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<ABSTRACT> 

Autologous bone marrow cell infusion for advanced liver cirrhosis: 

in vivo study and human trial 

 
Ja Kyung Kim 

 
Department of Medicine 

The Graduate School, Yonsei University  
 

(Directed by Professor Kwang-Hyub Han) 
 

 Despite conflicting results from animal models, clinical trials of bone 

marrow cell (BMC) infusion in patients with cirrhosis have shown positive 

results. The aim of this study was to reveal the fate and effect of transplanted 

BMCs in a mouse model, and to investigate the safety and effect of autologous 

BMC infusion (ABMI) on the liver in patients with advanced liver cirrhosis 

(LC).   

 Six-week-old female C57BL6 mice were used to assess engraftment of 

GFP-positive BMCs into the liver and the extent of liver fibrosis. In the clinical 

trial, five patients with a clinical diagnosis of advanced LC were included. 

Serologic tests, MRI, and biopsy were performed before and 1 and 3 months 

after the procedure, and the quality of life was surveyed by questionnaire.  

 In the animal study, liver fibrosis was seen 5 weeks after CCl4 injection, 

with no mortality occurring during the experiment. In the clinical trial, 

mononuclear cells were infused. All patients indicated an improvement in 

subjective symptoms, daily activity, well-being, and quality of life. Biopsy 

specimens showed an increased number of progenitor cells at up to 3 months, 

and no serious adverse events occurred.  

 BMCs were transplanted into the liver and found to reduce fibrosis in a 

mouse model of cirrhosis. In patients with advanced LC, ABMI improved liver 

function, subjective symptoms, and increased the number of progenitor cells in 
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the liver. ABMI is safe and can be used as a bridging therapy to liver 

transplantation in selected patients with advanced LC. 

---------------------------------------------------------------------------------------------------------- 

Key words: bone marrow transplantation, liver cirrhosis, liver failure, stem cells 
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Autologous bone marrow cell infusion for advanced liver cirrhosis:  

in vivo study and human trial 

 
Ja Kyung Kim 

 
Department of Medicine 

The Graduate School, Yonsei University  
 

(Directed by Professor Kwang-Huyb Han) 
 

I. INTRODUCTION 

   

  Liver cirrhosis (LC) is the end stage of various chronic liver diseases and is 

extremely difficult to treat. In addition to substitution of parenchyma by 

fibrous tissue, the gradual loss of cellular function results in the impairment of 

homeostasis. Until now, liver transplantation has been the only effective 

method of cure, but due to the several limitations of transplantation, such as a 

lack of donors, surgical complications, rejection, and high cost, regenerative 

therapy has been suggested to provide alternative choices using less invasive 

procedures. 

  In general, organ regeneration requires the presence of a progenitor cell 

population in the absence of resident cell proliferation.1 However, 

physiological turnover and regeneration of liver occur predominantly through 

replication of native hepatocytes. Progenitor-dependent regeneration takes 

place only if parenchymal hepatocytes are severely damaged and unable to 

regenerate efficiently. In mammals, the adult liver is a relatively quiescent 

organ with slow cell turnover; therefore, an external source is needed for 

regeneration in cirrhosis. Until now, regenerating hepatocytes, fetal 

hepatocytes, oval cells (hepatoblasts in humans), hematopoietic stem cells, 

mesenchymal stem cells, multipotent adult progenitor cells, and embryonic 
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stem cells have been suggested as possible hepatic stem cells in mammals.2  

  After Peterson and colleagues 3 firstly reported bone marrow cells (BMCs) 

as a potential source of oval cells, supportive data about bone marrow-derived 

hepatocytes in animals4, 5 and humans6 have been published. Although recent 

advances have documented that bone marrow cells can also differentiate into 

muscle,7 heart,8 pancreas,9 and lung10 cells, as well as liver cells, controversy 

still exists regarding the role of BMCs as hepatic stem cells. Researchers who 

have a negative opinion on the plasticity of BMCs insist that little evidence 

exists for the use of bone marrow-derived hepatocytes in the replacement of 

injured liver,11 and that they have failed to show transdifferentiation to 

hepatocytes or a major role in regeneration.12-14 Moreover, BMCs have been 

reported to be a possible source of functional hepatic stellate cells and 

myofibroblasts contributing to fibrosis.15 

  A recent study has demonstrated that transplanted green fluorescent protein 

(GFP)-positive BMCs populate damaged liver and differentiate into 

albumin-producing hepatocytes via hepatoblast intermediates in chronic liver 

injury induced by continuous administration of CCl4.
16 Furthermore, BMC 

infusion elevates serum albumin levels, reduces liver fibrosis, and improves 

survival rate in mice.17 Based on these results, a clinical trial of autologous 

BMC infusion (ABMI) has been performed18 and it was shown that ABMI 

administered through a peripheral vein or the hepatic artery improves liver 

function in patients with liver cirrhosis.19, 20 In one study, CD 133-positive 

BMCs were used for liver regeneration after hepatectomy.21  

 The aims of this study were to confirm implantation of injected BMCs and 

evaluate their effect on fibrosis in an animal study, and to investigate the 

impact of injected BMCs and the safety of ABMI in advanced LC in a clinical 

trial.     
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II. MATERIALS AND METHODS 

1. In vivo preclinical study 

A. Mice 

Animal experiments were approved by the Committee for the Care 

and Use of Laboratory Animals at Yonsei University College of 

Medicine, Korea. Twenty-four C57BL6 female mice weighing 15-20g 

were used. Twelve mice were injected with GFP-positive BMCs, and 

the others were treated with saline. GFP-transgenic mice 

[Tg(ACTB-EGFP)B5Nagy/J] were purchased from the Jackson 

Laboratory (Bar Harbor, ME, USA) and killed to harvest GFP-positive 

BMCs. C57BL6 female mice were purchased from Orientbio 

(Sungnam, Korea). Mice were anesthetized with ether during the 

experiments. 

 

B. Experimental protocol 

Six-week-old female C57BL6 mice were treated intraperitoneally 

with 1 mL/kg CCl4 dissolved in corn oil (1:1) twice a week for 4 

weeks. One day after the eighth injection of CCl4, 1 × 105 

GFP-positive BMCs or the same volume of saline as a control 

(described as mice treated with CCl4 alone), were injected into the tail 

vein as described previously.17 Mice continued to be treated with CCl4. 

After 1, 2, 3, or 4 weeks, mice were killed to assess cellular 

implantation and the extent of liver fibrosis. The schematic protocol is 

shown in Figure 1.  

 

C. BMC preparation 

For BMC isolation, 6-week-old Tg(ACTB-EGFP)B5Nagy/J mice 

were killed by cervical dislocation and the limbs removed. 

GFP-positive BMCs were flushed with Dulbecco’s Modified Eagle 
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Medium (DMEM) with 10% fetal bovine serum (FBS) from the 

medullary cavities of tibias and femurs using a 25G needle. 

 

 

 Figure 1. Scheme of in vivo study. After continuous injection of CCl4 

for 4 weeks, BMCs or saline was injected. After 1, 2, 3, or 4 weeks, 

mice were killed to assess cellular implantation and the extent of liver 

fibrosis.  

 

D. Tissue preparation and immunohistochemistry 

The liver was perfused via the heart with 4% paraformaldehyde to 

flush out blood cells, and was incubated with 4% paraformaldehyde 

overnight and embedded in paraffin blocks. Cells expressing GFP were 

analyzed by conventional immunohistochemistry using anti-GFP 

(Chemicon International, Temecula, CA, USA) antibody. 

Immunohistochemical staining was performed on formalin-fixed, 

paraffin-embedded mouse liver using the standard 

avidin/biotin/peroxidase complex method. Briefly, tissue sections were 

deparaffinized in xylene and dehydrated in an alcohol series. 

Endogenous peroxidase was inhibited with fresh 0.3% hydrogen 

peroxide in methanol for 30 min at room temperature, followed by 

microwave antigen retrieval for 10 min at 95℃ in 10 mM sodium 

citrate buffer (pH 6.0). Protein blocking and antibody dilution were 

 

: CCl4 injection 

GFP(+) BMCs or saline injection via tail vein 

continuous injection 
for 4 weeks 

1st week 2nd week 3rd week 4th week 

Sacrifice and analysis  
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carried out with a commercial kit (REAL EnVision Detection System; 

Dako, Glostrup, Denmark). For the evaluation of fibrosis, staining was 

performed using 0.1% picro-sirius red solution as previously 

described.17 

 

E. Quantitative analysis of liver fibrosis 

The area of liver fibrosis stained with picro-sirius red was 

quantified using an Olympus microscope equipped with a CCD camera 

(Olympus, Tokyo, Japan), as described previously.17 Briefly, the red 

fibrotic area, was assessed by computer-assisted image analysis with 

Meta-Morph software (Universal Imaging Corporation, Downingtown, 

PA, USA) at a magnification of ×40. The mean value of two randomly 

selected areas per sample was used as the expressed percentage area of 

fibrosis. 

 

 

2. Human clinical trial 

A. Patients 

Patients aged between 18 and 75 years with a clinical diagnosis of 

LC have been enrolled from November 2006. Patients with total 

bilirubin ≤ 3.0 mg/dl, platelet count ≥ 50,000/uL, and no viable 

hepatocellular carcinoma on magnetic resonance imaging (MRI) were 

included. Patients were excluded from the study if they had problems 

with organs other than the liver, required general anesthesia, or had 

any uncontrolled malignancies. Five patients were enrolled and their 

characteristics are shown in Table 1.  

Written informed consent was obtained from all patients. This 

clinical trial was performed with the cooperation of Yamaguchi 

University School of Medicine, Japan, under the Memorandum of 
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Understanding. The cost related to this clinical trial was supported by 

the Liver Cirrhosis Clinical Research Center, Seoul, Korea.   

 

Table 1. Patient characteristics 

 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 

Age (years) 59 55 47 64 56 

Gender Male Male Male Female Female 

Etiology HBV HBV HBV HBV HBV 

Ascites Large Minimal Large Minimal None 

Coma None None None None None 

Albumin (g/dl) 2.6 2.8 3.4 3.5 3.2 

Total bilirubin (mg/dl) 1.6 0.6 0.5 1.4 1.0 

Prothrombin time (%) 58 75 70 73 76 

ICG R15 (%) 45.8 33.9 25.5 46.3 30.3 

 

B. BMC harvest and infusion 

BMCs (500-600ml) were harvested from the ilium according to 

standard procedures under general anesthesia and collected in a plastic 

bag containing heparin. After fat and bony particles were removed by 

filtration, collected cells were moved to a cell-processing device. The 

COBE 2991 (Gambro, Lakewood, CO, USA) was used for 

concentrating mononuclear cells (MNCs), as well as depleting red 

blood cells and plasma. The final concentrated cell product was made 

up to a final volume of ~105 mL. Five milliliters of the final cell 

product was subjected to trypan blue dye exclusion test, bacterial 

culture, cell counting, and fluorescence-activated cell sorting analysis. 

Because no specific marker exists for liver progenitor cells, 

hematopoietic stem cell markers (CD 34, CD 45, and CD 133) or 

epithelial cell marker (CD 117) were measured.  

At 4-8 h after harvesting BMCs, the final MNC preparation was 

administered into the peripheral vein during a 1-h infusion. 
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C. Clinical follow-up protocol 

The study protocol is shown in Figure 2. After ABMI, patients 

were discharged within 5 days and followed up every week for 2 

weeks, and monthly for 6 months. Laboratory data consisted of 

complete blood count, serum bilirubin level, prothrombin time, serum 

blood glucose, urea, creatinine, cholesterol, alpha-fetoprotein, total 

protein and albumin levels, serum aminotransferase, alkaline 

phosphatase, and gamma-glutamyl transferase levels. Indocyanine 

green clearance was measured monthly. Body weight and 

questionnaire for performance status, subjective well-being, and 

quality of life were checked at every visit. Performance status was 

scored using a 0–100% grading scale. Subjective well-being and 

quality of life were scored using a 1–7 grading scale. During the study 

period, medication remained unchanged before and after ABMI, 

except for diuretics, which were modified according to the amount of 

ascites.  

 

Figure 2. Scheme of clinical trial. Liver biopsies and MRIs were 

performed before and 1, 3, and 6 months after ABMI. Laboratory tests 

and questionnaires were carried out at every visit (★, laboratory test 

and questionnaires taken).   
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D. MRI acquisition 

Livers was examined by MRI to measure fibrosis index, liver 

volume, and ascites, and to screen for hepatocellular carcinoma. MRI 

was performed using 1.5-T MR scanners (Sigma Horizon; General 

Electric Medical Systems, Milwaukee, WI, USA). In all patients, the 

unenhanced and Gd-enhanced dynamic MR images were obtained first, 

and the SPIO-enhanced MR images were obtained 1 day later. For 

Gd-enhanced dynamic MRI, either gadopentetate dimeglumine 

(Magnevist; Schering, Berlin, Germany) or gadodiamide (Omniscan; 

Nycomed Amersham, Oslo, Norway) was injected. For 

SPIO-enhanced MRI, a fixed volume of 1.4 mL (7–12 µmol iron per 

kg body weight) of ferucarbotran (Resovist; Schering) was 

administered. Fibrosis index was measured by gastrointestinal 

radiologist. The radiologist was unaware of the information regarding 

the patient history, laboratory results, and biopsy findings. All images 

were reviewed using a local PACS monitor and DICOM image 

viewing software.   

 

E. Liver biopsy 

Liver biopsy was performed before and 1 and 3 months after 

ABMI using an ultrasound-guided 16-guage gun. Trans-jugular liver 

biopsy was attempted as an alternative percutaneous biopsy in cases 

with massive ascites or a high risk of bleeding. Immunohistochemical 

staining was performed on formalin-fixed paraffin-embedded liver 

specimens using the standard avidin/biotin/peroxidase complex 

method. Antibody against cytokeratin-7 (Dako) was used for staining 

progenitor cell compartments in liver tissue. Except for bile duct cells, 

ductular reactions and intermediate hepatocytes were counted as the 

progenitor cell compartment in high power fields (×400) by an expert 
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pathologist. The mean number in four active areas wase calculated and 

plotted. 

 

F. Statistical analysis 

Changes in clinical indices from baseline to months after ABMI 

were analyzed. Data are presented as the mean ± SD, and were 

analyzed by analysis of variance with Fisher’s projected least 

significant difference test and Student’s t-test for comparing fibrosis 

area in the animal study. In the clinical trial, descriptive statistics were 

amalyzed. Changes in clinical indices from baseline to 6 months after 

ABMI were plotted and compared. 

 

G. Ethical considerations 

Animal experiments were reviewed by the Committee of Animal 

Experiment Ethics at Yonsei University College of Medicine. The 

protocol for the clinical trial conformed to the ethical guidelines of the 

Declaration of Helsinki, and was reviewed by the Institutional Review 

Board (no. 4-2006-0087) of Severance Hospital. 
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III. RESULTS 

1. In vivo preclinical study 

A. Implantation of injected cells 

Brown staining for GFP showed localization of injected cells 

(Figure 3). Two weeks after BMC transplantation (6 weeks after CCl4 

injection), BMCs were seen along with the region presumably 

occupied by fibers in the portal area. As the week progressed, 

GFP-positive cells infiltrated and implanted into the liver parenchyma.  

 

(A)  
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(C) 

 

 

 

 

 

 

 

 

 

 

(D) 

 

 

 

 

 

 

 

 

 

 

Figure 3. Immunohistochemical staining with anti-GFP antibody. 

One (A), 2 (B), 3 (C), and 4 (D) week(s) after BMC (left panel) / saline 

(right panel) infusion. Brown-stained GFP-positive BMCs were found 

in BMC-infused liver (left panel). 
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B. Changes in fibrosis  

Five weeks after CCl4 injection, liver fibrosis was apparent. 

Compared to liver treated with CCl4 alone, the BMC-transplanted liver 

showed significantly less fibrosis (Figure 4), even with continuous 

injection of CCl4 throughout the experimental period. Quantitative 

image analysis indicated that the area of liver fibrosis after BMC 

transplantation was significantly less than that in the CCl4 alone group 

(Table 2; P < 0.05 at 1, 2, 3, and 4 weeks after BMC transplantation).  

 

Table 2. Quantitative measurement of liver fibrosis 

Time 

(weeks) 
BMC infusion (pixels) Saline infusion (pixels) P value 

1 79024.00 ± 41800.23 281182.00 ± 175085.70 0.02 

2 143924.33 ± 88643.55 257068.67 ± 50493.45 0.027 

3 132247.38 ± 91184.84 325628.33 ± 96367.00 0.003 

4 100879.17 ± 42244.88 322190.00 ± 133035.56 0.008 
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Figure 4. Liver fibrosis after BMC or saline infusion. Significantly 

less fibrosis (red stain) was noted in BMC-infused liver (left panel) 

than in saline-infused liver (right panel) after 1 (A), 2 (B), 3 (C), and 4 

(D) week(s). (Sirius red stain, ×40) 

 

(B) 

(C) 

(D) 

(A) 
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2. Human clinical trial 

A. Characteristics of processed MNCs 

Infused MNC characteristics and composition according to cellular 

markers are shown in Table 3. The mean harvested BMC count was 

8.74 × 109 (range 5.38 × 109–12.58 × 109) and the mean infused MNC 

count was 6.83 × 109 (range 4.22 × 109–9.8 × 109). The mean infused 

MNC volume was 106.8 mL (range 88–120 mL).  

 

Table 3. Infused MNC characteristics 

 

 Isolated 

cells 

(×109) 

Infused 

cells  

(×109) 

Recovery 

rate (%) 

Volume 

(ml) 

CD34  

(×106) 

CD45  

(×106) 

CD117  

(×106) 

CD133  

(×106) 

1 12.1 9.8 81.1 110 43.1 9633.4 176.4 215.6 

2 5.4 4.2 78.4 88 19.0 4042.8 29.5 29.5 

3 7.4 5.9 80.4 105 35.5 4332.0 65.0 59.1 

4 6.3 5.5 87.7 120 37.5 3102.2 71.8 60.7 

5 12.6 8.7 69.1 111 54.8 6760.8 78.2 60.8 

Mean 

± SD 

8.7 ± 

3.4 

6.8 ± 

2.3 
79.3 

106.8 ± 

11.8 

38.0 ± 

13.0 

5574.3 ± 

2640.3 

84.2 ± 

54.9 

85.2 ± 

74.1 

 

B. Changes in clinical indices  

Clinical data are shown in Figure 5. A gradual increase in serum 

albumin and cholesterol levels was observed in four and three patients, 

respectively. Prothrombin time in percentage increased in two patients, 

while alpha-fetoprotein showed individual variance. Performance 

status reflecting objective daily activity improved in all patients, and 

subjective scoring about quality of life and sense of well-being 

increased in all patients during follow-up. The amount of diuretics 

required was reduced in all patients without weight gain. 
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Figure 5. Changes in clinical indices. Laboratory data including 

prothrombin time, cholesterol, albumin, and alfa-fetoprotein were 

serially assessed. Body weight and questionnaire for performance 

status, subjective well-being, and quality of life were checked at every 

visit.  
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C. Fibrosis index by MRI 

The fibrosis index for the five patients is shown in Table 4. The 

difference in index score between the initial and latest MRI was 

calculated as ∆ index. A negative ∆ index suggests decreased 

fibrosis. Three patients showed a reduction of fibrosis at 3 and 6 

months after ABMI.  

 

Table 4. Fibrosis index measured by MRI 

Fibrosis index with SPIO 
Patient 

Initial Latest ∆ index * 

1 20 5.3 –14.7 

2 18.2 14.14 –4.1 

3 19 5 –14 

4 12 12 0 

5 10 13 3 

mean 15.84 9.89 –5.96 

*, ∆ index was defined as the subtraction of the latest from the initial fibrosis index.  

 

D. Changes in liver volume 

Liver volume was measured with MRI by an expert radiologist. 

Liver volume in patient number 1 grew to 145% of the initial volume 6 

months after ABMI. The volume changes between the initial and last 

visit are compared in Figure 6. Two patients showed increased liver 

volume after ABMI.  
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Figure 6. Changes in liver volume before and after ABMI. Two 

patients showed increased liver volume after ABMI. Patient number 

1’s liver grew 45% more than the initial volume. 

 

E. Changes in the amount of ascites 

An expert radiologist compared the amount of ascites between 

baseline and the last visit using MRI. Among four patients with ascites 

at baseline, three showed decreased ascites in spite of reduction or 

discontinuation of diuretics.     

 

F. Changes in progenitor cell compartment in liver 

Cells stained with cytokeratin-7 were identified heterogeneously in 

biopsy specimens (Figure 7). Except for the bile duct, ductular 

reactions and intermediate hepatocytes were counted as the progenitor 

cell compartment. A plot of the mean progenitor cell compartment in 

four high-power fields demonstrates an increased number of progenitor 

cells after ABMI (Figure 8). The progenitor cell compartment tended 

to increase up to 3 months after ABMI. In patient number 1, the 

progenitor cell compartment decreased at 6 months after ABMI.  
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Figure 7. Immunohistochemical staining with cytokeratin-7 

antibody in liver tissue (A) before, (B) 1 month, (C) 3 months, and 

(D) 6 months after ABMI. Except for the bile duct, ductular reactions 

and intermediate hepatocytes were counted as the progenitor cell 

compartment. (Patient number 1, ×200) 

 

 

Figure 8. Progenitor cell compartment stained with cytokeratin-7 

antibody. Progenitor cell compartment increased 1 and 3 months after 

ABMI.  (Positive cells/hpf, ×400) 
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G. Toxicity and complications 

No serious adverse events occurred during or after ABMI. Two 

patients complained of pain at the puncture site on the first day, which 

subsided without medication.  
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IV. DISCUSSION 

   

  Our in vivo animal study indicated that injected BMCs were embedded 

in fibrotic liver tissue and could reduce fibrosis. In our clinical trial, we 

found that ABMI was a safe procedure, and that it could improve liver 

function and quality of life, and increase the liver progenitor cell 

compartment. These experimental results are consistent with some 

previous data that have shown transdifferentiation from BMCs to 

hepatocytes, and fibrolysis by BMCs.17, 22 However, other researchers have 

insisted that little evidence exists of bone marrow-derived hepatocytes 

during replacement of injured liver,11 or that bone marrow contributes to 

liver fibrosis.15, 23 Before beginning the clinical trial, we needed to confirm 

the impact of BMC infusion in a liver fibrosis model, and our in vivo 

animal study showed favorable effects from the injected BMCs on liver 

fibrosis.  

  The limitation of our in vivo animal study was that the fundamental 

mechanisms of engraftment and reducing fibrosis were not validated. We 

need to investigate this further. From the literature, it is clear that until now, 

the molecular and cellular mechanisms responsible for these findings have 

been poorly understood.  

  The first question is whether the mechanism for cellular implantation is 

cell fusion or transdifferentiation. Whereas some previous studies have 

suggested that BMCs can transdifferentiate into functional hepatocytes,16 

others have shown that spontaneous cell fusion is an important mechanism 

for transdifferentiation.24-26 After a report of spontaneous cell fusion 

between stem cells and preexisting differentiated cells, somatic stem cell 

plasticity has been questioned.27 However, it has also been demonstrated 

that hematopoietic stem cells contribute to the regeneration of injured liver 

by converting into functional hepatocytes without fusion.28 
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  The second question is how these cells suppress or reduce fibrosis. 

Apoptosis of activated hepatic stellate cells, the major producers of 

collagen and tissue inhibitors of matrix metalloproteinases (MMPs), has 

been implicated in the regression of experimental liver fibrosis.29 BMCs 

have also been reported as contributing to the spontaneous regression of 

liver fibrosis through activation of MMP-13 in the portal area, and MMP-9 

along the fibrous septa as well as in the portal area.17, 22  

  Recently, an important study regarding these two issues was performed 

in cardiac regeneration.30 Intramyocardial transplantation of human bone 

marrow-derived multipotent stem cells (hBMSCs) after myocardial 

infarction resulted in robust engraftment of transplanted cells and 

differentiation of hBMSCs into multiple lineages. Furthermore, 

upregulation of paracrine factors, including angiogenic cytokines and 

anti-apoptotic factors, and proliferation of host endothelial cells (ECs) and 

cardiomyocytes (CMCs), were observed in hBMSC-transplanted hearts. 

Coculture of hBMSCs with CMCs, Ecs, or smooth muscle cells has 

revealed that phenotypic changes in hBMSCs result from both 

differentiation and fusion. Based on these results, the favorable effect of 

hBMSC transplantation after myocardial infarction appears to be caused by 

an augmentation of proliferation and preservation of host myocardial 

tissues, as well as differentiation of hBMSCs for tissue regeneration and 

repair. Similarly, in hepatic regeneration, the generation of new 

hepatocytes and salvage of endangered hepatocytes might be related, and 

further investigation is needed to confirm this postulate. 

  The third question concerns which subpopulation of BMCs may have a 

major role. Anti-Liv8-negative cells, thought to be non-hematopoietic stem 

cells, have been suggested to be associated with repopulation and 

transdifferentiation into hepatocytes in a murine model.31 In human studies, 

CD34+ or CD133+ BMCs, known as hematopoietic stem cells, have been 
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used therapeutically to support tissue and organ regeneration.21, 32 In 

addition, human mesenchymal stem cells from bone marrow and umbilical 

cord blood differentiate into hepatocytes in vitro.33 However, because 

MNCs from whole bone marrow contain hematopoietic and mesenchymal 

stem cells together, we could not discriminate which subpopulation had the 

major role. Although other cell markers during culture have been used to 

isolate a subpopulation of putative liver progenitor cells, further 

investigation is required to select progenitor cells efficiently. 

Although the situation in hepatic regeneration is unclear, clinical trials 

have already started. In the clinical setting, it does not matter whether it is 

cell fusion or not. The important thing is to obtain functional hepatocytes 

and to restore the function of injured liver.34  

Portal administration of autologous CD133-positive BMCs has been 

reported to accelerate liver regeneration, and to be a novel therapy to 

support hepatic resection.21 Peripheral infusion of concentrated autologous 

BMCs has also been reported to improve liver function in patients with 

LC.19, 20  

We demonstrated the safety and effect of ABMI in five patients who 

met our inclusion criteria, which can be used in future general clinical 

application. The administration route and cellular processing method were 

chosen to minimize the risk of complications. Direct injection into the liver 

or infusion through the hepatic artery, portal vein, or splenic vein may be 

other options for cellular administration. Other modifications such as 

clonal selection, cellular tracing, expansion, and repeated injection are 

important issues for cell therapy. The results of this study can be a basis for 

further advances and modification.    

Clinically, serum albumin, cholesterol, and prothrombin time tended to 

improve in some patients, occurring slowly and gradually. Improvement in 

the quality of life and daily activities were apparent in all patients, and all 
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experienced better well-being and a loss of fatigue. Although we could not 

rule out a placebo effect, all patients showed consistent results in this 

investigational study.  

Advanced hepatic fibrosis can be detected by using double-enhanced 

MRI.35 Although diagnostic performance depends on the sequence and 

scoring system used, high sensitivity, specificity, and accuracy have been 

reported. In this study, three patients showed a decreased fibrosis index 

using MRI, without any change in fibrosis score by pathologic diagnosis.  

Interestingly, patient number 1’s liver grew and the final volume was 

1.45 times larger than the initial volume. Proliferation of hepatocytes might 

have been an important cause of this change. Generation of new 

hepatocytes by transdifferentiation of injected cells, or salvage and 

activation of resident hepatocytes by a paracrine effect from injected cells 

could also be possible mechanisms. Use of a cellular tracer would be 

helpful to identify the fate of injected cells.  

In three patients who had ascites initially, their amount decreased, even 

after reducing the dose of diuretics. Shortly after the procedure, 

concentrated MNCs could have elevated the intravascular oncotic pressure 

and possibly reduced the amount of ascites. Alternatively, following the 

hyperacute period, the improvement in liver function and portal 

hypertension might have contributed toward the loss of ascites.  

We believe this to be the first study to observed changes in liver tissue 

serially showing that the liver progenitor cell compartment increased after 

ABMI, although the protocol was similar to those in previous studies. The 

fate of these progenitor cells was not clear, but we can speculate that these 

cells influenced the activation of cellular replication to regenerate liver and 

improved its function. These cells tended to increase for up to 3 months. 

After 6 months, patient number 1’s liver showed a smaller progenitor cell 

compartment than that after 3 months. However, it was still higher 
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compared to that of the initial liver. More follow-up cases are needed to 

confirm whether this pattern will appear consistently in other patients. 

This clinical trial was an investigational study. Due to the small 

number of patient and short follow-up, we cannot generalize our findings. 

However, in selected cases, ABMI might be helpful in patients with 

advanced LC as a bridge therapy before liver transplantation. More patients 

will be studied in the near future. 
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V. CONCLUSIONS 

 

  We hypothesize that autologous BMCs infused via a peripheral vein 

may implant and contribute to functional improvement of the liver and 

reduction of fibrosis. 

 

1. BMC transplantation into mice with CCl4-induced cirrhosise showed 

successful implantation of injected cells in liver tissue.  

 

2. BMC transplantation into mice with CCl4-induced cirrhosis 

significantly reduced liver fibrosis compared to the saline injection 

(control).  

 

3. ABMI in humans was a safe procedure in patients who met the 

inclusion criteria.  

 

4. ABMI in human showed improvement in liver function and 

subjective symptoms.  

 

5. ABMI in humans showed a reduction of liver fibrosis in some 

patients. 

 

6. ABMI increased liver volume in some patients.  

 

7. ABMI decreased ascites in some patients. 

 

8. ABMI in humans increased liver progenitor cell compartments.  
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< ABSTRACT (IN KOREAN)> 

 

진행성진행성진행성진행성 간경변에서간경변에서간경변에서간경변에서 자가골수세포자가골수세포자가골수세포자가골수세포 주입의주입의주입의주입의 효과효과효과효과 

-전임상전임상전임상전임상 동물동물동물동물 연구와연구와연구와연구와 임상시험임상시험임상시험임상시험- 
 

<지도교수 한광협> 
 

연세대학교 대학원 의학과 
 

김자경 
 

간경변은 만성 간질환의 최종단계로 치료가 매우 어려운 질환

이다. 비록 간섬유화나 간경변의 동물 모델에서 재생 혹은 섬유화에 

대한 골수세포의 역할과 관련된 최근 연구들이 서로 상반된 결과를 

제시하고 있지만, 간경변 환자에게 골수세포주입의 임상연구는 긍정

적인 결과를 나타내고 있다. 본 연구의 목적은 전임상연구로서 생쥐

모델에서 이식된 골수세포의 변화와 주입요법의 효과를 알아보고 진

행성 간경변 환자에서 자가골수세포주입의 안정성과 효과를 검증하는 

것이다.  

전임상 동물시험은 6주된 암컷 생쥐(C57BL6)를 kg당 1ml의 

CCl4을 식용유에 1:1의 비율로 녹여 4주 동안 주 2회 복강내 주입한 

뒤, 앞서 보고된 방법에서와 같이 총 8회 투여한 다음날 1 x 106 GFP 

양성 골수세포를 실험군에게, 같은 양의 생리식염수를 대조군에게 생

쥐의 꼬리 정맥을 통하여 주입하였다. CCl4의 복강내 투여는 이후에도 

일주일에 2회씩 지속되었다. 1주, 2주, 3주, 4주 후에 생쥐의 간을 얻어 

간 조직내 GFP양성 골수세포의 생착과 간섬유화의 정도를 평가하기 

위해 면역조직화학염색과 picro-sirius red 염색을 시행하였다. 섬유

화의 정도는 Meta-Morph software를 이용한 computer-assisted 
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image로 평가하였다.  

임상시험 대상 환자는 18세 이상 75세 이하로, 총 빌리루빈 

3.0 mg/dl 이하, 혈소판 50,000/uL 이상, 자기공명영상상 간세포암이 

없는 진행성 간경변(Child-Pugh B 혹은 C)을 진단받은 5명의 환자가

(남자 3명) 선택되었다. 자가골수세포는 전신마취하에 양쪽 장골극에

서 채집하였고, 적혈구 제거와 단핵구 농축 후 말초정맥으로 투여하

였다. 매 방문마다 혈청학 검사와 설문지를 통한 삶의 질과 생활 평

가가 시행되었다.  자기공명영상과 생검은 시술전, 시술후 1개월, 3개

월, 6개월 후에 시행하였다.  

전임상 동물시험에서 CCl4 투여 5주째부터 생쥐의 간을 얻어 

분석하였다. 골수세포를 이식한 쥐와 식염수를 주입한 쥐에서 모두 

간섬유화가 관찰되었다. 이식된 골수세포는 항 GFP 항체를 이용한 

면역조직화학염색에서 확인되었다. 골수세포 이식 후 간소엽의 문맥

역과 섬유화밴드를 따라 GFP 양성 세포가 관찰되었다. Picro-sirius 

red 염색을 이용한 간섬유화의 정량적 영상 분석상 골수세포 이식 후 

섬유화의 정도는 식염수를 주입한 대조군에서보다 유의하게 적었다

(p<0.05).  

환자의 평균 나이는 57세였고(47~64세), 주입된 평균 단핵구 

수는 6.83 x 109 개였다. 혈중 알부민과 콜레스테롤 수치는 증가하였

고, 프로트롬빈 시간도 호전되는 경향이 관찰되었다. 모든 환자에서 

주관적 증상이 호전되었고 일상생활 능력이 향상되고 삶의 질이 개선

되었다. 환자의 복수는 없어지거나, 경구 이뇨제의 용량을 감량하거나 

중단할 수 있게 되었다. 자기공명영상으로 측정한 fibrosis index는 3

명에서 감소하였다. 2명에서는 간의 부피가 커지는 결과를 보였다. 생

검조직에서는 간내 progenitor cell compartment가 1개월에서 3개월

까지 증가되는 양상을 보였다. 6개월째 생검을 시행한 1명의 환자에
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서는 progenitor cell compartment가 다시 감소함이 관찰되었다. 심

각한 부작용은 없었다.  

동물 간경화 모델에서 주입된 골수세포는 간내에 생착하고 간

섬유화의 감소를 유도하였다. 진행성 간경변 환자에서 자가골수세포

주입은 간기능의 향상, 주관적 증상의 개선, 간조직내 progenitor의 

수가 증가시키는 효과가 있었다. 자가골수세포주입은 안전하고, 적정

한 일부 환자에서는 비대상성 간경변 치료에 이식 전 가교 역할을 할 

수 있을 것이다.  

------------------------------------------------------------------------------------------------ 

핵심되는 말: 간경변증, 골수세포이식, 줄기세포, 간부전 
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