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Introduction:-

Abstract

Back ground and objective: The ultimate goal of this work is to
evaluate the effect of autologous hematopoietic stem cells
transplantation as alternative therapeutic option in patients with sub
terminal liver diseases. The work divided into 3 parts: Mobilization of
CD34" HSCs to peripheral blood, Leukapheresis, Intravenous infusion
of autologous CD34" HSCs to the patient.

Patients and Method: 30 patients with HCV induced liver cirrhosis
divided into 3 groups: Group I: consists of 10 patients with liver
cirrhosis selected as Child C with scoring range from (14-21) this group
was injected with G-CSF for 5 consecutive days to mobilize stem cells
from the bone marrow to peripheral blood. Group Il: consists of 10
patients with liver cirrhosis selected as Child C with scoring range from
(16-23). This group was injected with granulocytes colony stimulating
factor (G-CSF) 5 days before collection followed by leukapheresis and
peripheral vein infusion of autologous hematopoietic stem cells CD34+
on day 6. Group Il1: control group consists of 10 cirrhotic patients
maintained on supportive medical therapy.

Results: The synthetic functions of liver in both groups | and II
improved as evidenced by liver function tests (serum albumin, PT /
INR& serum bilirubin) and MELD score after the procedure.
Conclusion: Stem cell therapy is expected to be a last chance for
patients suffering from end stage liver disease ESLD and waiting for
donor livers. Consequently, decrease the need for orthotropic liver
transplantation especially in the early stages of liver disease.

Copy Right, 1JAR, 2018,. All rights reserved.

Liver cirrhosis results from progressive, extensive fibrosis and impaired hepatocytes regeneration and is associated
with many serious systemic complications resulting from both liver failure and portal hypertension and it is mainly
caused by viral hepatitis and alcohol abuse (Margini et al., 2014).

Orthotropic liver transplantation (OLT) is the only curative remedy for cirrhotic patients, but it is coupled with
paucity of donor organs available for liver transplantation as well as high financial burden and surgical
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complication, all that limitation paved the way for finding alternative therapeutic options for this potentially life-
threatening condition (Sharma et al., 2015).

Advances in liver regenerative therapy through cell transplantation as a non-invasive treatment for cirrhosis will
overcome these restrictions. Clinical trials have included hematopoietic stem cell (HSC) mobilization by
administration of granulocyte colony-stimulating factor (G-CSF), infusion of autologous bone marrow cells and
administration of autologous mesenchymal stem cells (MSC) derived from bone marrow or umbilical cord. Several
reported randomized controlled studies highlighted the effectiveness of these ground breaking approaches (Margini
etal., 2014).

The intriguing capability of blood-derived stem cells that differentiate into multiple cell lineages raises the exciting
opportunity of using these cells for tissue repair when the intrinsic pool of tissue stem cells is overwhelmed (Zhang
etal., 2012).

Adult stem cells are found in human bone marrow, blood, eye, brain and skeletal muscle. They do not appear to
have the same capabilities as embryonic stem cells. However, under laboratory conditions, they were manipulated to
form other cells types. It might be eventually possible, to direct these cells to function in other areas of the body and
to replenish body tissue that have been damaged or diseased with healthy cells (Grove et al., 2004).

Cytokine administration to induce mobilization of bone marrow stem cells (BMSC) could be a potential approach to
improve engraftment in the damaged liver. G-CSF was used in liver regeneration because of its ability to increase
the number and enhance homing of circulating BMSCs to the liver in order to promote repair in the cirrhotic liver as
suggested by (Jinet al., 2010 ; Mizunaga et al., 2012).

The peripheral blood CD34" HSC count under steady state condition is very low (<0.05 of white blood cells). G-
CSF can mobilize large number 15-35 fold of CD34" HSCs from the bone marrow pool into circulation following 4-
5 days of administration (Al Tayebet al., 2015).

The feasibility and safety of mobilizing BMSC following G-CSF administration was reported in study by (Gaia et
al., 2006) on eight patients with ESLD. Additionally, they demonstrated improved model for end-stage liver disease
(MELD) scores and did not find any development of hepatocellular carcinoma (HCC) up to eight months after G-
CSF administration. A favorable effect of G-CSF administration on survival and clinical parameters in patients with
liver failure was also reported by (Spahar et al.,2008), they showed that G-CSF mobilizes CD34" cells, increases
hepatocyte growth factor (HGF) and induces hepatic progenitor cells to proliferate within 7 days of administration in
patients with alcoholic steatohepatitis.

In addition, Lorenzini et al., 2012 demonstrated the safety of BMSCs mobilization and collection through
leukapheresis in patients with liver cirrhosis, even though no improvement of liver function tests occurred.

On the other hand, G-CSF administration could be associated with increased risk of splenomegaly in healthy donors
mentioned by (Picardi et al., 2003) or even rupture, as reported by (Falzetti et al., 1999).

Hematopoietic stem cells are the most widely studied example of adult SC sources, they sustain formation of blood
and immune system cells throughout normal life. These cells are capable of differentiating into many types of other
tissues, including skeletal and cardiac muscle, endothelium and a variety of epithelia including neuronal cells,
pneumocytes and hepatocytes (Zhang and Huang, 2012).

The ultimate goal of this study is to evaluate the clinical effect of cellular therapy using autologous G-CSF
mobilized CD34" HSCs in cirrhotic patients.

Patients and Methods:-
The study was conducted on 30 patients with HCV induced liver cirrhosis, they were recruited from patients
admitted to Gastroenterology Department in Theodor Bilharz Research Institute.

Inclusion criteria:-
1. Male or female aged from 30 to 65 years.
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2. Chronic hepatic failure due to hepatitis C or hepatitis B virus
3. Child C liver cirrhosis
4. Model of End stage Liver Diseases (MELD) score >12

Exclusion criteria:-

Patients aged below 30 or over 65 years
Active bleeding

Hepatocellular carcinoma

Hepatic coma of any grade

History of autoimmune disease
Presence of any type of malignancy

oupwdE

They were divided into 3 groups:

Group I:-

Consists of 10 patients with liver cirrhosis on top of HCV they were selected as Child C with scoring range from
(14-21) this group was injected with G-CSF for 5 consecutive days to mobilize stem cells from the bone marrow to
peripheral blood, their age range between 40-60 years with mean (47 + 3.4) They were 7 males and 3 females.

Group Il:-

Consists of 10 patients with liver cirrhosis on top of HCV they were selected as Child C with scoring range from
(16-23) according to Child Pugh grading, this group was injected with granulocytes colony stimulating factor (G-
CSF) 5 days before collection followed by leukapheresis and autologous CD34" stem cells infusion through
peripheral vein on day 6. Their age range between 42-61 years with mean (48 + 7.4) they were 6 males and 4
females.

Group Il1:-

Control group consists of 10 cirrhotic patients maintained on ordinary liver supportive therapy including albumin,
fresh plasma and vitamin K. They matched with group | & Il in age, sex and Child scoring their age range between
39 and 62years with mean (45+ 4.1) they were 6 males and 4 females.

All patients were subjected to clinical examination, blood tests (CBC and prothrombin time) chemistry tests
including (ALT, AST, Alkaline phosphatase, Albumin& Bilirubin) and imaging investigations as ultrasound and
endoscopy. The study protocol was approved by the Institutional Review Board (IRB TBRI). All patients gave their
written informed consent for the study.

1. Stem cell mobilization was achieved in Group | and Group Il by subcutaneous injection of G-CSF in the dose of
300 mcg/mL for 5 days before leukapheresis to increase the number of circulating CD34"HSC in their
peripheral blood.

2. Leukapheresis was carried out on Group Il patients on the 6"day of G-CSF administration using Apheresis
System (Cobe® Spectra, Terumo BCT Inc., Lakewood,Co,USA).

3. Flowcytometric assessment of the CD34" HSCs using (Coulter® Epics® XL™, USA) equipment and
monoclonal anti-CD 34 FITC(Miltney biotech, Germany) before undergoing apheresis and subsequently on an
aliquot taken from apheresis product after completion of stem cells harvest protocol, the average count was
1x10°%-2x10° cells.

The patients included in this study were followed up every 2 weeks for the first month then regularly every month
for 6 months. During the follow up the patients were assessed for the following clinical data (ascites, edema, hepatic
encephalopathy and jaundice), liver enzymes (AST and ALT), albumin, bilirubin, prothrombin time, concentration
&INR, creatinine and MELD score.

Statistical analysis:-
The Statistical Package for Social Sciences (SPSS) for Windows (version 18) computer program was used for
statistical analysis.

Results:-
The study was conducted on 30 patients with HCV induced liver cirrhosis divided into 3 groups
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Group 1:-
Ten patients were injected with G-CSF for 5 consecutive days to mobilize stem cells from the bone marrow to
peripheral blood.

Group Il:-
Ten patients received cellular therapy in the form of autologous G-CSF mobilized HSC CD34 transplantation.

Group Il1:-
Ten cirrhotic patients maintained on medical liver supportive therapy served as control group.

No major complication or side effect was noticed during the procedure of stem cells mobilization and
transplantation.

Regarding Clinical data:-

The majority of patients in all groups showed major hepatic manifestation including lower limb edema, ascites and
encephalopathy. However, there is no significant difference between the three groups in frequency of advanced
hepatic diseases at the base line and these manifestations improved during the follow up period for both group | and
group Il. Two patients from group | showed complete resolution of ascites and remained ascites free at 6 months.
Edema and encephalopathy showed improvement in both groups | &II.

Regarding laboratory data:-

At base line patients of all studied groups had low prothrombin concentration (PC), low serum albumin level, liver
enzymes were moderately elevated, bilirubin levels were high and platelet count was low. Model of End stage Liver
Disease (MELD) scores were high in all groups. There was no significant difference between all groups concerning
albumin, liver enzymes, PC, INR, platelets, creatinine and MELD score at the baseline.

There was significant higher serum albumin level in group | and group Il compared to control group during the
follow up period at 3 and 6 month. Conversely, no difference was noticed in comparing group | and group |1
during the follow up.

Moreover, during the follow up period, there was a statistically significant increase in serum albumin comparing
the baseline level with 3 and 6 months follow up after SCT (p 0.02) and (p 0.01) respectively, in group I.
Similarly, in group Il there was a statistically significant improvement in serum albumin level during the follow up
period (p 0.03) and (p 0.04). This is in contrast to the non-significant difference in serum albumin in control group
during the follow up period (Table 1).

Table 1:- Change in Albumin level in studied groups

Albumin Baseline After 3 months | After 6 months P1 value P2 value
Group I N=10 2.07+0.16 2.7£0.12 2.6+£0.13 0.03* 0.04*
Mean + SE

Group Il N=10 2.09+0.09 2.47+0.09 2.4840.1 0.02* 0.01*
Mean + SE

Control N=10 1.95+0.05 1.98+0.06 1.97+0.07 0.6 0.7
Mean + SE

P value 0.4 0.001** 0.001**

° P value 0.1 0.001** 0.001**

°P value 0.9 0.1 0.4

P1: comparison after 3 months. P2: comparison after 6 month, while ?P: comparison of groupl “* control, °P:
comparison of group2 ¥ control, and °P: comparison of groupl V* group2.
*P value = 0.05 significant; **P value = 0.01 highly significant.
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Fig 1:- Change in Albumin level in studied groups

Regarding serum ALT level there was no significant difference noticed on comparing group I and group Il with the
control group during the follow up period. However, there was mild significant improvement in serum ALT level on
comparing group Il and group 1 at 6 months (p 0.03).

Also, there was statistically significant decrease in ALT level during the follow up period obtained in group | after
3, 6 months follow up (p0.01) and (p 0.04), respectively. On the contrary no significant change was noticed in
group Il and control group (Table 2).

Table 2:- Change in ALT level in studied groups

ALT Baseline After 3 months | After 6 months P1 value P2 value
Group I N=10 52.0+2.4 45.4+2.1 46.8+1.3 0.01* 0.04*
Mean + SE

Group 11 N=10 53.9+1.52 48.7+2.6 52.0+1.9 0.1 0.4
Mean + SE

Control N=10 51.0+3.7 50.0+3.4 51.8+3.5 0.6 0.7
Mean + SE

2P value 0.6 0.2 0.2

° P value 0.8 0.7 0.9

°P value 0.5 0.3 0.03*

P1: comparison after 3 months. P2: comparison after 6 month, while ?P: comparison of groupl “* control, °P:
comparison of group2 “* control, and °P: comparison of groupl V* group2.
*P value = 0.05 significant; **P value = 0.01 highly significant.
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Fig 2:- Change in ALT level in studied groups

In addition, there was statistically significant decrease in serum bilirubin level on comparing both groups land Il
with control group during the follow up period at 3, 6 months (Table 3)

Also, there was statistically significant decrease in serum bilirubin level in comparing the baseline and 3 months and
6 months follow up (p 0.001) and (p 0.01) respectively in group | and also there was significant decrease in serum
bilirubin level obtained after 3 and 6 months follow up (p 0.001) and (p 0.01), respectively in group Il. On the other
hand there was no change during the follow up in control group.

Table 3:- Change in bilirubin level in studied groups

Bilirubin Baseline After 3 months | After 6 months P1 value P2 value
Group I N=10 2.3+0.2 1.6+0.2 1.6+0.2 0.001** 0.01*
Mean = SE

Group 11 N=10 3.0+0.4 2.0+0.2 2.1+£0.2 0.001** 0.01*
Mean = SE

Control N=10 2.8+0.3 2.8+0.3 2.7+0.2 0.6 0.7
Mean + SE

4P value 0.1 0.003* 0.002*

°P value 0.5 0.03** 0.05**

° P value 0.09 0.2 0.1

P1: comparison after 3 months. P2: comparison after 6 month, while ?P: comparison of groupl “* control, °P:
comparison of group2 “* control, and °P: comparison of groupl * group2.
*P value = 0.05 significant; **P value = 0.01 highly significant.
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Fig 3:- Change in bilirubin level in studied groups

Regarding INR level there was significant improvement in group | compared to control group after 3 and 6 months

(p0.03) and (p 0.02)

There was an improvement in INR levels during the follow up period in group | at 3, 6 months (p 0.001) and (p
0.01) compared to the baseline, respectively. Also, follow up in group Il showed significant improvement (p 0.001)
and (p 0.001) during the follow up at 3, 6 months, respectively.

Table 4:- Change in INR level in studied groups

INR Baseline After 3 months | After 6 months P1 value P2 value
Group I N=10 1.740.1 1.440.1 1.5+0.1 0.001** 0.001**
Mean = SE

Group 11 N=10 2.1+0.2 1.740.1 1.7+0.1 0.001** 0.01*
Mean = SE

Control N=10 1.940.2 1.840.2 1.9+0.1 0.3 0.9
Mean = SE

4P value 0.4 0.03* 0.02*

° P value 0.5 0.4 0.3

° P value 0.1 0.1 0.08

P1: comparison after 3 months. P2: comparison after 6 month, while ?P: comparison of groupl “* control, °P:
comparison of group2 V* control, and °P: comparison of groupl * group2.
*P value = 0.05 significant; **P value = 0.01 highly significant.
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Fig 4:- Change in INR level in studied groups

Regarding MELD score there was a significant improvement in group | compared with the control group after 3
months (P 0.003). Furthermore, there was a significant difference between group | and group Il after 6 months.

Moreover, during the follow up period there was a significant improvement in MELD score in group I (p 0.001) and

group Il (p 0.001).

Table 5:-Change in MELD level in studied groups

MELD Baseline After 3 months | After 6 months P1value P2 value
group I N=10 16.7+0.7 12.4+0.9 12.8+1.0 0.001** 0.001**
Mean + SE

Group 11 N=10 18.8+0.8 14.9+1.0 15.6+0.9 0.001** 0.001**
Mean + SE

Control N=10 17.441.2 17.1+£1.0 15.7£1.7 0.43 0.36
Mean + SE

P value 0.6 0.003* 0.1

® P value 0.3 0.1 0.9

P value 0.07 0.08 0.05*

P1: comparison after 3 months. P2: comparison after 6 month, while *P: comparison of groupl * control, °P:
comparison of group2 “* control, and °P: comparison of group1 V* group2.
*P value = 0.05 significant; **P value = 0.01 highly significant.
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Fig 5:- Change in MELD level in studied groups

Indeed, there is a statistically significant decrease in serum creatinine level comparing the baseline and 3 months
after SCT (p 0.03) in group IlI.

Table 6:- Change in serum creatinine level in studied groups

Creatinine Baseline After 3 months | After 6 months P1 value P2 value
Group | N=10 0.910.1 0.8+0.1 0.8+0.1 0.2 0.5
Mean = SE

Group 11 N=10 0.9+0.1 0.7+£0.1 0.9+0.1 0.03* 0.4
Mean = SE

Control N=10 0.8+0.1 0.7+0.1 0.8+0.1 0.08 0.8
Mean = SE

4P value 0.7 0.8 0.9

° P value 0.4 0.8 0.6

° P value 0.6 0.7 0.7

P1: comparison after 3 months. P2: comparison after 6 month, while *P: comparison of groupl “* control, °P:
comparison of group2 V* control, and °P: comparison of groupl * group2.
*P value = 0.05 significant; **P value = 0.01 highly significant.
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Fig 6:- Change in serum creatinine level in studied groups

Discussion:-

Hepatic cirrhosis is defined as the histological development of regenerative nodules surrounded by fibrous bands in
response to chronic liver injury, which leads to portal hypertension and ESLD. The majority of patients with hepatic
cirrhosis die from life-threatening complications at early age (Margini et al., 2014).

Orthotropic liver transplantation had been the most effective treatment for patients with hepatic cirrhosis. Since liver
transplantation is critically limited by the shortage of available donor livers, searching for an effective alternative
therapy has attracted great interest in preclinical studies. The encouraging advances in stem cell research have paved
the way towards the treatment of the end-stage of chronic liver disease (Saito et al., 2013; Palanisanyet al., 2015).

Cell therapy in the setting of ESLD or cirrhosis due to HCV infection one must take into account the depletion of
parenchymal cells, architectural distortions, vascular reorganization, inflammation and excessive extracellular
matrix deposition and myofibroblast activation and proliferation. This distorted liver microenvironment is naturally
challenging for the engraftment and proliferation of transplanted cells (Nicolas et al., 2017).

An impressive humber of cell types are investigated as sources of liver regeneration: hepatocytes, liver progenitor
cells (LPCs), mesenchymal stem cells (MSCs) originated from bone marrow, umbilical cord blood, adipose tissue,
hematopoietic stem cells (HSCs), induced pluripotent stem cells (iPSCs) and bone marrow mononuclear cells (BM-
MNCs) (Shiota and Itaba, 2017).

Autologous adult stem cells have the least number of obstacles for clinical application, their potential interventions
on cirrhosis are especially illustrated in terms of the cellular and molecular mechanisms of hepatic fibrogenesis
(Panminerva Med. 2010)

Stem cells have an inherent ability to migrate that is as important as their capacity for self-renewal and
differentiation enabling them to maintain tissue homeostasis and mediate repair and regeneration. The migration of
stem cells from circulation into damaged or pathological tissues is the most crucial step. Biological signals released
from the injured area and corresponding receptors expressed on cell surface of stem cells are critical determinants in
this step (De lucas et al., 2017)

Stem cell therapy may contribute to the improvement of liver function. Although, the mechanisms involved are not
yet fully understood. One hypothesis is that genomic plasticity, in response to the microenvironment, causes the
trans-differentiation of stem cells into functional hepatocytes (Jang et al., 2004). Another mechanism is presumably
related to the cell fusion of BMSCs and hepatocytes. It had been proposed that stem cells may exert paracrine effects
on endogenous hepatocytes to increase their ability to regenerate, through the release of proliferative cytokines and
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the production of matrix metalloproteinase-9or by enhancing angiogenesis through the release of vascular
endothelial growth factors (Anthony DF and Shiels PG. 2013)

Hematopoietic stem cells (HSCs) can be obtained by BM aspiration or from peripheral collection through
leukapheresis after granulocyte-colony stimulating factor (G-CSF) administration. Previous studies hypothesized
that infusion of CD34" HSCs may help to improve liver function in patients with decompensated liver cirrhosis (Al
Tayeb et al., 2015).

The key aspect of the present study was to assess and evaluate the therapeutic effect of autologous transplantation of
G-CSF mobilized peripheral blood CD34+ HSCs into cirrhotic patients in improving liver function tests and quality
of life as possible alternative for OLT.

This investigation was conducted on a total of 30 patients with chronic hepatic failure due to hepatitis C virus
(HCV) infection. The degree of hepatic affection was determined according to Child Pugh scoring. All patients were
Child C liver cirrhosis, MELD score >12. In (Group 1), G-CSF was injected for 5 consecutive days to mobilize
stem cells from the bone marrow to peripheral blood. Additionally, (Groupll) patients were peripherally infused
with autologous HSC CD34". HSCs mobilization was induced using G-CSF followed by leukapheresis collection.
Both groups were compared to the control group (Grouplll) which was maintained on supportive medical therapy.

In the current study, no complication or specific side effect related to mobilization of CD34"HSCs was observed in
any group this goes with agreement with Sharma et al., 2015, who assessed the therapeutic effect of mobilized
autologous CD34" HSCs infusion in patients with non-viral decompensated liver cirrhosis, there was no
complications including splenic rupture during mobilization procedure in any patients enrolled in their study.

All patients included in this study were re-evaluated clinically after 3 and 6 months after mobilization of CD34"
cells, improvement in quality of life was observed, almost all symptoms of liver failure improved such as ascites,
jaundice, lower limb edema and there is marvelous decrease in ascites in one patient in group | during the follow
up, this goes with the trial of (Al Tayeb et al., 2015 )who noticed improvement in quality of life in all of their
studied patients especially over the first 2 months. Similarly, another study by (Salama et al., 2010) noticed
improvement in ascites, hepatic coma and hematemesis which occurred as result of stem cells transplantation.

The laboratory finding before and after mobilization of CD34"HSCs in Group I&I11 showed statistically significant
improvement in serum albumin, serum bilirubin, INR and MELD score. In addition, there was significant decrease
in ALT level in group I and improvement of serum creatinine level in group 11 during the follow up. This could be
explained by improved liver synthetic function.

Statistical comparison between both groups and control group after 3 & 6 months follow up, showed partial
improvement of liver function tests elicited in group I and Il compared to control, as there was statistically
significant improvement in serum albumin and bilirubin levels.

In addition, statistically significant improvement in INR and MELD score was noticed in group | compared to the
control group.

Conversely, no significant difference could be elicited between group | and group Il except for mild significant
improvement in MELD score and serum ALT level in group | who had undergone mobilization of stem cells using
G-CSF.

The data obtained from this study conformed with observations from clinical trial on 20 patients with liver cirrhosis
on top of HCV by (Al Tayeb et al., 2015) who implanted their patients with autologous stem cell infused through
hepatic artery after mobilization with G-CSF and separation by leukapheresis, they displayed statistically significant
improvement in quality of life, serum albumin, total bilirubin, liver enzymes and Child Pugh score over the first 2-3
months after procedure.

Likewise, intravenous or intrahepatic infusion of autologous CD133"/ CD34"HSCs had a supportive role in the
treatment of ESLD (Salama et al., 2014). Similarly, repeated combined intravenous / intraportal infusion of
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autologous BM CD34'/CD133"HSCs had a beneficial effect on liver functions with minimal adverse events and
more lasting clinical efficacy after repeated infusion (Zekri et al., 2015).

Another support was offered by (Levicar et al., 2008), who infused adult stem cells CD34" into portal vein or
hepatic artery on five patients with chronic liver disease. They recorded improvement in serum albumin and
bilirubin level. They explained this improvement in liver function by release of vascular endothelial growth factor
by stem cells, thereby increasing blood supply to the cells and thus helping to repair damage tissue.

In agreement with (Terai et al., 2006) who performed clinical trial on 9 patients with liver cirrhosis. These patients
were infused with autologous bone marrow stem cells into peripheral vein, they displayed statistically significant
improvement in total protein, serum albumin and Child Pugh score.

Perusing the same subject (Gordon et al., 2006) evaluated the therapeutic effect of intrahepatic injection of CD34"
HSCs in five patients with liver cirrhosis, their results showed improvement in serum albumin and decrease in serum
bilirubin in four and three patients respectively. Nakamura et al., 2004 studied indeed, the effect and safety of
intrahepatic transplantation of autologous granulocyte colony stimulating factor (G-CSF) mobilized PB CD34"HSCs
in ten patients with decompensated liver cirrhosis, they noticed significant increase in serum albumin in patients
who received middle and high doses of CD34" HSCs.

On the other hand, (Mohamadnejad et al., 2007) performed two small scale clinical studies using HSCs or MSCs.
They found marginal improvement in liver function in patients who received autologous bone marrow derived HSCs
and highlighted the results of MSCs transplantation as more promising and claimed that hepatic artery delivery of
stem cells was not safe.

Two broad strategies have been employed to enhance liver regeneration: (i) administration of granulocyte
stimulating factor (G-CSF) to enhance endogenous stem cell regeneration pathways and (ii) infusions of exogenous
stem cells to drive regeneration.

G-CSF has been used in liver regeneration because of its ability to increase the number of circulating BMSCs and to
promote repair in the cirrhotic liver (Garg et al., 2012) also (Jin et al., 2010) suggested that G-CSF may also
enhance MNC homing to the liver.

Several studies had shown that G-CSF may be effective in facilitating liver repair, although it remains unclear
whether G-CSF acts by mobilizing bone marrow (BM) cells or by acting locally within the liver microenvironment
by facilitating endogenous repair pathways (Gaia et al., 2006). It has been reported that oval cells express the
receptor for G-CSF and that G-CSF administration significantly increased oval cell proliferation and migration in
this model (Spahar et al., 2008).

The feasibility and safety of mobilizing BM derived cells following G-CSF administration was demonstrated by
(Gaia et al., 2006) in eight patients with ESLD. Additionally, they reported improved MELD scores but did not find
any signs of hepatocellular carcinoma development or increase in alpha-fetoprotein up to eight months after G-CSF
administration.

A favorable effect of G-CSF administration on survival and clinical parameters in patients with liver failure has also
been reported in other studies. Lorenzini et al (2008) demonstrated the safety of BMSC mobilization and collection
through leukapheresis in patients with cirrhosis, even though no improvement of liver function tests occurred. On
other hand G-CSF administration can be also associated with the risk of spleen or even rupture, as reported by
(Falzetti et al., 1999) in a healthy donor.

Hypothesis that BMSCs act through the delivery of specific substances (cytokines and growth factors), rather than
through transdifferentiation or cell fusion, suggests that improvement in liver function might be temporary. This
hypothesis is supported by the results of the majority of the clinical trials: the improvement in laboratory data and
MELD scores did not persist longer than three-six months regardless of the type of BMSCs infused, the route of
delivery or the etiology of the disease (Margini et al., 2014).
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Conclusion;-

Hematopoietic stem cells have shown great promise in treatment of chronic liver disease because of their capacity
for self-renewal and differentiation which enable them to maintain tissue homeostasis and mediate repair and
regeneration. Administration of G-CSF and peripheral collection of CD34" HSCs is a well-tolerated procedure with
no adverse effects. Besides, it has clear impact on improving hepatic function tests such as serum albumin, bilirubin,
INR and MELD score in cirrhotic patients.

Stem cell therapies are expected to open avenues toward better outcomes for ESLD patients who wait for OLT.
Consequently, the demand for donor organs would decrease especially in the early disease stages. .However, further
investigations are required to establish the dose, frequency and route of administration.
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