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Introduction

End-stage liver disease (ESLD) is a medical di-
lemma that associates with poor prognosis of the 
patients1. Currently, the only available radical treat-
ment is liver transplantation, which, however, is 
hampered due to the limited donor organs, opera-
tive risk, potential immunological rejection, and 
social and economic concerns2. That makes the 
development of new regenerative therapies for ES-
LD patients an urgent task. Increasing attention has 
been focused on stem cell therapy as a prospective 
alternative for liver regeneration3,4. Stem cells with 
hepatic differentiation potential are theoretically eli-
gible for liver cell replacement5.

Different types of stem or progenitor cells have 
been used for liver regeneration, including CD34 
positive (CD34+) cells from peripheral blood in-
duced by granulocyte colony-stimulating factor 
(G-CSF)4. Stem cells transplantation has demon-
strated to be effective in liver regeneration with 
the improved liver function6. CD34+ cells collect-
ed from peripheral blood after G-CSF induction 
have been administered via a hepatic artery, and 
the results showed improved serum levels of bil-
irubin and albumin during a short observation 
period of 60 days7. The improvements in serum 
albumin, Child-Pugh score, and accumulation of 
ascites have also been reported in patients with 
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transplantation were retrospectively reviewed. 
Changes in clinical and biochemical data, com-
plications, and quality of life were monitored at 3, 
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histopathological analysis using Ishak system.

RESULTS: Marked improvement in clinical and 
biochemical data was observed during the long-
term follow-up. Serum albumin was significant-
ly increased (p<0.001), while total serum bili-
rubin, prothrombin time (PT), and internation-
al normalized ratio (INR) were all significantly de-
creased (p<0.001). Ishak inflammation and fi-
brosis scores were significantly decreased with 
the increased time (p<0.001). The number of pa-
tients with ascites, model of end-stage liver dis-
ease (MELD) score, Child-Pugh class, and indocy-
anine green (ICG) score were all markedly reduced 
with increased time. Meanwhile, the quality of life 
score of the patients was significantly increased 
(p<0.001). Six patients died during the 5-years fol-
low-up, and complications occurred in 17 patients. 
The incidence of complications was significantly 
associated with mortality of the patients (p<0.05).

CONCLUSIONS: The study provided the ev-
idence that autologous CD34+ stem cell trans-
plantation could offer a long-term therapeu-
tic benefit to patients with ESLD. The complica-
tions occurred during the process was signifi-
cantly associated with survival of the patients. 
Future studies on a large cohort of patients are 
needed to confirm the long-term effect of stem 
cell therapy on ESLD.
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alcoholic liver cirrhosis during the 3-months 
follow-up, with CD34+ cells administered via a 
hepatic artery8. Furthermore, our previous study 
has also indicated that transplantation of autol-
ogous hematopoietic stem cells improved liver 
function and histology in ESLD patients during 
the 12-months observation, while administra-
tion route of either hepatic artery or portal vein 
showed no significant difference9. However, most 
of these studies are based on a comparatively 
shorter time intervals. Further studies with lon-
ger follow-up have been suggested to be helpful 
in exploring the role of stem cell transplantation 
for treatment of ESLD10. Therefore, in this study, 
the 5-year survival of the patients with ESLD that 
underwent CD34+ stem cells transplantation was 
retrospectively analyzed.

Patients and Methods

Patients
This study retrospectively analyzed ESLD pa-

tients underwent autologous hematopoietic stem 
cell infusion at Sichuan Province People’s Hospital 
during 2010. All patients were diagnosed with de-
compensated liver cirrhosis according to the guide-
lines defined by the Chinese Society of Hepatology 
and Chinese Society of Infectious Diseases11. Pa-
tient with prothrombin time (PT) change less than 
5 seconds following anticoagulation injection were 
recruited into this study. Patients were excluded if 
they were: pregnant or lactating women, or those 
with hepatocellular carcinoma, bacterial peritoni-
tis, human immunodeficiency virus (HIV) infec-
tion or any other life-threatening infection; recur-
rent gastrointestinal hemorrhage; portal throm-
bosis with main portal trunk obstruction, sponge 
blood vessel, superior mesenteric vein occlusion, 
or severe intestinal congestion; ascites and resis-
tance to diuretic therapy or developed abdominal 
compartment syndrome; hepatic encephalopathy; 
hypersensitive to granulocyte-colony stimulating 
factor (G-CSF), or with incomplete follow-up data. 
This study was approved by the Ethics Committee 
of Sichuan Academy of Medical Sciences & Si-
chuan Provincial People’s Hospital and informed 
consent was obtained from the patients.

Preparation and Transplantation of 
CD34+ Hematopoietic Stem Cells

Pre-transplantation preparation and transplan-
tation of CD34+ hematopoietic stem cells isolat-
ed were performed as described in our previous 

study9. Briefly, patients underwent regular hepa-
toprotective therapy and nutrition support ther-
apy. α1-thymosin (Patheon Italia SPA, Monza, 
Italy) was given for immune enhancement, so-
matostatin (Merck Serono SA, Aubonne Branch, 
Geneva, Switzerland) and Propranolol (Tianjin 
Lisheng Pharmaceutical Co., Ltd., Tianjin, Chi-
na) were administrated for portal vein pressure. 
Patients received G-CSF (5 μg/kg per day, Kyo-
wa Hakko Kirin Co., Ltd., Chiyoda-ku, Tokyo, 
Japan) for 3-5 days. Mononuclear cells (100-200 
mL) were collected from the circulating blood 
using the COM.TEC cell separator (Fresenius 
Hemocare, Fresenius Hemocare, Bad Homburg, 
Germany). Anticoagulant acid citrate dextrose 
solution (ACD-A) was added as the anticoagu-
lant. The number of circulating CD34+ hemato-
poietic stem cells was evaluated using flow cy-
tometry (FACScalibur, BD Inc., San Jose, CA, 
USA). The collected CD34+ cells (1.79±1.66×106) 
were infused the next day through either hepatic 
artery or portal vein. The portal vein pressure 
was monitored during the process. Anticoagulant 
(low molecular weight heparin, Sanofi-Aventis, 
Paris, France) was administrated at postopera-
tive day 3 to prevent portal vein thrombosis. Pa-
tients were well informed about the procedures.

Clinical and Laboratory Analysis
Clinical examination was done for all patients. 

Laboratory investigations included routine blood 
test (hemoglobin, white blood cell count, and plate-
let count), liver function test (ALT, AST, albumin, 
and total bilirubin), coagulation profile (PT, aPPT, 
and INR), infectious profile, blood urea, and serum 
creatinine levels. Ultrasound and computed tomog-
raphy (CT) scan were done before and after stem cell 
transplantation. Child-Pugh score, Model of end-
stage liver disease (MELD) score, and indocyanine 
green (ICG) score were used to assess the severity 
of liver disease. Liver biopsy was guided by ultra-
sound or during surgery. The formalin-fixed and 
paraffin embedded specimens (4 μm) were stained 
with hematoxylin and eosin (HE) and Gomori meth-
enamine silver. The results were reviewed by two 
experienced pathologists; the inflammatory activity 
and fibrosis were assessed using the Ishak system12. 
The chronic liver disease questionnaire was used to 
measure health-related Quality of Life (QOL) of the 
patients13.

Follow-up
All patients were followed-up from the date of 

stem cells transplantation to the death of patients 
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or July 2015. The primary outcome was the sur-
vival of patients during the 5-years follow-up. The 
secondary outcomes were the changes in Child-
Pugh score, MELD score, ICG score, Ishak in-
flammatory and fibrosis scores, HRQL score, and 
the incidence of complications, as well as their 
prognostic relevance.

Statistical Analysis
Continuous variables were expressed as mean 

and standard deviation (SD), and categorical 
variables were expressed as number and per-

centage. Comparison analysis was done repeat-
ed measures ANOVA or generalized estimating 
equations. Survival analysis was performed by 
Kaplan-Meier method. Univariate analysis was 
performed by Cox regression analysis. All p-val-
ues were 2-tailed and p<0.05 was considered 
statistically significant. Statistical analysis was 
done using the SPSS software version 17.0 (SPSS 
Inc., Chicago, IL, USA).

Results

Clinical Characteristics of the Patients
A total of 48 patients with ESLD were recruit-

ed into the study. The median age of the patients 
was 46 years (range: 12 to 76 years), and 38 (79%) 
were males (Table I). The mean body mass in-
dex (BMI) of the patients was 22.65±2.78 kg/m2. 
Thirty-four patients had Hepatitis B cirrhosis, 8 
had alcoholic cirrhosis, 4 had Hepatitis C cirrho-
sis, and each one had autoimmune cirrhosis and 
Wilson disease. Seven patients were diagnosed as 
Child-Pugh class A, 23 as class B, and the other 
18 patients as class C.

Biochemical and Histological Findings
Changes in the laboratory data of 48 patients 

who received stem cell transplantation were 
summarized in Table II. There was a marked 
improvement in biochemical parameters of the 
patients during the follow-up. Serum albumin 
level was significantly increased with increased 
time (p<0.001), while serum levels of total bili-

Table I. Clinical characteristic of patients with ESLD 
following autologous CD34+ stem cells transplantation.

Variable	 Patients with ESLD (n=48)

Sex male n (%)	 38 (79%)
Age (years)	 46 (12-76)
Body weight (kg)	 62.13±9.85
Body height (cm)	 165.3±6.7
BMI (kg/m2)	 22.65±2.78

Aetiology	
Hepatitis B cirrhosis	 34 (71%)
Hepatitis C cirrhosis	 4 (8%)
Alcoholic cirrhosis	 8 (17%)
Autoimmune cirrhosis	 1 (2%)
Wilson disease	 1 (2%)

Child-Pugh class	
A	 7
B	 23
C	 18

ESLD: End stage liver disease; BMI: Body mass index.

Table II. Changes in cliniccal data of patients underwent autologous CD34+ stem cells transplantation during the 5 years 
follow-up.

Variable	 T0 (n=48)	 T1 (n=46)	 T2 (n=45)	 T3 (n=44)	 T4 (n=43)	 T5 (n=42)	 p-value

Albumin (g/L)	 30.4±5.7	 31.1±4.4	 33.6±4.2	 35.9±4.1	 37.4±3.6	 37.7±3.7	 <0.001
Bilirubin (μmol/L)	 38±18.2	 34.1±15.1	 32.7±13.1	 26.6±9.2	 24.8±9.1	 22.4±8.3	 <0.001
PT (s)	 15.2±2.7	 14.5±2.5	 13.8±1.7	 13±1	 12.9±0.9	 12.6±0.8	 <0.001
INR	 84.3±49	 82.1±41	 74.7±23.1	 72.5±26.4	 69.2±10.8	 72.4±12.2	 <0.001
Creatinine (μmol/L)	 26.9±6.4	 24±6.4	 20.7±6.1	 16.7±4.4	 15.1±3.6	 14.7±3.9	 >0.05
Ascites n (%)#	 40 (83.3%)	         33 (68.8%)	    30 (63.8%)	        17 (37.0%)	      10 (22.2%)	 8 (18.2%)	 <0.001
MELD score	 13.06±3.57	 11.76±3.72	 10.7±2.89	 9.62±3.16	 8.79±1.89	 8.16±2.03	 <0.001
Child-Pugh score	 8.89±1.93	 7.95±1.96	 7.14±1.47	 6.02±1.00	 5.66±0.86	 5.57±0.76	 <0.001
Child-Pugh class#	 7/23/18	      11/27/10	 15/30/2	 28/18/0	 37/8/0	 39/5/0	 <0.001
ICG score	 27.24±6.63	 24.21±6.61	 21.04±6.43	 16.71±4.50	 15.02±3.60	 14.45±4.03	 <0.001
QOL score	 141±18	 148±18	 156±18	 167±21	 174±16	 175±19	 <0.001
Ishak inflammation score	 9.92±1.77	 9.25±1.97	 8.74±1.79	 7.39±1.31	 6.46±1.50	 5.92±1.23	 <0.001
Ishak fibrosis score	 5.05±0.93	 4.77±1.21	 4.46±1.00	 4.21±0.91	 4.03±0.76	 3.81±0.82	 <0.001

PT: Prothrombin time; INR: International normalized ratio; MELD: Model for end stage liver disease; ICG: Indocyanine 
green; QOL: Quality of life. T0: Pri-transplantation; T1, T2, T3, T4, and T5: post-transplantation month 3, 6, 12, 36, and 60. #: 
Data were analyzed by generalized estimating equations, while all others were analyzed by repeated measures ANOVA.
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rubin, prothrombin time (PT), and internation-
al normalized ratio (INR) were all significantly 
decreased during the observation (p<0.001 for 
each). Serum level of creatinine was found also 
to be decreased gradually, but the difference was 
not statistically significant. For histopathological 
analysis, the liver biopsies were tested with HE 
and silver stainings (Figure 1A). Ishak inflam-
mation and fibrosis scores were significantly 
decreased during the increased time (p<0.001, 
Figure 1B).

Clinical Data and Performance Tests
The MELD score, Child-Pugh class, ICG 

score, and some patients with ascites were 
all markedly reduced with increased time 
post-transplantation, and the quality of life score 
of the patients was significantly increased (Table 
II, Figure 2).

Outcome Analysis
Six patients died post-transplantation during 

the follow-up, 3 patients died from hepatorenal 
syndrome, 2 from hypohepatia, and the other 
one from hepatic encephalopathy (Figure 3A). 
The 5-year survival rate of the patients was about 
84.7%. Complications occurred in 17 (35.4%) 
patients. The most common long-term compli-
cations were upper gastrointestinal hemorrhage, 
occurred 10 times in 8 patients, followed by hypo-
hepatia in 4 patients, hepatorenal syndrome and 
hepatic encephalopathy in 3 patients, and portal 
thrombosis in 2 patients (Table III). The preva-
lence of complications was significantly higher in 
patients of death group than that of the survival 
group (p<0.001, Supplemental Table I). Univar-
iate analysis showed a significant correlation be-
tween the presence of complications and mortali-
ty of the patients (p<0.05, Table IV).

Table III. Postoperative complications during the 5 years follow-up.

Follow-up (months)	 3	 6	 12	 36	 60	 Total

Upper gastrointestinal hemorrhage	 4	 1	 3	 1	 1	 10
Hepatorenal syndrome	 1	 1	 1	 0	 0	 3
Hepatic encephalopathy	 2	 1	 0	 0	 0	 3
Portal thrombosis	 1	 1	 0	 0	 0	 2
Hypohepatia	 1	 1	 1	 0	 1	 4

PT: Prothrombin time; INR: International normalized ratio; MELD: Model for end stage liver disease; ICG: Indocyanine 
green; QOL: Quality of life. T0: Pri-transplantation; T1, T2, T3, T4, and T5: post-transplantation month 3, 6, 12, 36, and 60. #: 
Data were analyzed by generalized estimating equations, while all others were analyzed by repeated measures ANOVA.

Figure 1. Histopathological analysis of liver biopsies during the different time points of follow up. (A) HE and Gomori meth-
enamine silver stainings; and (B) Inflammation and fibrosis scores using Ishak system.
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Discussion

Hepatic cirrhosis is known as the end-stage 
of chronic liver diseases. Most of the patients 
with hepatic cirrhosis die from life-threaten-

ing clinical complications, like ascites, hepatic 
encephalopathy, and variceal hemorrhage, oc-
curring at their earlier ages14. The encouraging 
advances in stem cell research have paved the 
way for their successful use in ESLD therapy15. 

Figure 2. Changes in MELD score, Child-Pugh class, ICG score, and Quality of life (QOL) score of the patients following 
autologous CD34+ stem cell transplantation.

Table IV. Univariate analysis of prognosis factors in 
patients with ESLD following autologous CD34+ stem cells 
transplantation.

Univariate analysis	 Exp(B) (95.0% CI)	 p-value

Gender	 1.368 (0.16-11.717)	 0.775
Age	 0.962 (0.902-1.027)	 0.247
BMI	 1.022 (0.766-1.364)	 0.882
Etiology	 1.552 (0.851-2.833)	 0.152
Ascites	 0.39 (0.071-2.129)	 0.277
MELD score	 1.155 (0.918-1.452)	 0.218
Child-Pugh score	 0.975 (0.633-1.502)	 0.910
ICG score	 1.055 (0.922-1.207)	 0.438
QOL score	 0.989 (0.944-1.036)	 0.635
Ishak inflammation 
  score	 0.982 (0.6-1.609)	 0.943
Ishak fibrosis score	 1.237 (0.484-3.165)	 0.657
Complications	 1.644 (1.123-2.407)	 0.011

PT: Prothrombin time; INR: International normalized ratio; 
MELD: Model for end stage liver disease; ICG: Indocyanine 
green; QOL: Quality of life. T0: Pri-transplantation; T1, T2, T3, 
T4, and T5: post-transplantation month 3, 6, 12, 36, and 60. #: 
Data were analyzed by generalized estimating equations, while 
all others were analyzed by repeated measures ANOVA.

Figure 3. Survival analysis of patients underwent CD34+ 
stem cell transplantation during the long term follow-up.
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Increasing evidences have suggested an im-
portant role of stem cells as an attractive alter-
native in the treatment of liver diseases16. Clin-
ical studies8,9,17,18 on the therapeutic application 
of stem cells demonstrated the feasibility and 
safety of CD34+ stem cells transplantation for 
ESLD therapy. The long-term follow-up data 
of 18 months have obtained from five patients 
infused with CD34+ adult stem cells, and the 
study showed a beneficial effect of stem cell 
therapy in the short and over long term obser-
vation19. However, other studies also indicated 
that transplantation of bone marrow-derived 
mesenchymal stem cells did not improve liver 
function and survival of the patients, but even 
aggravated liver fibrosis20. Meanwhile, most of 
the previous studies focused on the shorter-term 

therapeutic effect of stem cell transplantation, 
and its application has been suggested to need 
further exploration with large cohorts and long 
follow-ups. Therefore, in this study, we ana-
lyzed 48 ESLD patients underwent autologous 
bone marrow-derived CD34+ hematopoietic 
stem cell transplantation during 2010. There 
were marked improvements in terms of clini-
cal and biochemical data during the 5 years 
follow-up. Serum albumin levels were found to 
significantly increase with the increased time, 
while serum levels of bilirubin were obviously 
decreased post-transplantation, corroborating 
the results of our previous study9.

MELD and Child-Pugh scores are commonly 
used to assess liver function and are associated with 
postoperative morbidity and complication21,22. How-

Supplemental Table 1. Comparative analysis of clinical and biochemical data of ESLD patients in survival and death groups.

Survival group	 Death group	 p-value

Sex, male n (%)	 33 (78%)	 5 (83.3%)	 >0.05	
Age (years)	 48.90±10.9	 43.0±16.11	 >0.05
BMI (kg/m2)	 22.63±2.91	 22.82±1.75	 >0.05

Aetiology		
Hepatitis B cirrhosis	 31 (73.8%)	 3 (50%)
Hepatitis C cirrhosis	 3 (7.1%)	 1 (16.7%)
Alcoholic cirrhosis	 7 (16.7%)	 1 (16.7%)	 >0.05
Autoimmune cirrhosis	 1 (2.4%)	 0 (0%)
Wilson disease	 0 (0%)	 1 (16.7%)

Child-Pugh class		
A	 7 (16.7%)	 0 (0%)
B	 19 (45.2%)	 4 (66.7%)	 >0.05
C	 16 (38.1%)	 2 (33.3%)
Albumin (g/L)	 30.65±5.79	 28.77±4.70	 >0.05
Bilirubin (μmol/L)	 36.40±16.72	 49.35±25.16	 >0.05
PT (s)	 15.20±2.88	 15.05±1.75	 >0.05
INR	 1.31±0.25	 1.29±0.16	 >0.05
Creatinine (μmol/L)	 80.83±41.73	 108.75±86.45	 >0.05
Ascites n (%)	 36 (85.7%)	 4 (66.7%)	 >0.05
MELD score	 12.83±3.54	 14.66±3.70	 >0.05
Child-Pugh score	 8.90±1.87	 8.83±1.94	 >0.05
ICG score	 26.67±6.13	 28.77±8.66	 >0.05
QOL score	 141.38±17.89	 137.83±22.82	 >0.05
Ishak inflammation score	 9.90±1.62	 9.83±2.23	 >0.05
Ishak fibrosis score	 5.00±0.937	 5.17±0.75	 >0.05

Complications		
Upper gastrointestinal hemorrhage	 7 (16.67%)	 1 (16.67%)
Hepatorenal syndrome	 0 (0%)	 3 (50%)
Hepatic encephalopathy	 2 (4.76%)	 1 (16.67%)	 <0.001
Portal thrombosis	 2 (4.76%)	 0 (0%)
Hypohepatia	 2 (4.76%)	 1 (16.67%)

ESLD: End stage liver disease; BMI: Body mass index; PT: Prothrombin time; INR: International normalized ratio; MELD: 
Model for end stage liver disease; ICG: Indocyanine green; QOL: Quality of life.



L. Luo, Y.-T. Yao, H. Xue, L.-Y. Luo, H.-B. Zou, G. Wang, G.-M. Xiang, et al

2914

ever, these recipient-derived methods are suggested 
to poorly predict the mortality in liver transplant re-
cipients22,23. Indocyanine green (ICG) is a common-
ly used ophthalmic dye that has been clinically ap-
proved as a sensitive indicator of liver function24. The 
findings of our study showed that infusion of autol-
ogous CD34+ stem cells resulted in a continual de-
crease in MELD score, Child-Pugh score, and ICG 
score in our patients during the observation period 
of 5 years. However, there was no significant correla-
tion of MELD score, Child-Pugh score, or ICG score 
with the survival of the patients. Meanwhile, quality 
of life score of the patients was found to improve sig-
nificantly with the increased time. All these results 
indicated a long-term therapeutic benefit of autolo-
gous CD34+ stem cells in our ESLD patients.

Autologous bone marrow cell infusions have 
been reported to improve the cases of liver fi-
brosis25. However, Kim et al26 also indicated that 
there was no significant change in grade or stage 
of liver fibrosis following autologous bone mar-
row infusion. The long-term inflammation and 
fibrosis of hepatic biopsies were, thus, evaluated 
using Ishak’s system, a revised version of histo-
logical activity index that describes activity grade 
and fibrosis stage as two separate items12. Our re-
sults showed that both Ishak inflammation and fi-
brosis scores were significantly decreased during 
the long term observation, which further corrobo-
rated the results of clinical data and performance 
tests, demonstrating the long-term beneficial ef-
fect of stem cell therapy in ESLD patients.

The previous study of liver failure patients by 
Peng et al27 indicated that transplantation of autol-
ogous marrow mesenchymal stem cells caused no 
significant improvement in mortality of patients 
during 192 weeks of follow-up. In regards to long-
term prognosis of patients in our study, 6 patients 
died during the long-term observation. The 5-years 
survival rate of our patients was about 84.7%. He-
patic cellular cancer has been reported in liver fail-
ure patients underwent autologous bone marrow 
mesenchymal stem cell transplantation during the 
long term follow-up27. However, in our study, no 
patient suffered from hepatic cellular cancer, and 
the common complications observed were upper 
gastrointestinal hemorrhage, hepatorenal syndrome, 
hepatic encephalopathy, portal thrombosis, and hy-
pohepatia. The development of complications was 
significantly associated with the increased mortality 
of our patients. However, given the small number 
of patients recruited, multivariate analysis was not 
performed, and a large cohort study with long-term 
follow-up are still needed to figure it out further.

Conclusions

The findings of our study provided the evidence 
that autologous CD34+ stem cell transplantation 
offered a long-term therapeutic benefit to patients 
with ESLD. The prevalence of complications was 
significantly associated with survival of the pa-
tients. Future studies on a large cohort of patients 
are still needed to further confirm the long-term 
therapeutic benefits of stem cell transplantation.
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