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Differentiation of Biliary Epithelial Cells from
the Mouse Hepatic Endodermal Cells Cultured
in Vitro
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Su1oJ1r1, N. and Koike, T. Differentiation of Biliary Epithelial Cells from
the Mouse Hepatic Endodermal Cells Cultured wn Vitro. Tohoku J. Exp. Med.,,
1997, 181 (1), 1-8 ——— Differentiation of biliary epithelial cells from hepatic
endodermal cells of the mouse embryo was examined with a special attention to the
role of the connective tissue. When the whole liver primordium of the 9.5-day
mouse embryo was cultured in vitro for 5 days, the endodermal cells differentiated
into mature hepatocytes expressing carbamoylphosphate synthetase I (CPSI) and
accumulating glycogen. Intrahepatic bile duct cells and connective tissue were
poorly developed in this culture. However, when the hepatic endoderm was
recombined with the 4-day embryonic chick lung mesenchyme and cultured in
vitro, the endodermal cells differentiated into many ductal epithelial cells as well
as mature hepatocytes with abundant connective tissue development. These
results suggest that the ducts might be bile ducts, and that connective tissue is very
important for bile duct development. In addition, this in vitro culture system
might be useful for the study of mechanisms of bile duct differentiation and
congenital biliary atresia. —————liver primordium; biliary epithelial cells; he-
patocytes; induction; mesenchyme

During mammalian liver development, intrahepatic bile ducts originate from
periportal hepatocytes (Bloom 1926, Du Bois 1963; Wilson et al. 1963; Wood
1965; Enzan et al. 1974; Shiojiri 1984a; Van Eyken et al. 1988; Shiojiri et al.
1991), and it has been proposed that the periportal connective tissue induces
adjacent hepatocytes to differentiate into intrahepatic biliary epithelial cells (Du
Bois 1963; Wilson et al. 1963; Wood 1965; Enzan et al. 1974; Shiojiri 1984a).
However, it remains to be demonstrated experimentally whether connective tissue
induces ductal formation from fetal hepatocytes, though Doljanski and Roulet
(1934) showed that adult hepatocytes differentiate into biliary epithelial cells
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under the influence of connective tissue cells in vitro. Some substances such as
sodium butyrate and dexamethasone, and basal laminar components can promote
expressions of bile-duct-specific markers in fetal hepatocytes cultured in vitro
(Germain et al. 1988; Shiojiri and Mizuno 1993; Blouin et al. 1995).

To investigate the mechanisms of bile duct differentiation and the cause of
congenital biliary atresia, which i1s unknown, it would be useful to develop an in
vitro culture system in which the intrahepatic bile ducts differentiate from fetal
hepatocytes. Using a culture system of this type it would be possible to screen
the effects of various substances on bile duct formation and bile duct obstruction.

Because embryonic chick lung mesenchyme not only induces bronchus forma-
tion 1n lung endoderm but also allows mouse hepatic endoderm to differentiate
into hepatocytes (Houssaint 1980), it was postulated that it may induce bile duct
differentiation in differentiated hepatocytes. In the present study, we cultured
the whole liver primordium and the recombinants of the hepatic endoderm with
embryonic chick lung mesenchyme in vitro, and report that the heterologous
mesenchyme induces abundant ductal development from hepatic endoderm.

MATERIALS AND METHODS

Animals. C3H/HeSlc strain mice (SLC, Shizuoka) were used. Mice were
mated during the night and copulation was confirmed by the presence of a vaginal
plug the next morning. Noon of the day the vaginal plug was found was
considered 0.5 days of gestation. Embryos at 9.5 days of gestation were staged by
their somite number (15-23 somites). Chick embryos were obtained from a local
breeder (Oohata Shever Co., Ltd., Yaizu).

Organ culture. Mouse embryos at 9.5 days of gestation were dissected in
HEPES (Nakarai Chemical Co., Litd., Tokyo)-buffered Dulbecco’s modified MEM
(DMEM) (Gibco, Grand Island, NY, USA) under a dissecting microscope (model
SZH131, Olympus, Tokyo), and liver rudiments were isolated. The liver rudi-
ments were placed on membrane filters (RA-type; Nihon Millipore Kogyo K.K.,
Yonezawa) on stainless grids, and were cultured organotypically in the interface
between the culture medium and a gas phase of 5% CO, in air (Trowell 1954,
1959). DMEM supplemented with 109, fetal calf serum (Gibco), epidermal
growth factor (10 ng/ml, Upstate Biotechnology Inc., Lake Placid, NY, USA),
insulin (5 xg/ml, Sigma, St. Louis, MO, USA), dexamethasone (10~ M, Sigma),
penicillin G (100 U/ml, Meiji Seika Co., Ltd., Tokyo) and streptomycin (100 xg/
ml, Meiji Seika Co., Ltd.) was used as the culture medium. The medium was
changed every 3 days.

The endoderm of the liver rudiment was separated from hepatic mesenchyme
using 0.019, collagenase (CLSI; Worthington Biochem. Corp., Freehold, NJ,
USA). Lung mesenchyme was also prepared from 4-day chick embryos with the
aid of collagenase. The hepatic endoderm was recombined with hepatic mesen-
chyme or lung mesenchyme on the membrane filter, and then covered with
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Matrigel (Collaborative Research, Bedford, MA, USA). Hepatic endoderm was
also cultured in Matrigel in the absence of mesenchyme.

Huistochemistry. Tissues for histochemical analyses were fixed in a chilled
mixture of ethanol and glacial acetic acid (99 : 1 v/v) overnight and embedded in
paraffin at 53°C. Expressions of a-fetoprotein (AFP), albumin, carbamoylphos-
phate synthetase 1 (CPSI), bile-duct-specific cytokeratin and laminin were
examined immunohistochemically (Shiojiri 1981, 1984b, 1994; Shiojiri and
Katayama 1987). Rabbit anti-mouse AFP antiserum, rabbit anti-mouse albumin
antiserum (Miles Lab., Inc., Elkhart, IN, USA) (1/50 dilution), rabbit anti-rat
CPSI antiserum (a generous gift from Dr. W.H. Lamers; 1/1000 dilution) (Gaas-
beek Janzen et al. 1984, 1985), rabbit anti-calf keratin antiserum (Dako, Car-
pinteria, CA, USA) (1/300 dilution) and rabbit anti-mouse laminin antiserum
(E-Y Lab., San Mateo, CA, USA) (1/50 dilution) were used as primary antibodies.
Fluorescein isothiocyanate-labeled goat anti-rabbit IgG antibodies (Organon
Teknika Corp., West Chester, PA, USA) (1/50 dilution) were used as secondary
antibodies.

Lectin-binding sites were also histochemically examined with fluorescein-
conjugated peanut agglutinin (PNA), soybean agglutinin (SBA) and Dolichos
biflorus agglutinin (DBA) (Vector Lab., Burlingame, CA, USA) (Shiojir1 and
Nagai 1992). These lectins bound specifically to biliary epithelial cells (Shiojiri
and Nagai 1992). The control sections were incubated with the lectin solutions
containing each haptenic sugar.

Demonstration of glycogen with periodic acid-Schiff (PAS) staining was
carried out according to the method of McManus (1948).

REsuLTs

The endodermal cells of the liver primordia (with 15-23 somites) used in the
present study started to express AFP, but did not express albumin and CPSI, or
store glycogen. When the liver primordia were cultured for 5days in vitro,
however, the endodermal cells differentiated into large hepatocytes expressing
AFP, albumin and CPSI, and storing glycogen (Fig.1). Histologically, he-
patocytes formed aggregates (ca. 8 hepatocytes in a section) with large lumina in
their center, and these aggregates were surrounded by connective tissue or endoth-
elial cells. However, the development of the connective tissue was poor. Intra-
hepatic bile ducts did not differentiate in the liver parenchyma (no explants
showing intrahepatic bile duct differentiation among 6 explants examined) (Fig.
1), though simple columnar epithelial cells, which originated from the cells of
contaminated stomach and intestinal primordia, existed in the explants. Anti-
calf cytokeratin antibodies, which reacted specifically with intrahepatic biliary
epithelial cells in adult liver, and anti-laminin antibodies did not stain the liver
parenchyma differentiated in vitro. In prolonged cultivation of the liver primor-
dium for 7 days or 10 days, intrahepatic bile duct differentiation did not occur.
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Fig. 1. Differentiation of the whole liver primordium cultured in vitro for 5 days.
A, B: PAS staining. C: AFP immunostaining. D: Albumin immunostain-
ing. E: CPSI immunostaining. F: Bile-duct-specific cytokeratin immunos-
taining. G: Laminin immunostaining. Hepatocytes form large lumina (A-
E, %) and are positive for AFP, albumin, CPSI and glycogen (arrows). Note
that there are no ductal cells in the liver parenchyma with poor development
of connective tissue. Hepatocytes are negative for bile-duct-specific cytoker-
atin and laminin. MF: Millipore filter. A: x215. B-G: x430.
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In contrast, when the hepatic endodermal cells were recombined with 4-day
embryonic chick lung mesenchyme, and cultured for 5 days, they differentiated
into many ductal cells in addition to large hepatocytes (6 explants showing ductal
differentiation among 6 explants examined) (Fig. 2). The ductal cells were lined
with well-developed connective tissue, and also connected with hepatocytes
expressing CPSI and accumulating glycogen. Histochemical analyses revealed
that the ductal cells were negative for CPSI and albumin, but positive for AFP
(Fig. 2). Bile-duct-specific cytokeratin was expressed in some of the ductal cells,
and anti-laminin antibodies also reacted with the basal side of some ductal cells.
However, basal laminar components such as PNA- and SBA-binding sites, which
also characterized differentiated biliary epithelial cells, were absent in these
ductal cells. The differentiation state of hepatocytes in this culture was compa-
rable to that of the culture of the whole liver primordium.

The hepatic endodermal cells recombined and cultured with the hepatic
mesenchyme showed histology similar to that of the culture of whole liver
primordium. The hepatic endoderm did not survive in the culture without
mesenchyme.

DiscussioN

In the present study, we demonstrated that heterologous mesenchyme induces
the hepatic endodermal cells to differentiate into many ductal cells as well as large
hepatocytes. Although the ductal cells did not express the basal laminar compo-
nents such as PNA- and SBA-binding sites, they were negative for hepatocyte
markers (CPSI and albumin), and some of them were positive for bile-duct-
specific cytokeratin and laminin. In addition, they connected with hepatocytes.
Thus, they might be bile ducts, though they appeared to be immature. These
results support the idea that periportal connective tissue plays an important role
in bile duct differentiation during normal liver development (Du Bois 1963;
Wilson et al. 1963; Wood 1965; Enzan et al. 1974; Shiojiri 1984a).

Bile duct differentiation did not occur in the cultures of whole liver primor-
dium and the recombinants of the hepatic endoderm and the hepatic mesechyme.
The reason for the lack of success of bile duct differentiation is unknown at
present. Because the connective tissue did not develop abundantly from the
hepatic mesenchyme in these cultures, this may lead to a poor differentiation of
bile ducts. Our culture conditions may not be suitable for periportal connective
tissue development. We have also shown that when fetal mouse liver fragments,
in which intrahepatic bile ducts have not developed, are cultured in vitro,
abundant connective tissue and fully differentiated bile ducts do not differentiate
(Shiojiri and Mizuno 1993).

Although mechanisms of abundant ductal cell induction by the embryonic
chick lung mesenchyme are unknown and are questions to be resolved in the
future, we can screen the effects of various substances on the formation of bile
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F

Fig. 2. Culture of a recombinant of the hepatic endoderm with the embryonic
chick lung mesenchyme for 5 days. A: PAS staining. B: AFP immunos-
taining. C: Albumin immunostaining. D: CPSI immunostaining. E:
Bile-duct-specific cytokeratin 1mmunostaining. F: Laminin immunostain-
ing. Abundant ductal cells differentiate (A, arrows). They are negative for
albumin and CPSI (C, D arrows), and some of them are reactive to bile-duct-
specific cytokeratin antibodies (H, arrows) and anti-laminin antibodies (F,
arrow). Connective tissue (A, %) i1s well developed. A-D: x215. E,F: x
430.
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ducts and bile duct obstruction using our culture system.
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