
mild pain at the bone marrow needle puncture site. 
No other complications or specific side effects related 
to the procedure were observed. Bilirubin levels were 
lower at 1 (2.19 ± 0.9) and 4 mo (2.10 ± 1.0) after cell 
transplantation that baseline levels (2.78 ± 1.2). Albumin 
levels 4 mo after BMC infusion (3.73 ± 0.5) were 
higher than baseline levels (3.47 ± 0.5). International 
normalized ratio (INR) decreased from 1.48 (SD = 0.23) 
to 1.43 (SD = 0.23) one month after cell transplantation.

CONCLUSION: BMC infusion into hepatic artery of 
patients with advanced chronic liver disease is safe and 
feasible. In addition, a decrease in mean serum bilirubin 
and INR levels and an increase in albumin levels are 
observed. Our data warrant further studies in order to 
evaluate the effect of BMC transplantation in patients 
with advanced chronic liver disease.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Chronic liver disease may progress to end-stage liver 
disease (ESLD), liver failure and death. Patients with 
ESLD may experience serious complications such as 
encephalopathy, ascites and esophagogastric variceal 
hemorrhage. Liver transplantation is the only available 
therapy for patients with chronic liver failure. Because 
of  the shortage of  donated organs, up to 10%-15% of  
these patients die without receiving an organ in developed 
countries[1]. In some undeveloped countries the number of  
deaths on the waiting list might be greater. In some regions 
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Abstract
AIM: To evaluate the safety and feasibility of bone 
marrow cell (BMC) transplantation in patients with 
chronic l iver disease on the wait ing l ist for l iver 
transplantation. 

METHODS: Ten patients (eight males) with chronic 
l iver disease were enrolled to receive infusion of 
autologous bone marrow-derived cells. Seven patients 
were classified as Child-Pugh B and three as Child-Pugh 
C. Baseline assessment included complete clinical and 
laboratory evaluation and abdominal MRI. Approximately 
50 ml of bone marrow aspirate was prepared by 
centrifugation in a ficoll-hypaque gradient. At least of 
100 millions of mononuclear-enriched BMCs were infused 
into the hepatic artery using the routine technique for 
arterial chemoembolization for liver tumors. Patients 
were followed up for adverse events up to 4 mo.

RESULTS: The median age of the patients was 52 
years (range 24-70 years). All patients were discharged 
48 h after BMC infusion. Two patients complained of 
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of  Brazil it takes an average of  more than two years until 
liver transplantation. Therefore, alternative methods such 
as cell therapy are necessary to increase patient survival 
on the liver transplant waiting list. Several sources of  stem 
cells have been proposed for cell therapy. Embryonic stem 
cells are the most potent in terms of  their differentiation 
potential but may be oncogenic when transplanted in vivo 
and their use has been a matter of  controversy because 
of  ethical issues[2]. A number of  studies during the last 
decade have identified cells both within and outside the 
liver that have properties of  hepatic stem cells and might 
differentiate into hepatocytes or bile duct epithelial cells[3-5]. 
Hematopoietic tissue is most accessible and of  special 
interest , and it has been demonstrated that bone marrow 
contains multipotent adult progenitor cells that can 
generate a variety of  cell types found in other tissues[6-8].

Studies in animal models of  liver diseases have 
demonstrated that bone marrow cell (BMC) transplantation 
may accelerate the liver regeneration process, reduce 
hepatic fibrosis and improve liver function and survival 
rate[9-11]. However, its mechanism is still controversial. 
Several studies have suggested that hematopoietic cells may 
generate hepatocyte-like cells, while others hypothesized 
that they should act mainly by fusion with hepatocytes or 
by paracrine effect[12-15]. Fusion between hepatocytes and 
hematopoietic cells produces heterokaryotic hybrid cells 
that initially contain the genetic elements and organelles 
of  both cell types and may then express the hepatocyte 
phenotype. Several studies suggest that cytokines and 
growth factors produced by infused hematopoietic cells 
may support liver function and repair in adult animals 
without forming new hepatocytes from the infused cells[15]. 
Based on the findings from other studies that suggest 
improvement of  liver fibrosis in experimental models of  
liver disease and because bone marrow cell transplantation 
itself  is already an established treatment for hematological 
and oncological diseases, we conducted a clinical trial to 
evaluate the safety and feasibility of  autologous BMC 
therapy in patients with chronic liver disease on the waiting 
list for liver transplantation.

MATERIALS AND METHODS
Subjects
The study group comprised 10 patients with chronic liver 
disease (8 males, 2 females, age: 24 to 70 years) on the 
waiting list for liver transplantation. They were enrolled 
to receive infusion of  autologous BMC from September 
2005 to January 2006. Informed written consent was 
obtained from all subjects. The study protocol conformed 
to the ethical guidelines of  the 1975 Declaration of  
Helsinki and was approved by the Ethics Committee of  
Hospital São Rafael, Salvador, Brazil and by the Brazilian 
National Ethics Committee (CONEP). Eligible patients 
had all the following inclusion criteria: age range between 
18-75 years, advanced chronic liver disease of  different 
etiologies classified as Child Pugh B or C, absence of  liver 
tumors and appropriate use of  contraception method for 
women of  child-bearing potential. Patients were excluded 
from the study if  they had one or more of  the following 

exclusion criteria: risk for bone marrow aspiration, 
sepsis, human immunodeficiency virus infection, active 
hepatic encephalopathy, liver tumor, history of  malignant 
neoplasm except for non-melanoma skin cancer, 
decompensated heart failure, platelet count < 30 000/mm3, 
international normalized ratio (INR) > 2.2, renal failure 
(creatinine > 2.5 mg/dL), participation in other clinical 
trials, pregnancy or lactation.

Baseline assessment included complete clinical and 
laboratorial evaluation as well as abdominal magnetic 
resonance imaging to exclude liver tumor. Laboratory tests 
consisted of  complete blood count, serum bilirubin levels, 
prothrombin time, serum blood glucose, urea, creatinine, 
alpha-fetoprotein, total proteins and albumin levels, serum 
aminotransferase concentrations, alkaline phosphatase 
and gamma-glutamyl transferase levels, thyroid stimulating 
hormone (TSH) concentrations. Patients were followed up 
for adverse events with clinical and laboratory evaluations 
on d 1, 2, 3, 7, 15, 30, 45, 60, 90, 120 after BMC 
transplantation. 

Bone marrow cell therapy
Approximately 50 mL of  bone marrow was aspirated 
from the iliac crest. An enriched fraction of  bone marrow 
mononuclear cells was prepared by centrifugation of  
total bone marrow in a ficoll-hypaque gradient. At least 
100 millions of  mononuclear-enriched BMC suspended 
in 20 mL of  saline was infused into the hepatic artery of  
included patients by a catheter, using the routine technique 
for arterial chemoembolization of  liver tumors[16]. 

Statistical analysis
Exploratory data analysis was conducted to calculate 
means, standard deviations and 95% confidence intervals 
of  measurements (laboratory tests, Child Pugh score at 
baseline at 1 and 4 mo). Relative mean changes at 1 and 
4 mo with respect to the baseline level were calculated. 
To examine the development of  laboratory parameters 
after BMC infusion individual response profiles were 
plotted as a function of  weeks after intervention. In 
addition, estimates of  the mean response profiles and 95% 
confidence intervals were obtained by calculating moving 
averages of  patients’ measurements over a period of  4 
weeks and by applying linear interpolation. All statistical 
analyses were conducted by the statistical software package 
STATA (StataCorp. 2005. Stata Statistical Software: Release 
8. College Station, TX: StataCorp LP). 

RESULTS
The median age of  the study population was 52 years (range 
24-70 years). Four patients had alcoholic liver disease, 4 
had chronic hepatitis C, one had chronic cholestatic liver 
disease and one cryptogenic cirrhosis (Table 1). Seven 
patients were classified as Child-Pugh B and 3 patients as 
Child-Pugh C. None had a liver tumor.

The number of  BMCs infused in each patient is shown 
in Table 1. All patients were discharged 48 h after BMC 
infusion. Two patients complained of  mild pain at the 
bone marrow needle puncture site. No other complications 
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or specific side effects related to the infusion procedure 
were reported. A 70-year old patient with a history of  
previous episodes of  hepatic encephalopathy developed 
reversible grade I encephalopathy 33 d after BMC infusion. 
The episode was controlled without requirement of  
hospitalization and was not considered an adverse event 
since 3 identical episodes were documented for this patient 
in the last year before his inclusion in the study.

Total bilirubin levels were 21% lower at 1 mo (2.19 
± 0.91) and 24% lower at 4 mo (2.10 ± 1.04) after BMC 

transplantation that baseline levels (2.78 ± 1.16) (Table 
2). When individual response profiles were evaluated, a 
decrease in total bilirubin levels was observed in 7 of  10 
patients after BMC transplantation (Figure 1). The mean 
profile of  bilirubin levels after BMC infusion is shown in 
Figure 2. 

Albumin levels were 1% lower at 1 mo (3.44 ± 0.52) 
and 7% higher at 4 mo after BMC infusion (3.73 ± 0.51) 
that baseline levels (3.47 ± 0.51) (Table 2). The analysis 
of  individual levels showed an increase in albumin levels 

Table 1  Clinical characteristics of studied patients and the 
number of transplanted autologous BMCs

Table 2  Characteristics of the distribution of serum bilirubin, 
albumin and INR levels in 10 patients with chronic liver failure 
at baseline, 1 and 4 mo after transplantation of autologous 
BMCsPatient

ID
Age 
(yr)

Sex Etiology of 
cirrhosis

BMCs transplanted
(n)

JWOR 49 Male Alcohol + HCV 2.8 × 108

FMB 60 Male Alcohol 5.2 × 108

EAS 63 Female HCV 3.2 × 108

RNR 24 Male Cholestatic         13.1 × 108

IAN 49 Male Alcohol + HCV 2.6 × 108

NPA 55 Female Cryptogenic 3.5 × 108

RBC 49 Male Alcohol 4.8 × 108

RMV 66 Male HCV 3.4 × 108

GAFL 70 Male Alcohol 1.6 × 108

ABSF 40 Male HCV 2.4 × 108

Bilirubin
(mg/dL)

Minimum Maximum Mean Median Standard
deviation

Relative mean 
change from 
baseline (%)

Baseline 1.2   4.83   2.78   2.45 1.16
   1 mo 0.5   3.56   2.19   2.28 0.91 -21
   4 mo   0.72   4.16 2.1   1.87 1.04 -24

Albumin (unit)
Baseline 2.5 4.4   3.47 3.5 0.51
   1 mo 2.9 4.5   3.44   3.25 0.52 -1
   4 mo 3.1 4.8   3.73 3.6 0.51   7

INR (unit)
Baseline   1.08   1.89   1.46   1.48 0.23
   1 mo 1.1   1.94   1.44   1.43 0.23 -1
   4 mo   1.16   1.75   1.42   1.43 0.18 -3
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Figure 1  Serum bilirubin levels in 10 patients with chronic liver disease as a function of weeks after transplantation of autologous BMCs.
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in 6 patients and a reduction in 1 patient 4 mo after BMC 
transplantation (Figure 3). The mean profile of  serum al-
bumin levels is shown in Figure 4. 

INR levels were 1% lower at 1 mo (1.44 ± 0.23) and 
4% lower at 4 mo (1.42 ± 0.18) after BMC transplantation 
that baseline levels (1.46 ± 0.23) (Table 2). INR levels 
reduced in 7 patients and increased in 1 patient after BMC 
transplantation (Figure 5). The mean profiles of  INR lev-
els are shown in Figure 6. 

The data about other relevant laboratory parameters 
(WBC, hemoglobin, ALT, AST, GGT, creatinine) before 
and after the intervention are shown in Table 3. 

DISCUSSION
There is an urgent need to search for alternatives to whole 
organ transplantation. Based on the ability of  stem cells 
to differentiate into specific cell types according to their 
environment, cell transplantation has become an attractive 
therapeutic method for the treatment of  patients with 
liver disease aiming, at least, at a temporary support of  
hepatic function until a liver becomes available for organ 
transplantation. 

This phase I study aimed to evaluate the feasibility and 
safety of  autologous bone marrow cell transplantation into 
the hepatic artery of  patients with advanced chronic liver 
disease. In the present study, we infused BMCs into the 
hepatic artery using the same routine technique for arterial 
chemoembolization of  liver tumors which is feasible and 
not associated with serious local side effects[16], and used 
the hepatic artery for cell infusion since the blood inflow 
to the liver could be mostly secured. Our results confirmed 
the feasibility and safety of  BMC infusion into hepatic 
artery in such patients. BMC transplantation was well 
tolerated to all patients and only two patients complained 
of  mild pain at the bone marrow needle puncture site. 
We did not detect any other side effects. The episode of  
reversible hepatic encephalopathy 33 d after BMC infusion 
in a 70-year old man with alcoholic cirrhosis was not 
interpreted as an adverse event related to the procedure 
because identical episodes were observed in the previous 

year.
In addition to the evaluation of  safety and feasibility, 

our results indicated that there were alterations of  liver 
function parameters after transplantation of  autologous 
BMCs in patients with advanced chronic liver disease. 
Four months after BMC transplantation the mean serum 
bilirubin and INR levels decreased while the mean albumin 
levels increased. Of  note, 7 patients had their bilirubin 
levels reduced while 6 patients had their albumin levels 
increased. The greatest reduction in the bilirubin levels was 
observed in a 24-year old patient (R.N.R.) with chronic 
cholestatic liver disease who had the highest amount of  
transplanted BMCs (13.1 × 108) compared to the others 
(Table 1). The number of  transplanted BMCs was lower in 
patients with cirrhosis caused by HCV and in the 70-year 
old patient.

Recently, two phase I studies using granulocyte-colony 
stimulating factor (G-CSF) to mobilize BMCs in patients 
with chronic liver disease were conducted[17,18]. Gaia et al[17] 

evaluated the feasibility and safety of  BMC mobilization in 
8 patients with end stage liver cirrhosis following G-CSF 
administration. Mobilization (monitored by the number of  
CD34 + ve cells) was observed in all patients after G-CSF 
administration, which was well tolerated and free of  
adverse events. Child-Pugh score decreased by 2 or more 
points in four patients, increased in one patient, while 
it was unchanged (or decreased by less than 2 points) in 
three patients. Overall, the MELD score decreased from a 
median pre-treatment value of  17.5 (range 11-20) to 14.5 

Table 3  Characteristics of the distribution of laboratory 
parameters in 10 patients with chronic liver failure at baseline, 
1 and 4 mo after BMC transplantation

Minimum Maximum Mean Median Standard 
deviation

Relative  mean 
change from 
baseline (%)

Hemoglobin (g/dL)
Baseline   11.30  16.90   13.16 12.2   1.90
1 mo     9.50  16.00   12.26 11.95   1.81   -8
4 m   10.30  15.10   12.80 12.7   1.47   -3
WBC (x 103/mm3)
Baseline     2.60    5.40      3.94 4   0.97
1 mo     2.30    5.10      3.35 2.85   1.04 -15
4 mo     2.30    6.00      3.60 3.25   1.14   -9

GGT (U/L)
Baseline 50.00 543.00 172.20 139   147.50
1 mo 48.00 474.20 157.20 134.5   129.00   -9
4 mo 47.00  489.67 163.50 132.5   133.25   -5

AST (U/L)
Baseline 29.00 192.00 100.60 92.5 56.24
1 mo 26.00 173.00    86.90 79 47.58 -14
4 mo 29.00 180.00    85.80 64 46.87 -15

ALT(U/L)
Baseline 11.00 120.00    56.00 43 35.54
1 mo 22.00 115.00    54.80 42.5 32.71   -2
4 mo 17.00 131.00    53.50 41 34.97   -4

Creatinine (mg/dL)
Baseline     0.60     1.50      0.86 0.8   0.26
1 mo     0.70     1.30      0.90 0.85   0.20     5
4 mo     0.60     1.20      0.87 0.85   0.19     1
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Figure 2  Mean profile of serum total bilirubin levels including a 95% confidence 
band in 10 patients with chronic liver disease as a function of weeks after 
transplantation of autologous BMCs.
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(range 9-20) at end of  follow-up. In another study Gordon 
et al[18] evaluated the safety and tolerability of  autologous 
CD34+ cel l injection into five patients with l iver 
insufficiency. Included patients were given subcutaneously 
520 μg G-CSF and CD34+ cells were collected and then 
returned to the patients via the hepatic artery or the portal 
vein. No major complications or specific side effects 
related to the procedure were observed. Three of  the five 
patients showed a reduction in serum bilirubin and four 
of  five showed an increase in serum albumin. The results 
of  these two studies appear to be in agreement with ours. 

The choice of  utilizing purified stem cells instead of  
mononuclear cell fraction depends on a future comparison 
of  the efficacy in the two cell populations. In addition, 
purification procedures to obtain a specific cell population 
increase the costs of  the therapy. 

Studies in animal models of  liver diseases have 
demonstrated that bone marrow cell transplantation 
decreases hepatic fibrosis and improves survival rate. Sa-
kaida et al[11] investigated the effect of  BMC transplantation 
on mice with established liver fibrosis induced by carbon 
tetrachloride (CCl4) administration. Four weeks after BMC 
transplantation, the mice had significantly reduced liver 
fibrosis, as assessed by hydroxyproline content in the livers, 
compared to mice treated with CCl4 alone. Similar results 
have been observed in other studies[9,19,20]. In addition, 
improvement in several parameters of  liver function, such 
as albumin and bilirubin levels and prothrombin time has 
been reported[8,12,21]. These experimental studies suggest 
that BMC infusion may be responsible for the potential 
beneficial effects on liver function as observed in our 
clinical study.

 Our study was not able to evaluate the efficacy of  
BMC infusion in patients with liver disease due to its 
design. Controlled studies would be required to address 
this issue. Further studies are also necessary to determine 
the number of  BMCs required for achievement of  
therapeutic effect, which may vary with the patient’s age 
and the etiology of  liver disease.

In summary, BMC infusion into the hepatic artery of  
patients with advanced chronic liver disease is safe and 
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Figure 3  Serum albumin levels in 10 patients with chronic liver disease as a function of weeks after transplantation of autologous BMCs.
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feasible. In addition, in most patients there is a decrease 
in mean serum bilirubin and INR levels, and an elevation 
of  serum albumin. Our results warrant further studies in 
order to evaluate the effects of  BMC transplantation in 
patients with advanced chronic liver disease. 
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