the liver surroundings (Fuxiang et al., 2015). In the
process of liver fibrosis, HSCs are activated to proliferate and
transform into myofibroblasts to promote the development of fi-
brosis. The important reason why MSCs can resist fibrosis is that
MSCs can inhibit the activation and proliferation of HSCs. Yu et al.
reported that after 72h of coculture with HSCs, adipose-derived
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FIGURE 6 Mechanisms by which mesenchymal stem cells (MSCs) may reduce fibrosis

stem cells could inhibit the proliferation and activation of HSCs, and
increase the apoptosis of HSCs (Fuxiang et al., 2015). After trans-
planting MSCs to treat nonalcoholic steatohepatitis, it was found that
the expression of Type IV collagen was reduced, the expression of
fibroblast TGF-B was downregulated, and the number of a-SMA*
cells decreased. Huang et al. confirmed that MSCs can resist fibrosis
by downregulating the macrophage inflammatory infiltration and
promoting hepatic stellate cell apoptosis after transplanting MSCs to
treat liver failure. MSCs can also degrade the ECM by upregulating
the expression of matrix metalloprotein-9 (B. Huang et al., 2016).

5 | KINETICS OF MSCsS AFTER LIVER
TRANSPLANTATION

After MSC enters the body, it does not conform to the typical dis-
tribution and metabolic model of traditional drugs. Traditional drugs
are passively distributed, but MSC has a feature of chemotaxis to the
injured site, and the distribution of MSC in healthy and diseased
bodies is different.

Direct MSCs injection into liver vessels, either through portal
vein or hepatic artery, could improve delivery and subsequent en-
graftment of the cells into the liver. However, this method requires
an invasive angiography and may cause serious adverse effects such
as bleeding or contrast nephropathy (Mohamadnejad, Namiri, et al.,
2007). While intravenous reinfusion is safe and effective in many
clinical trials for the treatment of liver fibrosis (Mohamadnejad,
Namiri, et al., 2007), many MSCs may be trapped in the lung when
they pass through the organ for the first time after peripheral

intravenous infusion. Intravenous infusion of !In-oxine-labeled
MSCs into the lung through a peripheral vein showed that the
radioactivity gradually increased in the liver and spleen during the
following hours to days (Gholamrezanezhad et al., 2011). Moreover,
some studies had shown that the cells transplanted through a per-
ipheral vein injection can be removed from the lung and transferred
into the liver to reverse the acute liver injury induced by CCl, (Kuo
et al., 2008). Therefore, to determine sufficient homing information
of the injected MSCs to the target organs, it is necessary to trace
MSCs and obtain biological distribution of the cells after different

infusion routes.

6 | CLINICAL PROGRESS OF MSCs IN THE
TREATMENT OF LIVER INJURY

By September 2020, a total of 31 clinical projects of MSCs in the
treatment of liver injury diseases have been registered in the Clinical
Trial (Table 2). The researchers are committed to developing new
methods to improve the efficiency of liver injury animal models to
simulate MSCs in vivo. However, the actual effects need to be
evaluated through clinical trials. The model for end-stage liver disease
(MELD) score is widely used in experimental studies and clinical ap-
plications to assess the severity of chronic liver disease. Serum levels,
total bilirubin, and other indicators are used to assess the prognostic
recovery of patients with liver disease.

Clinical trials have shown that in a study of 45 chronic hepatitis B
patients with decompensated liver cirrhosis (LC), there was a sig-

nificant reduction in the volume of ascites in patients treated with
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TABLE 2 Clinical trials of MSC transplantations with liver fibrosis injury

NCT Number Title Characteristics

NCT04357600 Umbilical cord MSC for liver cirrhosis Patient caused Phase 1 Phase 2
by hepatitis B

NCT04243681 Combination of autologous MSC and HSC infusion Phase 4
in patients With decompensated cirrhosis

NCT03945487 MSCs treatment for decompensated liver cirrhosis Phase 2

NCT03863002 Safety and efficacy of MSC transplantation for Phase 1 Phase 2
acute-on-chronic liver failure

NCT03838250 Study to evaluate hepatic artery injection of Phase 1
autologous human bone marrow-derived
MSCs in patients with alcoholic LC

NCT03626090 MSC therapy for liver cirrhosis Phase 1 Phase 2

NCT03460795 Safety and efficacy study of cotransferring of MSC and Phase 1 Phase 2
regulatory t cells in treating end-stage liver disease

NCT03254758 A Study of ADR-001 in patients with liver cirrhosis Phase 1 Phase 2

NCT02786017 Injectable Collagen Scaffold™ combined with
HUC-MSCs transplantation for patients with
decompensated cirrhosis

NCT02705742 MSCs transplantation for liver cirrhosis due to Phase 1 Phase 2
HCV hepatitis

NCT02652351 HUC-MSCs for hepatic cirrhosis Phase 1

NCT01854125 Autologous MSC transplantation in cirrhosis Phase 3
patients with refractory ascites

NCT01844063 Safety and efficacy of diverse MSCs transplantation Phase 1 Phase 2
for liver failure

NCT01741090 The effectiveness and safety for MSC for alcoholic Phase 2
liver cirrhosis

NCT01728727 Safety and efficacy of HUC-derived MSCs for Phase 1 Phase 2
treatment of HBV-related liver cirrhosis

NCT01724398 Umbilical cord MSCs transplantation combined with Phase 1 Phase 2
plasma exchange for patients with liver failure

NCT01662973 Umbilical cord MSCs for patients with primary Phase 1 Phase 2
biliary cirrhosis

NCT01573923 Safety and efficacy study of umbilical MSCs for

liver cirrhosis
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Locations

Cipto Mangunkusumo hospital, Jakarta, DKI
Jakarta, Indonesia

Asian Institute of Gastroenterology, Hyderabad,
Telangana, India

Beijing 302 Hospital, Beijing, China

Tianjin Weikai Bioeng., Ltd., Tianjin, Tianjin,
China

University of Utah, Salt Lake City, Utah, United
States

e Asian American Liver Centre—Gleneagles
Hospital (Annexe Block), Singapore,
Singapore

e Parkway Cancer Centre—Gleneagles
Hospital, Singapore, Singapore

e Desmond Wai Liver & Gastrointestinal
Disease Centre—Mount Elizabeth Novena
Specialist Centre, Singapore, Singapore

Nanjing Medical University, Nanjing, Jiangsu,
China

Niigata University Medical & Dental Hospital,
Niigata, JapanNihon University Itabashi
Hospital, Tokyo, Japan

The Affiliated Nanjing Drum Tower Hospital of
Nanjing University Medical School, Nanjing,
Jiangsu, China

Gulhane Military Medical Academy, Ankara,
Turkey

The second Affiliated Hospital of University of
Soth China, Hengyang, Hunan, China

Jinling Hospital, Nanjing, Jiangsu, China
Qi Zhang, Guangzhou, Guangdong, China

Yonsei University Wonju College of Medicine
Wonju Christian Hospital, Wonju,
Kangwondo, Korea, Republic of

Xijing Hospital of Digestive Disease, Xi'an,
Shaanxi, China

Department of Infectious Diseases, The Third
Affliated Hospital of Sun Yat-sen University,
Guangzhou, Guangdong, China

Beijing 302 Hospital, Beijing, Beijing, China

e The 302 Hospital of Chinese People's
Liberation Army, Beijing, Beijing, China

o the First Affiliated Hospital of Lanzhou
University, Lanzhou, Gansu, China

e Hainan BOAO Life infinity international
antiaging medical center, Qionghai, Hainan,
China

o The first people's hospital of Lianyungang,
Lianyungang, Jiangsu, China

(Continues)
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TABLE 2 (Continued)

NCT Number Title

NCT01483248 Human menstrual blood-derived MSCs for patients
with liver cirrhosis

NCT01454336 Transplantation of autologous MSC in decompensate
cirrhotic patients with pioglitazone

NCT01440309 Efficacy and safety study of allogenic MSCs for patients
with refractory primary biliary cirrhosis

NCT01342250 HUC MSCs transplantation for patients with
decompensated liver cirrhosis

NCT01256138 Allogene MSCs transplantation in liver for patients with
chronic liver diseases through portal vein by
ultrasound guiding

NCT01256125 Allogene MSCs transplantation in patients with chronic
liver diseases through peripheral vein

NCT01224327 Umbilical cord MSCs infusion via hepatic artery in
cirrhosis patients

NCT01220492 Umbilical cord MSCs for patients with liver cirrhosis

NCT01218464 Safety and efficacy of human MSCs for treatment of
liver failure

NCT00993941 BMSC transplantation in liver cirrhosis via portal vein

NCT00976287 Autologous bone marrow MSCs transplantation via
hepatic artery in patients with liver cirrhosis

NCT00956891 Therapeutic effects of liver failure patients caused by
chronic hepatitis B after autologous MSCs
transplantation

NCT00476060 MSC transplantation in decompensated cirrhosis

Characteristics Locations

e Tongji Hospital of Tongji University,
Shanghai, Shanghai, China

e The 323 Hospital of Chinese People's
Liberation Army, Xi'an, Shanxi, China

Phase 1 Phase 2 the First Affiliated Hospital of Zhejiang

University-IRB, Hangzhou, Zhejiang, China

Phase 1 Royan Institute, Tehran, Iran, Islamic Republic of

Phase 1 Peking Union Medical College Hospital, Beijing,

China

Phase 1 Phase 2 Shanghai Liver Disease Research Center, the
Nanjing Military Command (Shanghai 85

Hospital), Shanghai, Shanghai, China

Department of Infectious Diseases, 3rd
Affiliated Hospital of Sun Yat-sen
University, Guangzhou, Guangdong, China

Department of Infectious Diseases, 3rd
Affiliated Hospital of Sun Yat-sen
University, GuangZhou, Guangdong, China

Phase 1 Phase 2 Stem Cell Research Center of Medical School
Hospital of Qingdao University, Qingdao,

Shandong, China
Phase 1 Phase 2 Beijing 302 Hospital, Beijing, Beijing, China

Phase 1 Phase 2 Beijing 302 Hospital, Beijing, Beijing, China

Phase 2 Sun Yat-sen University, Guangzhou,
Guangdong, China
Phase 2
The Third Affiliated Hospital Of Sun Yat-sen
University, Guangzhou, Guangdong, China
Phase 2 Digestive Disease Research Center, Shariati

Hospital, Tehran, Iran, Islamic Republic of

Abbreviations: ADR, adverse drug reaction; BMSC, bone mesenchymal stem cell; HBV, hepatitis B virus; HSC, hepatic stellate cell; HUC, human umbilical

cord; LC, liver cirrhosis; MSC, mesenchymal stem cell.

UC-MSC transfusion when compared to controls (Zheng et al., 2012).
In addition, UC-MSC therapy also significantly improved liver func-
tion, as indicated by the increase in serum albumin levels, decrease in
total serum bilirubin levels, and decrease in the sodium model for
MELD scores. A total of 43 acute-on-chronic liver failure (ACLF)
patients were associated with hepatitis B virus (HBV) infection in the
clinical trial conducted by Ming Shi et al. (2012). The UC-MSC
transfusions significantly increased the survival rates in ACLF pa-
tients, reduced the MELD scores, increased the serum albumin,
cholinesterase and prothrombin activity, and increased the platelet
count. Furthermore, the serum total bilirubin and alanine amino-
the UC-MSC

transferase levels significantly decreased after

transfusions. From 2010 to 2013, 110 patients with HBV-related
acute-on-chronic liver failure were enrolled in this open-label, non-
blinded randomized controlled study (Bing-Liang et al., 2017). The
experimental group (n = 56) was infused with 1.0-10.0 x 10° cells/kg
of allogeneic bone marrow-derived MSCs weekly, for 4 weeks, and
were followed up for 24 weeks. Compared with the control group,
the allogeneic bone marrow-derived MSC treatment markedly im-
proved the clinical laboratory measurements, including the serum
total bilirubin and MELD scores. It is noteworthy that to better in-
terpret the safety and effectiveness of MSCs, further research is
needed, and patients with liver fibrosis induced by different factors
should be recruited. Although in recent years, MSC has had many
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advantages in the treatment of various diseases, its clinical applica-
tion still needs further in-depth research. In addition, there are still
some problems to be solved in MSC transplantation, such as the
appropriate timing of MSC transplantation, injection dose, and opti-
mization of the culture program. However, it remains unclear how the
survival rate, colonization rate, and safety of MSCs could be im-
proved in vivo, and how these play its effectiveness on this basis.
Hence, further clinical trials and multidisciplinary consultations are

needed to clarify these.

7 | CONCLUSIONS

In recent years, more and more scholars have used MSCs trans-
plantation for the treatment of liver fibrosis, and they have shown
certain antifibrosis effects in vivo and in vitro. At present, to max-
imize the efficacy of MSCs transplantation, many scholars focus on
the combined application of MSCs with other antifibrotic molecules
and drugs. The combination of MSCs and other antiliver fibrosis
methods may produce better anti-fibrosis effects, which is the future
development direction of MSCs therapy.

At present, the regulatory effect of MSCs transplantation has
triggered extensive research on the occurrence and development of
liver fibrosis, but it still has limitations. The existing studies on MSCs
and liver fibrosis are mostly in vitro and animal experiments, and
more clinical studies are still needed to confirm their efficacy. In
addition, as pluripotent stem cells with multidirectional differentia-
tion potential, MSCs transplantation can also induce adverse reac-
tions in the body, and more in-depth discussions are needed on the
side effects of its treatment. Therefore, the potential regulatory
mechanism and molecular targets of MSCs used in liver fibrosis still
need to be further explored and studied to provide reasonable and
effective theoretical support for MSCs transplantation in the clinical

treatment of liver fibrosis.
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