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ABBREVIATIONS

BA: Biliary Atresia; SHs: Small Hepatocytes; SHLCs: SH-Like 

Cells; NPC: Non-Parenchymal Cell; CPS: Carbamoyl Phosphate 

Synthetase; OTC: Ornithine Transcarbamylase; HBSS: Hanks 

Balanced Salt Solution; HEPES: N-2 Hydroxyethylpiperazine-N`-2-

Ethanesulfonate; FBS: Fetal Bovine Serum; EGF: Epidermal Growth 

Factor; DMEM/F12: Dulbecco`S Modifi ed Eagle`S Medium/F12; RT-

PCR: Reverse Transcription Polymerase Chain Reaction; G3PDH: 

Glyceraldehyde-3-Phosphate Dehydrogenase; AAT: Α1 Anti-Trypsin; 

c/EBPα: CCAAT/Enhancer Binding Protein; CK: Cytokeratin; CYP: 

Cytochrome P450; EpCAM: Epithelial Cell Adhesion Molecule; TO: 

Tryptophan 2,3-Dioxygenase; α-SMA: α-Smooth Muscle Actin; 

HLA: Human Leukocyte Antigen; PAS: Periodic Acid- Schiff ; ELISA: 

Enzyme-Linked Immunosorbent Assay; CCl4: Carbon Tetrachloride; 

AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase; 

LD: Lactate Dehydrogenase; EDTA: Ethylenediaminetetraacetic 

Acid.

INTRODUCTION

Biliary Atresia (BA) is a rare and serious liver disease in newborn 

infants and oft en leads to biliary cirrhosis [1]. If the Kasai operation 

[2] is not successful, liver transplantation is required. However, 

transplantation is restricted by the scarcity of organs and requires 

life-long immunosuppression. Th erefore, alternative therapeutic 

approaches including hepatocyte transplantation or liver progenitor 

cell therapy have been developed [3,4]. Adult Human Small 

Hepatocytes (SHs) possess both growth potential in culture and 

hepatic characteristics [5]. SHs or SH-Like Cells (SHLCs) may be an 

ideal cell type for in vivo therapies for BA if they can also be isolated 

from livers of BA patients. Previously, we reported that clusters of 

SHLCs appeared when Non-Parenchymal Cell (NPC) fractions from 

cirrhotic liver of BA were subjected to primary culture [6]. However, 

the nature of SHLCs remained to be defi ned due to insuffi  cient 

cellular characterization. In the present study, we investigated the 

appropriate culture conditions for developing SHLC clusters from 

NPCs of the BA liver. Th e characteristics of SHLCs and their isolation 

were also examined. Th is study may facilitate future autologous stem 

cell therapy to treat this obstinate disease.

MATERIALS AND METHODS

Liver tissue

Liver specimens were obtained from patients with cirrhosis 

secondary to BA (n = 22 patients; age 4 to 60 months (mean, 

12.8 months) at the National Center for Child Health and 

Development (Setagaya, Tokyo, Japan). Liver specimens from 

patients with Carbamoyl Phosphate Synthetase (CPS) or Ornithine 

Transcarbamylase (OTC) defi ciency (n = 3 patients; age 5 to 10 

months) were used as controls in this study because of the absence of 

cirrhosis in these tissues. Experimental procedures were performed 

according to the ethical guidelines of the 1975 Declaration of Helsinki, 

with informed consent from the patient’s parent and approval by the 

Human Studies Committee of the National Center for Child Health 

and Development and Kohno Clinical Medicine Research Institute, 

Tokyo, Japan. Histological examination showed that liver specimens 

with BA were all cirrhotic (data not shown).

Primary culture of NPCs

Liver cell suspensions were prepared using the collagenase 

perfusion method as described elsewhere [7-9]. Th e cell suspension 

was centrifuged once at 160 × g for 5 min, and the cell pellet fraction 

was centrifuged once at 50 × g for 1 min. Th e supernatant fraction, 

which was the NPC fraction, was resuspended in Hanks balanced 

salt solution (HBSS) and 10 mm N-2-Hydroxyethylpiperazine-N`-

2-Ethanesulfonate (HEPES), pH 7.2. Panning to remove erythroid 

cells was performed as previously described [10]. Isolated NPCs 

were suspended in Williams’ E medium (Invitrogen, Tokyo, Japan) 

containing 10% Fetal Bovine Serum (FBS), 25 ng/ml Epidermal 

Growth Factor (EGF, Sigma-Aldrich, Tokyo, Japan), 0.1 μm insulin 

(Wako, Osaka, Japan), 1 μm dexamethasone (Sigma-Aldrich), and 

1% penicillin-streptomycin and plated on type I collagen-coated or 

-uncoated dishes at high density (105 cells/cm2). Two days later, culture 

medium was switched to Dulbecco`S Modifi ed Eagle`S Medium/

F12 (DMEM/F12, Invitrogen) medium supplemented with 5% 

FBS and diff erentiation-inducing factors (Diff erentiation-Inducing 

Condition/Condition I), DMEM/F12 medium supplemented with 

only diff erentiation-inducing factors (diff erentiation-inducing 

condition/condition II), or DMEM/F12 medium supplemented 

with 5% FBS (diff erentiation-noninducing condition/condition III). 

Condition III was prepared for use as a control. Diff erentiation-

inducing factors were 1 × insulin-transferrin-sodium selenite 

(Invitrogen), 10 ng/ml EGF (Sigma-Aldrich), 1 mm L-ascorbic acid 

phosphate magnesium salt (Wako), 10 mm nicotinamide (Sigma-

Aldrich), and 1 μm dexamethasone (Sigma-Aldrich). To isolate and 

develop SHLCs a cell cluster appeared in the dish was encircled with 

a small cloning cylinder (Corning, Tokyo, Japan), incubated with the 

proteolytic enzyme kit Liberase T-Flex (Th e mixture of collagenase 

and thermolysin, Roche custom biotech, Tokyo, Japan) for 2 min, 

and then aspirated with a Pasteur pipette. Th e cells thus harvested 
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were plated into a plastic dish (35 mm), and then grown in condition 

I. Cells were cultivated at 37°C in a fully humidifi ed atmosphere 

containing 5% CO
2
.

Reverse Transcription Polymerase Chain Reaction (RT-
PCR)

Total RNA was extracted using the RNeasy Mini Kit (Qiagen, 

Tokyo, Japan), treated with DNase (Qiagen), and used as a template 

for synthesis of cDNA using a fi rst strand cDNA kit (ReverTraAce-α, 

Toyobo, Osaka, Japan). A 5-μl aliquot of cDNA was then amplifi ed 

with PCR, which was carried out in a total volume of 50 μl and 

included 0.2 mm dNTPs, 0.25 μmol/L primers, and 1.25 U Taq DNA 

polymerase (MBI Fermentas, Amherst, NY). A program consisting of 

25-40 cycles was used for all PCRs and consisted of denaturation at 

94°C for 1 min, annealing at 55°C for 1 min, and extension at 72°C for 

2 min. Glyceraldehyde-3-Phosphate Dehydrogenase (G3PDH) was 

amplifi ed as an internal loading control. Th e PCR primers used for 

amplifi cation were as follows:

 A1 Anti-Trypsin (AAT): forword. 5’-tctgtttcttggcctcttcggtg-3’, 

reverse. 5’-cgtaacagctaagtgacagggtc-3’; Albumin: forword.5’-agcg-

gcacagcacttctctaga-3’, reverse. 5’-tccacacggaatgctgccatgg-3’; CD44: 

forword. 5’-gtgatcaacagtggcaatgga-3’, reverse. 5’-tcaccaaatgcac-

catttcct-3’; CD90: forword.5’-ctagtggaccagagccttcg-3’, reverse. 5’-tg-

gagtgcacacgtgtaggt-3’; CCAAT/enhancer binding protein (c/EBPα): 

forword. 5’-aaccttgtgccttggaaatg-3’, reverse. 5’-ccctatgtttccacccttt-3’; 

Cytokeratin 7 (CK7): forword. 5’-ggtggatgccctgaatgatg-3’, reverse. 

5’- cttggcacgctggttcttgatg-3’; CK8: forword. 5’-ggaggcatcaccgcagt-

tac-3’, reverse. 5’-ggcaatatcctcgtactgtgcc-3’; CK14: forword. 5’-at-

gattggcagcgtggag-3’, reverse. 5’-gtccagctgtgaagtgctt-3’; CK18: for-

word. 5’-cacagtctgctgaggttgga-3’, reverse. 5’-gagctgctccatctgtaggg-3’; 

CK19:forword. 5’-tcccgcgactacagccactactacacgacc-3’, reverse. 5’-cgc-

gacttgatgtccatgagccgctggtac-3’; CPS1: forword. 5’-attccttggtgtggct-

gaac-3’, reverse. 5’-ttagggtcggagagaaggta-3’; Cytochrome P450 2B6 

(CYP2B6): forword. 5’-cctcttccagtccattaccg-3’, reverse. 5’-tgact-

gcctctgtgtatggc-3’; CYP3A4: forword. 5’-ccaagctatgctcttcaccg-3’, re-

verse. 5’-tcaggctccacttacggtgc-3’; Epithelial cell adhesion molecule 

(EpCAM): forword. 5’-ctggccgtaaactgctttgt-3’, reverse. 5’-agcccat-

cattgttctggag-3’; G3PDH: forword. 5’-accacagtccatgccatcac-3’, re-

verse. 5’-tccaccaccctgttgctgta-3’; HNF6: forword. 5’-aaaccaaagact-

tagctcacctgca-3’, reverse. 5’-gctagacgagcaaaatcacactcc-3’; HNF4α: 

forword. 5’-ctgctcggagccacaaagagatccatg-3’, reverse. 5’-atcatctgccac-

gtgatgctctgca-3’; HNF3β: forword. 5’-acggtgaattccagttttcg-3’, reverse. 

5’- cctgcaaccagacagggtat-3’; OTC: forword. 5’-accttcaggcagctactc-

ca-3’, reverse. 5’-cctattcgtaccctgctctt-3’; Tryptophan 2,3-Dioxygenase 

(TO): forword. 5’-gggaactacctgcatttgga-3’, reverse. 5’-cctgactgagcgt-

ggctatt-3’; Vimentin: forword. 5’-ctacatcgacaaggtgcgctt-3’, reverse. 

5’-tgccagagacgcattgtcaa-3’. 

Densitometric measurements of the bands in RT-PCR analysis 

were performed using Image J.

Immunocytochemistry

Cells were fi xed in 4% neutral buff ered paraformaldehyde. 

Antibodies against α-smooth muscle actin (α- SMA, Dako, Glostrup, 

Denmark), albumin (Inter-cell Technologies), CK18 (Th ermo), CK19 

(Th ermo), desmin (Dako), EpCAM (Th ermo), vimentin (Dako), 

and Human Leukocyte Antigen (HLA class I, Hokudo, Sapporo, 

Japan; 1:2000) were used. Immunostaining was carried out using a 

Vectastain ABC kit (Vector Laboratories, Inc., Burlingame, CA) and 

a Vector NovaRED substrate kit for peroxidase (Vector Laboratories).

Periodic Acid-Schiff (PAS) staining

Cells were fi xed with 10% formaldehyde, oxidized in 0.5% 

periodic acid for 5 min, and then treated with Schiff ’s reagent for 15 

min.

Enzyme-Linked Immunosorbent Assay (ELISA)

Th e conditioned medium obtained from NPC culture was 

centrifuged (3000 × g, 10 min), and the amount of albumin in the 

supernatant was determined by ELISA using rabbit anti-human 

albumin (Inter-cell Technologies) and horseradish peroxidase-

conjugated goat anti-human albumin antibodies (MP Biomedicals, 

Tokyo, Japan).

Cell transplantation

NPCs were cultivated for 21 days in condition I and used for cell 

transplantation. Animal studies were carried out in compliance with 

the guidelines of the Kohno Clinical Medicine Research Institute. 

Female ICR nu/nu mice (4-week old, Charles River, Yokohama, 

Japan) were divided into two groups and i.p. injection of 100 μl/20 

g body weight of olive oil containing 10 μl carbon tetrachloride 

(CCl4, 10% fi nal concentration) was performed twice a week for 4 

weeks in groups 1 (n = 3) and 2 (n = 3). One day aft er injection of 

CCl4, 0.2 ml cell suspension containing ~106 cells per mouse was 

transplanted into the spleen in groups 1; groups 2 did not undergo 

cell transplantation. Four weeks post-transplantation, mice were bled, 

and individual serum samples were obtained from the three mice in 

each group and then stored at −70°C for determination of Aspartate 

Aminotransferase (AST), Alanine Aminotransferase (ALT), or lactate 

dehydrogenase (LD) levels.

Statistical analysis

Statistically signifi cant diff erences were assessed with the 

Student’s t-test or Turkey-Kramer test.

RESULTS

Development of SHLCs in NPC culture

NPCs were plated onto collagen-coated dishes at 105 cells/

cm2. Two days later, unattached fl oating cells were removed, and 

cultures were switched to one of three conditions (conditions I, II 

and III). During the early stages of culture, cultures were composed 

of spindle-shaped or elongated fi broblast-like cells in all conditions. 

Few epithelial-like cells including mature hepatocytes and SHLCs 

were observed. Aft er 5 to 7 days, clusters of SHLCs surrounded by 

fi broblast-like cells had developed in conditions I (patient A, Figures 

1A1-5; patient B, Figures 1B,1-2) and II (patient B, Figures. 1B,3-4). 

SHLCs showed cuboidal morphology and possessed bile canaliculi-

like structures that are characteristic of mature hepatocytes in culture 

in condition I (Figures 1A,5-6). SHLC clusters developed from all 

NPCs derived from 22 liver specimens when cultivated in condition 

I or II.

Th e mean cluster-forming effi  ciency was 0.004 - 0.006% in 

condition I. SHLC clusters were also observed in NPCs cultured 

in condition II, but the sizes (No. of cells/cluster) of SHLC clusters 

were smaller than those cultured in condition I (Figure 2A). Eff ect of 

inoculum cell density on the number of SHLC clusters was examined 

(Figure 2B). Th e clusters were formed in a cell number-dependent 

manner. We observed only fi broblast-like cells in condition III and 

observed no evidence of development of epithelial-like cells including 
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SHLCs (data not shown). When cultured on plastic dishes, we also 

observed the development of SHLC clusters. However, there was no 

signifi cant diff erence between plastics (103.7 ± 28.5/35-mm dish, n 

= 3) and collagen substrate (127.9 ± 24.7/35-mm dish, n = 3) in the 

number of SHLC clusters. In addition, no SHLC clusters appeared 

from the NPCs derived from the liver specimens of patients with 

CPS or OTC defi ciency even when cultivated in condition I (data not 

shown). Based on these data, induction of diff erentiation was carried 

out only with condition I unless otherwise stated.

Characterization of SHLCs

Glycogen storage was shown by PAS staining in SHLCs cultured 

for 24 days in condition I (Figures 3A,1). Th e specifi city was confi rmed 

using amylase (data not shown). Immunocytochemical study of 

SHLCs cultured in condition I for 18 days showed that SHLCs are 

positive for the hepatocytic cell markers albumin and CK18, and 

the bile duct cell marker CK19 (Figures 3A2-4). SHLCs were also 

positive for the hepatic stem cell marker EpCA,M, the expression of 

which was restricted to a membranous pattern (Figures 3A,5). ELISA 

experiments show that NPCs secreted human albumin aft er 28 days 

of culture in condition I (n = 1) (Figure 3B).

Next, the percentage of albumin-, CK18-, CK19- and EpCAM-

positive SHLC clusters was determined by immunocytochemistry 

in NPCs cultured for 7 or 21 days in condition I (Figure 4). Th e 

percentage of albuminand EpCAM-positive SHLC clusters increased 

in two independent experiments, whereas that of CK18- and 

CK19-positive SHLC clusters remained unchanged throughout 

the experiment. Taken together, these observations suggest the 

diff erentiation potential of SHLCs into mature hepatocytes.

Properties of the fi broblast-like cells

Immunocytochemical results of mesenchymal markers are 

shown in Figure 5. Fibroblast-like cells surrounding SHLC clusters 

were strongly positive for vimentin (Figure 5A). In addition, 

these fi broblast-like cells expressed vimentin mRNA (Figure 5B). 

Expression of myofi broblast marker α-SMA and stellate cell marker 

desmin in NPCs cultured for 14 days in condition I was compared to 

expression aft er culturing in condition III. Cells cultured in condition 

I were positive for α-SMA, but were only weakly positive for desmin 

Figure 1: Phase contrast micrographs or PAS staining of small hepatocyte-
like cell clusters appeared in conditions I and II. 
A) Non-parenchyma cells (NPCs) (patient A) were grown in condition I for 
several days. 1: 4 days; 2: 6 days; 3: 12 days; 4: 17 days; 5-6: 27 days. 
B) Non-parenchymal cells (NPCs) (patient B) were plated into two 35-mm 
dishes and grown in condition I (1, 2) or II (3, 4) for 19 days. 1, 3) PAS; 2, 4) 
Phase contrast. Bar, 100 μ.

A)

B)

Figure 2: A: Effect of differentiation-inducing conditions on the size of small 
hepatocyte-like cell (SHLC) clusters.
Non-parenchymal cells (NPCs) were grown for 2 weeks under differentiation-
inducing (I, II) or non-inducing (III) conditions. The small hepatocyte-like cell 
(SHLC) cluster size was expressed as the number of cells/cluster. Less than 
10 cells/cluster; 10-30 cells/cluster; more than 30 cells/cluster. Bars represent 
mean ± S.D. (n=9). *p<0.05, **p<0.01.
B: Effect of inoculums cell density on the number of SHLC clusters.
Non-parenchymal cells (NPCs) were inoculated into the dishes at different 
cell densities, 1: 10 x 104 cells/ cm2; 2: 30 x 104 cells/ cm2; 3: 60 x 104 cells/ 
cm2; 4: 120 x 104 cells/cm2 and cultivated in condition I for 14 days. Small 
hepatocyte-like cell (SHLC) clusters were stained with PAS and the number 
of PAS-positive clusters was counted. Bars represent mean ± S.D. (n=3). 
*p<0.05, **p<0.01.

Figure 3: A: PAS or immunocytochemical staining of small hepatocyte-like 
cells cultured for 24 days in condition I. 1: PAS; 2: albumin; 3: CK18; 4: CK19; 
5: Epithelial cell adhesion molecule. Bar, 100 μ.
B: ELISA analysis of albumin level in non-parenchymal cells cultured for 28 
days in condition I.

(Figures 5C,1-2), whereas those cultured in condition III were 

positive for both α-SMA and desmin (Figures 5C,3-4). To confi rm 

this fi nding, two more independent experiments were performed, 

and essentially the same results were obtained.
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Cell transplantation

Successful engraft ment of cells transplanted into nude mice was 

evaluated by examining the presence of HLA-positive cells in the 

liver tissue. Mouse liver sections in group 1 in which transplantation 

of NPCs containing SHLCs was performed were positive for HLA 

in two of three nude mice (Figure 6A,2). In group 2 in which cell 

transplantation was not performed, no HLA-positive cells were 

observed (data not shown), suggesting successful engraft ment of 

transplanted cells. Next, the eff ect of cell transplantation on liver 

injury was examined (Figure 6B). Th e levels of AST, ALT, and LD 

in mouse sera in group 1 tended to be lower than those in mouse 

sera in group 2, although no statistically signifi cant diff erences were 

observed.

Cluster isolation

When the Liberase T-Flex, Research Grade Kit was used to isolate 

SHLC clusters on day 43 in culture, only the cell cluster could be 

removed from the substrate and the surrounded fi broblast-like cells 

were left  intact. SHLCs thus isolated (Th ese SHLCs will be referred 

to as isolated SHLCs in this paper) were uniform in size and showed 

cuboidal morphology on days 1 and 3 (Figures 7A-D).

Furthermore, total RNA was extracted from the isolated SHLCs 

aft er 3 days in culture and gene expression of several mRNA markers 

was examined using RT-PCR (Figure 8A). Relative levels (%of 

albumin) of mRNA were shown in fi gure 8B. Th e hepatic marker 

genes albumin, AAT, TO, CYP3A4, OTC and CK8 exhibited strong 

expression in the isolated SHLCs, whereas CYP2B6 was expressed at 

an intermediate level and CPS1 and CK18 were expressed weakly. 

Th e bile duct marker gene CK 19 was expressed strongly, but CK7 

was expressed at an intermediate level in the isolated SHLCs. Th e 

progenitor marker gene CD90 exhibited strong expression in the 

isolated SHLCs, whereas CK14 was expressed weakly. Th e hepatic stem 

cell marker gene EpCAM exhibited strong expression and SH marker 

gene CD44 exhibited intermediate expression in the isolated SHLCs. 

Furthermore, the isolated SHLCs expressed the transcriptional genes 

(HNF3b, HNF4, HNF6 and CEBPα). Th e fetal hepatocytic marker 

genes α-fetoprotein (AFP) and delta-like 1 homologue (DLK-1) were 

not expressed in the isolated SHLCs (data not shown).

Figure 4: The percentage of hepatic marker-positive small hepatocyte-like 
cell (SHLC) clusters cultured for 7 days or for 21 days in condition I. The small 
hepatocyte-like cell (SHLC) clusters were immunocytochemically stained with 
several antibodies and the number of positive clusters was counted. Bars 
represent mean ± S.D. (n=2). *p<0.05, **p<0.01. 7 days; 21 days.

Figure 5: Immunocytochemistry and RT-PCR analyses of the fi broblast-like 
cells surrounding small hepatocyte-like cell (SHLC) clusters cultured for 14 
days in conditions I and III. A: Immunocytochemical staining for vimentin; 
B: Electrophoretic analysis of PCR products for determination of vimentin. 
G3PDH was used as an internal control; C: Immunocytochemical staining for 
α-smooth muscle actin (α-SMA) and desmin. 
1: α-SMAin condition I; 2: desmin in condition I; 3: α-SMA in condition III; 4: 
desmin in condition III. Presented images are representative of at least three 
different experiments. Bar, 100 μ.

Figure 6: A: The engraftment of cells transplanted into nude mice. 
1: Hematoxylin-eosin staining; 2) HLA immunocytochemical staining. Bar, 
100 μ.
B: Effect of cell transplantation on liver injury. CCl4 only-treated mice (group 
2), CCl4-treated mice transplanted with small hepatocyte-like cell (SHLCs)-
containing non-parenchymal cells (NPCs) (group 1). Bars represent mean ± 
S.D. (n=3). AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 
LD: Lactate dehydrogenase.
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DISCUSSION

Characteristics of SHLCs

When mature liver cells are unable to contribute to regeneration 

because of mitogenic inhibition or replicative exhaustion in human 

liver diseases, progenitor cells are activated [11]. Th ese cells are 

referred to as intermediate hepatobiliary cells, defi ned as larger than 

6 microns in diameter, but less than 40 microns, with other features 

suggesting dual characteristics of both hepatocytes (e.g., albumin, 

AAT) and cholangiocytes (e.g., CK7, CK19) [12]. In the present 

study, SHLC clusters appeared from the NPC culture of BA liver, but 

not from that of CPS or OTC liver that was used as controls. SHLCs 

surrounded by the fi broblast-like cells were immunocytochemically 

positive for both hepatocyte (albumin and CK18) and biliary markers 

(CK19). In addition, the isolated SHLCs showed gene expression 

profi les and morphologic appearance similar to those of SHs that 

were separated from the supernatant fractions of adult human livers 

[5]. Yamasaki et al. reported the passage of colony-forming cells that 

were also separated from the supernatant fractions of adult human 

livers [13]. However, the colony-forming cells seem to be distinct 

from SHLCs in that SHLCs represent the morphology of typical 

hepatocytes, whereas the colony-forming cells were similar to that of 

liver epithelial cells. Taken together, these observations suggest that 

SHLCs are liver progenitor cells with an intermediate hepatobiliary 

phenotype similar to adult human SHs.

Liver enriched transcription factors (LETFs) including C/EPBα 

and HNF4α regulate each other and form a transcriptional hierarchy 

that is involved both in the determination and maintenance of the 

hepatic phenotype [14]. C/EPBα and HNF4α are strongly expressed 

in mature hepatocytes and stimulate the transcription of liverspecifi c 

genes such as albumin and AAT [14]. In this study, the isolated SHLCs 

exhibited the expression of not only albumin, AAT and other hepatic 

marker genes, but also of C/EPBα, HNF4α, and HNF3β in condition 

I. Th ese data suggest that SHLCs are directed to diff erentiate toward 

hepatocyte-like cells in the diff erentiation inducing condition.

Th e potential lineage relationship between hepatic oval cells, SH-

like progenitor cells (SHPCs), and hepatocytes in liver regeneration 

has been debated. Chen et al. suggested that hepatic oval cells are 

an origin of SHPCs in retrorsine exposed rats with chimeric livers 

[15]. Similar results were also obtained by Mitaka groups in the 

galactosamine treated rats [16]. We did not observe the attached 

SHLCs at an early stage of culture, suggesting that NPC populations 

contain original cells that may be morphologically diff erent from 

SHLCs. Whether or not the cell origin of SHLCs derived from BA 

liver is oval cell is currently under investigation.

EpCAM-associated functions are related to maintenance of 

a pluripotent state, regulation of diff erentiation, and others [17]. 

EpCAM is highly expressed in hepatic stem/progenitor cells but 

is lost during diff erentiation into hepatocytes [18]. In the present 

study, immunocytochemistry and RT-PCR analyses showed that 

SHLCs expressed EpCAM in culture, suggesting their hepatic stem/

progenitor cell origin. In addition, during induction of diff erentiation, 

the percentage of EpCAM-positive SHLC clusters increased, 

suggesting a conversion of EpCAM-negative SHLCs to EpCAM-

positive SHLCs. Pathological changes in the liver are accompanied by 

a re-expression of EpCAM [18]. Many hepatocytes in cirrhotic livers 

express EpCAM [19]. Whether this represents aberrant EpCAM 

expression in injured hepatocytes was investigated using liver biopsy 

specimens. Th e data supported the concept that EpCAM-positive 

hepatocytes in chronic viral hepatitis are not aberrant, but are recent 

progeny of the hepatobiliary stem/progenitor cell compartment. 

Th e staining pattern of EpCAM is membranous and cytoplasmic in 

ductal plate cells of fetal livers, whereas human hepatoblasts exhibit 

only the membranous pattern [20]. EpCAM-positive SHPC clusters 

show membranous EpCAM-positive/HNF-4α- positive staining and 

are contiguous with the surrounding cytoplasmic EpCAM-positive/

HNF4α-negative ductular oval cells [15]. Th e signifi cance of the 

membranous staining pattern of EpCAM in SHLCs remains obscure.

Figure 7: Photomicrographs of the small hepatocyte-like cells isolated after 
enzymatic digestion. Cell clusters were digested with proteolytic enzyme 
Liberase T-Flex kit and then plated into a 35-mm plastic dish.
A: Before digestion, B: after digestion, C: day 1 after plating, and D: day 3 
after plating. Bar, 100 μ.

Figure 8: Gene expression of the isolated small hepatocyte-like cells. 
A: Electrophoretic analysis of PCR products for determination of gene 
expression. 
1: albumin; 2: AAT; 3: TO; 4: CYP2B6; 5: CYP3A4; 6: OTC; 7: CPS1; 8: 
HNF3b; 9: HNF4; 10: HNF6; 11: C/EBP; 12: CK7; 13: CK8; 14: CK14; 15: 
CK18; 16: CK19; 17: CD44; 18: CD90; 19: Epithelial cell adhesion molecule; 
20: G3PDH (an internal control). M, DNA ladder. 
B: Densitometric quantifi cation of the PCR products. Levels were expressed 
relative to those of albumin, which were arbitrarily set at 100%.
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Culture conditions

Culture conditions oft en aff ect the cellular behavior. In this study, 

the appropriate culture conditions for developing SHLC clusters 

were investigated. Adult human SHs emerge from the hyaluronic 

acid-coated dishes, but not from the collagen-type I-coated dishes 

[5]. In the present study, SHLCs appeared aft er 1-2 weeks in culture 

even when NPCs are plated on the commonly used substrates such 

as collagen type I or plastics. Th ese facts suggest that there may be 

diff erent mechanisms as to the appearance of cells between adult 

human SHs and SHLCs.

Hepatic diff erentiation depends on cell density [21]. High cell 

density could mesenchymal stem cells (MSCs) be induced to form the 

cells with hepatocyte phenotypes [22]. In this study, many more SHLC 

clusters developed at a higher cell density in the absence of hepatocyte 

growth factor (HGF), suggesting a signifi cant role of cell density 

on the appearance of SHLC clusters. In general, to induce hepatic 

diff erentiation, 5-20 ng/ml of HGF is added into the culture medium 

in nonparenchymal epithelial cells [23] or hepatic progenitor cells 

[24] derived from adult human livers. Higher doses of HGF (> 100 

ng/ml) are added in cultures of adipose tissues-derived MSCs [25]. 

In this study, we show that NPCs generated SHLCs in the absence of 

HGF, FGF-4, and/or oncostatin M. SHLC clusters were surrounded 

by fi broblast-like cells with a mesenchymal phenotype. At a higher cell 

density, the fi broblast-like cells may produce larger amounts of HGF 

or other growth factors, which stimulate the appearance of SHLC 

clusters. We previously showed that conditioned media from primary 

culture of NPC fractions of BA liver contain a large amount of active 

HGF [6]. Meanwhile, during liver fi brosis, hepatic stellate cells are 

activated and diff erentiated into myofi broblasts [26]. Th e activation 

and proliferation of stellate cells correlate with a high expression of 

desmin, while α-SMA is considered a myofi broblast marker because 

it is expressed aft er the diff erentiation of these cells [27]. In chronic 

liver injury, stellate cells diff erentiate into myofi broblast-like cells with 

marked expression of α-SMA and occasional expression of desmin 

[27]. Th e present results show that fi broblast-like cells surrounding 

SHLC clusters were positive for α- SMA, but were almost negative 

for desmin when the cells were cultivated in condition I, whereas 

they were positive for both markers when cultivated in condition 

III. Whether the expression profi les of desmin and α- SMA in the 

former, which mimic liver fi brosis, are involved in the appearance 

of SHLC clusters remains to be determined. Suitable enzymes for 

subculturing adult human SHs have not yet been reported [5]. To 

isolate and develop SHLCs we examined the probability of separation 

of SHLC clusters from the surrounding fi broblast-like cells with 

several enzymes including trypsin-ethylenediaminetetraacetic acid 

(EDTA) and Liberase T-Flex. When trypsin EDTA was used, the cell 

cluster was detached from the plastic wall, but was accompanied by 

contamination with various fi broblast-like cells. In contrast, only a 

cell cluster was detached when the cells were incubated with Liberase 

T-Flex for 2 min. Th e SHLC cluster thus detached could be easily 

dissociated with the same enzyme. Th e Liberase T-Flex kit is intended 

for use in isolation of pancreatic islets from several animal types, 

suggesting that this kit is useful for further subcultivations of isolated 

SHLCs.

Cell transplantation

Previous reports have shown that transplanted hepatocytes 

or liver stem cells are effi  ciently transported to CCl4-injured livers 

[28]. In this study, human HLA-positive cells were observed in 

CCl4-injured nude mouse livers transplanted with NPCs containing 

SHLCs, suggesting successful engraft ment of NPCs including SHLCs. 

In addition, CCl4-induced liver injury tended to be attenuated, as 

demonstrated by a trend toward a decrease in markers of injured 

liver such as AST, ALT, and LD when NPCs including SHLCs 

were transplanted into nude mice. Th is result suggests therapeutic 

usefulness of diff erentiated SHLCs, although additional studies are 

needed.

CONCLUSIONS

We observed reproducibly the development of SHLC clusters 

from BA livers in the commonly used culture conditions. To our 

knowledge, this is the fi rst investigation of SHLCs derived from 

BA liver, of which the etiology, pathogenesis, and pathophysiology 

remain uncertain. Th is study may facilitate future autologous stem 

cell therapy to treat this obstinate disease.
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