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Abstract

Cirrhosis results from different mechanisms of liver injury that lead to necroinflammation and fibrogenesis; Patients with
liver cirrhosis often require liver transplantation but it is affected by many problems, including relative operative damage,
high costs, lack of donors, and risk of rejection. Currently studies are shown the Stem cell therapy has the potential to
provide a valuable adjunct to the management of disease, Stem cell should be the natural candidates to provide a renewable
source of cells for transplantation. The main mechanism of stem cell therapy is that stem cell capacity to differentiate into
any of the hundreds of distinct cell types that comprise the human body. In addition to their potential in therapeutics can
be used to study the earliest stages of human development and disease modeling using human cells. In this article, we review
the potential for stem cell therapies to treat liver cirrhosis, MSCs cells are reprogrammed as useful sources of cells that can
be change to liver cell for treatment of cirrhosis but pathological implication and autologous bone marrow stem cell therapy
for cirrhosis are still to be elucidated and clinical trials that required before this cell transplantation must be performed in
Large-scale controlled to becomes a regular therapy.
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Introduction Currently novel studies are shown the Stem cell therapy has the
potential to provide a valuable adjunct to the management of cir-
The main causes of liver cirrhosis among humans worldwide rhosis, Bone marrow stem cells (BMSCs) have been known to
is chronic viral hepatitis and alcohol abuse that led to the mes- possess the unique capacity for self-renewal and differentiation
enchymal inflammatory and primary disturbance of the hepatic into hematopoietic and mesenchymal cell lineages [4]. The other
cells, Eventually causes liver cirrhosis [1]. Patients with liver cit- reports have demonstrated that BM-derived hepatocytes gener-
rhosis often require liver transplantation but it is affected by many ated by in vivo cell fusion as well as adult cells can adopt the phe-
problems, including relative operative damage, high costs, lack notype of other cell lines by fusing with stem cells [5-7]. However,
of donorts, and risk of rejection [2] and because of the increas- Stem cell therapy is necessary to consider that the liver already
ing shortage of livers for transplantation, Scientists attempted to contains endogenous populations of stem cells in hepatocytes
performed expetiments for optimizing and demonstrate the sup- that they are able to self-renew almost limitlessly, and often play
posed ability of adult bone marrow stem cells to differentiate into the principal role in liver regeneration [8].
mature cells other than blood cells in different adult tissues and
functioning hepatocytes [3]. The aims of this article is to survey the role of stem cell therapies

to improve liver cirrhosis and MSCs cells are reprogrammed as
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useful sources of cells with hepatic potential for cirrhosis therapy.

Stem cell

Stem cells is applied to cells from many different sources with
many different functions and phenotypes and is a general descrip-
tive term, Stem cells characteristics are regenerate identical cells,
transplant ability, maintain the ability to proliferate and multipo-
tentiality, but can be stimulated to leave differentiate into specific
cell types and this self renewal cycle. Stem cells are divided four
categories: totipotent, pluripotent, multipotent or unipotent.
Totipotent cells are capable of giving rise to any cell in the em-
bryo and extra embryonic tissue. Stem cell populations that may
give rise to only limited cell types are multipotent. Cells that give
rise to only one cell type are termed unipotent |9, 10| and pluri-
potent is a cell that can generate cell types from each of the three
embryonic germ layers: the mesoderm, ectoderm and endoderm
[11]. Progenitor (stem) Cell indicates the cells can be dividing with
the capacity to differentiate. Every progenitor cell could give rise
to a progeny composed of transit-amplifying cells fated for dif-
ferentiation or initially not committed and retaining self-renewal
capabilities [12]. Liver progenitor cells were known as oval cells in
rodents. First described for Oval cells were by Farber [13] in 1956
as ‘small oval cells with scant lightly basophilic cytoplasm and pale
blue-staining nuclei” with a high nuclear/cytoplasmic ratio and an
ovoid nucleus. Now oval cells are known as heterogeneous popu-
lation of bipotential and activate in the liver as a result of injury
or insult, but is greatly increased in response to specific types of
injury [13, 14].

Bone marrow contains Mesenchymal stem cells (MSC) progenitor
cells of some mesenchymal tissues, such as cartilage, bone, muscle
and fat [14]. MSCs are multipotent cells with the capacity to dif-
ferentiate to produce multiple types and to promote angiogenesis,
clinical studies currently focus on MSC, that are being explored
to treat inflammation and regenerate damaged tissue [15]. Bone
marrow mesenchymal cells (BMSCs) are thought to be useful for
reconstructing injured tissues such as cardiac muscle, bone, or
cartilage [16]. Kafienah et al. [17] and Scharstuhl et al. [18] have
reported that sufficient numbers of BMSCs with adequate differ-
entiation potential can be used for treatment patients. In animal
models, infusion of BMSCs has been shown to engraft in portal
tract areas and has been effective in improving survival in rodent
models of chronic liver failure [19]. On the other studies, Stem
cells have been shown to engraft in portal tract areas, peripheral
vein and portal vein infusion has demonstrated high first-pass
stem cell entrapment such as hepatic engraftment has focused
to use of BMSCs for optimizing [20], However the delivery of
BMSC:s as cell therapies to the patients could be proven to be an
appropriate starting point for treatment of patients [21].

Liver cirrhosis

Cirrhosis results from variable mechanisms of liver injury that
lead to necroinflammation and fibrogenesis, characterized by pa-
renchymal damage [22]. Cirrhosis is 14® most common cause of
death in adults worldwide, The main causes in more developed
countries are alcohol misuse, infection with hepatitis C virus [23]
and the most common cause in sub Saharan Aftica and most
parts of Asia is infection with hepatitis B virus [24]. Cirrhosis
result from a uniform processing developed over several different
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pathways and a primary mesenchymal inflammatory or primary
disturbance of the hepatic cells [25]. Morphological features of
cirrhosis include: regenerative nodules, altered lobular architec-
ture, establishment of intrahepatic vascular shunts and diffuse fi-
brosis, vascular thrombosis and obliterative lesions in portal tracts
and hepatic veins, capillarization of sinusoids and perisinusoidal
fibrosis and consequent tissue hypoxia [26-28].

Patients with cirrhosis should be treated when possible for the
underlying liver disease to stop disease progression; such treat-
ment includes: Drugs for inhibit hepatic fibrosis, immuno sup-
pression for autoimmune hepatitis, antioxidant are treating liver
disease caused by chronic alcohol use, phelebotomy for haemo-
chromatosis, copper chelators or zinc for Wilson’s disease, when
all else fails and the liver is severely damaged, the only treatment
is a liver transplantation |2, 29| and newly Stem cell therapy has
the potential to provide a valuable adjunct to the management
of disease, Stem cell should be the natural candidates to provide
a renewable source of cells for transplantation [30]. In some lit-
erature, bone marrow is suggested as a transplantable source of
hepatic progenitors [30] and transplanted BMSC contribute to
several non-haematopoietic adult cell types to demonstrate that
these BMSC-derived lineages are functional, with a clonogenic
capacity, and not merely a transdifferentiated phenotype for cell
therapy of cirrhosis [31].

Stem cell in cirrhosis

Currently, Most of studies have been performed in rodent mod-
els of liver injury using either whole/fractionated bone matrrow
transplantation/injection or petipheral blood stem cells obtained
through the administration of growth factors, because of the in-
creasing shortage of livers for transplantation, Scientists attempt-
ed to performed experiments for optimizing and demonstration
of the supposed ability of adult bone marrow stem cells to differ-
entiate into mature cells other than blood cells in different adult
tissues and functioning hepatocytes [3].

In the bone marrow, two major types of adult stem cell are found:
mesenchymal stem cells (MSCs) and hematopoietic stem cells
(HSCs) |32]. In the previous studies reported that bone marrow
isolation and characterization for human clinical trials [28]. MSC
progenitor cells are derived from various BM stromal cell types
and they produced epithelial cells in a broad range of normal tis-
sues, including the liver [33] and they play a major role in the
migration, homing, differentiation, proliferation, and survival of
many cell types including human [34]. Aziz et al. [35], Zhao et
al [30] and Fang et al. [37] reported in animal models of liver
fibrosis, MSC have antifibrosis effects in injured liver has been
clearly and MSC have a significant impact on hepatic fibrogenesis
through their ability of inhibiting activated HSC and re-regulating
the fibrogenic process. Wang et al. demonstrated that the new
healthy liver cells in the transplanted fzh—/— mouse contain chro-
mosomes from both recipient and donor cells, with the donor
haematopoietic cell nuclei being reprogrammed when they fused
with the unhealthy fzh—/— hepatocyte nuclei creating functional
hepatocytes |7] and on the surface MSCs expression of CD34
is largely used in clinical practice in human beings and a more
stem cell enriched subpopulation of the CD34 cells is expres-
sion of CD133 [38]. For isolation of MSCs are more difficult to
define the surface expression and is not used routinely [39]. Stem
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cell selection for human clinical trials will reflect of mechanism
that including transdifferentiation, stimulation of endogenous
hepatocyte proliferation, and antifibrotic and immunomodulatory
effects [8].

MSC-based therapies for the treatment of cirthotic liver disease
are essential the gene signaling pathways in hepatic differentia-
tion, stem cell-derived hepatocytes will need to express the genes
found in mature liver cells and the level of the expression need
to beat or near those found in the normal liver [40]. Recently for
demonstrated the hepatic differentiation of human tissue derived
MSCs utilized found evidence of transdifferetiation through mes-
enchymal epithelial transition in the process of hepatic differen-
tiation and microarray analysis to identify the genes responsible
for hepatic differentiation [41], also they could be identified he-
patic-differentiated cells by the expression of hepatocyte-specific
genes [42].

Based on the previous clinical trials, following considerations
should be addressed during clinical trials for cirrhotic patients:
[1] Utilization of purified MSC population and in addition, their
easy accessibility and quick 7z vitro expansion make MSC an ide-
al resource for clinical use, thus successfully isolated and 7 vitro
expanded MSC [43]. MSC isolated from patients share the same
surface markers and similar biological characteristics to those iso-
lated from healthy humans [40]; [2] MSC passage, During culture
petiod MSC retain cytogenetic stability, and enough number of
cells can be obtained for transplantation starting from 10 to 15 ml
of bone marrow aspirate [44]; [3] MSC delivery route, Intravenous
infusion is the first choice under most circumstances. Although
portal vein or hepatic artery delivers may enhance MSC homing
efficacy to cirrhotic patients; [4] Evaluation standard, In order
to objectively assess the therapeutic effect of MSC transplanta-
tion, a standardized criterion must be established prior to MSC
administration [40]. Therefore, for identify the complex network
of interaction between gene signals during hepatic differentiation
are required more studies to facilitate the development of novel
methods of therapeutic intervention in human liver cirrhosis.

RTC

One option for liver cirrhosis is orthotopic liver transplant action
and of the increasing shortage of donor liver grafts and the need
for long term immunosuppression after liver transplant obviates
the need for alternative treatment approaches [45]. Scientists have
been identified in liver biopsies after mismatched liver transplan-
tation; they detived bone marrow cells to convert into unexpected
cell types in response to tissue stress [40, 47]. The aims investigat-
ed the feasibility, safety, and efficacy of using autologous MSCs as
a treatment for liver cirrhosis.

Yannaki et al. reported two cases treated with boost infusions of
autologous mobilized hematopoietic stem cells (HSCs) to regen-
erate cirrhotic liver. Patient 1 (P1) and Patient 2 (P2) were 59 and
57 years old, respectively. They were hospitalized and boost infu-
sions of autologous mobilized hematopoietic stem cells (HSCs)
used for them. Both patients showed a lasting amelioration in the
clinical course of the disease during the 30 months of follow-up.
These results have shown that infusion of mobilized HSCs or
mobilization only in a patient with end-stage cirrhosis is a feasi-
ble procedure which potentially helps to support liver function as
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a bridging therapy until liver transplantation becomes available.
This could increase the frequency of stem cells engraftment into
the liver by potentially facilitating the hominid mechanisms, thus
providing a higher beneficial effect to the patients [48].

Peng et al. investigated in 527 patients with liver failure caused by
hepatitis B and treated them with a single transplantation with au-
tologous MSCs. Levels of Alb, TBILI, and PT and MELD score
of patients in the transplantation group were markedly improved
from 2-3 weeks after transplantation, compared with those in the
control group. Autologous MSC transplantation is safe for liver
failure patients caused by chronic hepatitis B. Short-term efficacy
was favorable, but long-term outcomes were not markedly im-
proved. In respect to several parameters, this method is prefer-
able for patients with liver cirrhosis and may have potential for
reducing their incidence of hepato cellular carcinom (HCC) and
mortality. However in vitro proliferation of autologous MSCs and
multiple transplantations with MSCs with high purity and high
density may be the key factors for improving the efficacy of trans-
plantation [49].

Kharaziha et al. reported the feasibility, safety, and efficacy of us-
ing MSCs as a treatment for eight patients (four hepatitis B, one
hepatitis C, one alcoholic, and two cryptogenic) with end-stage
liver disease. Approximately, 30-50 million MSCs were prolifer-
ated and injected into peripheral or the portal vein. Results Treat-
ment was showed that MSCs injection can be used for the treat-
ment of end-stage liver disease with satisfactory tolerability and to
demonstrate the full therapeutic value of this protocol, compre-
hensive long-term case control clinical needed more studies [50].

El-Ansary et al. demonstrated the effect of autologous transplan-
tation of BM-derived undifferentiated and differentiated MSCs in
Twenty-five patients with C cirrhotic patients following chronic
hepatitis C virus infection. Three months after MSCs injection
almost all symptoms of chronic liver failure disappeared except
ascites was decteased from moderate to mild ascites. This result
showed that BM-MSCs may serve as a versatile, readily available,
novel source for therapy of liver diseases and Bone marrow MSCs
transplantation can be used as a potential treatment for liver cit-
rhosis [51]. In the same study by Terai et al. on 9 patients with
decompensated liver cirrhosis [52] and Mohamadnejad et al. on
4 patients with decompensated liver cirrhosis [53] were infused
with autologous bone marrow cells into the peripheral vein and
the data obtained has confirmed the previous studies.

Mohamadnejad et al. showed promising results for bone marrow
MSC transplantation in cirrhosis. A total of 27 patients were en-
rolled. Of these, 15 patients received MSC and 12 patients re-
ceived placebo. The absolute changes in Child scores, MELD
scores, serum albumin, INR, serum transaminases and liver vol-
umes did not differ significantly between the MSC and placebo
groups at 12 months of follow-up. In their study, the number of
enrolled patients was limited. This can be considered as a limita-
tion of the study. However, because there were neither statistical
nor numetical differences observed in the variables between the
two groups, they conclude that infusion of autologous bone mat-
row MSCs through peripheral vein is probably not effective in
decompensated cirrhosis. They suggested randomized controlled
trials with higher number of patients to evaluate the efficacy of
infusion of MSCs eatlier in the course of liver disease, repeated
infusion of bone marrow cells through the hepatic artery or por-
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tal vein in cirrhotic patients as a bridge to liver transplantation
[54].

Khan et al. performed to determine the safety and tolerability of
injecting autologous BMSCs (CD34) into four patients with liver
insufficiency. In all the patients, cells were infused via the hepatic
artery. Three patients completed 6 months follow-up, whereas
one patient completed 1 year follow-up. In this study suggested
the safety and efficacy of the autologous bone marrow transplan-
tation through the hepatic artery [55] and Sakaida demonstrated
reduction in fibrosis in chemically induced liver cirrhosis follow-
ing BMC transplantation [56]. From a therapeutic point of view,
chronic liver cirrhosis is one of the targets for BMC transplanta-
tion might be employed. In this condition, there is excessive dep-
osition of extracellular matrix and hepatocytes necrosis. Nikegh-
balian et al. reported on six patients with end stage liver disease
who were subjected to intraportal administration of autologous
bone marrow-detived CD133" in comparison to mononuclear
cells in short-term (6 months) and long-term (24 months) follow
up. Results were showed no adverse effects in any of the patients
during the short and long-term follow up period. Moreover, there
were no significant alterations of liver function parameters, liver
enzymes, serum albumin, creatinine, serum bilirubin and/or liver
volume after transplantation of both types of autologous cells in
these patients. They suggested a protocol amendment in which
boosts of stem cells can be administered intraportally. This could
enhance the frequency of stem cells homing into the liver by po-
tentially facilitating the engrafting mechanisms, thus providing a
higher beneficial influence to the patients [57].

Salama et al. demonstrated of autologous stem cell CD34" treat-
ment in 48 patients, 36 with chronic end-stage hepatitis C-in-
duced liver disease and 12 with end-stage autoimmune liver dis-
ease. For all patients, granulocyte colony-stimulating factor was
administered to mobilize their hematopoietic stem cells. There
was clinical and biochemical improvement in a large percentage
of patients who received the transplantation. These results sug-
gested that autologous CD34" stem cell transplantation may be
safely administered and appears to offer some therapeutic benefit
to patients with both viral and autoimmune-induced end-stage
liver disease [58], and Yao et al. in the same study on 100 patients
with advanced cirrhosis and who had failed to respond to con-
servative therapy were recruited for transplantation of autologous
petipheral blood CD34" stem cells. Fifty-two patients with mas-
sive ascites showed gradual reduction and disappearance of the
ascites. Four patients experienced upper gastrointestinal bleeding
and three patients developed with hepatic encephalopathy (I-11
degree) at 3 months post-transplantation. All patients showed
significantly improved liver biosynthesis function, liver elasticity
and Knodell score after transplantation. These results showed the
autologous peripheral blood CD34" stem cell transplantation is a
safe and effective treatment for advanced cirrhosis, and has high
cost-benefit since it improves liver function, liver histology, and
quality of life [59].

Conclusion

Studies suggested that multipotent stem cells may exist among
bone marrow cells; and bone marrow stem cells contribute to liv-
er regeneration after injury |54|. Iz vitro studies reported that bone
marrow MSCs can inhibit collagen synthesis and induce apop-
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tosis in hepatic satellites cells [60] and studies on animal showed
the anti-fibrotic effects of MSCs injected through peripheral vein
[61]. According to the potential for stem cells to differentiate or
their paracrine secretion, stem cell transplantation has become
an attractive alternative therapeutic method for the treatment of
patients with liver disease, at least, at a temporary support of he-
patic function until a liver becomes available for organ transplan-
tation. In this review, the potential of the BMC to differentiate
into hepatocytes and other cell lineages has already been reported.
Several reports have also demonstrated the plasticity of hemat-
opoietic stem cells to differentiate into hepatocytes, and we dem-
onstrated, MSCs cells are reprogrammed as useful sources of cells
with hepatic potential for cirrhosis therapy but pathological im-
plication and autologous bone marrow cell therapy for cirrhosis
are still to be elucidated and clinical trials that required before this
cell transplantation must be performed in Large-scale controlled
to becomes a regular therapy.
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