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Abstract
AIM: To determine the long-term efficacy of autologous 
bone marrow mononuclear cells (BM-MNCs) transplan-
tation in terms of improving liver function and reducing 
complications in patients with decompensated cirrhosis.

METHODS: A total of 47 inpatients with decompen-
sated liver cirrhosis were enrolled in this trial, including 
32 patients undergoing a single BM-MNCs transplanta-
tion plus routine medical treatment, and 15 patients 
receiving medical treatment only as controls. Forty-
three of 47 patients were infected with hepatitis B 
virus. Bone marrow of 80-100 mL was obtained from 
each patient and the BM-MNCs suspension was trans-

fused into the liver via  the hepatic artery. The efficacy 
of BM-MNCs transplantation was monitored during a 
24-mo follow-up period.

RESULTS: Liver function parameters in the two groups 
were observed at 1 mo after BM-MNCs transfusion. 
Prealbumin level was 118.3 ± 25.3 mg/L vs  101.4 ± 
28.7 mg/L (P  = 0.047); albumin level was 33.5 ± 3.6 
g/L vs  30.3 ± 2.2 g/L (P  = 0.002); total bilirubin 36.9 
± 9.7 mmol/L vs  45.6 ± 19.9 mmol/L (P  = 0.048); 
prothrombin time 14.4 ± 2.3 s vs  15.9 ± 2.8 s (P  = 
0.046); prothrombin activity 84.3% ± 14.3% vs  74.4% 
± 17.8% (P  = 0.046); fibrinogen 2.28 ± 0.53 g/L vs  
1.89 ± 0.44 g/L (P  = 0.017); and platelet count 74.5 ± 
15.7 × 109/L vs  63.3 ± 15.7 × 109/L (P  = 0.027) in the 
treatment group and control group, respectively. Dif-
ferences were statistically significant. The efficacy of 
BM-MNCs transplantation lasted 3-12 mo as compared 
with the control group. Serious complications such as 
hepatic encephalopathy and spontaneous bacterial 
peritonitis were also significantly reduced in BM-MNCs 
transfused patients compared with the controls. How-
ever, these improvements disappeared 24 mo after 
transplantation.

CONCLUSION: BM-MNCs transplantation is safe and 
effective in patients with decompensated cirrhosis. It 
also decreases the incidence of serious complications.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We aimed to study the efficacy of autologous 
bone marrow mononuclear cells (BM-MNCs) transplan-
tation in terms of improving liver function and reduc-
ing complications in patients with decompensated cir-
rhosis. Liver function parameters were improved one 
month after BM-MNCs transfusion in cirrhosis patients, 
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firstly in prealbumin level, followed by albumin level, 
total bilirubin, prothrombin time, prothrombin activity, 
fibrinogen and platelet count. The efficacy of BM-MNCs 
transplantation lasted 3-12 mo as compared with the 
control group. However, these improvements disap-
peared 24 mo after transplantation.
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mononuclear cell transplantation in decompensated liver 
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INTRODUCTION
Hepatitis B virus (HBV) infection is a major health care 
challenge in Asian countries including China. In some 
patients, HBV infection can lead to stepwise complica-
tions at a later stage of  the disease, including liver cirrho-
sis, liver failure and hepatocellular carcinoma[1]. Decom-
pensated liver cirrhosis is a critical condition due to its 
high morbidity and mortality[2]. Patients presenting with 
one or more of  the symptoms such as jaundice, ascites, 
portal hypertension, gastrointestinal bleeding, and en-
cephalopathy are considered to have decompensation[3]. 
Despite improvements in the management of  liver cir-
rhosis, the overall outcome of  the disease remains poor.

Orthotopic liver transplantation is by far the best 
treatment option for patients with decompensated cir-
rhosis; however, limitations such as a shortage of  organ 
donors, surgical complications, post-transplantation 
rejection, and high cost of  the procedure have made 
this treatment not easily available[4]. Therefore, the de-
velopment of  regeneration therapy for liver cirrhosis is 
urgently required.

Recent studies have indicated that stem cell therapy 
may be a potential alternative to liver transplantation. 
Autologous bone marrow mononuclear cells (BM-
MNCs) transplantation has been reported to be safe 
and effective in several studies[5-10]. In the short-term, 
it improves liver function and Child-Pugh scores after 
4-24 wk of  therapy in both HBV infected and alcohol-
induced cirrhosis. In liver biopsies of  transplanted pa-
tients, increased alpha-fetoprotein and proliferating cell 
nuclear antigen expression are detected, suggesting that 
these patients have undergone partial liver regeneration 
processes[5-10]. A prospective cohort study by Peng et al[9] 
in HBV infected patients indicated that the short-term 
efficacy of  BM-MNCs transfusion was favorable, but 
long-term outcomes were not markedly improved. At 
192 wk of  follow-up, there were no marked differences 
in the incidence of  hepatocellular carcinoma (HCC) or 
mortality between the transfusion and control groups[9].

This method appears preferable in patients with both 
HBV infected and alcohol-induced liver cirrhosis. It may 

also have the potential to reduce the incidence of  HCC 
and mortality[9]. The above results clearly indicate the 
advantages and disadvantages of  this therapy; however, 
due to the geographic variation in the disease and the 
variations in treatment, it is not clear how long the ef-
fects may last following a single infusion plus a routine 
medical treatment regimen. In addition, it is unknown if  
BM-MNCs transplantation may reduce serious compli-
cations in cirrhotic patients and improve quality of  life.

We aimed to determine the short- and long-term 
efficacy and safety of  BM-MNCs transplantation in 
patients with decompensated cirrhosis receiving a nor-
mal treatment regimen with a focus on the incidence of  
complications during the study. The results showed that 
transplantation of  autologous BM-MNCs is safe and 
effective in patients with decompensated cirrhosis. The 
beneficial effect seemed to last for at least 12 mo. This 
approach improves liver function, blood coagulation, 
and short-term quality of  life, and reduces the incidence 
of  serious complications. Therefore, repeated transplan-
tation of  autologous BM-MNCs may represent a routine 
therapeutic approach to improve the general condition 
of  patients with decompensated cirrhosis.

MATERIALS AND METHODS
Patients
In this trial, 47 patients with decompensated liver cir-
rhosis were recruited. The patients were admitted to the 
Department of  Gastroenterology at Henan Provincial 
People’s Hospital from March 2009 to March 2011. 
Written informed consent was obtained from 32 patients 
after explaining the benefits and risks of  the study and 
its complications. Fifteen patients declined the infusion 
and received only routine medical treatment. These pa-
tients served as controls. In the treatment group, 32 pa-
tients were treated with BM-MNCs plus a conventional 
internal medicine regimen including drugs for anti-HBV 
virus, liver cell protection, transaminase and jaundice 
reducing drugs. In the control group, patients only re-
ceived the above conventional medical treatment without 
BM-MNCs infusion.

The treatment group included 30 patients with HBV 
infection and cirrhosis and two patients with alcoholic 
liver cirrhosis; in the control group, there were 13 pa-
tients with HBV infection and cirrhosis and two patients 
with alcoholic liver cirrhosis. The baseline clinical pa-
rameters of  these patients are presented in Table 1.

The diagnosis of  decompensated cirrhosis was made 
based on their Child-Pugh classification of  grade B and 
C. Inclusion criteria included ultrasonographic evidence 
of  liver cirrhosis with ascites, portal hypertension, low 
serum albumin (ALB), high total bilirubin (TBIL), pro-
longed prothrombin time (PT), normal alpha fetoprotein 
level, and no hepatocellular carcinoma on hepatic artery 
angiographic imaging. The exclusion criteria were as 
follows: combined heart and lung function abnormal-
ity, blood system diseases, acquired immunodeficiency 

8661 July 14, 2014|Volume 20|Issue 26|WJG|www.wjgnet.com



Table 2  Comparison of the occurrence of complications be-
tween the two groups

Table 1  Comparison of clinical and laboratory parameters 
between the two groups before transplantation

disease, malignant tumor, acute or chronic thrombosis 
of  the hepatic vein or portal vein, a history of  severe 
infection, refractory ascites, and moderate to severe he-
patic encephalopathy or variceal bleeding during the last 
two months before enrollment. This study was approved 
by the Ethics Committee of  Henan Provincial People’s 
Hospital, Zhengzhou, China.

Preparation of BM-MNCs from patients
BM-MNCs were prepared following the procedure pre-
viously reported by Peng et al[9]. Briefly, marrow aspira-
tion was performed in the bilateral posterior superior 
iliac spine under local anesthesia. Then 80-100 mL of  
human bone marrow was obtained with 1000 U/mL of  
Liquaemin as anti-coagulant. The bone marrow mono-
nuclear cells were separated and purified by Ficoll-Paque 
density centrifugation[11]. The cells were placed into two 

50 mL sterile centrifugal tubes, cells in the middle layer 
were collected, and an equal amount of  physiological 
saline was added and mixed. The mixed cell suspension 
was gently added to the upper part of  the Ficoll-Paque 
solution, followed by centrifugation at 2000 rpm for 
20 min. Interphase-containing cells were obtained and 
washed three times with 10 mL of  normal saline; cells 
were adjusted with physiological saline to a density of  
1.0-11.2 × 1010/L. Cell viability was determined by try-
pan blue staining.

Autologous BM-MNCs transplantation
On the day of  transfusion, a femoral artery puncture was 
made and a catheter was inserted into the hepatic artery. 
Intrahepatic blood vessels were observed following the 
application of  ioversol angiography. The prepared cell 
suspension was administered into the hepatic artery at a 
speed of  10 mL/h using a micro-pump.

Patient follow-up
Patients were followed for up to 24 mo after BM-MNCs 
transfusion. During this period, data on the patient’s 
general condition and complications such as gastrointes-
tinal bleeding, hepatic encephalopathy, spontaneous bac-
terial peritonitis, hepatocellular carcinoma, and changes 
in clinical symptoms and signs such as abdominal disten-
sion, physical strength, appetite, ascites, pleural effusion, 
lower extremity edema in the two groups were collected 
and recorded.

One week and 1, 3, 6, 12, and 24 mo after trans-
plantation, the following blood biochemistry tests were 
performed: liver function tests: alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), ALB, preal-
bumin (PA), TBIL; coagulation function tests: PT, pro-
thrombin activity (PTA), fibrinogen (FIB); routine blood 
indices: white blood cell counts (WBC), hemoglobin, 
and platelet counts.

Statistical analysis
All data were analyzed by SPSS 17.0 software (SPSS Inc., 
Chicago, IL, United States) and a value of  P < 0.05 was 
considered statistically significant. Data from clinical and 
biochemical analyses are expressed as mean ± SD and 
compared using the χ 2 and t tests. Fisher’s exact test was 
used when appropriate.

RESULTS
Patient characteristics and complications
When we compared patient age, gender, liver function, 
blood coagulation function and routine blood indices, 
there were no significant differences between the two 
groups (P > 0.05, Table 1). The incidence of  complica-
tions (Table 2) was monitored throughout the 24-mo 
follow-up period, and no significant differences were 
observed in the occurrence of  esophageal variceal hem-
orrhage between the two groups. However, we noted a 
significant reduction in the occurrence of  hepatic en-
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Parameter Control BM-MNCs P  v1lue

Patient (n) 15 32 ND
Age (yr)   47.4 ± 11.1   46.4 ± 11.6 0.8542

Gender
Male   9 20
Female   6 12 0.8691

HBsAg
Positive 13 30
Negative   2   2 0.5833

Liver function
Alanine aminotransferase 
(IU/L)

  51.7 ± 14.5   53.2 ± 13.5 0.7342

Aspartate aminotransferase 
(IU/L)

  63.7 ± 14.4   67.9 ± 16.7 0.4042

Serum albumin (g/L) 28.1 ± 2.8 27.9 ± 2.5 0.7962

Prealbumin (mg/L)   85.1 ± 23.5   83.5 ± 22.4 0.8192

Total bilirubin (mmol/L)   53.5 ± 17.9   52.2 ± 13.4 0.7722

Coagulation function
Prothrombin time (s) 16.3 ± 3.0 16.9 ± 2.3 0.4372

Prothrombin activity   71.8% ± 19.4%   67.8% ± 15.0% 0.4372

Fibrinogen (g/L)   1.83 ± 0.53   1.81 ± 0.52 0.8642

Routine blood indices
White blood cell counts (× 
109/L)

  2.83 ± 1.07   2.73 ± 0.84 0.7212

Hemoglobin (g/L) 107.8 ± 11.4 105.9 ± 12.6 0.6242

Platelet counts (× 109/L) 69.0 ± 16.6   67.2 ± 15.5 0.7172

Data are expressed as the mean ± SD. 1Pearson χ 2 test; 2t test; 3Fisher’s ex-
act test. BM-MNCs: Bone marrow mononuclear cells; HBsAg: Hepatitis B 
surface antigen; ND: No data.

Patient 
group

n Esophageal 
variceal 

hemorrhage

Hepatic 
encephalopathy

Spontaneous 
bacterial 

peritonitis

Hepatocellular 
carcinoma

Control 15 2 3 3 1
BM-
MNCs

32 1 0 0 1

P value 0.2351 0.0281 0.0281 0.5411

1Fisher’s exact test. BM-MNCs: Bone marrow mononuclear cells.
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Table 4  Levels of prothrombin time, prothrombin activity and fibrinogen in the two groups at different time points after transplantation

Table 3  Levels of albumin, prealbumin and total bilirubin in the two groups at different time points after transplantation

cephalopathy and spontaneous bacterial peritonitis in the 
treatment group compared with the control group. One 
patient in each group developed HCC during the 24-mo 
follow-up period (P = 0.541).

Liver function tests
One month after transplantation, ALB and PA levels 
in patients in the treatment group gradually increased. 
ALB levels in patients in the treatment group were sig-
nificantly improved compared with those in the control 
group from 3 to 12 mo after transplantation (Table 3). 
The improvement in PA levels in the treatment group 
was significant at 1-12 mo after transplantation com-
pared with the control group (Table 3). Autologous 
BM-MNCs transplantation also significantly decreased 
TBIL levels after 1 mo, and particularly at 3-12 mo after 
transplantation (Table 3). However, these differences 
were not observed at 24 mo after transplantation (Table 
3). A comparison of  liver function between baseline and 
24 mo after transplantation indicated that there were no 
marked differences in ALT and AST levels between the 
two groups (data not shown).

Coagulation function test
Blood coagulation in patients in the treatment group 
began to improve one month after transplantation. PT 
levels in the treatment group gradually decreased and 
PTA levels gradually increased (Table 4). Significant 
differences in PT and PTA levels were observed in the 
treatment group at 3-6 mo after transplantation (Table 4). 

No significant differences were observed in PT and PTA 
levels at 12-24 mo after transplantation (Table 4). FIB 
levels in the treatment group gradually increased one 
month after transplantation, and particularly at 3-12 mo 
(Table 4). These differences were no longer observed 24 
mo after transplantation (Table 4).

Routine blood tests
The peripheral WBC level in the treatment group was 
higher than that in the control group 6 mo after treat-
ment; however, no significant differences in peripheral 
WBC levels were found between the treatment group 
and the control group at other time points (Table 5). 
Hemoglobin levels were significantly higher in the treat-
ment group than in the control group at 3-6 mo after 
transplantation (Table 5). Platelet counts were signifi-
cantly higher in the treatment group than in the control 
group at 3-12 mo after transplantation (Table 5).

DISCUSSION
Decompensated liver cirrhosis is an end-stage liver dis-
ease due to various causes of  liver fibrosis, and a lack of  
safe and effective clinical treatments. Chronic infection 
with HBV and HCV, and alcohol consumption are major 
global causes of  cirrhosis. Alcohol and HCV infection 
are common causes of  cirrhosis in European, North 
American and other developed countries, whereas HBV 
infection is the major cause in many Asian and African 
countries, including China[12,13]. The majority of  patients 
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Liver function Group 1 wk 1 mo 3 mo 6 mo 12 mo 24 mo

Serum albumin (g/L)1 Control 29.2 ± 2.5 29.8 ± 2.8 30.3 ± 2.2 30.4 ± 3.3 29.7 ± 4.3 28.8 ± 3.4
BM-MNCs 28.4 ± 2.7 30.2 ± 3.2 33.5 ± 3.6 33.9 ± 3.5 34.5 ± 4.2 30.7 ± 3.8

P value   0.357 0.669 0.002 0.002 0.001 0.096
Prealbumin (mg/L)1 Control   92.5 ± 25.9 101.4 ± 28.7 111.1 ± 27.7 113.6 ± 26.5 115.0 ± 23.9   97.4 ± 17.7

BM-MNCs   91.1 ± 23.2 118.3 ± 25.3 139.8 ± 25.9 138.1 ± 24.6 139.9 ± 25.3 107.9 ± 22.7
P value 0.86 0.047 0.001 0.003 0.003 0.122

Total bilirubin (mmol/L)1 Control   51.3 ± 15.6   47.3 ± 16.5   45.6 ± 19.9   43.0 ± 20.8   38.7 ± 16.6   36.6 ± 14.2
BM-MNCs   50.9 ± 12.6   44.2 ± 13.5 36.9 ± 9.7   32.2 ± 10.6 29.3 ± 9.7   32.7 ± 10.7

P value 0.92 0.496 0.048 0.022 0.018 0.294

Data are expressed as the mean ± SD. 1t test. BM-MNCs: Bone marrow mononuclear cells.

Function Group 1 wk 1 mo 3 mo 6 mo 12 mo 24 mo

Prothrombin time (s)1 Control 16.2 ± 2.8 16.3 ± 2.8 15.9 ± 2.8 15.7 ± 2.9 15.5 ± 2.9 15.7 ± 2.3
BM-MNCs 16.8 ± 2.5 15.5 ± 2.5 14.4 ± 2.3 13.9 ± 2.1 14.0 ± 2.1 14.4 ± 2.1

P value 0.472 0.311 0.046 0.019 0.051 0.06
Prothrombin activity1 Control 72.5% ± 17.8% 72.0% ± 17.7% 74.4% ± 17.8% 75.9% ± 18.2% 77.4%± 18.2% 75.6% ± 14.6%

BM-MNCs 68.7% ± 16.0% 77.3% ± 15.7% 84.3% ± 14.3% 87.2% ± 13.3% 86.9% ± 13.5% 84.0% ± 13.6%
P value 0.472 0.311 0.046 0.019 0.051 0.06

Fibrinogen (g/L)1 Control 1.90 ± 0.58 1.92 ± 0.57 1.89 ± 0.44 1.97 ± 0.40 1.99 ± 0.39 1.93 ± 0.28
BM-MNCs 1.86 ± 0.55 2.12 ± 0.64 2.28 ± 0.53 2.51 ± 0.55 2.49 ± 0.51 2.11 ± 0.52

P value 0.857 0.289 0.017 0.001 0.002 0.233

Data are expressed as the mean ± SD. 1t test. BM-MNCs: Bone marrow mononuclear cells.
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Table 5  Levels of white blood cell counts, hemoglobin, and platelet counts in the two groups at different time points after transplantation

in the present study had HBV infection and cirrhosis.
BM-MNCs is a general term for single nucleus cells 

in the bone marrow, including mesenchymal stem cells 
(MSCs), hematopoietic stem cells, endothelial progenitor 
cells and stromal cells. BM-MNCs is a mixed cell popula-
tion containing a variety of  cellular components that can 
generate various cell types found in other tissues[14-16]. 
MSCs have the ability of  self-renewal and pluripotency, 
they secrete a number of  cytokines and growth factors 
to regulate cellular functions, including promoting liver 
regeneration, inhibiting inflammation and activation of  
liver astrocytes, blocking the production of  and facilitat-
ing the degradation of  excessive extracellular matrix to 
repair injured liver tissues[17,18]. Clinical trials have also 
shown the potential of  MSCs to reduce liver fibrosis[19]. 
Transplantation of  MSCs[19] and MNCs[6,8] has been ex-
plored in clinical trials to treat chronic liver disease with 
various efficacies. In the current study, we used a mix-
ture of  BM-MNCs to treat HBV infected cirrhosis, and 
the efficacy likely reflected the overall effects of  these 
individual stem cells.

Recent reports have demonstrated the therapeutic 
effect of  stem cell transplantation in liver cirrhosis. 
Kharaziha et al[8] reported that eight patients with end-
stage liver disease did not experience discomfort and 
their liver function improved significantly after adminis-
tration of  MSCs. Kim et al[20] and Lyra et al[21,22] showed 
significant improvements in albumin and quality of  life 
in patients with liver cirrhosis caused by hepatitis B. 
The results indicated that the mean serum bilirubin and 
international normalized ratio levels decreased, and the 
levels of  serum albumin increased. Another study by 
Peng et al[9] confirmed the above results in a short-term 
study; however, a longer-term investigation suggested 
that these beneficial effects did not last more than two 
years, despite the fact that there was no increase in the 
incidence of  HCC.

In our study, we observed the efficacy and safety of  
BM-MNCs transplantation in patients with decompen-
sated cirrhosis and determined how long the efficacy 
lasted in order to find whether repeated transplantation 
of  autologous BM-MNCs at regular time intervals might 
be an approach for improving the conditions of  decom-
pensated cirrhotic patients. The overall outcomes ap-

pear similar to those reported previously. In addition, it 
should be noted that this procedure significantly reduced 
serious complications such as hepatic encephalopathy 
and spontaneous bacterial peritonitis in the transfused 
patients. As the effect did not last more than two years, 
we consider that an annual treatment regimen may sig-
nificantly improve the patient’s general condition and 
quality of  life.

The mechanism by which BM-MNCs contribute 
to hepatocyte regeneration or liver repair is still under 
investigation, trans-differentiation of  MSCs into hepa-
tocytes represents genomic plasticity in response to the 
microenvironment[23]. In a CCl4 mouse model, persistent 
injury was found to induce efficient trans-differentiation 
of  bone marrow cells (BMCs) into functional hepato-
cytes[24]. Green fluorescent protein (GFP)-transfected 
BMCs efficiently migrated into the peri-portal area of  
liver lobules after one day, and repopulated 25% of  the 
recipient liver by four weeks in mice with liver cirrhosis 
induced by CCl4. In contrast, no GFP-positive BMCs 
were detected in control mice with undamaged livers fol-
lowing transplantation. Transfused cells were first seen 
to differentiate into hepatoblasts and later became albu-
min-producing hepatocytes. The improved liver function 
following BMCs transplantation suggests that recipient 
conditions and microenvironments are key factors for 
successful cell therapy using BMCs[24].

At present, it is difficult to estimate which factors 
may affect the engulfment of  BM-MNCs into the liver. 
Cells administered via peripheral veins achieved similar 
results to cells administered via the hepatic artery. In ad-
dition, the synergistic effect of  fibroblast growth factor 
or granulocyte-colony stimulating factor can help mo-
bilize BMCs, and will probably increase hepatic engulf-
ment and improve efficacy. However, further research 
is required to optimize the protocol and explore the 
mechanisms.

One drawback in our experimental design is that 
there was no additional time point between 12 and 24 
mo during the follow-up period; this may have resulted 
in missed patient information to determine the exact 
time point at which efficacy decreased after transplanta-
tion. However, it can be speculated that the improve-
ment in patients’ liver function and blood coagulation 
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Routine blood indices Group 1 wk 1 mo 3 mo 6 mo 12 mo 24 mo

White blood cell counts (× 109/L)1 Control 2.82 ± 0.98 2.88 ± 0.95 2.85 ± 0.94 2.78 ± 0.96 2.69 ± 1.00 2.63 ± 0.92
BM-MNCs 2.69 ± 0.80 2.96 ± 0.74 3.23 ± 0.80 3.44 ± 0.79 3.22 ± 0.77 2.94 ± 0.72

P value 0.638 0.75 0.159 0.017 0.052 0.208
Hemoglobin (g/L)1 Control 108.7 ± 12.5 110.7 ± 13.3 112.8 ± 15.9 113.3 ± 15.2 114.5 ± 18.1 106.8 ± 14.3

BM-MNCs 106.3 ± 12.5 112.4 ± 13.2 121.8 ± 12.0 124.1 ± 12.8 120.4 ± 11.9 110.8 ± 16.8
P value 0.552 0.688 0.036 0.014 0.193 0.432

Platelet counts (× 109/L)1 Control 68.9 ± 13.2 66.7 ± 13.8 63.3 ± 15.7 63.1 ± 13.9 62.1 ± 16.4 61.2 ± 15.6
BM-MNCs 69.3 ± 16.1 70.1 ± 13.7 74.5 ± 15.7 75.8 ± 11.6 74.8 ± 14.7 67.7 ± 15.2

P value 0.936 0.349 0.027 0.002 0.011 0.185

Data are expressed as the mean ± SD. 1t test. BM-MNCs: Bone marrow mononuclear cells.
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was maintained for at least 12 mo or more. With regard 
to cirrhosis complications, no significant difference 
was observed in the occurrence of  esophageal variceal 
hemorrhage and hepatocellular carcinoma between the 
two groups. Liver function and coagulation function in 
patients in the treatment group began to improve one 
month after transplantation. ALB, PA, PTA and FIB 
gradually increased; TBIL and PT gradually decreased. 
Significant alterations in these markers were observed 
between the treatment group and the control group at 
3-12 mo after transplantation.

In addition, it should be noted that after transfusion, 
white blood cell count, hemoglobin and platelet count 
in patients in the treatment group increased gradually, 
which are signs of  improved hypersplenism. During the 
trial, we found a reduction in spleen volume on ultraso-
nography in some patients in the treatment group (data 
not shown). Whether reduced portal hypertension oc-
curs is currently under investigation.

Although clinical trials have shown some improve-
ment in liver function, it must be remembered that the 
natural history of  cirrhosis tends to be variable. The 
question of  how to further optimize cell transplant type, 
the infusion method, the number of  transplant opera-
tions and their impact on clinical efficacy remains to be 
answered. Future studies will be required to optimize 
BM-MNCs transplantation for the treatment of  cirrhosis.

In conclusion, infusion of  autologous BM-MNCs is 
safe and effective in patients with decompensated cir-
rhosis for at least 12 mo. This approach significantly im-
proved liver function, blood coagulation and short-term 
quality of  life, and reduced the incidence of  serious com-
plications, therefore can be considered a suitable regenera-
tive therapy in patients with decompensated cirrhosis.

ACKNOWLEDGMENTS
The authors are grateful to the staff  at the Center of  
Translation Medicine, Henan Provincial People’s Hospi-
tal for their assistance with this project.

COMMENTS
Background
Decompensated liver cirrhosis presents with several symptoms such as jaun-
dice, ascites, portal hypertension, and encephalopathy. Decompensated liver 
cirrhosis is a critical medical condition due to its high morbidity and mortality. 
The bone marrow mononuclear cells (BM-MNCs) population is a mixed cell 
population that has self-renewal properties and the ability to produce multiple 
differentiation progenitors. Thus, in this study authors evaluated the efficacy of 
autologous BM-MNCs transplantation in patients with decompensated cirrhosis.
Research frontiers
Orthotopic liver transplantation is the final treatment for decompensated cirrho-
sis, however, donor shortage has resulted in this treatment being unavailable. 
Stem cell therapy may be a potential alternative to liver transplantation. A re-
search hotspot is the development of safe and effective regeneration therapy to 
improve liver function and reduce the complications of decompensated cirrhosis.
Innovations and breakthroughs
The authors determined the long-term efficacy and safety of BM-MNCs trans-
plantation in patients with decompensated cirrhosis. The efficacy was monitored 
during a follow-up period of 24 mo. The results of this study showed that this 

approach is a suitable therapy for patients with decompensated cirrhosis.
Applications
This study suggested that the transplantation of autologous BM-MNCs is safe 
and effective, and repeated transplantation of autologous BM-MNCs may repre-
sent a routine therapeutic approach to improve decompensated cirrhosis.
Terminology
BM-MNCs is the general term for single nucleus cells in the bone marrow, in-
cluding mesenchymal stem cells, hematopoietic stem cells, endothelial progeni-
tor cells and stromal cells. The BM-MNCs population is a mixed cell population 
containing a variety of cellular components which have self-renewal properties 
and the ability to produce multiple differentiation progenitors.
Peer review
The article presents a significant and valuable clinical research describing the 
short- and long-term efficacy of BM-MNCs transplantation in improving liver 
function and reducing the complications in decompensated cirrhosis patients.

REFERENCES
1 Lian JS, Zeng LY, Chen JY, Jia HY, Zhang YM, Xiang DR, 

Yu L, Hu JH, Lu YF, Zheng L, Li LJ, Yang YD. De novo 
combined lamivudine and adefovir dipivoxil therapy vs 
entecavir monotherapy for hepatitis B virus-related decom-
pensated cirrhosis. World J Gastroenterol 2013; 19: 6278-6283 
[PMID: 24115827 DOI: 10.3748/wjg.v19.i37.6278]

2 Tsochatzis EA, Bosch J, Burroughs AK. New therapeutic 
paradigm for patients with cirrhosis. Hepatology 2012; 56: 
1983-1992 [PMID: 22729954 DOI: 10.1002/hep.25915]

3 Mukerji AN, Patel V, Jain A. Improving survival in decom-
pensated cirrhosis. Int J Hepatol 2012; 2012: 318627 [PMID: 
22811919 DOI: 10.1155/2012/318627]

4 Takami T, Terai S, Sakaida I. Advanced therapies using au-
tologous bone marrow cells for chronic liver disease. Discov 
Med 2012; 14: 7-12 [PMID: 22846198]

5 Takami T, Terai S, Sakaida I. Stem cell therapy in chronic 
liver disease. Curr Opin Gastroenterol 2012; 28: 203-208 [PMID: 
22395569 DOI: 10.1097/MOG.0b013e3283521d6a]

6 Terai S, Ishikawa T, Omori K, Aoyama K, Marumoto Y, 
Urata Y, Yokoyama Y, Uchida K, Yamasaki T, Fujii Y, Okita 
K, Sakaida I. Improved liver function in patients with liver 
cirrhosis after autologous bone marrow cell infusion ther-
apy. Stem Cells 2006; 24: 2292-2298 [PMID: 16778155 DOI: 
10.1634/stemcells.2005-0542]

7 Park CH, Bae SH, Kim HY, Kim JK, Jung ES, Chun HJ, Song 
MJ, Lee SE, Cho SG, Lee JW, Choi JY, Yoon SK, Han NI, 
Lee YS. A pilot study of autologous CD34-depleted bone 
marrow mononuclear cell transplantation via the hepatic 
artery in five patients with liver failure. Cytotherapy 2013; 15: 
1571-1579 [PMID: 23849977 DOI: 10.1016/j.jcyt.2013.05.013]

8 Kharaziha P, Hellström PM, Noorinayer B, Farzaneh F, 
Aghajani K, Jafari F, Telkabadi M, Atashi A, Honardoost 
M, Zali MR, Soleimani M. Improvement of liver function in 
liver cirrhosis patients after autologous mesenchymal stem 
cell injection: a phase I-II clinical trial. Eur J Gastroenterol 
Hepatol 2009; 21: 1199-1205 [PMID: 19455046 DOI: 10.1097/
MEG.0b013e32832a1f6c]

9 Peng L, Xie DY, Lin BL, Liu J, Zhu HP, Xie C, Zheng YB, 
Gao ZL. Autologous bone marrow mesenchymal stem cell 
transplantation in liver failure patients caused by hepatitis 
B: short-term and long-term outcomes. Hepatology 2011; 54: 
820-828 [PMID: 21608000 DOI: 10.1002/hep.24434]

10 Levicar N, Pai M, Habib NA, Tait P, Jiao LR, Marley SB, 
Davis J, Dazzi F, Smadja C, Jensen SL, Nicholls JP, Apper-
ley JF, Gordon MY. Long-term clinical results of autolo-
gous infusion of mobilized adult bone marrow derived 
CD34+ cells in patients with chronic liver disease. Cell Prolif 
2008; 41 Suppl 1: 115-125 [PMID: 18181952 DOI: 10.1111/
j.1365-2184.2008.00491.x]

11 Yeo C, Saunders N, Locca D, Flett A, Preston M, Brook-
man P, Davy B, Mathur A, Agrawal S. Ficoll-Paque versus 

8665 July 14, 2014|Volume 20|Issue 26|WJG|www.wjgnet.com

 COMMENTS

Bai YQ et al . Autologous bone marrow mononuclear cell transplantation



Lymphoprep: a comparative study of two density gradient 
media for therapeutic bone marrow mononuclear cell prep-
arations. Regen Med 2009; 4: 689-696 [PMID: 19761394 DOI: 
10.2217/rme.09.44]

12 Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP. 
The contributions of hepatitis B virus and hepatitis C virus 
infections to cirrhosis and primary liver cancer worldwide. 
J Hepatol 2006; 45: 529-538 [PMID: 16879891 DOI: 10.1016/
j.jhep.2006.05.013]

13 Seeff LB, Hoofnagle JH. Epidemiology of hepatocellular 
carcinoma in areas of low hepatitis B and hepatitis C ende-
micity. Oncogene 2006; 25: 3771-3777 [PMID: 16799618 DOI: 
10.1038/sj.onc.1209560]

14 Khurana S, Mukhopadhyay A. In vitro transdifferentiation 
of adult hematopoietic stem cells: an alternative source of 
engraftable hepatocytes. J Hepatol 2008; 49: 998-1007 [PMID: 
18657875 DOI: 10.1016/j.jhep.2008.05.019]

15 Yan Y, Xu W, Qian H, Si Y, Zhu W, Cao H, Zhou H, Mao F. 
Mesenchymal stem cells from human umbilical cords amelio-
rate mouse hepatic injury in vivo. Liver Int 2009; 29: 356-365 
[PMID: 19141029 DOI: 10.1111/j.1478-3231.2008.01855.x]

16 Banas A, Teratani T, Yamamoto Y, Tokuhara M, Takeshita 
F, Osaki M, Kato T, Okochi H, Ochiya T. Rapid hepatic fate 
specification of adipose-derived stem cells and their therapeu-
tic potential for liver failure. J Gastroenterol Hepatol 2009; 24: 
70-77 [PMID: 18624899 DOI: 10.1111/j.1440-1746.2008.05496.x]

17 Parekkadan B, van Poll D, Megeed Z, Kobayashi N, Tilles 
AW, Berthiaume F, Yarmush ML. Immunomodulation of 
activated hepatic stellate cells by mesenchymal stem cells. 
Biochem Biophys Res Commun 2007; 363: 247-252 [PMID: 
17869217 DOI: 10.1016/j.bbrc.2007.05.150]

18 Zhou P, Hohm S, Olusanya Y, Hess DA, Nolta J. Human 
progenitor cells with high aldehyde dehydrogenase activity 
efficiently engraft into damaged liver in a novel model. Hep-
atology 2009; 49: 1992-2000 [PMID: 19437487 DOI: 10.1002/

hep.22862]
19 Houlihan DD, Newsome PN. Critical review of clinical 

trials of bone marrow stem cells in liver disease. Gastroen-
terology 2008; 135: 438-450 [PMID: 18585384 DOI: 10.1053/
j.gastro.2008.05.040]

20 Kim JK, Park YN, Kim JS, Park MS, Paik YH, Seok JY, 
Chung YE, Kim HO, Kim KS, Ahn SH, Kim do Y, Kim MJ, 
Lee KS, Chon CY, Kim SJ, Terai S, Sakaida I, Han KH. Au-
tologous bone marrow infusion activates the progenitor 
cell compartment in patients with advanced liver cirrhosis. 
Cell Transplant 2010; 19: 1237-1246 [PMID: 20525430 DOI: 
10.3727/096368910X506863]

21 Lyra AC, Soares MB, da Silva LF, Fortes MF, Silva AG, Mota 
AC, Oliveira SA, Braga EL, de Carvalho WA, Genser B, dos 
Santos RR, Lyra LG. Feasibility and safety of autologous 
bone marrow mononuclear cell transplantation in patients 
with advanced chronic liver disease. World J Gastroenterol 
2007; 13: 1067-1073 [PMID: 17373741]

22 Lyra AC, Soares MB, da Silva LF, Braga EL, Oliveira SA, 
Fortes MF, Silva AG, Brustolim D, Genser B, Dos Santos 
RR, Lyra LG. Infusion of autologous bone marrow mono-
nuclear cells through hepatic artery results in a short-term 
improvement of liver function in patients with chronic liver 
disease: a pilot randomized controlled study. Eur J Gastroen-
terol Hepatol 2010; 22: 33-42 [PMID: 19654548 DOI: 10.1097/
MEG.0b013e32832eb69a]

23 Cho KA, Lim GW, Joo SY, Woo SY, Seoh JY, Cho SJ, Han HS, 
Ryu KH. Transplantation of bone marrow cells reduces CCl4 
-induced liver fibrosis in mice. Liver Int 2011; 31: 932-939 
[PMID: 21092070 DOI: 10.1111/j.1478-3231.2010.02364.x]

24 Terai S, Sakaida I, Yamamoto N, Omori K, Watanabe T, 
Ohata S, Katada T, Miyamoto K, Shinoda K, Nishina H, Ok-
ita K. An in vivo model for monitoring trans-differentiation 
of bone marrow cells into functional hepatocytes. J Biochem 
2003; 134: 551-558 [PMID: 14607982]

P- Reviewers: Dang SS, Morales-Gonzalez JA, Vento S    
S- Editor: Gou SX    L- Editor: O’Neill M    E- Editor: Liu XM

8666 July 14, 2014|Volume 20|Issue 26|WJG|www.wjgnet.com

Bai YQ et al . Autologous bone marrow mononuclear cell transplantation



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


