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A B S T R A C T 

Aims: To evaluate the safety and efficacy of autologous bone marrow mononuclear cells (BM-MNCs) in 

the treatment of patients with decompensated liver cirrhosis.  

Methods: We randomly assigned 34 patients to control (18 cases) and BM-MNCs (16 cases) groups. All 

patients in the BM-MNCs group received granulocyte colony-stimulating factor for 3 days and were then 

infused with BM-MNCs. We then tested liver function, blood coagulation parameters, Karnofsky 

performance status (KPS), and the levels of procollagen IIIN peptide and hyaluronic acid.  

Results: Generally, the symptoms of patients in the BM-MNCs group improved significantly compared to 

controls. Six months after transplantation, total bilirubin level was 14.94±7.20μmol/L vs 

24.50±15.34μmol/L (p=0.045), albumin level was 40.65±4.94g/L vs 34.78±4.92g/L (p=0.000), and 

prothrombin time was 10.86±1.18s vs 13.49±1.80s (p=0.002), respectively. KPS significantly improved 

when measured one month and six months after BM-MNCs therapy and showed obvious differences 

compared to controls. Changes in Child-Pugh score were also statistically significant when measured six 

months after therapy (p=0.001). Mean pretreatment serum baseline levels of procollagen IIIN peptide and 

hyaluronic acid were significantly lower than those measured one month after therapy (both p<0.05). 

Conclusions: Autologous transplantation of BM-MNCs is safe and effective for patients with 

decompensated liver cirrhosis and leads to improvements in liver function, hepatic Child-Pugh score and 

KPS. 

 

© 2018 Yanjing Gao. Hosting by Science Repository. All rights reserved.    

 

Introduction 

Liver cirrhosis is the final pathological stage of chronic liver disease, is 

characterized by portal hypertension and functional impairment of the 

liver and is very difficult to treat [1]. Until now, liver transplantation has 

been the only way in which clinicians could attempt to cure liver 

cirrhosis. However, due to the severe shortage of organ donors, surgical 

complications, immune rejection and high costs, the clinical application 

of transplantation is extremely limited for patients with decompensated 

cirrhosis [2, 3]. Therefore, it is critical that we explore new, safe, feasible 

and effective treatment measures for liver cirrhosis. Over recent years, 

the mechanisms underlying liver cirrhosis have become widely 

elucidated. We now know that a variety of cells, cytokines and 

extracellular matrix are involved in the formation and development of 

liver cirrhosis [4-8]. Stem cells are a type of self-replicating and 

differentiating cell with specific functions and have led to significant 
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innovation in regenerative medicine [9]. A range of studies have reported 

the use of mesenchymal stem cell transplantation for a variety of diseases 

such as ischemic heart disease and diabetes. While several studies have 

investigated the effect of hematopoietic stem cells and/or bone marrow 

mononuclear cells (BM-MNCs) on patients with liver cirrhosis, there has 

been little research carried out on BM-MNCs. Some reports [10, 11] 

have indicated that the transplantation of BM-MNCs would be of benefit 

to patients with decompensated cirrhosis, while others [12] have 

reported only a transient improvement in the model for end stage liver 

disease (MELD) score in subjects treated with CD133+ cells, but not in 

an MNC or placebo group. Furthermore, the effect of BM-MNCs on 

fibrosis of the liver, and on the quality of life of patients with liver 

cirrhosis, is still poorly understood. 

 

Therefore, the aim of our study was to ascertain the safety and efficacy 

of BM- MNCs in the treatment of patients with decompensated liver 

cirrhosis by comparing data from patients, injected with or without BM-

MNCs, relating to liver function, blood coagulation parameters, 

Karnofsky performance status, Child-Pugh score and biomarkers of 

fibrosis. 

Methods 

Patients 

Between October 2013 and July 2015, a total of 34 patients with 

decompensated liver cirrhosis were recruited from Qilu Hospital of 

Shandong University. Then, the patients were randomly allocated into 

two groups, a control group (18 cases) and an experimental group (16 

cases) (Fig. 1). The control group received only standard of care 

management. All patients provided informed written consent after the 

benefits, risks, and potential complications of the study had been 

explained. Patients received BM-MNCs therapy once, in addition to 

standard of care therapy. 

 

Patients were eligible for the study if they met the following criteria: 1) 

18-70 years old with a clinical diagnosis of decompensated liver 

cirrhosis; 2) Not undergoing liver transplantation within the next six 

months; 3) Not undergoing any form of treatment except for antiviral 

drugs; 4) No history of immunosuppressive therapy.  

 

The exclusion criteria were as follows: 1) Pregnancy or lactation; 2) 

Severe coagulation dysfunction; 3) Experience of gastrointestinal 

bleeding, hepatic encephalopathy, spontaneous bacterial peritonitis or 

fever of undetermined origin over the last month; 4) Suffering with 

hepatocellular carcinoma or other malignancies and severe infectious 

disease; 5) Positive iodine allergy test; 6) Failure or refusal to provide 

informed signed consent. This study was approved by the Ethics 

Committee of Qilu Hospital of Shandong University. 

 

Symptoms, signs, auxiliary results and Child-Pugh and KPS 

scores 

 

Data regarding symptoms and signs, such as lower limb edema, ascites 

and jaundice, liver function tests, and KPS scores were acquired and 

recorded. Then, according to the related data, the Child-Pugh score was 

determined for each patient. All data were analyzed to investigate the 

effect of BM-MNCs transplantation. 

 

Preparation of bone marrow cells and autologous BM-MNCs 

transplantation 

 

Patients in the BM-MNCs group received a daily subcutaneous injection 

of 100 μg granulocyte colony-stimulating factor (G-CSF) for 3 days. 

Following local anesthesia, 80–100 ml of bone marrow was collected 

from the bilateral posterior superior iliac spine of each patient using 4000 

U of heparin for anticoagulation. BM-MNCs were then isolated by 

Ficoll-Paque density centrifugation in a laminar air-flow hood. The bone 

marrow was then centrifuged at 2000 rpm for 20 min to remove upper 

fat and some plasma, and then diluted with normal saline in a 1:1 ratio. 

Then, 30 ml of diluted blood cells were gently added to 15 ml of Ficoll 

separating medium, followed by centrifugation at 1600 rpm for 20 min. 

Cells from the interphase were obtained and washed three times with 40 

mL of normal saline by centrifugation at 1500 rpm for 15 min. Cells 

were then resuspended in 50 ml of physiological saline (containing 1% 

human serum albumin), and viability was assessed. The mean number of 

mononuclear cells in such preparations was 2.13 ± 0.67 × 108 (range: 

1.06–3.42× 108) with more than 99% cell viability. 

 

The infusion of bone marrow mononuclear cells was performed on the 

same day as bone marrow collection in a laminar flow sterile treatment 

room. The femoral artery was punctured followed by the insertion of a 

0.032-inch guide wire and a 4.0F catheter. The celiac trunk artery was 

then observed under angiography, meanwhile excluding the presence of 

liver cancer. Then, the common hepatic artery was selected using a 2.1F 

micro-catheter and 50 ml of isolated cell suspension was slowly injected 

using digital subtraction angiography; following injection, the catheter 

was rinsed with 20 ml of normal saline. 

 

Levels of procollagen IIIN peptide (PIIINP) and hyaluronic acid 

(HA) 

 

A 5-ml fasting blood sample was collected form each patient pre-

transplantation and one month postoperatively. These samples were 

centrifuged at 3000 rpm for 20 min at 4°C and serum samples were 

stored at -70°C to await further analysis. The fibrosis biomarkers, PIIINP 

and HA, were then evaluated via enzyme-linked immune-sorbent assay 

(ELISA). 

 

Follow-up 

 

One and six months after the procedure, patients returned to the 

outpatient department for clinical and laboratory evaluation including 

symptoms and signs, liver function tests, coagulation parameters, PIIINP 

and HA levels, and Child-Pugh and KPS scores. 

 

Statistical analysis 

 

All data were analyzed by SPSS 19 software and P<0.05 was considered 

to be statistically significant. Data from clinical and biochemical 

analyses were expressed as mean ± standard deviation (SD) and 

compared using χ 2 and t tests. 
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Table 1: Baseline patient characteristics 
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Figure 1: Flow chart indicating the selection process for this study. 

 

Results 

 

A total of 34 patients (21 men; 61.76%) were recruited into the study. In 

all, the mean age at recruitment was 55 years (range, 42–84 years old). 

There was no significant difference in terms of either mean age or gender 

between the control and BM-MNCs groups. The baseline etiology of 

cirrhosis, symptoms and signs, glutamic-pyruvic transaminase (ALT), 

total bilirubin (TBIL), albumin (ALB), prothrombin time (PT) levels, 

Karnofsky performance status (KPS) and Child-Pugh scores did not 

differ significantly between the two groups. The baseline characteristics 

of the patients are summarized in Table 1. 

 

Six months after transplantation, two patients in the control group with 

a Child-Pugh C score died of upper gastrointestinal hemorrhage. In the 

BM-MNC group, two patients with alcoholic cirrhosis and PBC died of 

upper gastrointestinal hemorrhage and liver failure, respectively; one 

additional patient was lost to follow-up. 

 

Symptoms, syndromes and complications 

 

Over the six-month follow-up period, most of the patients showed 

satisfactory improvement, but with differing degrees of symptoms and 

syndromes; there was no significant difference in this respect when 

compared between the two groups. 

 

The incidence of complications was monitored throughout the six-month 

follow-up period. A total of 10 patients in the two groups were observed 

with postoperative fever, with temperatures ranging from 37.4°C to 

38.6°C; fever generally lasted 2–3 days. No serious complications were 

observed during the follow-up period, and there was no evidence of 

neoplastic disease. 

 

Liver function tests and KPS scores 

 

During the one-month follow-up period, glutamic-pyruvic transaminase 

(ALT), total bilirubin (TBIL), albumin (ALB), prothrombin time (PT) 

levels, and Karnofsky performance status (KPS) did not differ 

significantly between the two groups. However, KPS scores improved 

significantly in the BM-MNCs group compared with scores prior to 

transplantation (P=0.004). After six months, the TBIL, ALB, PT levels 
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and KPS scores in the BM-MNCs group had improved significantly 

compared with values prior to transplantation (P=0.045, P=0.000, 

P=0.002 and P=0.001, respectively); these scores were also significantly 

different when compared to the control group (P<0.05; Table 2). 

 

Child-Pugh Score 

 

In the BM-MNCs group, the change in the number of patients with 

Child-Pugh A, Child-Pugh B and Child-Pugh C scores before 

transplantation when compared with those one month later were 6 vs 10, 

9 vs 3, and 1 vs 3, respectively. There was no significant difference 

between the two groups. At six months, the number of patients with 

Child-Pugh A, Child-Pugh B and Child-Pugh C scores was 11, 0 and 2, 

respectively in the BM-MNCs group, showing a significant 

improvement compared with the control group (p=0.001; Table 3). 

 

Levels of PIIINP and HA 

 

One month after transplantation, the levels of PIIINP and HA had 

reduced significantly compared with pre-transplantation levels (PIIINP: 

43.10±4.96 ng/ml to 23.19±10.07ng/ml; HA: 155.00±23.72ng/ml to 

102.93±34.29ng/ml) (P=0.000; Table 4). 

Discussion 

In this study, we infused BM-MNCs via the proper hepatic artery into 

patients with decompensated liver cirrhosis; this proved to be a feasible 

and safe procedure. Furthermore, the symptoms of patients in the BM-

MNCs group improved significantly compared to controls. 

 

BM-MNCs therapy has the capability for self-renewal and pluripotency, 

and may inhibit the activation of hepatic stellate cells (HSCs), reduce the 

expression of collagen I and oxidative stress, protect mitochondrial 

function, down-regulate pro-inflammatory cytokines, promote liver 

regeneration and alleviate hepatic fibrosis [13]. In a previous study, Bai 

et al. [11] reported that the liver function parameters, coagulation 

function and routine blood tests of 32 patients with decompensated liver 

cirrhosis were significantly improved just one month after the 

transfusion of BM-MNCs. Similarly, our present results also showed that 

after six months, serum albumin levels after injection were obviously 

elevated, and that total bilirubin and PT levels had been significantly 

reduced in the BM-MNCs group. In addition, PIIINP [14] and HA [15] 

are two important serological markers of hepatic fibrosis or cirrhosis; 

these were also significantly reduced just one month after the transfusion 

of BM-MNCs 

 

However, the mechanism of how BM-MNCs are able to inhibit fibrosis 

remains unclear. A preclinical study showed that the infusion of bone-

marrow-derived cultured cells could significantly improve serum 

albumin, liver fibrosis and liver function in mice with CCl4-induced 

cirrhosis [16]. Tanimoto et al. [17] found that the increased level of 

matrix metalloproteinase (MMP)-9, and suppressed activation of HSCs, 

occurring in response to regulation by humoral factors (TNFα and 

TGFβ), contributed to the improvement of liver fibrosis by mesenchymal 

stem cells (MSCs) in the mouse carbon tetrachloride (CCl4) liver 

cirrhosis model. The precise mechanism underlying the inhibitory effect 

of BM-MNCs upon fibrosis in humans thus warrants further studies. 

 

The Karnofsky Performance Status (KPS) was developed by Karnofsky 

et al. in 1948 and is a simple, 11-point scale, expressed as a percentage 

of physical function ranging from 100% (normal, no complaints, no 

evidence of disease) to 0% (dead) [18, 19]. The KPS has been widely 

used to stratify the functional status of patients with malignancy to help 

guide treatment and clinical trials. Over the past two decades, the KPS 

has been widely indicated to be a reliable and valuable screening 

modality that can be readily administered in any clinical setting [20, 21]. 

 

Recently, Orman et al. [19] performed a retrospective cohort study to 

examine the KPS scale in patients with cirrhosis listed for liver 

transplantation and found that KPS was directly and significantly 

associated with mortality. We also utilized the KPS scale in the present 

study to evaluate the functional status of patients after the injection of 

BMCs and found that KPS scores were significantly improved at both 

one and six months after transplantation, as well as compared with the 

control group. 

 

Unfortunately, only a very small number of studies have attempted to 

investigate the effect of autologous BM-MNCs transplantation for 

cirrhosis arising from different causes. Some studies [22, 23] have 

shown that autologous BM-MNCs transplantation can significantly 

improve liver function and the general situation of patients with viral 

hepatitis cirrhosis in just six months; whereas other reports [24, 25] 

regarding autologous BM-MNCs transplantation for the treatment of 

alcoholic cirrhosis, were without a unified opinion. The results of our 

present study, which involved the treatment of patients with viral 

hepatitis cirrhosis, are consistent with earlier reports in that liver 

function, and related detection indices, of patients with viral hepatitis 

and cirrhosis were significantly improved following the infusion of BM-

MNCs. However, only two patients with alcoholic cirrhosis were 

included in our present study. One of these patients showed an 

improvement in ascites and bilirubin just one month after BM-MNCs 

transplantation, and Child-Pugh grade improved from grade B to grade 

A. Unfortunately, the condition of the other case did not improve; Child-

Pugh grades were Grade C at both the one- and six-month follow-up. As 

our study only included two cases with alcoholic cirrhosis in the BM-

MNCs group, it was not possible to draw any conclusion with regards to 

this condition; further studies are required. 

 

There were some limitations in our study. First, our study did not include 

pathological histology because patients refused to undergo biopsy. 

Second, the follow-up time was short. 

 

In conclusion, autologous BM-MNCs transplantation is safe and 

effective for patients with decompensated liver cirrhosis and leads to 

improvements in liver function, hepatic Child-Pugh score and Karnofsky 

performance status. In future, BM-MNCs transplantation is expected to 

become a new therapy for the treatment of liver cirrhosis. 
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