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Abstract
AIM: To investigate whether Thy1 recognizes oval cells 
in the fetal liver and to characterize the cultured Thy1- 
selected cells from E14 rat livers. 

METHODS: Thy1 populat ions were analyzed by 
fluorescence activated cell sorter analysis. Thy1 
positive cells were isolated using magnetic beads. 
Hepatic markers were detected by Western blotting, 
immunocytochemistry and RT-PCR.

RESULTS: The percentage of Thy1-positive cells 
decreased during early development of fetal rat liver 
(E13-E16). E14 fetal livers contained 7.8% Thy1 positive 
cells, of which 61% were positive for a-fetoprotein (AFP) 
and 25% expressed albumin. The Thy1+ population 
expressed oval cell markers c-Kit and CXCR4, liver 
enriched-transcription factors HNF1a and HNF6, 
hepatocytic markers albumin, AFP and cytokeratin 18, 
and biliary marker cytokeratin 19. Thy1- selected cells 
formed only mesenchymal colonies when plated on 
collagen and in serum-containing media. Thy1 selected 
cells were able to form hepatic colonies positive for 
HNF1a, HNF6, albumin, AFP, cytokeratin 18, cytokeratin 
19 and glycogen, when grown on STO feeder layers in 
serum free-media. 

CONCLUSION: Oval cells positive for Thy1 are present 
in early liver embryonic stages.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Bipotential hepatic stem cells are found in murine and 
rat embryonic livers at stages E13 and E14, although at 
these embryonic stages a large majority of  cells are al-
ready committed to the hepatocytic and bile duct lineage. 
Bipotential liver cells or hepatoblasts express an array of  
genes, such as α-fetoprotein (AFP), albumin, gamma-
glutamyl transpeptidase (GGT), glutathione-S-transferase 
p and HNF6[1-3].  With maturation towards the hepatocytic 
lineage, fetal liver parenchymal cells have lower levels of  
AFP and higher levels of  albumin, start expressing cyto-
keratin 18 (CK18) and break loose of  GGT expression. 
Cells that differentiate towards biliary epithelial lineage re-
tain GGT expression, express cytokeratins 7 and 19, c-kit 
and CD34 and stop expressing AFP and albumin[1-5]. Some 
liver-specific genes, such as glutamine synthetase, tyrosine 
aminotransferase (TAT), phosphoenolpyruvate carboxyki-
nase and α2-microglobulin appear later in hepatocytes, at 
birth or even after birth. Recently, several groups have iso-
lated bipotential fetal progenitor cells from murine and rat 
origin, which form colonies of  both hepatocytes and bile 
duct cells, identified by albumin and cytokeratin 19 (CK19) 
expression, respectively[6,7].

There is controversy over the identity of  adult liver 
stem cells, and whether they exist in the adult liver. One 
of  the candidates is the oval cells. However, oval cells are 
only detected after certain protocols, such as carcinogenic 
insults to the liver, followed by partial hepatectomy[8]. 
There are suggestions that oval cells are bone marrow 
cells that migrate to the liver and become hepatocytes. 
Reconstitution of  sublethally-irradiated male mice with 
female bone marrow, followed by a protocol that results 
in oval cell proliferation, showed that oval cell-derived 
hepatocytes are of  donor origin[9]. Moreover, the homing 
molecule for hematopoietic stem cells to the bone mar-
row, stroma-derived factor 1 (SDF-1), is induced on hepa-
tocyte surface in livers treated with oval cell proliferation-
inducing protocols, and the oval cells express the CXCR4, 
the receptor for SDF-1[10]. If  indeed oval cells are of  bone 
marrow origin, it may explain the expression of  common 
markers in both oval cells and hematopoietic cells, such as 
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Thy1, CD34 and c-kit. Several current studies have shown 
that bone marrow cells that arrive at the liver do not dif-
ferentiate into hepatocytes, but undergo fusion with hepa-
tocytes[11].  

Recently, one group has investigated the presence of  
oval cells in the fetal liver, since expression of  Thy1 is nev-
er determined in fetal liver hepatoblasts[12,13]. This group 
isolated Thy1 positive cells from E16-E20 livers, and 
stained these cells with hepatocytic marker CK18[12]. They 
found that 0.5%-1% of  the cells are positive for both 
Thy1 and CK18 and speculated that these double-positive 
cells may be hepatic progenitor cells[12]. Other markers for 
oval cells are c-kit, oncostatin M receptor b and CXCR4 
and dlk[10,14,15]. Dlk is a marker for both murine hepatoblsts 
and murine oval cells, and its expression is the strongest at 
E10.5 and down regulated after E16.5[16]. 

The purpose of  the present study was to determine 
whether oval cells are present in early embryonic fetal 
liver, and to characterize the cultured Thy1- positive cells 
from E14 fetal livers. 

MATERIALS AND METHODS
Animals 
Fischer 344 rats with known durations of  pregnancy were 
maintained in the animal facility of  the Tel Aviv Sourasky 
Medical Center on a standard rat chow diet in a 12 h light 
and dark cycle. By convention, the first day of  gestation 
was defined as d 0. Use of  animals was in accordance with 
the NIH policy on the care and use of  laboratory animals 
and approved by the Animal Care and Use Committee of  
the Tel Aviv Sourasky Medical Center.

Isolation of fetal rat hepatocytes
Cell suspensions enriched for liver parenchymal cells 
were isolated as described previously with minor 
modifications[17]. Livers from E13, E14 and E16 embryos 
were removed and placed into ice cold, Ca2+-free Hank’
s balanced salt solution (HBSS) containing 0.8 mmol/L 
MgCl2 and 20 mmol/L HEPES (Sigma Chemical Company, 
Israel), pH 7.3 (modHBSS). After all tissues were collected 
and non-hepatic tissue was removed, HBSS-5 mol/L 
EGTA was added to a final EGTA concentration of  1 
mmol/L. The livers were gently triturated 6-8 times to 
partially disaggregate the tissue and then centrifuged at 
400 r/min for 5 min at 4℃ (all subsequent centrifugation 
steps were done at the same settings). The pellet of  
cells and tissue were resuspended in 35 mL modHBSS 
containing 0.08 g collagenase type 1 (Worthington 
Biochemical Corporation, NJ, USA) and 1 mmol/L 
MgCl2, gently triturated and stirred at 37℃ for 15 min 
in an Erlenmeyer flask. The dispersed cells were pooled, 
centrifuged and resuspended in modHBSS. Cell number 
and viability were determined by hemacytometer and 
trypan blue exclusion.

Fluorescence activated cell sorter analysis 
The freshly isolated liver cells from fetal livers were stained 
for 1 h on ice with Thy1-fluorescein isothiocyonate (FITC) 
(Serotec, Oxford, United Kingdom) diluted in DMEM + 
100 mL/L fetal calf  serum (FCS) (Biological Industries, 

Bet Haemek, Israel). At the end of  the incubation, the 
cells were washed and fixed in 5 g/L paraformaldehyde 
in phosphate buffered saline (PBS). Thy1-positive cells 
were analyzed using a Becton-Dickson fluorescence 
activated cell sorter (FACS) and the results were analyzed 
using the WinMDI software. For double staining of  Thy1 
and a-fetoprotein, the cells were stained with Thy1-
phycoerythrin (PE)(1:100), fixed with solution A of  
Intrastain kit (Dako, Glostrup, Denmark), permeabilized 
with solution B, and stained for intracellular expression 
with antibodies to rat a-fetoprotein-FITC (1:80) (Nordic, 
Tilburg, The Netherlands). Thy1 and a-fetoprotein were 
analyzed using a Becton-Dickson FACS and the results 
were analyzed using CellQuest software. For double 
labeling of  cell surface with dlk and oncostatin receptor 
b, and intracellular staining of  AFP, we used antibodies 
to dlk (Santa Cruz Biotechnologies, Santa Cruz, CA) and 
to mouse OSMRb (R&D Systems, Minneapolis, MN), 
followed by anti-goat-PE conjugated antibody (Jackson 
Laboratories, Bar Harbor, ME) and staining with AFP-
FITC.

Thy1 selection
The freshly isolated fetal liver cells were selected using 
an EasySep kit from StemCell Technologies, Vancouver, 
Canada. Briefly, cells were incubated for 15 min at room 
temperature with 3 mg/L Thy1-FITC (Serotec, Oxford, 
United Kingdom) in PBS containing 20 mL/L FCS and 
1 mmol/L EDTA. Cells were washed once with excess 
buffer, then incubated with EasySep FITC selection 
cocktail for another 15 min, and then with the EasySep 
magnetic nanoparticles for 10 min. Buffer was added 
to cells at total volume of  2.5 mL, and the labeled cells 
were placed for 5 min inside the Violet Magnet (StemCell 
Technologies, UK). Unlabeled cells were poured off  from 
the tube. The procedure was repeated two more times. The 
selected cells were resuspended in buffer and counted, and 
used for further characterization or for plating.

Clonal assays
Thy1-selected cells were plated at two densities per 
well in 6- well plates (approximately 1000 and 2000 
cells/cm2). The plates were coated with collagen type 
I. The media used to culture the cells were as follows. 
Medium 1: DMEM supplemented with 100 mL/L FCS 
(Biological Industries, Bet Haemek, Israel), 50 mg/L EGF 
(PeproTech Asia/CytoLab, Rehovot, Israel) and 10 mg/
L insulin (Sigma, St. Louis, MI)[18]; medium 2: DMEM 
supplemented with 10 mg/L oncostatin M and 10 mg/L 
flt-3 ligand (PeproTech Asia/CytoLab, Rehovot, Israel)[19]; 
medium 3: DMEM supplemented with 100 mL/L FCS, 
1mg/L insulin, 10-7 mol/L dexamethasone, 10 mmol/L 
nicotinamide, 50 mmole/L b-mercaptoethanol, 50 mg/L 
HGF (PeproTech Asia/CytoLab, Rehovot, Israel), 20 mg/L 
EGF[6]; medium 4: DMEM supplemented with 100 mL/L 
FCS.

The cells were allowed to grow for 2 wk with the 
medium changed every three days. The colonies were 
stained with 2.5 g/L crystal violet solution and counted. 
The experiments were done at least three times. 
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STO feeder layers
STO cells were a kind gift of  Professor Lola Reid (UNC, 
Chapel Hill, NC). The cells were cultured in DMEM ( 
F12 media 1: 1) supplemented with 100 mL/L FCS, 10 
mL/L dimethylsulfoxide (DMSO), 100 mg/L penicillin 
and 100 mg/L streptomycin.  

The STO cells were growth arrested for 3 h with 10 
mg/L mitomycin C (Sigma, St. Louis, MI), then plated on 
1 g/L gelatin-coated plates at a density of  60 × 103 cells/
cm2 in the medium described above and cultured for 2 d 
prior to seeding Thy1- selected cells on them.

Culture of Thy1- selected cells on STO feeders
Thy1-selected cells from e14 fetal livers were plated on 
STO feeder layers at a density of  4000 cells/cm2 and 
cultured for 2 wk in hormonally defined medium (HDM)[20] 
consisting of  DMEM supplemented with 100 mg/L 
penicillin/streptomycin, 2 g/L bovine serum albumin, 610 
mg/L nicotinamide, 740 mg/L ZnSO4  × 7H2O, 20 mg/L 
CuSO4  × 5H2O, 5 mmol/L glutamine, 5 mg/L insulin, 
5 mg/L iron-saturated transferrin, 5 mg/L selenous acid 
and 10-7 mole/L dexamethasone. All the medium additives 
were obtained from Sigma, St. Louis, MI. 

Western blots
Total protein was extracted by incubation for 30 min 
on ice in lysis buffer (250 mmol/L sucrose, 5 mmol/L 
MgCl2, 10 mmol/L Tris pH 8.0, 5 g/L Triton X-100 and 1 
mmol/L PMSF), and insoluble material pelleted at 17 000 
g. The extracts were normalized to total protein content, 
determined using Bradford reagent (Sigma, St. Louis, MI) 
and boiled for 5 min in sample buffer containing SDS 
and b-mercaptoethanol. Protein (10-20 mg per lane) was 
separated by SDS-PAGE (BioRad Protean II minigel) 
in 100 g/L acrylamide gels and blotted onto Hybond C 
extra (Amersham, Arlington Heights, IL) for 1 h at 250 
mA constant current. The blots were blocked overnight 
in Tris-saline buffer pH 7.5, containing 0.5 g/L Tween-20 
and 50 g/L milk, and incubated with antibodies to rat 
albumin (Sigma, St. Louis, MI) and AFP (Santa Cruz 
Laboratories, Santa Cruz, CA), washed and incubated 
for 1 h with the appropriate horseradish peroxidase-
conjugated secondary antibody (Jackson Laboratories, 
Bar Harbor, ME). The blots were then subjected to 
chemiluminescent detection and flurorography using 
X-ray film (NEN Life Science Products, Boston, MA).

Immunocytochemistry
Cells were fixed with 95 mL/L ethanol for 10 min at 
4℃, and incubated with a blocking solution containing 
100 mL/L FCS for 30 min at room temperature. Cells 
were then incubated with primary antibodies to rat albumin 
(1:400) (Sigma, St. Louis, MI), mouse AFP (1:200), CK19 
(Novacastra) for 1 h at room temperature, washed three 
times, followed by addition of  anti-rabbit second antibody 
conjugated to Cy3 (1:100) (Jackson Laboratories, Bar 
Harbor, ME) for another hour at room temperature. Cells 
were washed three times and stained cells were visualized 
under Axiovert 25 microscope (Zeiss, Germany) with 
fluorescent attachments. 

Glycogen detection
Glycogen granules in the cultured cells were detected using 
a periodic acid-Schiff  (PAS) staining kit according to the 
manufacturer’s instructions (Sigma, St. Louis, MI).

RT-PCR for liver specific markers
Total RNA was extracted from freshly isolated E14 
and Thy1+ selected cells using EZ RNA kit (Biological 
Industries, Bet Haemek, Israel), treated with DNAse 
and cDNA was reverse-transcr ibed.  For reverse 
transcription, 1-2 mg of  total RNA was used. The 
cDNA obtained was used for PCR, using the following 
oligonucleotide primers[21]: HNF-1a: the 5’ primer is 5’
-AGCTGCTCCTCCATCATCAGA -3’, the 3’ primer 
is 5’-TGTTCCAAGCATTAAGTTTTCTATTCTAA 
-3’; HNF4a: the 5’ primer is 5’-CTTCCTTCTTCA-
TGCCAG -3’, the 3’ primer is 5’-ACACGTCCCCAT-
C T G A A G  - 3 ’ ;  H N F 6 :  t h e  5 ’  p r i m e r  i s  5 ’
- A A C T C C C A G C A A G - G A C T T C C C C A C T- 3 ’
,  t h e  3 ’  p r i m e r  i s  5 ’ - C C AT C T G C C C T G A AT-
TACTTCCATTGC-3’; cytokeratin 18 (CK18): the 5’ 
primer is 5’-GCCCTGGACTCCAGCAACT -3’ and 
the 3’ primer is 5’-ACTTTGCCATCCACGACCTT 
-3 ’ ;  cy tokera t in  19  (CK19) :  the  5 ’  pr imer  i s  5 ’
-ACCATGCAGAACCTGAACGAT- 3’ and the 3’ 
pr imer  i s  5 ’ -  CACCTCCAGCTCGCCATTAG-3’
; albumin: the 5’ primer is 5’-CTGGGAGTGTGCA-
G ATAT C AG AG T-  3 ’  a n d  t h e  3 ’  p r i m e r  i s  5 ’
- G A G A A G - G T C A C C A A G T G C T G T A G T - 3 ’
;  a l p h a - f e t o p r o t e i n :   t h e  5 ’  p r i m e r  i s  5 ’
-GTCCTTTCTTCCTCCTGGAGAT- 3’ and the 3’ primer 
is 5’-CTGTCACTGCTGATTTCTCTGG-3’; oncostatin 
M receptor : the 5’ primer is 5’-CCCCTGTGAG-
GCCGAGGACCGGC-3’ and the 3’  pr imer is  5 ’
-TGGCTTTACAATTGATGTTTGTCCCTG-3 ’
; stroma-derived factor 1(SDF1): the 5’ primer is 5’
–ATTCTTTGAGAGCCATGTCGC-3’ and the 3’ 
primer is 5’-CCTTGAGCTGAGTGACTCTCG-3’
; C-kit:  the 5’ primer is 5’-AGCAAGAGTTAAC-
G A T T C C G G AG - 3 ’  a n d  t h e  3 ’  p r i m e r  i s  5 ’
-CCAGAAAGGTGTAAGTGCCTCCT-3’; CXCR4: the 
5’ primer is 5’-CCCTCGAGATGGAA-ATATACAC-3’ 
a n d  t h e  3 ’  p r i m e r  i s  5 ’ - G C T C TAG AT TAG C -
TGGAGTGAAA-3’ .  For  g lycera ldehydehyde-3-
phosphate-dehydrogenase (GAPDH), the 5’ primer is 5’
-ACCACAGTCCATGCCATCAC-3’ and the 3‘ primer 
is 5’-TCCACCACCCTGTTGCTGTA-3’. For PCR, 1.5 
mL of  the reverse transcription reaction was used, and 
the reaction mixture also contained 0.4 mmol/L of  each 
primer, 200 mmol/L dNTP, 10 mmol/L Tris-HCl (pH = 
8.3), 50 mmol/L KCl, 1.1 mmol/L MgCl2, 0.1 g/L gelatin 
and 2.5 U RED Taq DNA polymerase (Sigma, St. Louis, 
MI). The mixture was denatured for 1 min at 94℃. The 
PCR was started at 94℃ for 10 s for the denaturation 
step, at 53℃ for 30 s for the annealing step and at 72℃ 
for 1 min for the elongation step. Thirty-five cycles were 
used to amplify the hepatic markers. The PCR products 
were finally separated in a 20 g/L agarose gel containing 
ethidium bromide.
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RESULTS
Expression of Thy1, dlk and oncostatin receptor M b in 
fetal livers 
We assessed the expression of  oval cell markers, Thy1 and 
oncostatin receptor M b (OSMRb), and fetal hepatoblast 
marker dlk in E13, E14 and E16 fetal livers (Table 1). 
The expression of  all three markers decreased with 
liver development (Table 1). The largest percentage of  
Thy1 positive cells was in E13 rat livers (10%), and the 
percentage of  Thy1-positive cells decreased with liver 
development, so that there were 7.8% Thy1 positive cells 
in E14 livers, and only 2.3% Thy1 positive cells in E16 
livers (Table 1). We did not continue to test the percentages 
of  Thy1 positive cells in later stages, since the peak of  
hematopoiesis in fetal rat liver was at E17 and E18, and 
Thy1- positive cells at those stages might be hematopoietic 
cells rather than hepatoblasts.

We defined the positive populations for both Thy1 
and a-fetoprotein in E14 fetal livers. In the E14 total liver 
population, 4.8% of  the cells were positive for both Thy1 
and a-fetoprotein, while 3 % were positive for Thy1 only 
(Table 1). There 2.7% of  cells positive for dlk and AFP 
and 1.6% of  cells positive for OSMRb and AFP in the 
E14 livers.

Characterization of Thy1- positive cells from E14 fetal 
livers
We obtained 11 × 106 single cell suspension cells from per 
E14 liver, with a viability > 95% determined by trypan blue 
exclusion.  We selected Thy1- positive cells from the single 
cell suspensions of  E14 liver cells using nanoparticles 
and magnet selection of  Thy1-FITC labeled cells. We 
determined AFP and albumin expression by Western blots 
using freshly isolated E14 liver cells and Thy1- selected 
cells. Thy1-positive cells expressed slightly more AFP than 
E14 cells, while albumin expression was similar in the 
two cell populations (Figure 1A). We next determined the 
percentages of  albumin positive cells in the Thy1- selected 
cells from E14 and E16 livers, using immunocytochemistry 
staining on cytospun cells. Albumin expression in E14 
Thy1- selected cells is shown in Figure 1B. We counted 
albumin positive cells in 20 fields and found that 25% ±
8% of  Thy1+ from E14 livers were albumin positive and 
18% ± 9% of  Thy1+ cells from E16 livers expressed 
albumin.

We also determined the expression of  oval cell markers 
c-kit, OSMRb and CXCR4, liver- enriched transcription 
factors HNF1a, HNF4a and HNF6, hepatocytic markers 
AFP, albumin, CK18, and biliary epithelial marker CK19 

in Thy1+ and Thy1- cells from E14 livers. We observed 
that both cell populations were positive for c-kit, CXCR4, 
HNF1 and HNF6, albumin, AFP, CK18 and CK19,  
while only the Thy1+ cells were positive for SDF1a, and 
we could not detect OSMRb  and HNF4 in either cell 
population (Figure 2).

Culture of Thy1- positive cells isolated from E14 fetal 
livers
We plated the Thy1-selected cells at clonal densities on 
collagen type I-coated dishes and in four different media, 
as described in Materials and Methods. After two weeks, 
colonies were stained with crystal violet solution and 
counted. Both medium 2 and medium 3 were beneficial 
for development of  colonies (Table 2). However, the 
morphology of  the cells was not typical of  hepatoblasts, 
but rather of  fibroblasts (data not shown). We isolated four 
clones from two separate experiments of  cells grown in 
medium 3 and on collagen I, and tested them by RT-PCR 
for hepatic markers. The only hepatic marker detected was 
CK18 (data not shown). 

Since 25% of  the Thy1- selected cells expressed 
albumin, we thought that in the above conditions, the 

Table 1  FACS analysis of cell surface markers in various rat 
fetal liver developmental stages

Embryonal stage   Thy1 positive        Dlk positive         OSM receptor b
                            cells (%)	        cells (%)          positive cells (%)

E13 10.5 ± 2.0 10.8 5.3
E14   7.8 ± 0.5   5.3 ± 1.1 3.6 ± 1.5
E16   2.3 ± 0.6 Not done Not done

E14                 Thy1+
AFP Alb

E14                  Thy1+

A1 A2

B

Figure 1  Western blot showing albumin and AFP expression in E14 livers and 
Thy1 selected cells from rat E14 fetal livers (A) and albumin staining on cytospins 
of Thy1 selected cells from E14 livers (B).

c-kit   OSMR    SDF   CXCR4  HNF1  HNF4   HNF6   CK18   CK19    Alb     AFP    GADPH

E14 Thy1+

E14 Thy1-

Figure 2  Expression of various oval cell markers, liver-enriched transcription 
factors and hepatic or bile duct specific markers in Thy1 positive and Thy negative 
cells from rat E14 fetal livers (RT-PCR).
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albumin-positive cells probably did not survive. Therefore, 
we plated Thy1-selected cells on collagen type I-coated 
plates and in DMEM with 100 mL/L FCS, at a density 
of  500 000 cells/well in 6-well plates. After one and two 
days in culture, typical fetal hepatoblast colonies were 
observed and stained positive for albumin (data not 
shown). However, the colonies did not survive for longer 
periods, but peeled off  the plates. Since hepatic fetal cells 
could grow on feeder layers[7], we plated Thy1- selected 
cells on STO feeders and in serum free-medium. The cells 
survived very well under these conditions for two weeks, 

and formed typical fetal hepatoblast colonies (Figure 3). 
These colonies were positive for albumin, AFP, CK18 and 
glycogen (Figure 4). We determined that 0.6% ± 0.17% 
of  the total Thy1 positively-plated cells formed albumin-
positive colonies. However, there were numerous other 
colonies on the plates, with fibroblast morphology similar 
to the colonies obtained when the cells were cultured on 
collagen I and in media 1-4 (data not shown).

We examined the expression of  mRNA for hepatocytic 
markers in two weeks- old cultures of  Thy1-selected 
cells grown on STO feeders. We found that there was 
expression of  liver enriched-transcription factors HNF1a 
and HNF6, as well as hepatic markers albumin, AFP, 
CK18 and biliary marker CK19 (Figure 5). The expression 

Figure 3  Morphology 
o f  co lon ies  o f  Thy1-
selected cells cultured 
for 1 wk on STO growth- 
arrested feeder layers. 
(A) X 25; (B) X 100.

A B

Figure 4  Colonies of Thy1-selected cells cultured for 2 wk 
on STO growth- arrested -feeder layers and stained with 
antibodies to albumin, AFP and CK18, and with a PAS 
detection kit for glycogen. The experiments were repeated 
three times had similar results.

Albumin AFP

CK19 Glycogen

 HNF1a       HNF6       CK18       CK19        Alb         AFP        GAPDH

Figure 5  Hepatic and biliary epithelial markers in Thy1 positive selected cells 
cultured for 2 wk on STO growth- arrested feeder layers (RT-PCR).

Table 2  Clonal growth of Thy1- selected cells from E14 livers 
after 2 wk in various media (mean ± SD)

Media	                         Colonies (n )	               Colonies (n )

Medium 1 7.3 ± 2 ND
Medium 2  11 ± 6.8 ND
Medium 3 9.5 ± 2 28 ± 8.7
Medium 4 ND 54 ± 1.8
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of  OSMRb was very weak in the colonies derived from 
Thy1 positive cells, while transcription factor HNF4a was 
not detected (data not shown).

DISCUSSION
In the present study, early rat fetal livers contained Thy1-
positive cells, and the percentage of  Thy1- positive cells 
decreased between E13 and E16. E14 fetal livers contained 
about 8% Thy1-positive cells, of  which 61% were positive 
for AFP and 25% were positive for albumin. The Thy1- 
positive cells expressed oval cell markers c-kit and CXCR4, 
liver enriched-transcription factors HNF1a and HNF6, 
hepatocytic markers albumin, a fetoprotein and CK18, 
and biliary marker CK19. We were able to culture Thy1- 
selected cells from E14 livers for two weeks on STO 
feeder layers, and observed several types of  colonies, both 
mesenchymal and hepatic colonies. 

In the last few years, hepatic stem cells from various 
sources, both fetal and adult livers, have been studied 
extensively. Methods used to isolate the cells from murine 
and rat fetal livers include FACS sorting using several 
positive and negative markers[6,7]. When the isolated 
cells are cultured, they form colonies that contain both 
hepatocytes and bile duct epithelial cells. 

We hypothesized that in addit ion to the fetal 
hepatoblasts, which could differentiate into hepatocytes 
and bile duct epithelial cells during fetal liver development, 
fetal liver might contain additional stem cells, the “oval” 
cells. We may surmise that cells positive for oval cell 
markers Thy1 and AFP might be more numerous in the 
early stages of  fetal liver development and decrease in later 
stages, so that the oval cell numbers in the adult livers are 
very few, and in fact difficult to detect unless oval cells 
proliferate due to carcinogenic injuries. 

Thy1 has been shown to be present on rat oval cells, 
one kind of  the putative liver stem cells in the adult 
liver[9]. Thy1 (CD90) is a cell surface molecule, present on 
hematopoietic stem cells, subsets of  T cells, bone marrow 
cells, fibroblasts and cells in the brain[22,23]. Thy1 may be 
a receptor for an unknown ligand, and may play a role in 
cellular recognition and adhesion [20,21]. 

Adult rat liver oval cells, in addition to Thy1, express-
ing AFP, cytokeratin 19 and GGT, are negative for hepatic 
stellate cell marker, desmin[9]. Other markers for oval cells 
are c-kit, oncostatin M receptor b and CXCR4[10,14]. Recent 
studies have shown that Thy1 is present not only on adult 
rat oval cells, but also in rat E16 fetal liver, and a small per-
cent of  Thy1 positive cells also express hepatocytic marker 
CK18[12], suggesting that the Thy1 + CK18 + are hepatic 
stem cells. The same group isolated Thy1 positive cells 
from E16, E18, E20 and E22, and found that the cells are 
also positive for albumin, AFP and CK18[13]. Long-term 
cultures (one month) of  human fetal hepatocytes also 
express Thy1, as well as other oval cell and hematopoietic 
markers such as CD34 and OV-6. In addition, these cells 
assume a blast-like morphology and express hepatoblast 
markers AFP, CK19 and CK18[24].  

Rat fetal liver rudiment appears at E10, E13 and 
E14, there are still numerous bipotential hepatic stem 
cells, though there are also cells committed towards the 

hepatocyte and biliary epithelial cell lineage[25]. Since the 
rat fetal liver is both a hepatic and a hematopoietic organ, 
we tested the expression of  Thy1, a hematopoietic marker, 
before the peak of  hematopoiesis in fetal liver, which 
occurred at E17 and lasted until birth. We found that there 
were Thy1 positive cells in E13 livers, and the percentage 
of  Thy1 positive cells decreased between E13 and E16. 

We chose E14 fetal livers as the ideal stage for isolating 
oval cells, since the livers contain a large number of  
cells, and there are many Thy1+ AFP+ cells. Moreover, 
we observed that Thy1 cells selected from E14 livers 
expressed numerous hepatic and biliary epithelial markers 
and liver-enriched transcription factors, as well as oval cell 
markers c-kit and CXCR4, and OSMRb detected by FACS 
analysis, but not by RT-PCR[10]. However, we did detect 
OSMRb in colonies of  Thy1 positive cells, suggesting 
that its expression is very weak in the original cells. The 
Thy1-selected cells were not homogenous and contained 
both oval cells (Thy1+ AFP+) and mesenchymal cells, 
(Thy1+ AFP-). When we cultured the cells on collagen I 
and in various media containing serum, we observed only 
mesenchymal cell colonies and some epithelial colonies 
that were positive for CK18. However, when we cultured 
the Thy1 positive cells on STO feeder layers, we detected 
formation of  hepatic colonies expressing albumin and 
AFP. The original Thy1+ cells and colonies derived from 
Thy positive cells were negative for HNF4. It was reported 
that oval cells are negative for HNF4, and only start 
expressing this transcription factor when they differentiate 
into hepatocytes[26], suggesting that fetal oval cells may not 
undergo complete differentiation into hepatocytes under 
our culture conditions. 

In mice, contrary to rat and human livers, Thy1 ap-
pears to identify only mesenchymal cells both in adult and 
in fetal liver[27,28]. Thy1 positive cells isolated from murine 
fetal livers have been shown to support differentiation of  
CD49f  positive cells to hepatocytes[28]. The Thy1 positive 
cells comprise three different populations, one positive for 
a-smooth muscle actin, another positive for desmin, both 
markers of  hepatic stellate cells, and a third population 
negative for both[28]. The murine Thy1 positive cells are 
negative for AFP, cytokeratin 19 and albumin[28].

In conclusion, Thy1 identifies putative oval cells during 
early fetal liver development, but is also present on other 
cells such as mesenchymal cells.
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