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Improvement of liver function in liver cirrhosis patients
after autologous mesenchymal stem cell injection:
a phase I–II clinical trial
Pedram Kharazihaa,b, Per M. Hellströmf, Babak Noorinayerb, Farivar Farzanehd,
Katayoun Aghajanib, Fereshteh Jafarib, Mohammad Telkabadib, Amir Atashid,e,
Maryam Honardoostd, Mohammad Reza Zalic and Masoud Soleimanie

Background End-stage liver disease is a medical problem

with high morbidity and mortality. We have investigated

the feasibility, safety, and efficacy of using autologous

mesenchymal stem cells (MSCs) as a treatment.

Methods Eight patients (four hepatitis B, one hepatitis C,

one alcoholic, and two cryptogenic) with end-stage liver

disease having Model for End-Stage Liver Disease score

Z10 were included. Autologous MSCs were taken from

iliac crest. Approximately, 30–50 million MSCs were

proliferated and injected into peripheral or the portal vein.

Liver function and clinical features were evaluated at

baseline and 1, 2, 4, 8, and 24 weeks after injection.

Results Treatment was well tolerated by all patients. Liver

function improved as verified by the Model for End-Stage

Liver Disease score, which decreased from 17.9 ± 5.6

to 10.7 ± 6.3 (P < 0.05) and prothrombin complex from

international normalized ratio 1.9 ± 0.4 to 1.4 ± 0.5

(P < 0.05). Serum creatinine decreased from 114 ± 35 to

80 ± 18 lmol/l (P < 0.05). Serum albumin changed from

30 ± 5 to 33 ± 5 g/l and bilirubin from 46 ± 29 to

41 ± 31 lmol/l. No adverse effects were noted.

Conclusion Our data show that MSCs injection can be

used for the treatment of end-stage liver disease with

satisfactory tolerability. Furthermore, this treatment may

improve clinical indices of liver function in end-stage liver

disease. Eur J Gastroenterol Hepatol 21:1199–1205
�c 2009 Wolters Kluwer Health | Lippincott Williams

& Wilkins.
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Introduction
Liver cirrhosis represents a late stage of progressive

hepatic fibrosis characterized by distortion of the hepatic

architecture and formation of regenerative nodules. It

is generally considered to be irreversible in its advanced

stages at which point the only option may be liver

transplantation. However, serious problems are associated

with liver transplantation such as lack of donors, surgical

complications, rejection, and high cost. Regenerative

therapies have the potential to provide minimally invasive

procedures with few complications. Adult stem cell therapy

could solve the problem of degenerative disorders, including

liver disease in which organ transplantation is either

inappropriate or there is a shortage of organ donors [1].

The existence of cells with bone-forming ability in the

bone marrow has been known for many years. However,

Friedenstein et al. [2] were the first to develop in-vitro

culture methods to isolate these cells and to test their

differentiation potential. They termed this group of

cells as ‘bone marrow fibroblasts’. These cells were later

named as ‘bone marrow stromal cells’, ‘mesenchymal

stem cells (MSCs)’, or ‘skeletal stem cells’. MSCs are

isolated from bone marrow, periosteum, trabecular bone,

adipose tissue, synovium, skeletal muscle, and deciduous

teeth [3]. The stem cell characteristics of MSCs are

based on their ability to differentiate into multiple cell

types including osteoblasts, chondrocytes, endothelial

cells, hepatic cells [4,5], and even neuron-like cells.

MSCs are fusiform, fibroblast-like, and in their initial

growth in vitro they form colonies. There is no specific

marker or combination of markers that specifically identifies

MSCs. Therefore, these cells have been defined by using a

combination of phenotypic markers and functional properties.

Controversy still exists over the in-vivo phenotype of MSC;

however, ex-vivo expanded MSCs do not express the
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hematopoietic markers CD14, CD31, CD34, CD45, or

CD133 [6,7]. In addition to their stem cell characteristics

of self-renewal, high proliferative capacity, and multi-

potential capabilities, they can be identified as cells that

stain positive for CD13, CD29, CD44, CD54, CD55, and

CD73, CD90, CD105, and CD166 by flow cytometry

[4,6–9].

Embryonic and adult stem cells can be differentiated

into hepatocytes [10–25]. Several animal studies have

revealed the benefit of hematopoietic stem cells and MSCs

for the treatment of liver failure [11,24,26–32]. Both

hematopoietic stem cells and MSCs have the ability to

transdifferentiate into hepatocytes in vivo, MSCs being

the most potent component of bone marrow cells in

hepatic differentiation [33]. Thus, bone marrow stem

cell transplantation, particularly MSC transplantation, is a

potential treatment of liver cirrhosis.

Different methods have been used to investigate the

effect of bone marrow stem cells in patients with liver

disease. Gaia et al. [34] studied the effects of mobilization

of bone marrow cells by the use of granulocyte colony-

stimulating factor. Clinical amelioration was observed in

six patients with reduction of encephalopathy episodes in

two patients and ascites in four. Terai et al. [35] reported

nine cases of liver cirrhosis in which autologous bone

marrow was isolated from the ilium bone. After refine-

ment and fluorescence activated cell sorter analysis, mono-

nuclear cells were infused through a peripheral venous

route. Liver function was then monitored for 24 weeks

with significant improvement in plasma protein levels

and Child–Pugh scores. In studies by Mohamadnejad et al.
[36], autologous bone marrow MSCs were used in

patients with decompensated cirrhosis. After culturing,

MSCs were infused through a peripheral vein. In these

studies, liver function and Model for End-Stage Liver

Disease (MELD) scores were improved in half of the

patients [36,37]. Furthermore, Lyra et al. [38] enrolled 10

patients with chronic liver disease to receive autologous

bone marrow-derived stem cells. After preparation, the

cells were injected through the hepatic artery. Patients

were then assessed for 4 months postinfusion. There was

no significant improvement of coagulation, albumin, or

bilirubin levels, mainly because of unstable conditions

with ensuing septicemia requiring different medica-

tions including albumin [38]. Finally, Gordon et al. [39]

reported a phase I study where bone marrow cells

mobilized with granulocyte colony-stimulating factor

were infused and the safety and tolerability to this

treatment were evaluated. However, the follow-up period

was only 60 days, seemingly insufficient to evaluate the

effects of stem cells on liver function. Using the same

method, Yannaki et al. [40] reported an improvement in

Child–Pugh and MELD scores at 12 months in two

patients.

Based on our knowledge that the MSCs are a suitable

candidate of stem cell population, we used such cells for

a phase I–II clinical trial study of cell therapy in patients

with end-stage liver disease.

Materials and methods
Patients

Patients were selected from the Taleghani Hospital,

which is a referral center for gastroenterological and

hepatological diseases in Tehran, from February to

December 2006. The patients had adult end-stage liver

disease patients with MELD [41] score of at least 10,

patent portal vein flow in six out of eight patients on color

Doppler examination of the liver, normal a-feto protein

(AFP) serum levels, and no evidence of hepatocellular

carcinoma on liver ultrasound studies were enrolled

into the study. For all these patients, histopathological

diagnosis of liver cirrhosis was concluded regarding the

Ishak’s classification [42]. All were potential candidates

for orthotopic liver transplantation (OLT), but because

of limited capacity for OLT in Iran (one site; Nemazee

Hospital, Shiraz), primarily patients below 50 years of

age were considered for OLT, whereas our patients

(except two) were older. The two patients who were

younger dismissed OLT.

Liver function tests were obtained at 1, 2, 4, 8, and 24

weeks after injection. Analysis of the patient’s blood

chemistry was carried out on a clinical routine basis, using

clinical standards for the evaluation of pathological results.

The Declaration of Helsinki protocols were followed and all

patients gave their written, informed consent. Informed

consent was also obtained from their first-degree relatives

(in critically ill patients). Study protocol was approved by

the Ethics Review Board of the Research Center of

Gastrointestinal and Liver Diseases (RCGLD) Shahid

Beheshti Medical University and also registered in

www.ClinicalTrials.gov (registration number NCT00420134).

Stem cell procurement

Bilateral bone marrow aspirations were performed on both

posterior–superior iliac spines after local anesthesia. A

total volume of 20 ml of bone marrow was aspirated

(10 ml from each side) with heparin (5000 U/ml; IPDIC,

Tehran, Iran) as anticoagulant. The mononuclear

cells were separated by the Ficoll separation method.

Mononuclear cells were counted and 2� 106 cells were

cultured in complete MesenCult MSC basal medium

(human) (Stem Cell Technologies, Vancouver, Canada)

for 2 weeks. Complete MesenCult medium (human) was

prepared by diluting Mesenchymal Stem Cell Stimulatory

Supplements (human) (Stem Cell Technologies) 1/10

with MesenCult MSC basal medium (human). Culture

medium was changed every 2 days. Three to four

successive passages were performed after reaching 80%
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confluence each time. Then, the cells were examined by

flow cytometry for the specific surface markers of MSCs

including CD13, CD29, CD34, CD44, CD45, CD73,

CD105, and CD166 (Abcam, Cambridge, UK).

Hepatocyte differentiation protocol

To effectively induce hepatic differentiation, we de-

signed a novel two-step protocol with the use of

hepatocyte growth factor (HGF), dexamethasone

(DEX), and oncostatin M (Sigma-Aldrich, St Louis,

Missouroi, USA). Step-1 differentiation medium, con-

sisting of Complete MesenCult medium (human) 20 ng/

ml HGF, and 10 – 7 mol/l DEX for 7 days, followed by

step-2 differentiation medium, consisting of Complete

MesenCult medium (human), 20 ng/ml HGF, and

10 – 7 mol/l DEX and 10 ng/ml oncostatin M up to 21

days. Media were changed twice weekly and hepatic

differentiation was assessed at different time points.

Stem cell injection

When enough progenitor cells were procured, we started

differentiation of cells into hepatocytes and less than 48 h

after addition of specific growth factors, about 3� 107 to

5� 107 cells were trypsinized and suspended in 10 ml

isotonic NaCl solution after filtration (Cell Strainer,

70 mm; Becton-Dickinson, New Jersey, USA). These cells

were injected through one of the main branches of the

portal vein under ultrasound guidance. In two patients,

intraportal injection was not possible because of portal

vein thrombosis and injection through peripheral vein

was practised.

The process from bone marrow aspiration to cell injection

took about 2 months to be completed. A small proportion

of these cells were reserved for further differentiation

allowing us to perform immunohistochemistry to confirm

differentiation of MSCs into hepatocytes.

Fig. 1
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Immunocytochemistry

Cultured cells were harvested with 0.25% trypsin–EDTA

(Gibco, Invitrogen, Carlsbad, California, USA) solution

and put on poly-L-lysine-coated slide. After incubation for

1 h, cells were washed with phosphate-buffered saline

(PBS) twice and fixed with 4% paraformaldehyde for

30–45 min at room temperature, then permeabilized

with 0.4% Triton X-100 for 20 min. After washing, cells

were incubated overnight at 41C with primary antibodies,

including mouse anti-human albumin (Sigma-Aldrich)

and mouse anti-human AFP (Sigma-Aldrich). Subse-

quently, the cells were washed with PBS three times

and incubated with fluorescence-labeled secondary anti-

body, phycoerytrin-labeled rabbit anti-mouse IgG (Sigma-

Aldrich) at 371C for 3 h in a dark room. After washing with

PBS, cells were incubated with DAPI (40,6-diamidino-2-

phenylindole) (Sigma-Aldrich) (1 : 1000) for nuclear stain-

ing. The cells were visualized and photographed by Nikon

TE-2000 (Nikon, Tokyo, Japan) fluorescence microscope.

Statistics

All data are given as mean ± standard deviation, unless

otherwise indicated. Statistical evaluation for significant

differences was carried out using the Wilcoxon’s signed

ranks test as analyzed by SPSS 13.0 software (Chicago,

Illinois, USA). A P value of less than 0.05 was considered

significant.

Results
Preparation and differentiation of mesenchymal stem cells

MSCs were obtained from 20 ml of bone marrow aspirate.

Presence of MSC-specific markers including CD13, CD29,

CD44, CD73, CD105 and CD166, and absence of CD34

were confirmed by flow cytometry of cultured cells (Fig. 1).

The ability of these cells to differentiate into osteoblasts

and adipocytes were confirmed. Figure 2 represents

immunocytochemical evidence of the differentiation

of MSCs into hepatocytes. As control, MSCs without

the differentiation process were studied. These cells

did not show any fluorescence with anti-albumin or AFP.

Patients’ characteristics

The demographic and clinical characteristics of patients

that completed the study 24 weeks after the cell

injection are shown in Table 1. Data were obtained by

physical examination of the patients and from their

medical records.

Patient follow-up

Twenty patients were enrolled in the study. Two patients

were lost during the study; one died 4 months after the

injection of stem cells, and another was lost to follow-up.

Ten patients died before the stem cells injection because

of the severity of illness.

Fig. 2

Albumin and a-feto protein in hepatocytes differentiated from mesenchymal stem cells (MSCs). (a) Detection of albumin in hepatocytes differentiated
from MSCs. (b) DAPI (40,6-diamidino-2-phenylindole) staining of hepatocytes differentiated from MSCs (high magnification). (c) Detection of a-feto
protein in hepatocytes differentiated from MSCs. (d) DAPI staining of hepatocytes differentiated from MSCs (high magnification).
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Eight patients remained compliant for 6 months after

the cell injection and completed the course of the 24-

week study. All patients reported subjective improve-

ments beginning 2 months after the injection and the

need for therapeutic laparocentesis was reduced because of

reduced volumes of ascites. The MELD score was reduced

in four patients to values below 10, and seven patients had

normalized creatinine levels 8 weeks after treatment.

Figure 3 shows the test results before and 24 weeks after

the stem cell treatment.

Liver function improved as verified by the MELD score,

which decreased from 17.9 ± 5.6 to 10.7 ± 6.3 (P < 0.05)

and prothrombin complex from international normalized

ratio (INR) 1.9 ± 0.4 to 1.4 ± 0.5 (P < 0.05). Serum

creatinine decreased from 114 ± 35 to 80 ± 18mmol/l

(P < 0.05). Serum albumin increased only marginally (from

30 ± 5 to 33 ± 5 g/l) and total bilirubin was little changed

(46 ± 29 and 41 ± 31mmol/l), as was the white blood cell

count (5.4 ± 3.2 and 5.3 ± 3.1� 109/l).

Adverse effects

All of the eight patients tolerated the treatment. They were

monitored regularly for any sign of hypersensitivity reaction,

fever, and other possible side-effects of the stem cell

injection and no adverse effects were noted. Investigation

by ultrasound did not reveal any liver tumor. Serum levels

of AFP did not change during the study. No episode of

encephalopathy was seen in any patient after the stem cell

injection.

Discussion
Currently, the only approved standard treatment for

end-stage liver disease is orthotopic allogeneic liver

Table 1 Clinical characteristics of patients who completed the 24-week study

Patient

Characteristics 1 2 3 4 5 6 7 8

Sex Female Female Male Male Female Male Male Female
Age (years) 61 56 67 38 55 58 43 67
Etiology Unknown Hepatitis C Unknown Hepatitis B Hepatitis B Alcoholic Hepatitis B Hepatitis B
Esophageal varices Grade III Grade III Grade III Grade II Grade III Grade II Grade II Grade II
Jaundice Yes Yes Yes No Yes Yes No Yes
Abdominal pain No Yes Yes No No No No No
Ascites Yes Yes Yes Yes Yes Yes Yes Yes
Cirrhosis Yes Yes Yes Yes Yes Yes Yes Yes
Splenomegaly Yes Yes Yes Yes Yes Yes Yes Yes
Portal vein Patent Patent Thrombotic Patent Patent Patent Thrombotic Patent
History of encephalopathy Yes Yes Yes No Yes Yes No No
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transplantation [12,28,30,43,44]. The 1-year survival rate

of the allogeneic liver transplants is 85–90% [43]. Despite

the current successful experience with liver transplanta-

tion, it is not a perfect treatment modality for several

reasons. First, it depends on procurement of a suitable

organ from brain-dead donors. Second, it needs long-term

treatment, which causes a considerable morbidity for the

patients. Finally, although it is possible for retransplanta-

tion in a patient after rejection of the transplant, it is not

so easy to find a new organ for every patient and demands

a complicated treatment with major morbidity [1]. For

the above reasons, novel treatment modalities, which

would be able to obviate these limitations, are required.

Although living donor liver transplantation has been

successfully used to solve the problem with shortage of

the organs, it causes morbidities to the healthy relatives

of the patients and still needs long-term immunosup-

pressive treatments. Hepatocyte transplantation has been

used as a novel approach for the treatment of end-stage

liver diseases in a number of different conditions

[1,19,27,28,43–45]. A new concept has been the use of

MSCs differentiated into the progenitors of human

hepatocytes. This concept is more tempting as it obviates

nearly all the limitations that we have with liver

transplantation. Human MSCs are isolated from

a bone marrow aspirate. They represent a minute fraction

(0.001–0.01%) of the total nucleated cell population in

marrow, but can be plated and enriched using standard

cell culture techniques [3,46]. The differentiation of

MSCs into bone, cartilage, fat, and hepatocytes has been

well described. It seems clear that MSCs, when delivered

by intravenous infusion, are capable of specific migration

to a site of injury. The fundamental principle behind the

stem cell therapy is that after undifferentiated cells are

delivered to the injured host and migrate to the site of

injury, they will differentiate (under influence of local

signals) into cells of the appropriate phenotype. A

substantial body of early evidence points to the

therapeutic utility of these cells in a variety of preclinical

and clinical models.

Adult human bone marrow is an accessible source of

stem cells. It contains two major types of stem cells, the

hematopoietic stem cells and the MSCs. The MSCs

provide the stromal cells constituting the microenviron-

ment within bone marrow cavities. More recent data

indicate a broader potential of MSCs, in particular. Herein,

we describe findings that MSCs have the ability to improve

liver function in patients with end-stage liver disease.

Having considered the earlier studies, we designed our

protocol to be more complete and conclusive. Complete

liver function tests were performed as well as the collec-

tion of objective patient data. We found that there was

improvement in both MELD scores and INR, values that

indicate a response to treatment. Considering the INR

values, pretreatment with vitamin K, would possibly have

been appreciable and given a more accurate precondition

for an appropriate development of INR posttreatment.

Serum albumin was only numerically increased after

treatment. Most likely, this was because the human

albumin was given to some of the patients before

enrollment into the study. Therefore, results are not

conclusive for this index. After the MSC treatment, none

of the patients received additional treatment with albumin

and maintained their serum albumin levels throughout

the study. With regard to the bilirubin, six out of the

eight patients had lowered serum levels, which suggests a

positive effect of the treatment as judged by their

numerical values. The study group was, however, too small

to allow for any conclusion in terms of bilirubin excretion.

All patients had an improved general condition and

quality of life, which was noted 2 months after the

injection. Most of them reported living an independent

life, with less frequent hospitalizations and consumption

of medical care.

During the follow-up period, we experienced some limita-

tions of this treatment that deserve mentioning: the

prolonged period of cell culture and preparation (about 2

months) may result in the loss of critically ill patients

before treatment can be initiated. After injection, we

were not able to trace the MSCs or their localization

in the body, although new methods are being developed

using superparamagnetic iron oxide, enabling us to track

the cells by magnetic resonance imaging. The patients in

this pilot study were heterogeneous regarding the

etiology of liver cirrhosis. For the future, it is recom-

mended to study the effects of this treatment in cirrhosis

patients with different etiologies independently, to find

out whether it is more beneficial in patients with certain

underlying causes. Overall, this method is easy to perform

and replicate and can be a potential substitute for liver

transplantation in end-stage liver disease. This treatment

can be repeated many times, as the cells are autologous

and do not provoke any immunological response in the

patients.

To conclude, this report provides evidence that MSCs can

be administered either into the peripheral venous system

or the portal vein with no morbidity or mortality. This

treatment may improve some functional liver indices.

Future work needs to address the kinetics of these cells

after injection. To demonstrate the full therapeutic value

of this protocol, comprehensive long-term case–control

clinical studies or randomized control studies are required.
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