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Objectives: Granulocyte-colony-stimulating factor (G-CSF) mobilized bone marrow (BM)-derived hematopoietic stem 
cells could contribute to improvement of liver function. In addition, liver fibrosis can reportedly be prevented by the 
Rg 1 component of red ginseng. This study investigated the combined effect of G-CSF and red ginseng on 
decompensated liver cirrhosis.
Methods: Four patients with decompensated liver cirrhosis were injected with G-CSF to proliferate BM stem cells 
for 4 days (5 μg/kg bid subcutaneously) and followed-up for 3 months. The patients also received red ginseng for 
4 days (2 tablets tid per os). We analyzed Child-Pugh scores, Model for End-Stage Liver Disease (MELD) scores 
and cirrhotic complications. 
Results: All patients showed marked increases in White blood cell (WBC) and CD34+ cells in the peripheral blood, 
with a peak time of 4 days after G-CSF injection. Spleen size also increased after G-CSF injection, but not severely. 
At end of the study, 2 patients showed improvement in Child-Pugh scores, hepatic encephalopathy, and refractory 
ascites. During the clinical trial period, none of the 4 patients showed any other adverse events or deterioration of 
liver function.
Conclusions: We conclude that G-CSF/red ginseng combination therapy is relatively effective in improving liver 
function and major complications of decompensated liver cirrhosis without adverse effects. Further clinical trials are 
warranted to assess the clinical effects of G-CSF for decompensated liver cirrhosis.
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Introduction

Liver transplantation is the only curative treatment 

for cirrhotic patients; however, its use is limited by a 

lack of donors. In addition, liver transplantation is 

associated with the following drawbacks: rejection, 

viral reactivation after transplantation, use of 

immunosuppressants, and de novo malignancy1-2. 

Therefore, other therapies that can substitute for liver 

transplantation are needed. Adult stem cell therapy 
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Fig. 1. Study protocol

has been considered as another solution for the 

treatment of various degenerative diseases including 

liver cirrhosis in cases that cannot be treated with 

liver transplantation due to lack of donors or 

unsuitability. The two types of bone marrow stem 

cells are hematopoietic and mesenchymal stem cells. 

Mesenchymal stem cells are known to be able to 

differentiate into bone, cardiac muscle, endothelial 

cells, nerve cells, and hepatocytes3. Recently, several 

studies have reported that bone marrow stem cells 

can improve hepatic fibrosis and liver function by 

regenerating hepatocytes in cirrhotic patients4-7. Stem 

cells were harvested from the bone marrow of 

cirrhotic patients in ongoing regenerative studies of 

hepatocytes8-9. In many studies, autologous stem cells 

were reinfused into patients via the hepatic 

artery7-8,10-11 or portal vein7,9.

Several reports indicate that granulocyte colony 

-stimulating factor (G-CSF) can mobilize marrow 

stem cells to the peripheral blood. Peripheral stem 

cells collected by apheresis and reinfused via the 

hepatic artery or portal vein can improve liver 

function7,10-11. 

It was also reported that peripheral blood monocyte 

infusion via the peripheral vein improved liver 

function and hepatocyte differentiation in patients 

with decompensated liver cirrhosis after harvesting 

peripheral stem cells via apheresis under G-CSF 

injection12. Bone marrow aspiration, apheresis, and 

stem cell injection via the hepatic artery or portal 

vein are too invasive to use safely in decompensated 

cirrhotic patients with a poor general condition.

Liver fibrosis can reportedly be prevented by the 

Rg 1 component of red ginseng and improved by the 

saponin in ginseng13-14. When G-CSF is administered 

in combination with red ginseng, the release of 

hematopoietic stem cells from bone marrow may 

increase, and the increased number of hematopoietic 

stem cells in the peripheral blood would regenerate 

hepatocytes. There are no reports of improved liver 

function in end stage liver disease after G-CSF use 

in Korea. Therefore, we performed a preliminary 

clinical study to investigate the effects of adult stem 

cell therapy as a less invasive and effective method 

of regenerating hepatocytes by evaluating improvements 

in liver function and cirrhotic complications after 

injection of G-CSF.

Patients and methods

1. Patients

Four patients with decompensated liver cirrhosis 
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were enrolled in this study between September 2013 

and April 2014. Eligibility criteria included an age 

between 18 and 70 years, decompensated liver 

cirrhosis with a Child-Pugh score ≥7, and refusal of 

liver transplantation. Exclusion criteria were the 

following: diagnosis of hepatocellular carcinoma or 

other malignancy, esophageal or gastric variceal 

bleeding within the past 6 months, type 1 hepatorenal 

syndrome, spontaneous bacterial peritonitis, portal vein 

thrombosis, a spleen diameter > 170 mm, severe 

congestive heart failure, severe chronic obstructive 

pulmonary disease, severe coagulopathy, acute 

infection, or pregnancy/absence of reliable contraception. 

The study protocol was approved by our institution’s 

Ethics Committee. Written informed consent was 

obtained from all patients.

2. Study protocol and methods – clinical 
study

The study protocol is summarized in Figure 1. 

Liver dynamic computed tomography (CT) was 

performed at screening to rule out hepatocellular 

carcinoma. Abdominal ultrasonography was used to 

determine initial spleen diameter. On admission, 

patients were injected with G-CSF to proliferate 

bone marrow stem cells for 4 consecutive days (5 μ

g/kg bid subcutaneously from admission day 2 to 5). 

In addition, patients were administered red ginseng 

(Red ginseng tablet, KGC; Korea ginseng 

corporation, Korea) for 4 consecutive days (2 tablets 

tid per os). Clinical signs were monitored and 

laboratory tests with peripheral bloods were 

performed daily to monitor changes of WBC, platelet 

and CD34+ cell counts. Ultrasonography was 

performed daily from day 3 to day 8 to monitor 

spleen diameter changes. All patients were 

discharged 5 days after G-CSF discontinuation (day 

10 from admission).

After discharge, patients were followed-up weekly 

for the first month and monthly thereafter until 3 

months. Clinical signs and laboratory data were 

evaluated at each visit. Abdominal CT was 

performed at the last visit (3 months after G-CSF 

injection). We analyzed improvements of Child-Pugh 

scores and Model for End-Stage Liver Disease 

(MELD) scores as primary endpoints15. The adverse 

effects were monitored. We also analyzed other 

parameters as secondary endpoints including 

improvement of refractory ascites and hepatic 

encephalopathy, serum albumin, serum bilirubin, 

serum sodium, and prothrombin time.

3. In vitro study

Bone marrow-derived cell mobilization was 

assessed considering the CD34+ count in the 

peripheral blood by using flow cytometry (FC-500, 

Beckman Coulter, USA) at baseline and during day 

3 to day 8 of admission. Expressions of CD29, 

CD44, CD105, and CD184, which represent 

mesenchymal stem cell markers, were assessed by 

using flow cytometry from peripheral blood 

mononuclear cells (PBMCs) at baseline and on the 

day after G-CSF injection completion (day 6 of 

admission).

4. Statistical analysis

Statistical analyses were performed using IBM 

SPSS Win. (ver. 19.0). Summaries of demographic 

and clinical characteristics were obtained using 

descriptive analysis, with mean, maximum, 

minimum, and standard deviation values presented 

for quantitative variables and frequencies and 

percentages presented for qualitative variables. The 

changes of the laboratory data by follow-up days 

after G-CSF injection were performed using a 

repeated-measure one-factor analysis. And multiple 

comparison result was performed by contrast. 
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Table 1. Demographic and clinical characteristics 

Variable  n(%) or mean(SD)

Age, mean(SD) 61.50(4.73)

Male ratio, n (%) 4(100)

Etiology of cirrhosis 

    Alcohol, n (%) 3(75) 

    Alcohol + HBV, n (%) 1(25) 

Median spleen LD(cm) 12.28 

Severity of cirrhosis  

   Child-Pugh score 11.25

   MELD score 15.25
Abbreviations: SD, Standard Deviation; LD, longitudinal diameter; 
HBV, hepatitis B virus; MELD, Model for End-Stage Liver Disease

Table 2. Clinical outcomes of patients

Follow up CPS MELD 
T-bilirubin

(mg/dl)
Albumin
(g/dL)

Na
(mEq/L)

K
(mEq/L)

PT
(sec)

Ammonia
(μmol/L)

PT 1 screening 11 12 2.37 2.3 125 4.7 15.1 39.4

4 week 9 14 1.6 2.8 135 4.3 17.6 17

2 month 8 12 1.1 3.2 138 4.4 16.2 93

3 month 8 11 0.7 3.5 136 4.5 15.2 36

PT 2 screening 10 13 1.93 2.6 125 4.3 15.2 85.6

4 week 12 17 3.1 2.5 137 4.3 15.8 42

2 month

3 month

PT 3 screening 13 18 3.73 2.7 127 4.6 20.6 75.1

4 week 12 19 5.35 3.1 132 4.5 19.4 99

2 month 10 15 2.7 3.0 135 3.4 18.0 59

3 month 10 19 4.8 2.9 129 20.5 49
PT 4 screening 11 18 3.08 3.2 131 5.3 18.2 79.8

4 week

2 month

3 month
Abbreviations: CPS, Child-Pugh scores; 
PT, prothrombin time; MELD, Model for End-Stage Liver Disease

(477)

Results

1. Clinical outcomes and follow-up

Four male patients with decompensated liver 

cirrhosis were included in the study. Demographic 

and clinical characteristics are shown in Table 1. All 

4 patients had hepatic encephalopathy and refractory 

ascites at the time of inclusion. 

Case 1

A 68-year-old male, alcoholic liver cirrhosis with 

diabetes mellitus had a Child-Pugh scores 11 points 

and MELD scores 12 points at admission. During the 

study in admission period, he did not show 

clinical/laboratory deterioration and adverse events 

after G-CSF injection. Three months later, 

Child-Pugh scores decreased to 8 points and also 

MELD scores decreased to 11 points. Ascites and 

hepatic encephalopathy had disappeared during the 

follow-up period. Laboratory parameters such as 

serum albumin, bilirubin and serum-sodium were 

also improved (Table 2).

Case 2

A 62-year-old male, alcoholic liver cirrhosis was 

admitted for clinical study. His Child-Pugh and 

MELD scores were 10 and 13 points respectively. 

He was discharged after the completion of 

G-CSF/red ginseng therapy without any adverse 

events and deterioration of liver function. His 

refractory ascites and hepatic encephalopathy were 

slightly improved and more controllable as compared 

to baseline. His clinical and laboratory findings at 1 
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month after G-CSF/red ginseng therapy were not 

changed compared to baseline. He was admitted to 

another hospital due to a traffic accident after his 

1-month visit. However, 1 week before his 2-month 

visit, the patient developed a sore throat and fever 

with leukocytosis (WBC, 12,950/mm3). He was 

immediately treated with antibiotics but developed 

acute renal failure and a recurrence of hepatic 

encephalopathy. At that time, he was transferred to 

our hospital. However, despite aggressive treatment 

he died after 2 days. We thought his acute systemic 

infection and acute renal failure were not associated 

with this clinical trial.

Case 3

A 58-year-old male, alcoholic liver cirrhosis was 

admitted for clinical study. He had a Child-Pugh 

scores 13 points and MELD scores 18 points. He 

had also recurrent hepatic encephalopathy and 

refractory ascites. During admission period for 

clinical trial, there showed no complications and 

clinical/laboratory deterioration. Three months later, 

Child-Pugh scores decreased to 10 points. MELD 

scores were not changed and ascites was persistent. 

However, degree of hepatic encephalopathy did not 

worsen during the study. 

Case 4

A 58-year-old male, alcoholic and hepatitis B 

virus related liver cirrhosis with diabetic nephropathy, 

was admitted for clinical study. His Child-Pugh and 

MELD scores were 11 points and 18 points, 

respectively. During admission period for clinical 

trial, renal failure occurred after large volume 

paracentesis 7L for refractory ascites. Serum 

creatinine was increased to 3.7 mg/dL (baselines 1.3 

mg/mL). It was assumed that prerenal failure is 

caused by circulatory blood volume decrease on 

diabetic nephropathy due to large volume paracentesis. 

Also hepato-renal syndrome was not ruled out. 

Consequently, he was treated with continued albumin 

(20 g/day) and terlipressin injection for 2 weeks. 

Finally his serum creatinine was improved to 1.7 and 

he discharged. But before his 1-month visit, he was 

withdrawn from the study because of a violation of 

the study protocol regarding esophageal or gastric 

variceal bleeding within the recent 6 months. We 

noticed 3 weeks after study inclusion that he had 

esophageal variceal bleeding 5 months prior to study 

enrollment. 

Clinical outcomes of patients are shown in Table 

2. The Child-Pugh scores of Patient 1 decreased 

consistently (11 points at screening). Thus, at study 

end, Child-Pugh scores significantly improved to 8 

points. MELD scores improved from 12 points to 11 

points. Improvements were also observed for other 

parameters such as serum albumin, bilirubin, and 

sodium. In addition, ascites and hepatic encephalopathy 

were not observed during the follow-up period. 

Child-Pugh scores decreased from 13 points to 10 

points in Patient, but MELD scores did not change. 

This patient had ascites and hepatic encephalopathy 

throughout the study, but the degree of refractory 

ascites and frequency of hepatic encephalopathy did 

not worsen during the study.

2. Spleen size, CD34+ counts after G-CSF 
injection, and red ginseng intake

Spleen size, WBC, hemoglobin, and CD34+ counts 

significantly increased, with peak values observed 4 

days after G-CSF injection (p<0.05). Afterwards, 

each parameter decreased as shown in Table 3. Each 

patient’s spleen size increased after G-CSF injection 

(Figure 2). Neither severe increase in spleen size nor 

complications according to an increased spleen size 

were observed in all 4 patients.

3. In vitro study

The cell surface markers expressed on PBMCs 

were analyzed before and after G-CSF injection. 
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CD105 expression decreased after G-CSF injection 

while CD29, CD44, and CD184 expressions 

increased after G-CSF injection (Figure 3).

4. Discussion

Bone marrow stem cells mostly consist of 

hematopoietic stem cells along with a small amount 

of mesenchymal stem cells. In nearly all studies, 

stem cells were obtained through bone marrow 

aspiration. In addition, stem cells were obtained by 

apheresis after achieving increased bone marrow 

stem cell separation under G-CSF injection. After 

these stem cells were separated into mesenchymal 

stem cells or CD34 cells and allowed to multiply, 

they were re-injected into the patient’s hepatic artery 

or hepatic vein4,19-21. However, these methods are 

highly invasive and challenging, and difficult to 

apply safely in decompensated cirrhotic patients with 

a very poor general condition. Therefore, less 

invasive and simpler treatment methods are needed.

In addition, it has been reported that the 

mobilization of bone marrow stem cells using G-CSF 

is a well-tolerated procedure without severe toxicity 

in cirrhotic patients19. Several studies reported that 

Rg 1 of red ginseng could prevent liver fibrosis and 

that saponin exerts a curative effect on liver 

fibrosis22-24. Considering the non-invasiveness of the 

mobilizing procedure, we performed this pilot study 

in order to evaluate the combined effect of 

subcutaneous G-CSF and red ginseng.

In our study, the G-CSF injection process was 

shown to be safe and well tolerated in all 4 patients. 

It has been known that G-CSF induces splenic 

extramedullary hematopoiesis in peripheral blood cell 

donors and hematologic malignancy patients, but this 

increase in spleen size very rarely results in splenic 

rupture25-27. Another report described spontaneous 

splenic rupture after the administration of G-CSF in 

an allogeneic donor of peripheral blood stem cells26. 

Thus, abdominal ultrasonography was carefully 

performed to measure spleen diameter increases in 

all patients during admission days 3∼8 (Figure 1). 

Spleen size changes were carefully monitored for the 

assessment of spleen rupture risk. Spleen sizes 

increased in all 4 patients. However, no adverse 

effects occurred, and all 4 patients completed the 

course of G-CSF injections and the study during the 

admission period.

Two patients (Patient 2 and Patient 4) were lost to 

follow-up. Patient 2 was dropped out due to death 

that had nothing to do with this study. Patient 4 was 

withdrawn from the study because of a violation of 

the study protocol regarding esophageal or gastric 

variceal bleeding within the recent 6 months. 

Ultimately, 2 patients completed the study. Patient 

1 and Patient 3 demonstrated improvement of liver 

function. As shown in Table 2, Child-Pugh scores 

decreased in these 2 patients at study completion. In 

Patient 1, MELD scores also decreased. Ascites and 

hepatic encephalopathy had disappeared during the 

follow-up period. Various parameters such as serum 

albumin, bilirubin and serum-sodium were also 

improved. In Patient 3, MELD scores were 

unchanged, but his degree of hepatic encephalopathy 

and refractory ascites did not worsen during the 

study. 

The number of CD34+ cells in peripheral, a 

marker of hematopoietic stem cells, increased the 

day after G-CSF injection and reached peak levels 

after 4 days of consecutive injection in all 4 patients. 

We think that the improvement of liver function in 

the 2 patients in our study was due to CD34+ PBMC 

mobilization by G-CSF. Other studies also showed 

that G-CSF-mobilized CD34+ stem cells were 

responsible for the clinical improvement observed in 

patients with liver damage7,10. G-CSF can improve 

liver function via mobilized PBMCs homing to the 

injured liver5. 

In a previous study7, 5 cirrhotic patients were 

subcutaneously administered 520 μg of G-CSF daily 

for 5 days, to increase the number of circulating 
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CD34+ cells. Leukopheresis was performed on day 5. 

After selecting CD34+ cells, these were reinfused 

into patients via the hepatic artery or portal vein. No 

complications or specific side effects related to the 

procedure were observed. Three of the 5 patients 

showed decrease in serum bilirubin, and 4 of 5 

showed increase in serum albumin. In a study of 9 

patients with alcoholic liver cirrhosis, PBMCs were 

mobilized by G-CSF injection, and autologous 

CD34+ cells were expanded in vitro and injected 

into the hepatic artery10. There were significant 

decreases in serum bilirubin, alanine transaminase, 

and aspartate transaminase. The Child-Pugh score 

improved in 7 out of the 9 patients, while 5 patients 

had improvement in ascites on imaging. However, 

the above two studies used apheresis for collecting 

PBMCs, and stem cells were infused via the hepatic 

artery or portal vein. Therefore, these studies are 

more invasive than our study. We only injected 

G-CSF subcutaneously in combination with red 

ginseng intake, and this method showed a similar 

effect in improving liver function compared to other 

studies5,7,10.

The small number of patients and high rate of 

attrition were the limitations of this study. However, 

G-CSF for PBMC mobilization was a safe and 

tolerable treatment in decompensated cirrhotic patients.

In the in vitro study, markers of mesenchymal 

stem cells including CD29, CD44, and CD184 

increased after G-CSF injection. These data support 

the idea that G-CSF injection induces mobilization of 

hematopoietic stem cells, which contain components 

of mesenchymal stem cells. 

In conclusion, our study verified the stability of 

G-CSF injection, making a long term or repetitive 

G-CSF study for hepatocyte regeneration by PBMCs 

feasible. Additional red ginseng intake was not 

shown to have any adverse effects or side effects. 

Our results suggest that G-CSF injection with red 

ginseng intake will be a candidate treatment for the 

patients with decompensated liver cirrhosis who are 

not suitable for other treatment. A randomized 

controlled clinical trial is warranted for investigating 

the role of G-CSF-mobilized PBMCs in decompensated 

liver cirrhosis.
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