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ABSTRACT. The efficacy of bone marrow mesenchymal stem cell 
(BMSC) on liver fibrosis in animal has been proven, but a few studies 
have been made in human body and few such researches in China. This 
study was designed to investigate the effect of BMSC treatment on hepatic 
fibrosis induced by hepatolenticular degeneration and the influence 
on serological indicators. Sixty patients with liver fibrosis induced by 
hepatolenticular degeneration were randomly divided into two groups, 
a penicillamine group and a BMSCs plus penicillamine group, with 30 
patients in each. The therapeutic effects on hepatic fibrosis, liver function, 
and serological indicators were recorded before and after the treatment, 
and the data were compared. After treatment, serum levels of HA, PCIII, 
LN, CIV, TIMP-1, and MMP-1 were reduced in both groups (P < 0.05). 
However, cytokine levels in the BMSCs plus penicillamine group were 
significantly lower than those in the penicillamine group (P < 0.05). 
Combination therapy with BMSCs and penicillamine had a significant 
positive effect on liver fibrosis induced by hepatolenticular degeneration.
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INTRODUCTION

Hepatolenticular degeneration (HLD), also known as Wilson disease (WD), is an 
autosomal recessive disorder of copper metabolism and is one of the few treatable neural 
hereditary diseases (Dusek et al., 2015). An abnormal deposition of copper in tissues such 
as the liver and brain causes tissue and organ damage, and the most common clinical 
symptoms are cirrhosis and brain injury (Mak and Lam, 2008; Burkhead et al., 2011). Copper 
has a varying deposition rate, location, and degree and causes a range of complex clinical 
symptoms. However, all patients display some degree of chronic hepatic lesion because para-
eccrisis dysfunction of the biliary passage causes long and slow sedimentation of free copper 
in liver tissue. Furthermore, liver fibrosis is the main pathological change seen in almost all 
HLD patients. HLD is a common monogenetic hereditary disorder, and according to a foreign 
epidemiological investigation, its incidence is one third of ten thousand people, morbidity is 
15-25 in a hundred thousand, and it is heterozygous in one in one hundred people (Schilsky, 
2009; Corte et al., 2013). At present, there are no domestic disease epidemiology survey data. 
However, some domestic scholars have statistically analyzed data from nerve hereditary disease 
specialist outpatients between 1982 and 1991, and the results show that HLD accounted for 
10.14% of patients, making it the second most common single gene genetic disorder in China 
(Cao et al., 2007).

Cirrhosis is not only the primary pathological change seen in patients with HLD, but 
also one of the main causes of death. It is therefore of clinical importance to put emphasis 
on cirrhosis, especially on the early stage of hepatic fibrosis. Hepatic fibrosis is a wound 
healing process comprising reversible extracellular matrix (ECM) deposition following 
chronic injury to the liver (Khan et al., 2008). Chronic liver injury, as well as inflammation 
caused by various factors, can lead to fibrous tissue hyperplasia and deposition, and ultimately 
hepatic fibrosis. Previous research on hepatic fibrosis concentrated mainly on the synthesis 
of ECM components, such as hyaluronic acid (HA), laminin (LN), collagen, and fibronectin 
(Kershenobich Stalnikowitz and Weissbrod, 2003), while more recent studies have focused 
more on ECM degradation (Gao and Duan, 2002). Matrix metalloproteinases (MMPs) and 
tissue inhibitors of metalloproteinases (TIMPs) are the major enzymes involved in ECM 
degradation. Studies have shown that MMP-1 (also known as interstitial collagenase), a basic 
type of MMP, plays a primary role in ECM degradation. While TIMPs, through inhibition of 
MMP-1 activity, stop the degradation of ECM in the liver, which causes ECM deposition, 
leading to hepatic fibrosis, and eventually to cirrhosis.

At present, there is no domestic or foreign literature on treating hepatic fibrosis in 
HLD patients, and no drugs have been officially approved for clinical anti-hepatic fibrosis 
treatment. Some drugs do have preventive effects at the early stages, or for a short-term, 
but treatment is less effective for later-stage cirrhosis, and the drugs have considerable side 
effects after long-term use. Therefore, it remains an immediate and important task to search 
for effective treatments of HLD-associated hepatic fibrosis.

With the development and application of basic medicine such as cytology and molecular 
biology stem cell research has made significant progress. Bone marrow mesenchymal stem 
cells (BMSCs) that have been differentiated into hepatic cells under the microclimate of the 
liver have been shown to repair hepatocyte damage, reverse fibrosis, and recover liver function 
in mice and rats (Abdel Aziz et al., 2007). Clinical studies using autologous bone marrow 
stem cell transplantation to treat cirrhosis in humans, both in this country and abroad, have 
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achieved some success, and have been shown to improve liver function to some extent (Russo 
et al., 2006). In recent years, we have used BMSCs for the clinical treatment of HLD and have 
observed their effect on liver function and serum markers of liver fibrosis. This has allowed 
the effects of BMSCs on hepatic fibrosis in HLD and possible underlying mechanisms to be 
determined.

MATERIAL AND METHODS

Materials

Sixty patients with HLD who were hospitalized in the Department of Neurology at 
Henan Provincial People’s Hospital from January 2012 to January 2015 were selected as 
subjects in this study. These patients were either newly diagnosed, without any decopper 
treatment, or subsequent visit patients with no decopper treatment for 6 months to 1 year. All 
subjects met the diagnostic criteria of HLD, and patients with hepatic diseases caused by other 
factors, such as hepatic encephalopathy, hepatorenal syndrome, primary liver cancer, severe 
systemic diseases involving cardiovascular, pulmonary, renal, endocrine, and hematopoietic 
system and mental disease, were excluded from the study. Using a randomized digital table 
and randomized remainder number methods, the patients were divided into two groups, 
penicillamine only and BMSCs plus penicillamine, with 30 patients each group. A normal 
control group (17 males and 13 females) consisted of healthy subjects with an average age of 
27.65 ± 7.62 years old, and all underwent examination for liver function, hepatitis A antibody, 
hepatitis B, hepatitis C, hepatitis D, hepatitis E, and type-B ultrasonic checks for liver, spleen, 
and kidney. All of their test results were normal. All subjects included in the study provided 
informed consent.

Consent of Patients and Ethical Committee: The Ethical Committee and all patients 
agree to the experiments as they are patients at the Henan Provincial People’s Hospital. All 
experimental processes are within the standards of the ethical committee.

Methods

Therapeutic methods

1) Penicillamine group: penicillamine (Shanghai Xinyi Pharmaceutical Company) was 
taken daily at a dose of 40 mg/kg for 8-16 weeks. 2) Intervention of BMSCs transplantation: 2 
mL BMSCs (cell density of 3 x l06 cells/mL) and 100 mL saline were transplanted into the body 
through a vein every 10 days. One course of treatment consisted of three injections. In addition, 
a dose of 40 mg/kg penicillamine was taken orally three times a day for 12 successive weeks.

BMSC collection, isolation, and transplantation

All of these procedures were performed under sterile conditions. After local anesthesia, 
a No. 18 bone marrow puncture needle was used to perform a puncture at the ambilateral 
posterior superior iliac spine and extract about 50-80 mL bone marrow. The extracted bone 
marrow was mixed with heparin for anticoagulation, and samples were centrifuged to isolate 
the fat layer, which was prepared into a cell suspension by dilution with an equal amount 
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of DMEM culture media. The bone marrow was added to percoll separating medium and 
centrifuged at 1200 rpm at room temperature for 25 min. The cell interface layer was carefully 
removed and eluted 3 times with saline, then centrifuged at 1500 rpm for 5 min. Cells were 
resuspended in saline then counted and adjusted to 1 x 108 to 10 x 108 /L. Remaining cells 
were stored at 4°C for backup. BMSCs (2 mL, at a density of 3 x l06 cells/mL) and 100 mL 
saline were transplanted into the body through a vein every 10 days. Three injections were a 
treatment course.

Laboratory examination

Peripheral blood (5 mL) was drawn from all patients before treatment and 12 
weeks after treatment. Serum was isolated by centrifugation, and was stored at -20°C. A 
radioimmunoassay kit (Shanghai Haiyan Medical Biological Technology Co., Ltd.) was 
used to detect changes in HA, precollagen III (PCIII), LN, collagen (CIV) in the serum. The 
determination principle is a competitive radioimmunoassay, and the specific operation steps 
are in line with the manufacturer’s specifications. Normal values for HA, PCIII, LN, and CIV 
are 0-100, 0-120, 101.7-135, and 46.5-90.5 ng/mL, respectively. An ELISA kit (R&D Systems, 
Minneapolis, MN, USA) was used to determine changes in MMP-1, TIMP-1, transforming 
growth factor -b1 (TGF-b1) and tumor necrosis factor (TNF-a). Vital signs and incidence of 
adverse reactions in the patients were observed during treatment.

Statistical methods

The SPSS 19.0 software was used for statistical analysis. Measurement data are 
reported as means ± SD. All statistical analyses were based on normal distribution and 
homogeneity test of variance. Variances of repeated measurement data were analyzed. P < 
0.05 was considered statistically significant.

RESULTS

Comparison of general data

Penicillamine group: 17 males and 13 females; average age 32.10 ± 10.36 years; 
course of disease 8 months to 4 years. BMSCs + penicillamine group: 16 males and 14 
females; average age 30.98 ± 11.25; course of disease 6 months to 4 years. There was no 
statistical difference in terms of age, gender, and course of disease (Table 1).

Groups Cases Gender (male/female, case) Age (means ± SD, year) Course of disease (month) 
Penicillamine 30 17/13 32.10 ± 10.36 28.1 ± 12.6 
BMSCs + penicillamine 30 16/14 30.98 ± 11.25 25.5 ± 13.9 
P  0.795 0.847 0.797 

 

Table 1. Comparison of patients’ basic data.

Comparison of serum fibrosis treatment between HLD non-treatment group and 
normal control group

Levels of the three serum markers HA, LN and PCIII reflect the composition of liver 
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fiber. As shown in Table 2, levels of the 3 markers in the 60 HLD patients without treatment 
were obviously higher than the control group (P < 0.01). Markers that indicate liver fiber 
degradation, CIV and TIMP-1, were also increased (P < 0.01); while MMP-1 levels were 
lower (P < 0.01).

Table 2. Comparison of serum liver fibrosis markers in HLD non-treatment group and normal control group 
(means ± SD).

Serum liver fibrosis markers Normal control group (N = 20) HLD non-treatment group (N = 60) P 
Hepatic fibrosis composition markers HA (ng/mL) 52.49 ± 11.50 201.66 ± 14.28 <0.01 
LN (ng/mL) 120.02 ± 12.52 173.28 ± 10.77 <0.01 
PCIII (ng/mL) 85.45 ± 14.29 180.60 ± 14.28 <0.01 
Hepatic fibrosis degradation markers CIV (ng/mL) 47.36 ± 6.89 129.32 ± 15.09 <0.01 
MMP-1 (ng/mL) 152.06 ± 15.78 120.17 ± 11.64 <0.01 
TIMP-1 (ng/mL) 44.69 ± 6.85 60.59 ± 9.48 <0.01 
MMP-1/TIMP-1 (ng/mL) 3.62 ± 0.48 2.01 ± 0.23 <0.01 

 

Changes in liver fibrosis markers after treatment

Tables 3 and 4 show levels of liver fibrosis markers before and after treatment. 
As shown in Table 3, markers that reflect liver fibrosis, serum HA, LN and PCIII fell after 
treatment (P < 0.05). Markers that reflect degradation of liver fibrosis, serum CIV, were also 
reduced. Table 4 shows that levels of MMP-1, a marker of degradation of liver fibrosis, were 
increased after treatment, whereas levels of TIMP-1, a marker of inhibition of degradation of 
liver fibrosis, were decreased compared to those before treatment (P < 0.05). Serum levels of 
MMP-1/TIMP-1 were increased (P < 0.05).

Table 3. Changes of serum fibrosis markers before and after treatment.

*P < 0.05 after the treatment; #P < 0.05 when compared with penicillamine group.

Group HA LN PCIII CI-V 
Penicillamine group Before treatment 199.28 ± 13.82 174.51 ± 11.75 179.80 ± 13.81 128.60 ± 15.87 

After treatment 119.45 ± 11.05* 127.39 ± 7.67* 136.87 ± 12.29* 97.59 ± 10.04* 
BMSCs plus penicillamine group Before treatment 201.96 ± 15.85 172.17 ± 9.89 181.03 ± 15.44 129.84 ± 14.36 

After treatment 108.69 ± 10.17*# 85.00 ± 6.77*# 91.24 ± 7.03*# 68.14 ± 5.34*# 
 

Changes in serum TGF-β1 and TNF-α in patients from the two groups before and 
after treatment

Table 5 shows levels of serum TGF-b1 and TNF-a in patients from the two groups 
before and after treatment. Levels of serum TNF-a and TGF-b1 in the penicillamine group 
and the BMSCs plus penicillamine group were significantly higher than the normal control 

Table 4. Changes of MMP-1, TIMP-1, and MMP-1/TIMP-1 before and after treatment.

Group MMP-1 TIMP-1 MMP-1/TIMP-1 
Penicillamine group Before treatment 120.57 ± 11.05 60.98 ± 9.77 2.05 ± 0.26 

After treatment 133.10 ± 12.85* 48.02 ± 6.64* 2.44 ± 0.29* 
BMSCs plus penicillamine group Before treatment 121.16 ± 12.48 59.24 ± 8.89 1.98 ± 0.23 

After treatment 148.05 ± 13.65*# 33.27 ± 5.73*# 2.41 ± 0.31*# 
 *P < 0.05 when compared with indicators before treatment; #P < 0.05 when compared with penicillamine group.
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group (P < 0.05). After treatment, levels of serum TNF-a and TGF-b1 fell significantly (P 
< 0.05) in the BMSCs plus penicillamine group, and also decreased in the penicillamine 
group but with no statistical difference (P > 0.05). Comparison between the two groups after 
treatment indicates that the BMSCs plus penicillamine group was more effective at reducing 
serum TNF-a and TGF-b1 levels.

Table 5. Changes of serum TGF-b1 and TNF-a before and after treatment (means ± SD).

*P < 0.05 when compared with normal control group; #P < 0.05 when compared with indicators before treatment in 
the same group; DP < 0.05 when compared with indicators in control group after treatment.

Group TGF-1 (ng/mL) TNF- (ng/mL) 
Penicillamine group. Before treatment 36.81 ± 8.27* 34.57 ± 5.83* 

After treatment 31.12 ± 7.52 32.05 ± 5.76 
BMSCs plus penicillamine group Before treatment 37.64 ± 10.02* 32.47 ± 6.81* 

After treatment 24.84 ± 7.62# 21.23 ± 5.10# 
Normal control group  10.58 ± 1.89 8.83 ± 1.56 

 

Changes in liver function in patients from the two groups before and after treatment

Changes of liver function in patients from the two groups before and after treatment 
are shown in Table 6. Before treatment, there was no significant difference in TBIL, ALT and 
AST values between the penicillamine group and the BMSCs plus penicillamine group (P > 
0.05). However, after treatment, TBIL, ALT, and AST values were reduced in the BMSCs plus 
penicillamine group (P < 0.05). TBIL, ALT, and AST values in the penicillamine group also 
decreased but with no statistical significance (P > 0.05). In general, changes in TBIL, ALT and 
AST values between the two groups after treatment were statistically significant (P < 0.05), 
indicating that the BMSCs plus penicillamine group improved TBIL, ALT and AST values 
more effectively than the penicillamine group.

Table 6. Changes of liver function before and after treatment.

Liver function indicators Penicillamine group BMSCs plus penicillamine group 
Before treatment After treatment Before treatment After treatment 

TBIL (M) 50.26 ± 22.34 45.11 ± 23.89 52.40 ± 20.14 36.67 ± 21.88*# 
ALT (IU/L) 59.46 ± 26.20 51.37 ± 19.88 58.25 ± 25.69 31.98 ± 20.10*# 
AST (IU/L) 53.59 ± 23.12 48.97 ± 18.98 56.54 ± 18.73 39.27 ± 16.72*# 

 *P < 0.05 when compared with indicators before treatment; #P < 0.05 when compared with indicators in control 
group after treatment.

Incidence of adverse reactions for patients

A total of 30 patients received BMSC treatment. After treatment, one patient 
experienced local pain and three patients had a fever, but all were treated appropriately. There 
was one case of a reduced white blood cell count, which recovered after granulocyte colony-
stimulating factor treatment. No other patients had adverse reactions to the treatment and 
there were no deaths within the 12-week time period, showing a high short-term survival 
rate. Of the 30 patients that received penicillamine treatment, there were five cases of fever, 
three cases of rash, seven cases of nausea, and three cases of emesis, all of which were treated 
appropriately. No deaths occurred within the 12-week period.
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DISCUSSION

Copper in the serum of patients with HLD integrates with protein deposits in the liver, 
resulting in hepatic fibrosis, and finally to cirrhosis (Huster and Lutsenko, 2007). Hepatic 
fibrosis is a wound healing response to various chronic liver injuries and is characterized 
mainly by abnormal deposition of ECM (Jiang and Zhang, 2000). Studies have shown that 
hepatic fibrosis, and even early cirrhosis, is reversible (Pol et al., 2004; Wallace et al., 2008). 
Therefore, an early and accurate diagnosis and assessment of the development of liver fibrosis 
has fundamental significance for intervention therapy and the prognosis of HLD patients with 
hepatic fibrosis. At present, serological examinations include mainly HA, PCIII, LN, and 
CIV, etc. levels (Bolarin and Azinge, 2007; Guo et al., 2009; Qian et al., 2014), which are 
referred to as “the four indicators of hepatic fibrosis”, and have become the most commonly 
used noninvasive method for detecting hepatic fibrosis. A direct relationship between hepatic 
fibrosis and these four serological indicators has been proven in many animal experiments and 
clinical studies. Intensive studies into the mechanism of ECM degradation found that MMPs 
and TIMPs play an important role in hepatic ECM degradation (Leroy et al., 2004; Jeong et al., 
2006; Fontana et al., 2008; Gieling et al., 2008; Kara et al., 2008). It is therefore of great value 
to study the dynamic process of hepatic fibrosis proliferation and degradation, to determine the 
degree of hepatic fibrosis and to evaluate the effects of anti-hepatic fibrosis treatments.

Orthotropic liver transplantation is the most effective treatment for advanced liver 
cirrhosis, but its clinical application is limited (Dutkowski et al., 2015). Since the discovery 
of bone marrow-derived liver stem cells by Petersen et al. (1999), hepatologists have been 
exploring ways to use these cells to treat liver disease. Due to the extensive differentiation 
potential of BMSCs, they have become the most attractive cell source in regeneration medicine 
and have opened up a new chapter in research into liver injury. In particular, Schwartz et al. 
(2002) demonstrated that the progenitor cells could differentiate into functional hepatocyte-
like cells.

In recent years, BMSCs have been used to treat various diseases and have been shown 
to improve hepatic fibrosis to some extent (Usunier et al., 2014). Studies have shown that 
six-months after an intravenous injection of cultured BMSCs, patients’ liver function indexes, 
pathological results of hepatic tissue and color Doppler ultrasound were improved, indicating 
the safety and effectiveness of BMSCs for treating cirrhosis (Mohamadnejad et al., 2007). 
Several additional reports have shown successful BMSC treatment of patients with hepatic 
fibrosis (Terai et al., 2006; Kim et al., 2010; Amer et al., 2011; Saito et al., 2011).

BMSCs labeled with green fluorescent protein (EGFP) were used to reconstitute the 
bone marrow in mice after systemic irradiation, then were injected into CCL4-treated mice 
to make a cirrhotic mouse model (Higashiyama et al., 2007). This study showed that at the 
peak of fibrosis formation, large numbers of EGFP+ cells colonized the liver, some of which 
expressed MMP-13 (interstitial collagenase) and MMP-9, which play a role in promoting 
cordal fiber dissolution and anti-fibrosis. Bone marrow mobilization by G-CSF enabled more 
BMSCs to colonize the liver and to express more MMP-9, which strengthened the anti-fibrosis 
effect (fibrosis range shrink). Transplantation of P1 generation BMSCs into rats with early 
fibrosis effectively promoted liver function recovery and reduced the degree of hepatic fibrosis. 
Transplantation of BMSCs during the process of CCL4-induced liver injury significantly 
reduced the degree of fibrosis (Fang et al., 2004). BMSCs mainly function through paracrine 
signaling via IL-10 and TNF-a (Parekkadan et al., 2007). Results from the present study 
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showed that HA, PCIII, LN, and CIV levels in serum were markedly reduced during treatment 
with BMSCs, indicating that BMSCs can improve hepatic fibrosis.

Transplantation of hepatocyte-like cells, induced in vitro from BMSCs, into mice with 
acute liver injury resulted in a noticeable reduction in levels of indicator ALT and TBIL after one 
week, while levels of TP and ALB returned to normal (Yang, 2009). Results in this study show 
that levels of indicator TBIL, ALT and AST had significant fall after the treatment of BMSCs, 
which indicates that BMSCs promote the recovery of liver function to varying degrees.

In terms of the degradation mechanism of hepatic fibrosis, improving collagenase 
activity or reducing inhibitor activity can promote ECM degradation, which is significant for 
reversing hepatic fibrosis. In the present study, changes in serum indicators after treatment, 
such as a reduction in TIMP-1, an increase in MMP-1, and a reduction in TIMP-1/MMP-1, 
reflect a recovery of hepatic fibrosis to some extent.

It has been shown that BMSCs secrete various cytokines and growth factors, such 
as HGF, ILs, SCF, SDF-1a, TGF-b, and TNF-a (Oe et al., 2005; Lv and Tan, 2008). HGF 
not only induces BMSCs to differentiate into hepatic cells but also inhibits the production 
of TGF-b and protects the liver from fibrosis and reduces antiapoptotic activity, and thus 
improve survival rate. Furthermore, the primary cytokine for activation of stellate cells is 
TGF-b, but whether it plays any role in fibrosis and heterocyst reduction by BMSCs requires 
further research. According to previous studies (Sakaida et al., 2005), the anti-fibrosis effect 
of BMSCs occurs by inhibiting TGF-b secretion to reduce activation of hepatic stellate cells.

Results from the current study show that relatively few patients displayed any allergic 
reaction, rejection reaction, or other adverse reactions following BMSC treatment, indicating 
that BMSCs are safe and efficient in treating for hepatic fibrosis induced by hepatolenticular 
degeneration.

While, the application of BMSCs to treat hepatic fibrosis has achieved promising 
results, there are still problems. For example, the specific mechanism by which the cells affect 
hepatic disease is not yet clear. In addition, the long-term treatment efficacy, adverse reactions, 
the scope of their application and other problems require further investigation. However, the 
present study clearly demonstrated that the application of BMSCs plus penicillamine provides 
a new direction for hepatic fibrosis treatment in HLD patients, which is expected to provide a 
new approach for the treatment of this disease.
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