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ABSTRACT

Liver cirrhosis is the advanced stage of liver disease accounting for high morbidity and mortality rates
worldwide. Liver transplantation for liver cirrhosis has several limitations, rendering stem cell transplantation
as a potential therapy. Clinical trials of stem cell applications for liver cirrhosis are being established using
various types of stem cells. This review will provide a current report of the achievements, limitations, and future
directions of stem cell transplantation. Current progress of clinical trials is valuable in defining the best type
of stem cells, mode of delivery, the number and frequency of cells to be injected, and determining potential
candidates for cell therapy. Some of the encountered pitfalls are the limited homing and differentiation potential
of stem cells, the use of non-xenofree culture system, and the risk for tumorigenesis in certain types of stem cells.
The prospective developments of liver stem cell transplantation are the generation of genetically modified stem
cells and the formation of liver organoids for treating liver cirrhosis.
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INTRODUCTION remains the feasible solution for replacing the

Distortion of liver architecture due to viruses,
toxins, or chemical agents in the case of liver
cirrhosis results in declining function of the
liver. Deaths due to severe complications of
liver cirrhosis are estimated to reach 1.03 million
people annually worldwide.! While hepatitis
B and C infections are the main cause of liver
cirrhosis, alcoholic liver disease also contributes
to the development of liver cirrhosis.

Anti-fibrotic drugs are being investigated for
the management of patients with liver cirrhosis.
These drugs may bring clinical improvements
for the patients with no overt reversal of the
fibrotic state.? Orthotopic liver transplantation

cirrhotic liver. However, several limitations are
encountered: the shortage of the organ, the high
procedural cost, and the risk for organ rejection.
The development of cell therapy has emerged as a
promising alternative for the management of liver
cirrhosis. Hepatocytes have been studied for cell
therapy.® In spite of that, due to the limited donor
organ, inability to be expanded in cell culture,
poor engraftment, and proneness for damage
under cryopreservation, the finding of another
source of cells is of the utmost importance.
The proliferation and differentiation ability of
stem cells bring benefits for ameliorating liver
cirrhosis. Unfortunately, there is still a long way
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to go before standard clinical application of stem
cell transplantation can be established. Exactly
how these cells can restore or replace cirrhotic
areas also remains inconclusive. This review will
provide a current report of the progress, pitfalls,
and prospects of liver stem cell transplantation
to give clinical insights and possible future
directions in the treatment of liver cirrhosis.

STEM CELLS FOR LIVER CIRRHOSIS

The liver consists of various types of cells
including hepatocytes, Kupffer cells, and hepatic
stellate cells. Some residing cells in the liver
may serve as endogenous stem cell sources that
can be activated during injury. Any injury to the
liver may cause inflammation and promote the
activation of hepatic stellate cells to produce
fibrin that accumulates in the space of Disse
leading to liver fibrosis.*

In the context of exogenous stem cells, there
are three large classifications of stem cells that
comprise embryonic stem cells (ESCs), adult stem
cells (ASCs), and induced pluripotent stem cells
(iPSCs). ESCs and iPSCs represent prospective
sources of stem cells due to their robust ability
in differentiation. Ethical consideration then
hampers the use of ESCs that are taken from
embryonic tissue. We expect iPSCs to be the
ideal source for treating liver cirrhosis, however
teratogenicity potential has become the hurdle of
developing this cell line, therefore, the study of
cell biology in the case of iPSCs are still under
investigation. Hematopoietic stem cells (HSCs)
and mesenchymal stem cells (MSCs) are ASCs
that are commonly used in the clinical trials of
treatment for liver cirrhosis.

ASCs can be harvested from healthy donors
(allogeneic cells) or from the patients themselves
(autologous cells). Allogeneic stem cells may
provide good quality of stem cells at the cost
of the difficulty to match the human leukocyte
antigen (HLA) antigens to prevent any rejection.
Autologous stem cells seem to be easier to
gain. Stem cells are proposed to have several
mechanisms in the treatment of liver fibrosis:
mediation of inflammatory microenvironments
by paracrine effect, inhibition of hepatic stellate
cell activation, apoptosis induction of hepatic
stellate cells, the differentiation capacity into
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hepatocytes, and facilitation in regeneration of
residual hepatocytes.?

PROGRESS

Clinical studies have emerged in elucidating
the potential of stem cells in treating liver
cirrhosis.

Type of Stem Cells

ESCs have the ability to differentiate into
hepatocyte-like cells and serve as a potential
source of cells for treating liver cirrhosis,
unfortunately these cells were not further
recommended due to ethical consideration. ASCs,
comprising of HSCs, MSCs, and endothelial
progenitor cells (EPCs), have arisen as potential
cells for stem cell therapy. HSCs can be obtained
from bone marrow>® and peripheral blood,’
whereas MSCs can be isolated from adipose
tissue, umbilical cord, and bone marrow.'*’

Bone marrow is the main source of HSCs that
can be identified from the expression of cluster of
differentiation (CD)34" as their surface marker.
Peripheral mobilization by granulocyte colony
stimulating factor (GCSF) makes it possible to
obtain the cells from peripheral apheresis and
was shown to be safe in patients with end stage
liver disease.!® Injection of HSCs in patients
with liver disease was expected to facilitate liver
regeneration by differentiating into functioning
hepatocytes and genetic reprogramming of
resident hepatocytes by cell fusion. Nevertheless,
the advantage of HSCs injection is more likely
due to the paracrine effect and the role of
macrophages in phagocyting dead cells and
producing collagenase."

MSCs serve as the best potential source
of stem cells for liver cirrhosis. They can be
expanded ex vivo while maintaining their
differentiation potential. MSCs have also the
ability to migrate into injured areas and the
immunomodulatory properties to escape immune
recognition. MSCs were shown to differentiate
into hepatocytes in animal models of liver
cirrhosis, however, the paracrine mechanism
through the secretion of cytokines and growth
factors seem to dominate their function in liver
regeneration.'!

Administration of bone marrow-derived
MSCs in patients with hepatitis B-associated
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liver cirrhosis facilitated an increase in regulatory
T (Treg) cells and a decrease in helper T (Th)17
cells. This regulation of Treg/Th17 cell balance
could mediate improvement of liver function
following stem cell transplantation.'? Figure 1
depicts possible interaction of hepatic stellate
cells and MSCs in term of MSCs transplantation
upon liver cirrhosis.!*!413

Liver-derived stem cells consist of oval
cells and hepatoblasts that are involved in liver
regeneration. Hepatoblasts are bipotent cells that
can differentiate into duct cells or hepatocytes.
Their small population in liver architecture, with
oval cells constituting 0.3-0.7% and hepatoblasts
only 0.1% of the liver, makes this source of stem
cells not practical.'®

Mode of Delivery

Stem cells are transplanted in several ways that
include peripheral injection,’ intrahepatic artery
injection,’ intrasplenic vein injection,® intraportal
vein injection,”!” and percutaneous intrahepatic
injection.'® Intrahepatic and intrasplenic injection
of bone marrow-derived MSCs have comparable
safety and a short-term efficacy profile.® A study
of MSCs biodistribution following intravenous
injection of MSCs was performed with the use of
"n-oxide labelling. Immediately after transfusion,
there was accumulation of radioactivity in both
lungs of all patients. On the10™ day of observation,
radioactivity increased in the liver and spleen
along with reduction of radioactivity in the lung.
Spleen accumulation of MSCs was found to be
higher in quantity compared to the liver in all
patients."”

Cells Number and Frequency

The number of the cells to be injected and
the frequency of injection remains the question
to be answered in cell therapy. An average of
2x107 bone marrow-derived MSCs could be
injected safely to patients with liver cirrhosis.®
Autologous bone marrow-derived mononuclear
cells of 1.6-13.1x10® were injected through the
intrahepatic artery of patients with advanced liver
disease.® Another study injected different doses of
peripheral blood-derived CD34" cells with range
of 1x10°to 2x108cells via portal vein and hepatic
artery routes.” Suk et al. performed transhepatic
artery injection of bone marrow-derived MSCs

for alcoholic cirrhosis patients revealing that two
injections did not improve patients’ condition
compared to single injection.?

Published Clinical Trials

A meta-analysis of stem cells therapy for
liver cirrhosis has been published recently.?!
This meta-analysis showed that MSCs therapy
could improve laboratory parameters of patients
with liver cirrhosis. There were improvements in
the level of albumin, alanine aminotransferase,
total bilirubin, prothrombin time, and end-stage
liver disease score; however, there were no
significant changes in terms of cholinesterase
level, prothrombin activity, and international
normalized ratio. This meta-analysis suggested
the safety profile and efficacy of stem cells
injection for the patients with liver cirrhosis in
the first 6 months. Multiple injections of stem
cells did not result in beneficial effects compared
to single injection. Intraarterial injection was
shown to bring better efficacy in comparison to
other modes of delivery. In terms of stem cell
source, bone marrow-derived stem cells provided
better improvement of liver cirrhosis.

Caution should be taken into consideration
when interpreting the results of clinical studies
as some studies did not provide a control group
of comparable cirrhotic patients® with only
short-term periods of follow-up. Publications
derived from small-scale studies with peripheral
injection may result in minimal cell delivery
toward the liver. The choice of undifferentiated
or differentiated bone marrow-derived MSCs
injection showed no significant difference in
the efficacy. * One clinical study showed safety
and efficacy of bone marrow CD34" cells during
12 months follow-up.?? Long-term follow-up of
cirrhotic patients receiving bone marrow MSCs
did not present favorable outcomes.”

Although phase I-II clinical trials of stem cell
treatments prove the safety profile,? stem cells
transplantation is not without risk. Treatment
related therapy should be also taken into
consideration. Intrahepatic injection of stem cells
could result in lethal side effects, for instance
the development of radiocontrast nephropathy
leading to hepatorenal syndrome.** A larger
scale of randomized controlled trial comparing
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the effects of HSCs infusions to GCSF treatment
showed no greater beneficial effects received by
cirrhotic patients and the patients are even more
likely to suffer from treatment-related adverse
events compared to standard care.?

Defining Potential Candidates for Therapy
Before applying stem cell therapy for patients
with liver cirrhosis, it is very crucial to determine
the patients that potentially will get the most
benefit from the transplantation. Conditioning
regimen for preparing stem cell transplantation
may include the use of immunosuppressive
therapy that could put the patients at risk of
infection. Current clinical studies of stem cells
show that stem cells are able to improve clinical
conditions and laboratory parameters of cirrhotic
patients but are yet to reverse the cirrhotic state.
Therefore, this method may be beneficial for
those waiting for liver transplantation or as an
add-on therapy of standard medications. A small-
scale study showed that the injection of bone
marrow-derived CD133* may enhance hepatic
regeneration before performing hepatectomy in
the case of hepatocellular carcinoma or metastatic
liver mass.!” Cirrhotic patients of Child Pugh
C aged less than 60 can be considered as the
candidates for stem cell therapy. Those patients
with advanced complications of cirrhotic liver
(moderate to severe hepatic encephalopathy and
recurrent variceal bleeding), bleeding tendency,
active infection condition, hepatocellular
carcinoma, and hepatic/portal/splenic thrombus
are considered as non-favorable patients for
stem cell transplantation. Strict cut-off point of
creatinine level should be decided to prevent
patients with underlying kidney problems from
receiving contrast for the delivery stem cells
that may lead to contrast-induced nephropathy.*

PITFALLS

This part covers the limitations of stem cell
therapy in alleviating liver cirrhosis.

Homing

Once stem cells are injected into the patients
with liver cirrhosis, homing efficacy will be
the first aspect to consider. Following cell
transplantation, only 1-3% of the liver was
repopulated by stem cells.?® In order to give the
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best effect, stem cells should remain in the liver.
Intravenous injection is one of the most common
methods in the administration of stem cells.
Unfortunately, stem cells may be phagocyted
by reticuloendothelial cells in the circulation.
Furthermore, these cells will pass through the
capillary bed of the lung before reaching hepatic
circulation, putting up an obstacle to achieve
effective homing. Peripheral injection of bone
marrow MSCs did not give beneficial effect
for cirrhotic patients compared to control.’
Therefore, although technically more difficult,
intraarterial injection is preferred to distant
intravenous injection.?!

To promote engraftment, intrahepatic
injection of stem cells seems to be the best
way to deliver cells since there will be less
cell entrapment in the circulation. Cell
culture conditioning, for instance hypoxic
preconditioning, also contributes in improving
the homing ability of stem cells. Preventing
high cell confluence during passaging will also
maintain homing efficacy as high confluence
of culture can increase the production of tissue
inhibitor metalloproteinase-3. The use of cells
from early passages may also provide better
homing efficacy.' Homing may also be enhanced
by modifying MSCs by liver specific receptors."!

Differentiation Potential

Although the injections of stem cells to
patients with liver cirrhosis were shown to
improve their clinical condition, differentiation
potential of the stem cells into hepatocytes still
is in question. Autologous bone marrow infusion
can stimulate the activation and differentiation
of hepatic progenitor cells. However, this
effect was not sustained more than 6 months
as liver biopsy showed histological pictures
returning to the baseline before infusion.?’
Transdifferentiation of stem cells into hepatocytes
may be driven by some transcription factors and
cellular signalling. Hepatocyte nuclear factor
(HNF)3p and HNF4a are among transcription
factors that play an important role in hepatic
differentiation. HNF3p is a family of forkhead
box transcription factors that promote hepatic
differentiation of stem cells as evidenced by the
production of alpha fetoprotein, albumin, and
tyrosine aminotransferase. HNF4a induces the
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differentiation into the hepatocyte phenotypes.
Whnt signalling inhibition may also drive hepatic
differentiation of stem cells. Another concern is
that transplanted MSCs may be differentiated
into myofibroblast-like cells that may further
worsen the liver’s fibrotic state.?°

Non-xeno-free culture system

The preparation of stem cells, from the
isolation of cells to the transplantation, needs
several reagents processed from animal products.
This process brings the potential of infection
transmission and increased risk of cells rejection.
Techniques for preparing xeno-free culture
system have been developed.”® Unfortunately,
the xeno-free system cannot be applied widely
because the preparation of the cells in the
beginning step requires several growth hormones
which are animal-derived products.

Tumorigenesis

The risk for teratoma formation is one of
the major hurdles for the application of iPSCs.
This tumor may arise from the undifferentiated
cells injected along with differentiated ones.
Accordingly, there is a method to purge and
separate the undifferentiated from differentiated
cells. The problem is that even single cells
remaining in the injection process may cause
the teratoma formation. Furthermore, genome
instability of stem cells may cause mutation of
cells during culturing, increasing the possibility
to become teratogenic cells. One of the solutions
for this issue is the method of the viral vector
transduction system to insert a suicide gene and
oncolytic virus to kill the tumorigenic cells.?’

The teratogenic potential of MSCs
transplantation should also be considered
as MSCs may promote tumor growth by
transdifferentiating into malignant cells,
suppressing the anti-tumor immune system,
and secreting growth factors for cancer cells as
well as promoting the secretion of angiogenetic
factors, for instance fibroblast growth factor,
vascular endothelial growth factor, and platelet-
derived growth factor.?

PROSPECTS

The study of cell biology related to stem
cells has been evolving. In the future, there will

be new discoveries playing important roles for
cell therapy.

Genetically modified stem cells

Stem cells can be modified in such a way
that some genes will be transferred and will
influence how the cells behave in case of injury.
Genetic modification may increase survival and
function of stem cells once they are transplanted.
Genetically modified-stem cells are expected
to be able to protect themselves in term of
inflammation following transfusion, immune
rejection, hypoxia condition, and apoptosis.
Gene modification can be obtained by transgenic
methods using specific vectors, Cre/Lox P system
to knock out target gene, antisense inhibition,
small interfering RNA (siRNA) gene silencing,
microRNA technology, or the use of cell specific
promoters.*

Liver organoids

Liver organoids are expected to possess the
ability to replace the diseased tissue. The study of
liver organoids is now under the preclinical stage.
Hepatocytes are the main cells responsible for
liver regeneration following injury of the liver.
In addition, there are also ductal populations
that may differentiate into bi-potent progenitor.
During liver regeneration, several signalling
pathways are needed to direct the differentiation
that may include Notch (Sattwika et al.,
unpublished work), Wnt, hepatocyte growth
factor, and fibroblast growth factor. In order
to create supportive microenvironments to
develop liver organoids, an interaction between
embryonic endoderm and mesoderm is needed.’!
Therefore, ASCs alone are not enough to produce
such complex interaction. Another solution is to
prepare co-cultures of iPSCs-derived hepatocytes
with MSCs. Takebe et al. has shown outstanding
formation of liver organoids from iPSCs.* In the
future, liver organoids are expected to replace
cirrhotic areas in patients with liver cirrhosis.

CONCLUSION

Current basic researches and clinical trials
of stem cell therapy for liver cirrhosis show
that stem cell transplantation may be a potential
alternative to liver transplantation. From the
perspective of clinicians, big-scale randomized

477



Prenali D. Sattwika Acta Med Indones-Indones ] Intern Med

Injury

Quiescent hepatic

g

stellate cells Hepatic stellate cell
Hepatocytes chemotaxis +
Portal
TRAIL /' hypertension
Apoptotic oxidative .y MCP-1 Contractility Fibrosis
hepatocytes /—' stress Y
l ET-1
LNO
Kupffer cell — TGF-BL, TNF-a TGF-B1
mediated . FGr, PDGF, Colagen
phagocytosis v VEGF, Angll accumulation
IL-6 RANTES | Activated hepatic HGF A
IFN-y MEP-1 stellate cells IL-10 IL-10
IL-1, IL-10, TNF-ct, TNF-a TNF-a
L2 EGF, FGF, HGF, TGF MMP-3
Inflammatory ||
response . MMP-1,8,13
PPAR-Y LNFxB NGF . TGF-B, HGF, LTime
PGEZ, IDO,
IL-6
Y Collagen
Quiescent hepatic Senescent hepatic Apoptotic hepatic Immunomodulation degradation
stellate cells stellate cells stellate cells

D

Reversal of fibrosis

Figure 1. Schematic diagram of the proposed interaction between hepatic stellate cells and mesenchymal stem cells (MSCs)
during liver injury. Vulnerable hepatocytes undergo apoptosis when exposed to injury. Apoptotic bodies of hepatocytes are
engulfed by resident Kupffer cells. Activated Kupffer cells then promote inflammatory response and activation of hepatic
stellate cells. Transformation of quiescent to activated hepatic stellate cells (myofibroblasts) also results from oxidative stress
as a consequence of formation of apoptotic bodies. Activated hepatic stellate cells further enhance inflammatory response
due to their chemotactic, contractile, and proliferative properties. Contractility of hepatic stellate cells results in an increase in
portal pressure, whereas proliferative property is responsible for increased production and accumulation of collagen leading
to liver fibrosis. Fibrotic state may eventually result in liver cirrhosis. Cessation of injury, clearance of activated hepatic stellate
cells (i.e. by transformation into quiescent, senescent, or apoptotic hepatic stellate cells), and degradation of collagen are all
expected to reverse fibrosis. MSCs may contribute to improve the fibrotic state through their paracrine mechanism to suppress
inflammatory condition, inhibit the activation of hepatic stellate cells, and induce the apoptosis of hepatic stellate cells.’3141
TRAIL: tumor necrosis factor-related apoptosis-inducing ligand; TNF-a: tumor necrosis factor alpha; TGF-@3: transforming growth
factor beta; IFN-y: interferon gamma; IL-6: interleukin-6; RANTES: regulated upon activation, normal T cell expressed and
secreted; MCP-1: monocyte chemotaxis protein-1; PDGF: platelet derived growth factor; EGF: epidermal growth factor; bFGF:
basic fibroblast growth factor; VEGF: vascular endothelial growth factor; ET-1: endothelin 1; NO: nitric oxide; Ang II: angiotensin
II; MMP: matrix metalloproteinase; TIMP: tissue inhibitors of metalloproteinase; HGF: hepatocyte growth factor; NGF: nerve
growth factor; IL-1: interleukin-1; IL-10: interleukin-10; PGE2: prostaglandin E2; IDO: indoleamine 2,3-dioxygenase; PPAR-y:
peroxisome proliferator-activated receptor gamma; NF-kB: nuclear factor kappa B; p53: tumor protein 53.

controlled trials will be definitely needed to
elucidate the best type of stem cells, the best
route, and the best cell number and frequency of
injection. From the aspect of scientists, further
studies to explore the mechanisms underlying the
role of stem cells in the case of liver cirrhosis is
of importance, as well as to answer the limitation
of stem cell therapy as discussed above. The
discovery of genetically modified stem cells
and liver organoids may be beneficial for liver
cirrhosis patients in the next several decades.
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