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Abstract: Liver transplantation is the most effective treatment for advanced liver disease, but its application is
restricted. Cell therapy provides a fresh approach for treating liver cirrhosis. The immunological superiority and
stem cell characteristics of mesenchymal stem cells (MSCs) from bone marrow, umbilical cord, adipose tissue, or
dental tissues might allow them to perform well as alternative cell therapy treatments. Many previous animal experi-
ments and clinical studies of liver disease have been reported and have demonstrated the efficacy and safety of
MSCs therapy; no serious side effects or complications were noted, but not all trials have shown efficacy. Potential
mechanisms of action, for example, secreting cytokines and growth factors, promoting liver regeneration, inhibiting
inflammation in the liver, facilitating the degradation of excessive extracellular matrix (ECM) and differentiating into
multi-lineage cells, could account for how MSCs therapy helps improve liver function. However, exploring the mecha-
nism of action still requires further study, and a multitude of problems still await solutions in clinical practice. The
use of MSCs in treating liver disease shows broad potential as well as undoubted challenges. In this paper, we will
focus on the current possible mechanisms by which bone marrow mesenchymal stem cells (BM-MSCs) improve liver
function, show the relationship between the application of MSCs and the occurrence of liver tumors and hepatic
fibrosis, and present recent controversies and prospects for the treatment of liver cirrhosis.
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Introduction cultured in vitro, have been known for many
years and have been reported to provide be-
nefits in liver disease. Moreover, they are ethi-
cally more acceptable to patients and exhibit
low inherent immunogenicity [4]. Bone marrow-

derived mesenchymal stem cells (BM-MSCs)

Liver cirrhosis is the final pathological result
of a wide variety of chronic liver diseases. The
formation of pseudolobuli and tubercles and
the loss of liver function at different levels are

the representative pathological characteristics
of liver cirrhosis [1, 2]. As the disease progress-
es, it becomes life threatening. According to
current treatment schemes, liver transplanta-
tion is the most efficient method of treatment
for advanced liver cirrhosis caused by multiple
factors. However, an imbalance between donor
availability and the high demand, severe post-
operative mortality, long-term side effects and
high cost gravely limit its application [3]. Cell-
based therapies offer a choice for patients with
advanced liver cirrhosis. Mesenchymal stem
cells (MSCs), which can be readily obtained and

are suitable candidates for use in therapeutic
stem cell strategies. Various animal studies
and clinical trials on BM-MSCs have revealed
the benefit and feasibility of using these cells
to treat liver cirrhosis and even liver failure.
However, risky aspects of these applications
should be carefully considered.

Properties of bone marrow-derived mesenchy-
mal stem cells

MSCs are derived from a wealth of sources,
such as bone marrow, adipose tissue, skeletal
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muscle, and synovium [5]. Bone marrow is an
important source of stem cells. MSCs have self-
renewal capability and multiple differentiation
potentials, including the ability to develop into
hepatocytes [6]. These properties indicate an
intrinsic role in regeneration and tissue repair.
BM-MSCs do not express major histocompati-
bility complex (MHC) class Il antigens [7] and
can escape immune recognition through inhibi-
tion of immune cells, such as T cells, B cells,
antigen presenting cells (APCs) and natural
killer cells, during the process of activation
and differentiation [8-10], thus improving the
body’s tolerance and reducing the incidence
of serious adverse reactions. These features
show that BM-MSCs are conducive to tissue
repair and reconstruction and present a new
approach for treatment of liver disease.

How BM-MSCs are proposed to improve liver
function: possible mechanisms

In general, elucidation of the mechanism by
which BM-MSCs improve liver function is still
a long way off. Currently, the possible mecha-
nisms include (1) the secretion of cytokines
and growth factors that promote liver rege-
neration; (2) the inhibition of inflammation and
the activation of hepatic stellate cells (HSCs);
and (3) the inhibition of the production and pro-
motion of the degradation of excessive extra-
cellular matrix; (4) their multipotent character-
istics. First, BM-MSCs can secrete many grow-
th factors and cytokines, and this is probably
the most important mechanism. For example,
BM-MSCs secrete the well-known hepatocyte
growth factor (HGF) [11], which has demonstr-
ated anti-apoptotic properties in hepatocytes
and plays an essential role in promoting the
regeneration of the liver. HGF has been applied
in several experimental investigations to atten-
uate fibrosis [12]. Moreover, van Poll’s research
[13] suggested that systemic administration
of MSC-derived molecules could visibly inhibit
hepatocyte apoptosis, while the expression of
interleukin-13 and tumor necrosis factor alpha
(TNF-a) were decreased. According to Wang X,
administration of HGF could promote recovery
in carbon tetrachloride (CCl4)-induced liver in-
jury [14]. Transforming growth factor (TGF)-B1
plays a significant role in the process of liver
fibrosis; TGF-B1 can activate the Smad3 signal-
ing pathway, which greatly contributes to liver
fibrosis progression [15, 16]. MSCs transplan-
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tation inhibited Smad3 phosphorylation, which
restricted the downstream components of the
TGF-B1 signaling pathway and specifically coun-
teracted many profibrotic actions of TGF-B1 [17,
18]. MSCs can express hepatocyte growth fac-
tor (HGF) and the cognate receptor HGFR/c-
met and then stimulate chemotactic migration
[19, 20]. Interestingly, HGF has been reported
to induce tolerance and to reduce T-cell prolif-
eration and antigen presentation of dendritic
cells [21, 22], which might provide synergistic
effects in human immunological tolerance. BM-
MSCs can secrete vascular endothelial growth
factor (VEGF), which attenuates myocardial re-
perfusion injury and significantly reduces cell
injury in vitro, in part through the activation
of the PI3K signaling pathway [23]. Recent
research has indicated that stem cells incre-
ase the levels of VEGF, Angptl and Angpt2,
which could be propitious for vascular regener-
ation, and other paracrine growth factors, such
as platelet-derived growth factor (PDGF), fibro-
blast growth factor (FGF) and epidermal growth
factor (EGF), which jointly improve hepatocyte
and bile duct proliferation [24]. Similarly, in
ischemia-reperfusion-induced liver injury, allo-
geneic BM-MSCs attenuate the oxidative stress
response, and higher expression levels of the
anti-apoptotic protein Bcl-2 and lower expres-
sion levels of the pro-apoptotic proteins Casp3
and Bax were also observed during the pro-
cess; these results indicate that improvement
mainly occurs via a paracrine mechanism [25].
This result was consistent with another study
of the antioxidant properties of MSCs [26], and
other related factors secreted by MSCs, such
as interleukin-10 and TNF-a, were also shown
to alleviate fibrosis and decrease collagen syn-
thesis, as well as inhibit inflammation [27]. Se-
cond, activated hepatic stellate cells (HSCs)
are major participants in collagen deposition,
and they even transdifferentiate into fibrogenic
myofibroblast-like cells [28]. MSCs may exert
inhibitory effects on the transition of hepatic
stellate cells from a quiescent state to an acti-
vated state, in part, by reducing the phosphory-
lation of extracellular signal-regulated kinase
(ERK) 1/2 and decrease the gene expression
of collagen types | and lll [27, 29]. FGF-treated
MSCs were shown to reinforce apoptosis of
hepatic stellate cells through JNK-p53 signal-
ing [30]. MSCs regulate the function of HSCs
through secretion of IL-10 and nerve growth
factor (NGF), exerting a therapeutic effect on
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inflammation and liver fibrosis [31, 32]. Yue Yu
et al. observed that the HGF expression level
increased and TGF-B1 secretion from activated
HSCs decreased by using genetically modi-
fied HGF-expressing MSCs. This illustrates that
MSCs exhibit an antifibrosis effect by modulat-
ing the function of HSCs to a certain extent
[33]. In addition, in CCl4- or dimethylnitrosa-
mine (DMN)-treated rats, not only was a-smooth
muscle actin (x-SMA) expression reduced but
collagen deposition also decreased after MSCs
administration. This indicated the role of MSCs
in inhibiting fibrosis formation and the progres-
sion of fibrosis [29]. BM-MSCs migrate into the
fibrous area of cirrhotic livers, where they ex-
press matrix metalloproteinases such as MMP-
9 and MMP-13, which contribute to extra cellu-
lar matrix degradation, tissue remodeling and
the desired curative effects on liver function,
thus affecting the survival rate [34, 35].

In addition, the liver has a potentially powerful
regenerative capacity, although in advanced
liver disease, the regenerative capacity is insuf-
ficient to compensate for the injured tissue.
MSCs from human, mouse and rat bone mar-
row, as well as from other sources, can be in-
duced to express hepatocyte differentiation
markers in vitro [6, 36-40] and in vivo [41-43].
Hepatocyte nuclear factor 4 alpha (HNF4«)
[44] and fibroblast growth factor 2 (FGF2) [45]
might facilitate the differentiation of trans-
planted bone marrow cells into hepatocytes.
However, it is still not clear what percentage of
the cells can be induced to differentiate into
hepatocytes. Di Bonzoet et al. [46] intravenous-
ly transplanted purified active BM-MSCs into
immune-deficient mice with or without acute
or chronic liver injury and found that transplant-
ed MSCs could move to both normal and dam-
aged liver parenchyma, particularly in condi-
tions of chronic liver injury; however, as evi-
denced by very low or undetectable levels of
the hepatocyte markers serum albumin alpha
fetal protein (AFP), CK18 and CK19, differentia-
tion into hepatocytes rarely occurred. Houlihan
DD et al. observed that the production of bone
marrow-derived hepatocytes is very rare in
most cases of liver injury [47]. In spite of direct
injection into the liver, differentiation of MSCs
into hepatocytes did not occur [48]. Therefore,
hepatocytes from bone marrow are not likely
to be responsible for the healing function of
MSCs in the liver during the course of liver da-
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mage. It is difficult to explain the differences
between the above views, and it seems that
MSCs exert their influence predominantly by
indirect mechanisms rather than through hepa-
tocyte differentiation. Pluralistic and integrated
responses were perceived to hamper the pro-
gressive deterioration of hepatic architecture.
Although BM-MSCs therapy for liver cirrhosis
has demonstrated an improvement in liver fun-
ction, the therapeutic mechanisms responsible
for the beneficial effects are still far from clear.

Tests and effects in animal experiments and
clinical trials: The use of BM-MSCs transplanta-
tion as an alternative treatment for hepato-cir-
rhosis has been widely studied in animal mod-
els. Its effectiveness has been demonstrated
both in carbon-tetrachloride-treated cirrhotic
mice [49] and in a thioacetamide-induced cir-
rhotic rat model. In the latter rat model, a-SMA,
collagen-1 and TGF-B1 expression decreased
markedly after BM-MSCs treatment. Further-
more, the hepatic hydroxyproline content and
the percentage of the collagen proportionate
area were also decreased significantly [17].
However, not all the results are coincident.
Using a severe chronic liver injury rat model,
Carvalho et al. found that BM-MSCs did not
generate benefits orimprove liver function after
repeated infusions of BM-MSCs, and no obvi-
ous differences were observed in collagen con-
tent, immunofluorescence analysis, biochemi-
cal assays and ultrasound imaging [50]. This
result was in contrast to the aforementioned
study, suggesting that the therapeutic results
of MSCs are still controversial. Meanwhile, we
determined explicitly that both the route and
dosage of BM-MSCs led to significant differ-
ences in performance due to the experimental
design.

In the last couple of years, researchers world-
wide have continued to expand the scope of
clinical research, while studies have exhibited
conflicting or even contradictory results regard-
ing the validity of MSCs. In November 2003,
Terai S conducted a clinical study of autologous
bone marrow cell infusion therapy for advanced
liver cirrhosis and presented its safety and
availability [51]. Mervat El-Ansary performed a
phase |l trial on a total of 25 HCV-related pa-
tients with decompensate liver cirrhosis. In the
15 patients in the MSCs group, BM-MSCs were
either undifferentiated (n=9) or differentiated
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Table 1. Several clinical studies used bone marrow cells in the treatment of liver disease

Type of Injection route Etiology and patient Support - Follow-u .
yp J &y P pp‘ Complications ) P Trials

cells and dosage number validity period

BM-MNCs  Peripheral vein: 5.2+0.63 9; LC (3 HBV,5HCVand 1 Yes None 24 weeks Terai S et al. [51] 2006
x 10° unknown)

BM-MSCs  Peripheral or portal vein; 3-5  8; LC (4 HBV, 1 HCV, 1 Yes None 24 weeks Kharaziha P et al. [53]
x 107 alcoholic and 2 unknown) 2009

BM Hepatic artery; 3.4-3.8 x 10°  53; LF due to HBV Yes None 192 weeks Peng L et al. [54] 2011

BM(G-CSF) Peripheral vein; 1 x 10%/kg 20; End-stage liver Yes None Atleast 26 Salama H et al. [67]
body weight disease (HCV) weeks 2014

BM-MSCs  Intrasplenic; 10 x 10° 20; LC (HCV) Yes None 6 mo Amin MA et al. [68] 2013

BM-MSCs  Peripheral vein; Median of 15; Decompensated LC No None 12 mo Mohamadnejad M et al.
195 million (RCT) [56] 2013

BM-MSCs  Hepatic artery; 5 x 107 (twice) 11; Alcoholic cirrhosis Yes None 12 mo Jang YO et al. [63] 2014

Abbreviations: BM: Bone marrow; BM-MNCs: Bone marrow mononuclear cells; BM-MSCs: Bone marrow mesenchymal stem cells; G-CSF: Granulocyte-colony-stimulating
factor; HBV: Hepatitis B virus; HCV: Hepatitis C virus; LC: Liver cirrhosis; LF: Liver failure; RCT: Randomized controlled trials.

into hepatocytes (n=6). However, in all 15 pa-
tients, the symptoms of jaundice and limb
edema were alleviated significantly both 3 and
6 months later, serum albumin and serum bili-
rubin levels were ameliorated, and the model
for end stage liver disease (MELD) score de-
clined. Moreover, there was not a distinct dif-
ference regarding laboratory tests and clinical
results between patients with undifferentiated
MSCs and those with MSCs that differentiated
into hepatocytes [52]. This was consistent with
the results of Kharaziha et al. [53], who trans-
planted autologous MSCs into 8 patients with
end-stage liver disease via peripheral or portal
veins. In China, Peng et al. performed a clinical
study on autologous MSCs transplantation in
53 liver failure patients and confirmed its short-
term efficacy, but no significant improvement
was observed in the long-term [54]. Recently,
10 patients with ursodeoxycholic acid-resistant
primary biliary cirrhosis underwent allogeneic
BM-MSCs transplantation, and serum levels of
y-GT, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), and IgM signifi-
cantly decreased. In addition, the quality of life
was improved throughout the 12-month follow
up [55], thus verifying the validity of the treat-
ment to a certain extent.

In contrast to the above research results, Me-
hdi Mohamadnejad et al. carried out a random-
ized placebo-controlled trial regarding MSCs
transplantation, and parameters such as the
MELD score, Child-Pugh score, serum albumin
level, international normalized ratio (INR), and
total bilirubin level did not exhibit significant
changes compared to the control group by both
the 3 and 12 month follow-ups, which is not
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consistent with the previous report [56]; this
indicates that there is still controversy about
whether MSCs infusion is effective. Therefore,
further studies are warranted to probe the true
effect of MSCs infusion in liver cirrhosis. In
recent years, part of the clinical experimental
results are presented in Table 1.

The relationship between BM-MSCs transplan-
tation and liver cancer: It remains uncertain
whether the anti-apoptotic and immunomodu-
latory properties of BM-MSCs play a role in pro-
moting the occurrence of tumors. In vitro cul-
ture of BM-MSCs, particularly with longer cul-
ture times, might increase the risk of pheno-
typic alterations and genetic abnormalities in
BM-MSCs [57]. Liver cirrhosis itself is a pre-
malignant condition, and we should also be
concerned about the potential of promoting
tumor growth in vivo. The relationship between
BM-MSCs and cancer has not yet reached a
broad consensus. Adult MSCs undergo sponta-
neous transformation following long culture
times in vitro, supporting the idea of malignant
transformation, particularly for poorly differen-
tiated hepatocellular carcinoma [58, 59], which
raises important safety issues. However, sev-
eral reports have found that BM-MSCs do not
affect the incidence of tumors [60]. The forma-
tion of tumors resulting from the introduction of
long-term cultured human MSCs into nude
mice has not been reported. In addition, MSCs
from the bone marrow of children expressed
normal levels of p16, p53, RB and H-RAS in an
in vivo model [61] and, thus, were consistent
with a recent study, suggesting that the spon-
taneous transformation of MSCs leading to
tumorigenesis was rare over a relatively short
time period [62].
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Jang YO et al. [63] and Mehdi Mohamadnejad
et al. [56] also observed that there was no evi-
dence that the application of stem cells pro-
moted tumor development during the follow-up
period. Peng’s results revealed no significant
differences in the incidence of hepatocellular
carcinoma between patients with and without
MSCs transplantation after a 192-week follow-
up. Furthermore, for patients with cirrhosis, the
application of autologous BM-MSCs might, to
some extent, offer protection with respect to
the occurrence of hepatocellular carcinoma
and mortality [54]. Another report suggests
that frequent BM-MSC infusion was condu-
cive to inhibiting tumor promotion during stag-
es of hepatocarcinogenesis in an N-nitroso-
diethylamine (DEN)/green fluorescent protein
(GFP)-carbon tetrachloride (CCl4) model; how-
ever, the inhibitory mechanism requires further
analysis [64]. Recently, Zhao et al. reported
that MSCs from transgene-free human induced
pluripotent stem cells were less likely to pro-
mote tumors because the contributors of pro-
tumor effects, such as receptors for interleu-
kin-1, TGF-B and hyaluronan, were expressed
at very low levels [65]. The results from a num-
ber of clinical studies tend to be consistent:
BM-MSCs are more likely to reduce liver carci-
nogenesis than increase it.

Effects of splenectomy on BM-MSCs transplan-
tation

MSCs can migrate into specific sites in the liver
in response to tissue damage homing signals.
Based on this migratory advantage, peripheral
vein [56, 66, 67], hepatic artery [54, 63], intra-
splenic [68] or portal-venous [53] delivery, and
even direct injection into the liver [48], have all
been demonstrated to carry MSCs to the liver,
although the reported outcomes of the pre-
ceding injection approaches showed slight dif-
ferences. Liver cirrhosis is often accompanied
by symptoms of splenomegaly as well as hy-
persplenism, in which the circulating cells are
subject to varying degrees of damage. Takuya
lwamoto, in both a mouse model and a clinical
study, demonstrated that infusion of autolo-
gous bone marrow cells to treat cirrhosis exhib-
ited a more effective performance after sple-
nectomy. In the clinical trial, significantly great-
er increases in the serum albumin level and
the HGF level were observed after splenectomy
compared to the application of BM-MSCs alone
at 4 and 24 weeks. Other indicators, such as
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the Child-Pugh score, the PT-INR and the serum
level of type lll pro-collagen-N-peptide (PIIIP),
presented a desired improvement throughout
the 24 weeks of observation. In addition, higher
expression levels of MMP-9 and increased de-
livery of GFP-positive BM-MSCs into the injured
liver in the splenectomy group were observed
compared to the non-splenectomy group, and
decreases in TGF-f1 mRNA and «-SMA expres-
sion, which enhanced liver regeneration, were
also described [69]. Another clinical trial show-
ed a similar effect and demonstrated a signifi-
cant increase in the numbers of circulating
hematopoietic stem cells and platelets after
splenectomy [70]. This may be related to the
absence of captured BM-MSCs and a reduction
of BM-MSC damage in the spleen. The change
in intrahepatic blood flow after splenectomy
slightly decreases hepatic fibroproliferation as
well [741].

Whether BM-MSCs ameliorate the symptoms
of liver fibrosis

BM-MSCs can transform into liver cells and im-
prove liver function. However, BM-MSCs have
a variety of differentiation potentials; they can
also be converted into myofibroblasts, which
promote the development of liver cirrhosis,
leading to the opposite effect.

Forbes SJ observed 7 male patients who devel-
oped liver fibrosis after liver transplants from
female donors and found kenspeckle Y chro-
mosome-positive cells in the fibrotic region.
These Y chromosome-positive cells had a myo-
fibroblast phenotype, which is positive for o-
SMA, vimentin and fibulin-2 and negative for
CD45. Moreover, the myofibroblasts of BM-
MSCs origin made up a high proportion of the
cell population [72]. Russo et al. [73] used fe-
male mice receiving male bone marrow trans-
plants and observed significant myofibroblast
populations derived from bone marrow. In con-
trast, minor contributions of bone marrow-
derived cells to parenchymal regeneration were
observed. Furthermore, the total numbers of
myofibroblasts derived from bone marrow were
higher in the presence of liver cirrhosis than in
the absence of liver damage, and it should be
noted that the researchers also investigated
stellate cells from bone marrow. BM-MSC dif-
ferentiation into myofibroblast-like cells expre-
ssing o-SMA was also described in mouse
fibrotic liver [74], and the increase in TGF-B1 is
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responsible for the differentiation of BM-MSCs
to myofibroblasts [75, 76]. Tatiana Kisseleva
[77] also reported that fibrocytes of bone mar-
row origin could produce collagen in chimeric
mice with bile duct ligation-induced liver injury,
indicating a potentially destructive effect on
liver function.

No sufficiently compelling theory can explain
the contradictory results, and they may be re-
lated to the design of the scientific research
and the research focus. The microenvironment
of the liver might have an effect on the differ-
entiation direction of BM-MSCs. Studies explor-
ing this potential double-edged sword need to
be further refined to draw on the advantages
and avoid the disadvantages of BM-MSCs.

Conclusion

The only current therapy modality for liver fail-
ure is liver transplantation, but its application is
limited. In recent years, cell therapy has been a
popular area of research. The widespread ap-
plication of hepatocyte transplantation is also
restricted because human hepatocytes are not
easily cultured in vitro; they tend to dedifferenti-
ate in culture, and the viability and function of
hepatic cells present different degrees of loss
[78, 79]. The immunological superiority and
stem cell characteristics of MSCs allow them to
perform better as alternative cell therapy treat-
ments. Other sources of stem cells, such as hu-
man adipose tissue [80] and umbilical cord tis-
sue [81], have been shown to migrate well into
the liver parenchyma, and they appear to ame-
liorate impaired liver function.

A systematic review and meta-analysis involv-
ing 1012 participants summed up the safety of
systemic MSCs administration and suggested
that the administration of MSCs was safe, and
no severe side effects or complications were
noted, although transient fever was described
[53, 60]. Many pre-clinical and clinical studies
have tried to demonstrate the viability of BM-
MSC applications, and with more in-depth stu-
dy, BM-MSCs still have the potential to become
a favorable treatment strategy.

However, we should clearly understand that the
effectiveness of MSCs treatment is still con-
troversial because many disputed and unan-
swered questions still exist. As of now, although
a large amount of preclinical and clinical evi-
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dence has confirmed the feasibility and prom-
ise of bone marrow cells in disease modifica-
tion and BM-MSCs present a relatively safe
and impactful approach for alleviating fibrosis,
there are many unknown factors that still need
to be studied and assessed before clinical
application. The mechanisms by which MSCs
produce specific secretory effects, the detailed
signaling pathways involved, and the differenti-
ation and anti-fibrotic or potential profibrotic
activity remain unclear. This brings risks and
uncertainties to the clinical application of BM-
MSCs, and major breakthroughs are needed
regarding this critical knowledge and the po-
tential problems. Better comprehension con-
cerning the effects underlying each step in
the proliferation and lineage differentiation of
MSCs will immensely expand the scope of pos-
sible therapeutic applications of both native
and cultured MSCs in vitro [82].

There are still a multitude of problems await-
ing solution in clinical practice, including the
determination of the most effective number
of cells, the best route of administration, the
activity of the transplanted cells, the times of
injections and the patients who will most ben-
efit from treatment [83, 84]. Previous clinical
research designs were also lacking in norms
and require further perfection of therapeutic
evaluation and monitoring schemes for long-
term evaluation of treatment efficacy, the life-
span of MSCs, the homing ability and the ideal
time point for BM-MSCs transplantation, which
may also affect the efficacy of transplantation
[29, 85]. Even donor age might influence the
differentiation potential [48].

Future prospects

Cell therapy developed for the treatment of
liver cirrhosis has been officially approved as
an “Advanced medical technology B” in Japan
[86]. In addition, other sources of MSCs such
as umbilical cord blood or adipose tissue show
similar benefits in the treatment of liver disease
[871.

As previously described, there are many contro-
versies regarding BM-MSCs transplantation for
the treatment of liver cirrhosis. Chronic liver
diseases can be caused by factors such as
viral hepatitis, alcohol, drugs, and metabolic
and autoimmune diseases. Hence, differences
in etiology might result in different consequ-
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ences of MSCs therapy and lead to selection
bias, although the process of fibrosis is similar
regardless of the original cause.

The administration of MSCs in a randomized
trial with cirrhotic patients resulting from vari-
ous etiologies did not show improvement over
the placebo, while most of the other trials have
shown efficacy. We might find the best possi-
ble beneficiaries of the therapy for a specific
etiology through continuous in-depth study. In
the meantime, the remaining unresolved issues
need to be addressed. Satisfactory positive
results do not always appear in clinical trials.
In addition, we should be alert to the pro-fibro-
genic potential of MSCs due to the differentia-
tion of myofibroblasts, and determining how to
avoid this unwanted differentiation is also a
significant task. However, overall, the adminis-
tration of BM-MSCs as a hopeful new thera-
peutic strategy to treat liver disease remains
possible. Thus, a better understanding of the
mechanism would be beneficial for the evolu-
tion of more available treatment options. Never-
theless, the relevant clinical research has only
been performed for a little over a decade and
is still immature. Moreover, well-designed ran-
domized clinical trials are scarce. We need a
larger sample size, a longer period of time and
multicenter clinical trials to achieve a greater
understanding of the plusses and minuses of
stem cell therapies.
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