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ABSTRACT : This study aimed to find out suitable culture conditions for the differentiation of human amniotic membrane-
derived stem cells(tHAM) into hepatocyte-like cells. Almost homogenous population of fibroblast-like cells was successfully
isolated from the amniotic membrane. In comparison to the non-coated plates and in the absence of insulin/transferrin/
selenium(ITS), HAM cultured on the fibronectin-coated plates and in the presence of ITS showed the more intense immuno-
cytochemical staining against the albumin. Addition of both fibroblast growth factor(FGF)-1 and -2 to the differentiation me-
dium gave stronger staining compared to the treatment with FGF-1 or -2 alone. Periodic acid Schiff’s base staining of glyco-
gen and morphological turnover of fibroblast-like appearance of HAM into round shape matched the results of immuno-
cytochemical studies. When the efficiency of two-step culture method was examined on the differentiation of HAM into
hepatocyte-like cells, all of the results of immunocytochemical staining, periodic acid Schiff’s staining and morphological
change exhibited effective hepatic differentiation of HAM compared to the continuous culture method. Immunoblot analyses
of HAM- conditioned media against the albumin showed that the culture of HAM in the presence of both ITS and
fibronectin always gave a stronger staining intensity than those in the absence of them, and that the addition of ether mixture
of FGF-4 and either FGF-2 or transforming growth factor(TGF)- ¢ to the culture medium significantly enhanced the albumin
secretion by HAM.

Based on these observations, it is suggested that HAM could differentiate into hepatocyte-like cells under a culture
condition consisting of fibronectin and ITS, and addition of FGF-4 with either one of FGF-2 or TGF- ¢ could enhance the
hepatic differentiation of HAM.

Key words : Hepatocyte, Human amniotic membrane-derived mesenchymal stem cells, Differentiation.

Q o 7% shate) g REE 7 24 &0 s XY AN FHo] ZaFTh HE o4 o) d 7128 S N7
G oo, dAs B2 AEF FAEl A 133’— AT ArEe] FHoERH QL F7
HEZ o)&dte] AT 52 93 Ao 212 Fo} L1 ATk AT S2Ad tat B shahy 4, ATy 2
Ao Eo] A, AIxY FE 4 W3t A5 WY 5 ol &5t AHIHA g 5_7 & ZAR A3, W FAIE fibronectin
O Z coatingd} L w9k o] insulin/transferrin/selenium(ITS)S #715t= Ao] ot Z7)A T o) N EEY 5o E3pA o)
9lch. w3k kel o) fibroblast growth factor(FGF)-13} FGF-22 37 H71she o] B 2 shubul A7bslAY drbsia) 2
AEch 340 qlc) g+ B3} ujoFe 371 v oked g A}8-3F 242 ¢l uj %8 (continuous culture method) 2.t} Wik = AL
g dle] & GAE wfgsls 294 8 F(two-step culture method)7} A G378 0)3l ) v wo g, 718 vjekddo) FGF-2
¢ FGF-45 #7Hg 273 FGF-49 TGF-o £ A7het 7o) b 24 Bop 957 #ulg Ho] 3 102 Hol FGF-4
7 ZAE B3 A 28 988 dl= A2 R AR FGF2 9 TGF-¢ I71e oS a74#<) v 27402 #agg)
o mEbd, FehelA FA S QA 271 AEE HEE WG 2700 FoF o, KRR F3rt 7hesi, £3F #40lA FGF-4
7t FEAQ 983 3 FGF-29% TGF-o & 4% 838 72 2102 Als¥th

INTRODUCTION
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the+ Seoul Women’s University. Mesenchymal stem cellsqMSC) are referred to as highly
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proliferate and adherent fibroblastic cells featuring a uni-



64 Minji Kook, Sooyeon Park, Hyun Mi Kang and Haekwon Kim

reside mainly in bone marrow(BM) although they can be
also isolated from a variety of other connective tissues and
peripheral blood. In BM, there are certain populations of
stem cell sources including hematopoietic stem cells(HSC),
marrow stromal stem cells and multipotent adult progenitor
cells, These are adult stem cells that are an attractive
source of cells for tissue therapy, and are though to have
developmental potentials or plasticity of multiple cell line-
ages(Raft, 2003).

The liver is the largest organ in mammals and it serves
a variety of important function. Hepatocytes, the primary
cells of the liver, perform various functions, including meta-
bolizing diverse dietary molecules, detoxifying compounds
and storing glycogen. Liver diseases are caused by infec-
tious agents, autoimmune attack, malignant transformation,
inborn genetic deficiencies or secondary defects. Most liver
diseases lead to ‘hepatocyte dysfunctions’ with the possi-
bility of eventual organ failure. Liver organ transplantation
is the only effective therapy for many hepatic disorders.
However, the procedure is invasive and not widely avail-
able to patients at a given time point because of limited
availability of donor livers.

BM-derived cells of mice were shown to differentiate
into hepatocytes both in vivo and in vitro(Shi ef al., 2005).
Embryonic stem cells of mice were also shown to diffe-
rentiate into hepatocytes in vitro(Teratani et al., 2005). In
humans, embryonic stem cells, BM-derived cells(Schwartz
et al., 2002; Lee et al., 2004) and cord blood cells(Hong
et al., 2005, Wang et al., 2005) have been shown to be
possible candidate cell sources for hepatocyte transplanta-
tion, However, for the use of embryonic stem cells, it is
necessary to determine how to avoid tumor formation and
immune rejection, to induce differentiation into hepatocy-
tes in an efficient fashion, and to resolve the ethical issues
surrounding use of material from embryos.

Recent reports indicate that amnion tissue could be a no-
vel source of multipotent stem cells that can be used in phar-
macological studies and clinic. The amnion consists of a
single layer of epithelial cells on a thicker basement membrane
and collagen spongy layer containing MSC(Meinert er al.,
2001). The amnion has been applied clinically, e.g., for the

treatment of burn lesions, to cover surgical wounds to avoid
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collusion, and in ocular surface reconstitution, since human
amniotic epithelial cells(HAE) seem to be relatively resis-
tant to rejection even after allotransplantation. They have
been shown not to express immunosuppressive factors, such
as CD-59(Rooney & Morgan, 1992) and soluble HLA-G(Reb-
mann et al., 1999). Under the appropriate culture condi-
tions, HAE have been observed to differentiate into a va-
riety of somatic cells including neural cells, pancreatic beta
cells and hepatocyte-like celis(Takashima et al., 2004). In
contrast, human amniotic membrane-derived stem cells(HAM)
express phenotypes of neuroglial progenitor cells(Sakura-
gawa et al., 2004) and exhibit some characteristics of car-
diomyocytes(Zhao et al., 2005). Because the amniotic tissue
is disposed after parturition, it is easy to obtain and overcomes
the ethical issues associated with use of fetal tissues.
The present study was performed to examine whether
the HAM could differentiate into hepatocyte-like cells and
what type of culture conditions could be good ones to pro-

duce high outcome of albumin-producing cells.

MATERIALS AND METHODS

1. Chemicals

Acrylamide, bisacrylamide and N,N,V’, N -tetramethylethy-
lenediamine were purchased from Bio-Rad(Hercules, CA,
USA). Mouse monoclonal antibody against human albu-
min was purchased from Zymed(San Francisco, CA, USA).
Fibroblast growth factor(FGF)-1, FGF-2, FGF-4, transforming
growth factor(TGF)- @ and hepatocyte growth factor(HGF)
were purchased from Peprotech(Princeton, NJ, USA). Auro-
probeTMBL PLUS goat anti-mouse immunoglobulin G(IgG)
and reagent A and B were purchased from Amersham(Buc-
kinghamshire, England). Collagenase A and DNase were pur-
chased from Roche(Rotkreuz, Switzerland). Dulbecco’s
Modified Eagle Medium(DMEM- LG), trypsin, and ITS pre-
mix containing 1.0g/L insulin, 0.55g/L transferrin and 0.67
mg/L selenium was supplied from the Gibco(Grand Island,
NY, USA). Unless specified elsewhere, all other chemicals
were purchased from the Sigma Chemical Co. (St. Louis,
MO, USA).

2. Isolation and Culture of HAM
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Placenta was obtained at cesarean section from the volun-
teers, with the informed consent. The amnion was peeled
off mechanically from the chorion and washed in phos-
phate-buffered saline(PBS) to remove blood and cellular
debris. The human amniotic epithelial cells, which were
layered the surface of the amnion that bathed by amniotic
fluid in vivo, were removed as follows. The ammnion tissue
was minced and placed in DMEM-LG containing 0.25%
trypsin. The flask was maintained at 37°C, with stirring for
30 min. After centrifugation, the first digestion supernatant,
which consisted primarily of red blood cells, was discarded.
The residual tissue was minced and incubated again at 37
C with 0.25% trypsin for 30 min with stirring. Liberated
cells, mostly epithelial cells, were removed by centrifuga-
tion and the procedure was repeated again. The remaining
tissue pieces were minced and placed in PBS containing
2mg/mL collagenase A and 0.05mg/mL DNase. The mix-
ture was incubated at 37°C for 2 h with stirring. The dis-
persed mesenchymal cells were collected by centrifugation
at 800xg for 10 min. After several washes with DMEM-
LG, the cells were plated in 75mL-size culture flask(Nunc,
Rochester, MN, USA) containing DMEM supplemented
with 100U/mL penicillin, 0.Img/mL streptomycin, 3.7mg/
mL sodium bicarbonate, and 10% fetal bovine serum(FBS,
Gibco). The medium was changed twice a week after 7
days from the primary culture. When achieving confluence,
cells were treated with 0.125% trypsin and 1mM ethylene-
diamine tetraacetic acid(EDTA) for 3 min. Released cells
were collected and subcultivated again. Morphologically
homogeneous population of fibroblast-like cells, namely
HAM, was obtained after 1 or 2 subcultures.

Human hepatoblastoma cell line(HepG2; HB8065) were
obtained from ATCC and used after subculture using the

maintenance medium.

3. Hepatogenic Differentiation

To induce the differentiation of HAM into hepatocyte-
like cells, 6-well or 24-well culture plates(Nunc) were
coated with 10 # g/mL human fibronectin solution diluted
in PBS. The plates were left overnight at 37°C, and then
were washed with PBS three times. HAM were seeded on

non- or fibronectin-coated plates.
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In the Experiment 1, cells were either cultured on non-
coated or fibronectin-coated plates for 3 weeks in the basic
medium(BM) consisted of DMEM-LG, 10% FBS, 20ng/mL
HGF, 20ng/mL oncostatin M(OSM) and 1M dexame-
thasone(Dex) to which either 20ng/mL FGF-1, 20ng/mL
FGF-2, ITS premix alone or their combinations were added.
Medium was changed twice a week. After culture, cells
were analyzed for the hepatocyte-related functions by immu-
nocytochemistry, immunoblotting and periodic acid-Schiff’s
(PAS) staining.

In the Experiment 2, cells were cultured in BM supple-
mented with either 20ng/mL FGF-1, 20ng/mL FGF-4,
20ng/mL TGF- e, ITS premix alone or their combinations.
Medium was changed twice a week. After 3 weeks, the
cells were analyzed for the presence of albumin by immu-
noblotting.

In the Experiment 3, cells were cultured in BM supple-
mented with ITS premix and 0.1mM L-ascorbic acid 2-
phosphate, to which one of combinations consisting of
20ng/mL FGF-1, 20ng/mL FGF-2 or 20ng/mL FGF-4 was
added. Medium was changed twice a week. After 3 weeks,
the cells were analyzed for the presence of albumin by
immunoblotting.

In the Experiment 4, the efficiency of the two-step cul-
ture method was compared to the continuous culture me-
thod for the hepatic differentiation of HAM. In the first
initiation step, 3x10* cells were initially cultured in 6-well
dishes in a medium consisting of DMEM-LG, 10% FBS,
20ng/mL HGF, 20ng/mL FGF-1, 20ng/mL FGF-2 and ITS.
After culture for 10 days, cells were divided into two
groups for the second maturation step. One group of HAM
as a control was cultured again for 10 days in the same
medium as in the initiation step and the other group was
cultured for 10 days in the same medium wherein FGF-1
and -2 were eliminated but 20ng/ml. OSM and 1 M Dex
were added to. Half of each group was also examined for
the effect of fibronectin by using non-coated plates or

fibronectin-coated plates.

4. Immunocytochemical Analysis
For the immunocytochemical analyses, HAM harvested

from the above experimental groups after termination of
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the culture were seeded onto 8-well chamber slides(Nunc).
After culture, they were fixed with 4% paraformaldehyde
in PBS for 1 h at 4C, and then rinsed with PBS. They
were permeabilized with 0.5% Triton X-100 in PBS for 10
min at room temperature. After several washing, cells were
incubated in 3% hydrogen peroxide for 15 min to quench
the endogenous peroxidase activities. They were rinsed
with Tris buffer consisting of 0.15M NaCl, 0.05M Tris-
HCl(pH 7.6) and 0.05% Tween 20 and incubated in blocking
solution containing 2% bovine serum albumin(BSA}) for 1 h
at room temperature. Cells were then incubated with 1z g/
mL mouse monoclonal antibodies against human albumin,
which were diluted in 0.05M Tris-HCl with 0.1% Tween
20 and 0.015M sodium azide. After incubation with the
primary antibodies for 17 h at 4C, cells were washed in
Tris buffer. And cells were incubated with biotinylated goat
anti-mouse IgG and anti-rabbit IgG for 20 min at room
temperature. The cells were rinsed three times, and then incu-
bated with horseradish peroxidase-conjugated streptavidin
(DAKO, CA, USA) for 20 min at room temperature. Im-
munoreactivity against the albumin was visualized utilizing
the 3,3’-diaminobenzidine tetrahydrochloride. The color reac-
tion was stopped with water. Finally they were counterstained
with Mayer’s Haematoxylin and then observed under a light
microscope(LSM410; Carl Zeiss, Oberkochen, Germany).

5. PAS Stain for the Glycogen Granules

Cells cultivated on fibronectin-coated 8-well chamber
slides were fixed in 4% paraformaldehyde for 30 min at
room temperature and rinsed with PBS. They were per-
meabilized with PBS consisting of 0.1% Triton X-100 for
10 min. After several washing, the cells were oxidized in
1% periodic acid for 5 min at room temperature and rinsed
three times in deionized H,O(dH»0). After treatment with
Schiff’s reagent for 15 min at room temperature, they were
rinsed in dH,O for 5~ 10 min. Cells were counterstained
with Haematoxylin for 3 min, rinsed in dH,O and observed

for the staining using a light microscope.

6. Immunoblotting Analysis for the Albumin
Cells were cultured on fibronectin-coated plates of 8-well

chamber slides in BM containing one of cytokine combina-
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tions consisting of FGF-1, FGF-2, FGF-4 or TGF- @, in the
absence or presence of ITS and L-ascorbic acid 2-phos-
phate. After 3 weeks of culture, cells were transferred to
a serum-free DMEM-LG and then cultured again for 12 h.
These starvation media were harvested at the end of cul-
ture and followed by concentration(1:20) using Centricon
(Millipore, Bedford, MA, USA). Then they were mixed
with an equal amount of 2x sample buffer consisting of
0.125M Tris-HCl(pH 6.8), 4% sodium dodecyl sulfate(SDS),
10% 2-mercaptoethanol, 20% glycerol and 0.004% bromo-
phenol blue, and-then boiled at 95C for 5 min.

Cellular proteins were separated by electrophoresis on
10% SDS-polyacrylamide gel with a pre-stained protein
molecular marker. Subsequently, gels were soaked in a
transfer buffer composed of 25mM Tris(pH 8.4), 192mM
glycine and 10% methanol for 15~30 min. To hydrate
polyvinylidene difluoride(PVDF) membranes(Immobilon-P;
Millipore), they were soaked in absolute methanol for 15
sec, soaked in distilled water for 2 min and then equili-
brated in transfer buffer for 5 min. Proteins on the gel
were electrotransferred onto a PVDF membrane for 60 min
at 4°C at 100V. To saturate non-specific binding sites, mem-
branes were incubated at 37°C for 1 h in a washing buffer
containing 0.8% NaCl, 0.02% KCl, 0.14% Na;HPO, - ZH>O,
0.02% KHzPO4, 0.2% Tween 20, 10mM sodium azide and
5% BSA. Membranes were then incubated for 1 h in wa-
shing buffer containing 1% normal goat serum and 1 z g/mL
mouse monoclonal antibody against human albumin. Follo-
wing several washes with the washing buffer containing 0.1
% BSA, membranes were incubated for 1 h in washing
buffer containing 1:100 diluted gold-labeled goat anti rabbit
IgG. After reaction, the signal was visualized using an Inten

SE BL kit according to the manufacturer’s instructions.

RESULTS

1. HAM Cultivation

After two weeks from the beginning of primary culture
of HAM, cells of a fibroblast-like colony surrounded by
population of various types of cells appeared. However,
during the subsequent 2~3 passages, most cells of other

types disappeared but a homogenous population of fibro-
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blast-like cells remained and showed active proliferation.
During maintenance culture in DMEM-LG supplemented
with 10% FBS, fibroblastic appearance of HAM remained
unchanged until 10th passage(Fig. 1A, 1B & 1C). Human
hepatoblastoma cell line HepG2 was polyhedral shape which
also did not change during maintenance(Fig. 1D & 1E).

2. Immunocytochemical Analysis for Albumin

In the Experiment 1, HAM were either cultured on non-
coated or fibronectin-coated plates using BM. When they
were immunocytochemically analyzed after culture, the
intensity of albumin staining was considerably stronger in
the HAM cultured in the fibronectin-coated plates than those
in the non-coated plates(Fig. 2A & 2B). However, regard-
less whether HAM were cultured in non-coated or fibro-
nectin-coated plates, HAM cultured in the presence of ITS
showed stronger staining than those in the absence of ITS
(Fig. 2A & 2B). Among the hepatogenic media containing
FGF-1 and/or FGF-2, BM containing both FGF-1 and -2
showed the strongest staining intensity against the albumin.
BM containing none of them exhibited the weakest staining.

In the Experiment 4, the efficiency of the two-step cul-
ture method was compared to the continuous method and
the effect of fibronectin was also examined on these me-
thods. All experimental groups of HAM showed discernable
albumin staining. However, the staining intensity of HAM
cultured by the two-step method was much stronger than
that of HAM cultured by the continuous method as seen in
Fig. 2C. Regardless of the culture method, fibronectin-

Fig. 1. Morphology of the HAM and HepG2 cell line cul-
tured in vitro. HAM at 5th(A), 10th(B) and 12th(C)
passage(x 100), and HepG2 cells(D, E).
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coated plates consistently gave a stronger staining than
non-coated plates.

The negative control in which cultivated HAM were
incubated with anti-mouse IgG antibody did not show speci-
fic staining, while the positive control in which HepG2 cell

line was incubated with anti-human albumin antibody gave
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Fig. 2. Immunocytochemical analysis of the HAM after cul-
ture on non-coated or fibronectin-coated plates in
hepatogenic medium. Immunoreactivity of antibody
against the anti-human albumin of the HAM is colored
brown. Nuclei stained with Haematoxyline are blue. A,
HAM cultured on non-coated plates in the Experiment
1; B, HAM cultured on fibronectin-coated plates in the
Experiment 1. a and b, DMEM-LG+10% FBS; ¢ and
d, BM(DMEM-LG+10% FBS+HGF + OSM+Dex) +
FGF-1; e and f, BM+FGF-2; g and h, BM+FGF-1 +
FGF-2; a, b, ¢ and d, without ITS; b, d, f, and h, with
ITS. C, a and b, HAM cultured on non-coated plates
in the Experiment 4; ¢ and d, HAM cultured on fibro-
nectin-coated plates in the Experiment 4. a and ¢, HAM
cultured by the continuous method; b and d, HAM
cultured by the two step method. D, controls; a, nega-
tive control in which cultivated HAM were incubated
with anti-mouse IgG antibody alone; b, positive
control in which HepG2 cell line was incubated with
anti-human albumin antibody. x200.
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very intense staining(Fig. 2D).

These observations demonstrate that fibronectin and ITS,
respectively, could enhance the albumin synthesis by
HAMunder the hepatogenic culture condition and addition
of FGF-1 or -2 to these culture further increase the
synthesis. The results also demonstrate that the two-step
culture method consisting of the first step wherein FGF-1
and -2 are included and the second step wherein OSM and
Dex replace FGF-1 and -2 might be better than the

continuous culture method.

3. PAS Staining for Glycogen Storage

HAM prepared as in Experiments 1 and 4 were examined
for the glycogen storage by using PAS staining. HAM cul-
tured on the fibronectin-coated plates in the Experiment 1
gave a stronger PAS staining of glycogen storage than those
on the non-coated plates(Fig. 3). Addition of ITS to the
- culture medium resulted in the stronger staining compared
to the control group regardless of the presence or absence
of fibronectin. The medium containing both FGF-1 and -2
showed the stronger staining intensity compared to the
medium containing FGF-1 or -2 alone.

In the Experiment 4 in which the effects of two-step cul-
ture method and fibronectin coating were examined, the
PAS staining intensity was stronger in HAM cultured by
the two-step method compared to those cultured by the
continuous step(Fig. 3C). Fibronectin-coated plates gave a stron-
ger staining than non-coated plates. As a positive control,
HepG2 cell line exhibited very intense staining(Fig. 3D).

These results demonstrate that glycogen synthesis by
HAM during the continuous culture would be enhanced by
fibronectin or ITS, and that addition of both FGF-1 and -2
could increase the synthesis. Again it is demonstrated that
two-step culture method is better than the continuous

culture method for the glycogen synthesis by HAM.

4. Morphological Appearance

Morphological change of HAM was examined in Ex-
periments 1 and 4. In the Experiment 1, effects of fibro-
nectin coating, ITS and various combinations of cytokines
on the morphological change of HAM into hepatic round

shape were examined. As seen in Fig. 2 and 3, neither
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fibronectin coating nor ITS affected the morphological
change of HAM under all culture conditions examined.
However, when HAM were cultured in BM supplemented
with FGF- 2 alone or mixture of FGF-1 and -2, turnover
of discrete fibroblastic morphology into round shape was
observed during culture. Morphological change began to
appear as early as the third day of culture FGF-2-con-
taining media. FGF-1 did not affect the morphological
appearance of HAM.

Fig. 3. PAS staining of the HAM after culture on non- or
fibronectin-coated plates in hepatogenic medium.
Glycogen storage of the HAM is stained purple. Nuclei
stained with Haematoxyline are blue. A, HAM cultured
on non-coated plates. B, HAM cultured on fibronectin-
coated plates. a and b, DMEM-LG+10% FBS; ¢ and d,
DMEM-LG+10% FBS+HGF+OSM+Dex(BM-1)+FGF-1,
e and f, BM-1+FGF-2; g and h, BM-1+FGF-1+FGF-2;
a, b, ¢ and d, without ITS; b, d, f and h with ITS. C,
a and b, HAM cultured on non-coated plates; ¢ and d,
HAM cultured on fibronectin-coated plates. a and ¢, HAM
cultured by the continuous method; b and d, HAM
cultured by the two step method. D, HepG2 cell line.
%400 for HepG2 and %200 for others.
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In the Experiment 4 where the effect of two-step culture
method was examined in comparison to the continuous cul-
ture method, there was an apparent morphological change
of HAM after 10 days of the first initiation step. However,
when cells were subsequently cultured for 10 days in the

second maturation medium consisting of BM supplemented

with ITS, they showed the remarkable transition from fib-
roblast-like morphology to round shape(Fig. 2C & 3C). In
contrast, when cells were further cultured in the same initi-
ation medium consisting of the maintenance medium supple-
mented with FGF-1, -2 and ITS, which was also used in
the first initiation step, no further morphological change
was observed.

These results demonstrate that for the morphological tur-
nover of HAM, FGF-2 might be needed during the conti-
nuous culture, and that the two-step hepatogenic culture in-
cluding OSM and Dex might be better than the continuous
method.

5. Immunoablotting Analysis for Albumin

To examine the albumin secretion by HAM during hepa-
tocyte differentiation, HAM were initially cultured in various
culture conditions for 3 weeks as in Experiment 1 and then
they were starved overnight in DMEM-LG without any sup-
plement. When immunoblotting analyses were done against
the albumin present in these starvation media, starvation
medium obtained from HAM initially cultured in BM alone
or BM containing ITS gave little Immunoreactivity (Fig.
4). In contrast, medium from HAM initially cultured in
BM containing ITS and FGF-1 showed a discernable inten-
sity and inclusion of FGF-2 instead of FGF-1 gave a stronger
intensity. However, starvation medium from HAM initially
cultured in the presence of both FGF-1 and -2 gave the
strongest staining intensity among all media(Fig. 4).

In the Experiment 2, HAM were initially cultured in BM
supplemented with various combinations of FGF-1, FGF-4
and TGF- ¢ in the absence or presence of ITS for 3 weeks,
and were starved in DMEM-LG without any supplement
overnight. As seen in Fig. 5, compared to the non ITS-
containing group, starvation media from HAM initially
cultured in the presence of ITS gave a stronger reactivity.

Among the ITS-containing media, the medium containing
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sity. Addition of FGF-1 to this medium did not enhance
FGF-4 and TGF- @ exhibited the strongest staining inten-
staining intensity rather diminished the intensity. The inten-
sity of the medium containing either combination of FGF-1
and TGF- «, or combination of FGF-1 and -4, was similar
to each other but weaker than that containing both FGF-4
and TGF- a(Fig. 5).

In the Experiment 3, effects of various combinations of
FGF-1, -2 and -4 were examined in the presence of ITS.
As seen in Fig. 6, a combination of FGF-2 and FGF-4
gave the stronger intensity than combinations of FGF-1 +
FGF-2 and of FGF-1 + FGF-4. Addition of FGF-1 to this
mixture did not enhance the intensity(Fig. 6).

These results showed that ITS enhanced the albumin
secretion by HAM during hepatic differentiation in vitro,
and that addition of FGF-1 or -2 increased the amount of
secretion. The results also showed that a combined treat-
ment of FGF-1+FGF-2, FGF-1+FGF-4 or FGF-1+TGF- o
could be better to induce the albumin secretion than single
treatment with FGF-1 or -2 alone, and that particularly a
combination of FGF-4 and either FGF-2 or TGF- @ could
further increase the secretion.
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Fig. 4. Effect of ITS, FGF-1 and -2 on the secretion of albu-
min by HAM in vitro. A group of HAM was initially
cultured in BM alone(BM). Another group of HAM
was cultured in BM containing ITS in the presence of
FGF-1(FGF 1), FGF-2(FGF 2), both (FGF 1 and FGF
2) or none. As a control, HAM were cultured in
DMEM-LG containing 10% FBS alone(CON). After
culture for 3 weeks, every group of HAM was starved
overnight in DMEM-LG alone. Note that the amount of
albumin is the greatest in starvation media obtained
from HAM initially cultured in BM containing ITS,
FGF-1 and FGF-2.
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Fig. 5. Effect of ITS and various combinations of FGF-1, FGF-
4 and TGF-2 on the secretion of albumin by HAM
in vitro. A group of HAM was cultured in BM without
ITS and the other group was cultured in BM with ITS.
Each group of HAM was further divided into 4 groups
depending on the presence of cytokines; FGF-1 and FGF-
4(FGF 1+FGF 4), FGF-1 and TGF- « (FGF 1+TGF-a),
FGF-4 and TGF- ¢ (FGF 4+TGF- ¢ ), and FGF-1, FGF-4
and TGF- a (FGF 14FGF 4+TGF-«). Note that among
these starvation media, albumin secretion is the greatest
when HAM were initially cultured in BM containing
ITS, FGF4 and TGF-a.

BM

FGF1+FGF 2
FGF1+FGF 4
FGF2 +FGF 4
FGF1+FGF2+FGF 4

CON

Fig. 6. Effect of various combinations of FGF-1, FGF-2 and
FGF-4 on the secretion of albumin by HAM in vitro.
HAM were initially cultured in BM supplemented with
ITS and ascorbic acid in the presence of FGF-1 and FGF-
2(FGF 1+FGF 2), FGF-1 and FGF-4(FGF 1+FGF 4),
FGF-2 and FGF-4(FGF 2+FGF 4) or FGF-1, and FGF-2
and FGF-4(FGF 1+FGF 2+FGF 4) for 3 weeks on fibro-
nectin-coated plates. A group of HAM was cultured in
DMEM-LG containing 10% FBS alone(CON). Note that
HAM initially cultured in the presence of both FGF-2
and -4 showed the greatest albumin secretion.

2002). It induces differentiation of rat bone marrow cells
into hepatocytes in culture as shown by the expression of
albumin, cytokeratins 8 and 18, which are typically ex-
pressed in normal adult hepatocytes(Oh et al., 2000). Dex,
a synthetic glucocorticoid supplement in hepatocyte cul-
tures, promotes stable levels of albumin secretion and ty-
rosine aminotransferase induction for up to 2 months (Tong
et al., 1990), and is essential trigger for hepatic matu-
ration(Kinoshita & Miyajima, 2002; Zaret, 2002). During
embryonic development in rodents, haematopoietic stem cells
produce OSM, a member of the interleukin-6 cytokine
family, has been reported to increase the cell size of hepa-
tocytes, enhanced cell differentiation and formation of bile
canaliculi, in combination with glucocorticoid as seen in
Dex-induced maturation of hepatocytes(Kamiya et al., 1999,
2001). Due by these properties, HGF, Dex and OSM are
the most frequently used additives for the hepatocyte cul-
ture media.

However, despite the presence of these additives, the
lack of terminal differentiation of primary hepatocytes in
culture evidences that additional signals are necessary (Ki-
noshita & Miyajima, 2002). One of signals known to in-
fluence differentiation to hepatocytes 1s an extracellular ma-
trix-derived signals. Previously it was shown using rat fi-
broblast that cell attachment was increased by extracellu-
lar matrix proteins of collagen I, fibronectin or entactin-
collagen IV-laminin to a similar extent. However, cells cul-
tured on fibronectin presented the maximal levels of expre-
ssion for liver specific genes, such as albumin or alpha-
fetoprotein coincidently with an increased expression of
hepatocyte nuclear factor-4, compared with those cells
cultured on others(Sanchez er al., 2000). The present study
also shows that coating of culture plates with fibronectin is

more effective to induce the differentiation of HAM into
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hepatocytes in comparison to the non-coating condition.
Results of immunocytochemistry against the albumin and
PAS staining of intracellular glycogen storage support the
finding that fibronectin-coating of culture plates is superior
to hepatic differentiation of HAM compared to the non-coa-
ting condition. These observations suggest that fibronectin
could potentially modulate the local concentration of cyto-
kines involved in the hepatocyte differentiation.

Insulin has been found to stimulate the mitosis and albu-
min secretion of rat hepatocytes(Kaufmann et al., 1999). In
the present study, addition of ITS to the hepatogenic me-
dium also remarkably increased albumin protein content and
the amount of glycogen storage compared to the control.
Addition of either FGF-1 or -2 to this ITS-containing me-
dium enhanced the albumin content and the glycogen pro-
duction by HAM. FGF-2 exerted better effect on the mor-
phological change into round shape typical of hepatocyte
than FGF-1. However, combined treatment of FGF-1 and
-2 resulted in the more albumin content and glycogen sto-
rage than treatment of FGF-1 or -2 alone. Immunoblotting
analyses also showed that the amount of albumin released
into the medium was the greatest when HAM were treated
with both FGF-1 and -2 in the presence of ITS. However,
substitution of FGF-1 with FGF-4 resulted in more albu-
min production, suggesting that combined treatment of
FGF-2 and-4 in the presence of ITS might be the best
condition for the hepatocyte-like differentiation of HAM.
TGF- ¢ in combination with FGF-4 also produces similar
effects as FGF-2 with FGF-4. From these observations, it
is suggested that FGF-4 might play a more important role
in the secretion of albumin by HAM. FGF-2 and TGF- «
appear to play only supporting roles in the albumin release
initiated by FGF-4.

FGF-1 and -2 induce the foregut endoderm to the hepa-
tocyte lineage that is required to induce a hepatic fate(Jung
et al., 1999). However, previous study showed either cyto-
kine failed to induce hepatic differentiation of human mul-
tipotent adult progenitor cells in vitro(Schwartz et al., 2002),
similar to our results. FGF-4 is important in the initial
endoderm patterning and may play a role in endoderm spe-
cification(Shi et al., 2005), and its expression in primitive

streak-mesoderm can induce the differentiation of moue en-
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doderm in a concentration-dependent manner(Wells & Mel-
ton, 2000). FGF-4 alone or in combination with HGF was
shown to induce the hepatic differentiation of human mul-
tipotent adult progenitor cells in vitro(Schwartz et al., 2002).
TGF- ¢ is an autocrine stimulator of hepatocyte prolife-
ration that increases transiently the replication of hepato-
cyte both in vivo and in vitro(Fausto et al., 2003).

Albumin is known to be the most abundant protein
synthesized by hepatocytes. Its production starts in the
early stage of liver development and reaches the maximum
level in the adult liver(Kamiya et al., 2001). Since hepato-
cytes consistently release albumin into the blood stream in
vivo, 1t is critical to examine the presence of albumin in the
culture medium to demonstrate the hepatic differentiation
of targeted cells. In the present study, HAM cultured in the
hepatic differentiation medium showed distinct albumin
synthesis and secretion as revealed by both immunocyto-
éhemistry and immunoblotting. However, when immuno-
blotting analyses were done against the HAM-conditioned
media, the signal was discernable only if the media was
twenty-fold concentrated. Nevertheless most studies, so far,
of hepatic cell differentiation have demonstrated the albu-
min synthesis using immunocytochemical analyses and little
has proved the albumin secretion using immunoblotting
analysis. In contrast, the present study demonstrates using
immunoblotting assay that HAM could release albumin
into the surrounding medium.

While a number of studies have tried to adopt stepwise
culture method to accomplish efficient differentiation, only
a few studies are known to use multi-step culture to achieve
hepatic differentiation of human adult stem cells(Seo et al.,
2005) or to overcome de-differentiation, which occurs du-
ring continuous stimulation by means of growth factors
(Auth ez al., 2005). In the present study, we observed that
two-step method in which FGFs were treated first and then
OSM and Dex replaced them was more efficient to induce
differentiation of HAM into hepatocyte-like cells than the
continuous culture method. To understand the mechanism
of differentiation, however, further studies are nceded to
explore the expression profile of genes during the sequen-
tial treatment.

Stem cell-based therapy and transplantation are of po-
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tential value in tissue and organ replacement and regene-
ration approaches. Many investigators have been intensi-
vely studying the efficient culture components and condi-
tions for the hepatic differentiation of human umbilical
cord blood-derived mononuclear cells(Kakinuma et al.,
2003), bone marrow cells(Schwartz et al., 2002) and
adipose tissue derived stem cells(Seo et al., 2005). HAE
was also shown to possess hepatocyte-like characteristics
both in vitro and in vivo(Takashima et al., 2004). They
observed that HAE cells expressed a subset of hepatocyte-
related genes and functions, and suggested the potential
applicability of the HAE for the cell-based transplantation
therapy. In this study, a type of cells of which morphology
was similar to the BM-MSC was isolated from the human
amniotic membrane at full term delivery. It was then exa-
mined whether the cells could differentiate into hepatocyte
and what culture condition would be effective to induce
the differentiation of HAM into hepatocyte in vitro. Taken
together, these studies show that a variety of human adult
stem cells could develop into hepatocyte-like cells under
appropriate culture conditions.

In conclusion, HAM could readily differentiate into he-
patocyte-like cells on fibronectin-coated plates in the pre-
sence of HGF, OSM, Dex, ITS, and combination of FGF-2
and FGF-4, or FGF-4 and TGF- @ . The differentiation po-
tential of HAM into hepatocyte-like cells might allow their

therapeutic use for the hepatic diseases.
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