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Cell shape, cell-cell contact, cell-extracellular matrix contact
and cell polarity are all required for the maximum induction
of CYP2B1 and CYP2B2 gene expression by phenobarbital in
adult rat cultured hepatocytes
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Article history: The effect of cell shape, cell density, contact with extracellular matrix and cell polarity on
Received 6 September 2007 the phenobarbital (PB)-induced gene expression of CYP2B1 and CYP2B2 (CYP2B1/2B2) in
Accepted 7 November 2007 adult rat hepatocytes was investigated. High cell density enhanced the induction of CYP2B1/

2B2 gene expression by PB. Hepatocytes cultured on EHS gel showed a spherical cell shape
and highly enhanced the induction of CYP2B1/2B2 gene expression by PB. Although mono-

Keywords: layer hepatocytes cultured on type I collagen (TIC) and type IV collagen exhibited poor
Hepatocyte induction of CYP2B1/2B2 gene expression by PB, monolayer cells on laminin showed
Phenobarbital substantial induction. The addition of soluble laminin to media did not show any effect
CYP2B on induction in monolayer hepatocytes cultured on TIC. Dishes coated with different
Cell shape concentrations of immovable laminin demonstrated complicated effects. Coating with
Cell-cell communications higher concentrations of laminin resulted in greater induction of CYP2B1/2B2 gene expres-
Extracellular matrix sion by PB. On the other hand, when hepatocytes were cultured on dishes coated with lower
Cell polarity concentrations of laminin, they became round and greater induction of CYP2B1/2B2 gene

expression by PB was observed. Spherical hepatocytes cultured on low concentrations of TIC
also showed highly enhanced induction of CYP2B1/2B2 gene expression by PB. EHS gel
overlay to hepatocytes cultured on TIC and collagen sandwich configurations that are
known to induce cell polarity enhanced the induction by PB. The induction of CYP2B1/
2B2 gene expression needed cytoskeleton organization, such as actin filament, microtubule
filament and intermediate filament. These results demonstrate that cell shape, cell density,
contact with extracellular matrix and cell polarity all play critical roles in the induction of
CYP2B1/2B2 gene expression by PB.
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1. Introduction steroids, fatty acids and various kinds of xenobiotics. Some

CYPs are highly inducible. Phenobarbital (PB) increases the
Cytochrome P-450 (CYP) comprises a large family of hemo- CYP2B1/2B2 mRNA level in the rat liver [1]. This increase is due
proteins and plays a vital role in the biotransformation of to increased transcription of the corresponding CYP2B1 gene
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[2]. Transcriptional activation is rapid and the rate reaches a
level 20-50-fold higher than that of the basal transcription rate
[3]. CAR (constitutive activator receptor) is thought to be
responsible for the PB-dependent induction of CYP2B1/2B2
[4,5]; however, detailed mechanisms of the activation of CAR
by PB are still not well understood.

In order to elucidate the precise mechanism of PB-
dependent induction of CYP2B1/2B2, the establishment of a
well-inducible hepatocyte culture system is required. At
present, no established cell lines that respond well to PB
treatment exist, although it has been reported that endogen-
ous CYP2B1/2B2 can be induced in primary rat hepatocytes [6].
Various efforts have been made so far to observe sufficient
induction of CYP2B1/2B2 in cultured hepatocytes [3,6-9], and
the most successful methods have revolved around the
manipulation of extracellular matrices. Several studies have
established a method whereby primary hepatocytes can be
reproducibly cultured on EHS gel (a reconstituted extracellular
basement membrane gel from mouse Engelbreth-Holm-
Swarm sarcoma) [6-12]. EHS gel is comprised of laminin, type
IV collagen (TIVC), proteoglycan, and so on, and permits cells
to be spherical. Hepatocytes cultured on dishes coated with
EHS gel respond to PB through transcriptional activation of
CYP2B1/2B2 genes [6]; however, it remains unclear why
hepatocytes cultured on EHS gel can respond to PB and induce
CYP2B1/2B2 gene expression.

In the liver, parenchymal hepatocytes contact each other
and communicate through gap junctions. Unlike other
epithelia, no substantial basement membranes are found
close to the basal surfaces of hepatocytes [13]; however, in
Disse’s space, extracellular matrices such as TIVC, laminin,
fibronectin and heparan sulfate proteoglycan, and hepato-
cytes communicate with extracellular matrices [14]. The
hepatocytes are cuboidal and highly polarized [15]. The
polarity of hepatocytes is dependent on the maintenance of
two distinct membrane domains, apical and basolateral
domains. These domains are divided by tight junctions.
Normal functions of hepatocytes are considered to be
dependent on the polarity of hepatocytes.

In the present study, we investigated the effects of cell
shape, cell density, components of extracellular matrix and
cell polarity on the induction of CYP2B1/2B2 gene expression
in hepatocytes cultured on manipulated extracellular
matrices. We demonstrate that all four factors are necessary
for the induction of CYP2B1/2B2 gene expression.

2. Materials and methods
2.1.  Preparation of hepatocytes

Adult male Wistar rats (150-200 g) were purchased from Japan
SLC (Hamamatsu, Japan) and maintained with free access to
animal chow and water for 3-10 days prior to use. Rat
parenchymal hepatocytes were isolated by perfusing liver
with collagenase as described previously [16]. The cells were
incubated at an initial density of 1.7 x 10° cm™2 (dense) or
4.25 x 10*cm™2 (sparse) on ¢$100mm or $60 mm culture
dishes coated with TIC, EHS gel, TIVC or laminin as described
below, and hepatocytes were incubated at 37°C in a

humidified atmosphere of 95% air and 5% CO,. The cultures
were maintained in serum- and hormone-free Waymouth'’s
MB 752/1 medium containing penicillin (5 IU/mL) and strep-
tomycin (5 mg/mL). After 4 h, the cells were washed twice with
PBS and replaced with fresh warm medium; thereafter, the
medium was replaced daily with fresh warm medium.

2.2.  Preparation of culture dishes

TIC-coated dishes were prepared by adding different concen-
trations of TIC (Nitta Gelatin, Japan) (100 pg/mL and 0.5 pg/mL)
to plastic dishes (Falcon 1029). EHS gel-coated dishes were
prepared as described previously [10]. TIVC-coated dishes
were purchased from Collaborative Biomedical Products
(USA). Laminin-coated dishes were prepared by adding
different concentrations of laminin (Collaborative Biomedical
Products, USA) (100 png/mL, 10 ng/mL, 0.5 pg/mL and 0.1 ng/
mL) to plastic dishes (Falcon 1029). TIC gel-coated dishes were
prepared as described by Suzuki et al. [17].

2.3. Treatment of hepatocytes

In most experiments, freshly isolated hepatocytes were
incubated for 48 h on dishes coated with various substrata.
Following incubation, cells were divided and treated with PB
(2x1072M) and with or without dexamethasone (Dex;
1 x 10" M) for 24 h. In studies to see the effect of cytoskele-
ton-disrupting reagents, the cells were cultured for 48 h.
Hepatocytes were treated with PB in the presence or absence
of cytoskeletal inhibitors, colchicine (1 x 10~* M), cytochalasin
B (1 x 107> M), 3,3'-iminodipropionitrile (IDPN, 1%) and okadaic
acid (1 x 1077 M). Colchicine and cytochalasin B were added
during the last 24 h of culture, but as okadaic acid showed
cytotoxicity, the cells were treated with the drug during the last
4 h. In experiments to add soluble laminin to media, the cells
were first plated and cultured on TIC-coated dishes (IWAKI,
Japan) for 48 h, then soluble laminin (Collaborative Biomedical
Products, USA) was added at a final concentration of 125 pg/mL,
and cells were cultured for a further 24 h. In experiments to see
the effect of EHS gel overlay, the cells were first plated on TIC-
coated dishes (IWAKI, Tokyo, Japan), cultured for 4h or 48 h,
and varying concentrations (20 pg/mL, 100 pg/mL, 200 pg/mL
and 500 pg/mL) of EHS gel were added to culture media. In
experiments using a TIC gel sandwich, the cells were first plated
and cultured on a singlelayer of TIC gel for4 hor48 h,and thena
second layer of TIC gel was spread over the cells as described
previously [17].

2.4.  RNA isolation and Northern blot analysis

Total RNA was extracted according to the method of Chomc-
zyski and Sacchi [18], and RNA was subjected to Northern blot
analysis. cDNA clones of rat CYP2B1 [19], rat UDP-glucurono-
syltransferase 2 (UGT2) [20] and mouse apolipoprotein E (apo E)
[21] were labeled with [5" a-32P] ACTP using Megaprime DNA
Labeling System (Amersham, USA) and used for hybridization.
Hybridized bands were visualized autoradiographically. Spe-
cific hybridization was quantified with BAS 2000 II (Fuji Film,
Japan). The apo EmRNA level was not affected by any treatment,
so it was used as the normalization standard.
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Fig. 1 - Morphologic appearance of rat hepatocytes cultured on plastic dishes coated with type I collagen (A) and EHS gel (B).
Hepatocytes were cultured at an initial density of 1.7 X 10° cm™2 on plastic dishes coated with TIC and EHS gel in serum-
and hormone-free medium for 48 h. Scale bars indicate 50 pm.
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Fig. 3 - Effect of type IV collagen and laminin on the
induction of CYP2B1/2B2 gene expression by PB in rat
hepatocytes. (A) Hepatocytes were cultured at an initial
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N ‘ CYP2B1/2B2 TIC, EHS gel (EHS), type IV collagen (TIVC) or laminin (LM)
4 for 48 h. The cells were then incubated in control medium
! UGT2 (C), in medium containing PB (2 x 10~3 M) (P), or in
= medium containing PB (2 X 107> M) and Dex (1 X 10~° M)
- » . . . ' apo E (P/D) for a further 24 h. (B) Hepatocytes were cultured at an

initial density of 1.7 x 10° cm™2 on plastic dishes coated
with TIC for 48 h. The cells were then incubated in control
medium (C), in medium containing PB (2 x 10~ M) (P), or
in medium containing PB (2 X 10~2 M) and Dex

(1 x 10~° M) (P/D), either in the absence or presence of
soluble laminin (125 pg/mL) (G/LM, P/LM, P/D/LM) for a
further 24 h. Total cellular RNA was extracted and 10 pg of
RNA was used for Northern blot analysis. Autoradiogram
of Northern blot analysis of CYP2B1/2B2, UGT2 and apo E
mRNAs is shown.

Fig. 2 - Effect of cell density on the induction of CYP2B1/2B2
gene expression by PB in rat hepatocytes cultured on TIC,
EHS gel (EHS) and laminin (LM). Hepatocytes were cultured
at an initial density of 1.7 X 10°> cm™~? (dense) or

4.25 X 10* cm™~? (sparse) in serum- and hormone-free
control medium on plastic dishes coated with TIC, EHS gel
(A) or laminin (B) for 48 h. The cells were then incubated in
control medium (C), in medium containing PB (2 X 10~3 M)
(P), or in medium containing PB (2 X 10~% M) and Dex

(1 x 10~° M) (P/D) for a further 24 h. Total cellular RNA was
extracted and 10 pg of RNA was used for Northern blot
analysis. Autoradiogram of Northern blot analysis of
CYP2B1/2B2, UGT2 and apo E mRNAs is shown.
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USA). Microsomal protein was measured using the Bio-Rad
protein assay kit (Bio-Rad, USA).

3. Results

When freshly isolated adult rat hepatocytes were cultured on
dishes coated with TIC, they spread and formed a confluent
monolayer (Fig. 1A). In contrast, hepatocytes cultured on
dishes coated with EHS gel retained a spherical cell shape
(Fig. 1B). As we reported previously [7,9], hepatocytes on EHS
gel showed high responsiveness to PB (Fig. 2A), whereas in
hepatocytes on TIC, the induction of CYP2B1/2B2 gene
expression by PB alone was not observed (Fig. 2A) [9]. As
shown in Fig. 2, hepatocytes cultured at high density (dense,
1.7 x 10° cells cm?) on TIC, EHS gel and laminin maintained
higher responsiveness to PB than those cultured atlow density
(sparse, 4.25 x 10*cellscm™). When Dex was added to
medium together with PB, the induction on TIC was observed
only in dense culture. The pattern of induction of the UGT2
gene, which is known to encode a phase 2 drug-metabolizing
enzyme and to be induced by PB, was similar to that of the
CYP2B1/2B2 gene (Fig. 2). These results suggest that cell-cell
contactis an important factor for the induction of CYP2B1/2B2
gene expression. When hepatocytes were cultured at low cell
density, the induction of CYP2B1/2B2 gene expression was
seen in cells on EHS gel or laminin but not on TIC. This
indicates that extracellular matrices are important for the
induction of CYP2B1/2B2 gene expression.

We next examined the significance of the components of
EHS gel, such as TIVC and laminin for the induction of CYP2B1/
2B2 gene expression. Hepatocytes cultured on TIVC and
laminin formed monolayers similar to those on TIC (data
not shown). The level of CYP2B1/2B2 mRNA in the cells on
TIVC was almost same as that on TIC, when hepatocytes were
treated with both PB and Dex (Fig. 3A). In contrast, the level of

CYP2B1/2B2 mRNA in the cells on laminin was higher than
that on TIC. This demonstrates that laminin is an important
extracellular matrix for the induction of CYP2B1/2B2 gene
expression by PB (Fig. 3A) [22]. To determine the effect of
laminin on the induction of the CYP2B1/2B2 gene, soluble
laminin was added to media. The addition of soluble laminin
did not affect either cell morphology (data not shown) or the
level of CYP2B1/2B2 mRNA (Fig. 3B), while the induction of
UGT2 gene expression by PB was enhanced. Our results
suggest that immovable laminin on a dish, but not soluble
laminin, enhances the induction of CYP2B1/2B2 gene expres-
sion.

We further investigated the significance of laminin in
CYP2B1/2B2 gene expression by culturing hepatocytes on
varying concentrations of immovable laminin (Fig. 4A-D). As
shown in Fig. 5A, hepatocytes cultured on dishes coated with
100 pg/mL of laminin enhanced the induction of CYP2B1/2B2
gene expression by both PB and Dex, whereas induction was
not observed in hepatocytes cultured on dishes coated with
10 pg/mL of laminin. Thus, coating with higher concentrations
of laminin had an enhancing effect on the induction of
CYP2B1/2B2 gene expression; however, cells cultured on both
concentrations showed a flat and spread morphology (Fig. 4A
and B). On the other hand, substantial induction of CYP2B1/
2B2 gene expression was observed in hepatocytes cultured on
dishes coated with lower concentrations of laminin, 0.5 pg/mL
and 0.1 pg/mL (Fig. 5A), and those hepatocytes exhibited a
spherical shape (Fig. 4C and D). Based on these results, we
speculate that not only laminin but also cell shape plays
important roles in the induction of CYP2B1/2B2.

In order to investigate the role of cell shape on the
induction of CYP2B1/2B2 gene expression, hepatocytes were
cultured on different concentrations of TIC instead of laminin.
When hepatocytes were cultured on a dish coated with 100 pg/
mL of TIC, the cells formed a monolayer and the level of the
induction of CYP2B1/2B2 gene expression was lower (Figs. 4E

Fig. 4 - Morphologic appearance of rat hepatocytes cultured on plastic dishes coated with immovable laminin and TIC at
varying concentrations. Hepatocytes were cultured at an initial density of 4.25 x 10* cm™2 for 72 h on plastic dishes coated
with 100 pg/mL (A), 10 pg/mL (B), 0.5 pg/mL (C) or 0.1 pg/mL (D) of laminin, or 100 pg/mL (E) or 0.5 pg/mL (F) of TIC. Scale

bars indicate 50 pm.
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Fig. 5 - Effect of varying concentrations of immovable
laminin and TIC on the induction of CYP2B1/2B2 gene
expression by PB in rat hepatocytes. (A) Hepatocytes were
cultured at an initial density of 4.25 X 10* cm™~? on plastic
dishes coated with 100 pg/mL (LM 100), 10 pg/mL (LM 10),
0.5 pg/mL (LM 0.5) or 0.1 pg/mL (LM 0.1) of laminin for 48 h,
and then the cells were incubated in control medium (C),
in medium containing PB (2 X 1073 M) (P), or in medium
containing PB (2 X 10~3 M) and Dex (1 X 10~° M) (P/D) for a
further 24 h. Total cellular RNA was extracted and 10 pg of
RNA was used for Northern blot analysis. Autoradiogram
of Northern blot analysis of CYP2B1/2B2, UGT2 and apo E
mRNAs is shown. (B) Hepatocytes were cultured at an
initial density of 4.25 x 10* cm™2 on plastic dishes coated
with 100 pg/mL (TIC 100) or 0.5 pg/mL (TIC 0.5) of TIC for
48 h, and then the cells were incubated in control medium
(C), in medium containing PB (2 X 10> M) (P), or in
medium containing PB (2 X 10~3 M) and Dex (1 X 10~° M)
(P/D) for a further 24 h. Total cellular RNA was extracted
and 10 pg of RNA was used for Northern blot analysis.
Autoradiogram of Northern blot analysis of CYP2B1/2B2,
UGT2 and apo E mRNAs is shown. (C) Hepatocytes were
cultured at an initial density of 4.25 X 10* cm™? on plastic
dishes coated with 100 pg/mL (TIC 100) or 0.5 pg/mL (TIC
0.5) of TIC for 48 h, and then the cells were incubated in
control medium (C), in medium containing PB (2 X 107> M)
(P), or in medium containing PB (2 X 10~3 M) and Dex

(1 X 10~® M) (P/D) for a further 24 h. Microsomal fractions
were isolated and subjected to Western blot analysis with
anti-rat CYP2B1.

and 5B); however, on a dish coated with 0.5 ng/mL of TIC,
hepatocytes exhibited a spherical shape and remarkable
induction of the genes (Figs. 4F and 5B). Cell shape-dependent
induction by PB was observed also at the protein level (Fig. 5C).
These results demonstrate that cell shape itself plays a
significant role in the induction of CYP2B1/2B2 gene expres-
sion. The pattern of induction of the UGT2 gene was similar to

that of the CYP2B1/2B2 gene, suggesting that the signal
transduction pathway of PB was partly affected by cell shape.

In the liver, hepatocytes are highly organized and maintain
cell polarity. We next examined the effect of cell polarity on
the induction of CYP2B1/2B2 gene expression. To restore the
polarity of cultured hepatocytes, hepatocytes cultured on TIC
were overlaid with EHS gel [22], or hepatocytes were
sandwiched with TIC gel. Whichever matrix was overlaid,
incubation for 24 h did not allow the cells to change their
shape (Fig. 6B and E). When hepatocytes were overlaid with
EHS gel or TIC gel for 68 h, the cells did not spread well and
their shape became irregular (Fig. 6C and F). Both EHS gel
overlay and TIC gel sandwich allowed the cells to show
substantial induction of CYP2B1/2B2 gene expression by PB
(Fig. 7A). In the case of EHS gel overlay, incubation for 24 h was
enough for induction (Fig. 7A). These results suggested that
the restoration of hepatocyte polarity enhanced the induction
of CYP2B1/2B2 gene expression by PB. Maximum induction of
CYP2B1/2B2 gene expression was observed in hepatocytes
overlaid with 100 pg EHS gel protein/mL (Fig. 7B). The
induction of UGT2 gene expression by PB was enhanced by
EHS gel overlay, but not by TIC gel sandwich (Fig. 7A), leading
us to speculate that cell polarity did not play important roles in
the induction of UGT2 gene expression. Since the induction of
UGT2 gene expression seemed to be more dependent on
laminin than on other extracellular matrices (Fig. 3), the
induction of UGT2 gene expression by EHS gel overlay was
regarded to be due to laminin contained in EHS gel.

We here demonstrated that cell density, the presence of
extracellular matrix, cell shape and cell polarity all played
important roles in the induction of CYP2B1/2B2 gene expres-
sion by PB. These four factors are all related to cytoskeleton
organization directly or indirectly. Change in cell shape and
establishment of cell polarity seem to follow the change of
cytoskeleton organization. In accordance with the previous
finding by Brown et al. [22], colchicine and cytochalasin B
inhibited the induction of CYP2B1/2B2 gene expression by PB
(Fig. 8). Okadaic acid, a well-known inhibitor of Ser/Thr protein
phosphatase, PP1 and PP2A, was reported to act as an inhibitor
of intermediate filamentary polymerization [24]. As shown by
us [25] and Sidhu and Omiecinski [26], okadaic acid inhibited
the induction of CYP2B1/2B2 gene expression by PB (data not
shown). An intermediate filament-disrupting reagent, IDPN
[27], also inhibited this induction (Fig. 8). These results
together led us to conclude that the three cytoskeletons were
all crucial factors for the induction of CYP2B1/2B2 gene
expression by PB.

4, Discussion

The liver consists of hepatic lobules, which in turn consist of
parenchymal cells and nonparenchymal cells. Hepatic par-
enchymal cells are cuboidal epithelia, and contact each other.
Hepatocytes have three distinct membrane domains, basal,
lateral and apical domains, and maintain cell polarity. The
functions of hepatocytes seem to be affected by extracellular
matrices such as collagen, laminin, fibronectin and proteo-
glycan in Disse’s space; however, monolayer hepatocytes
cultured under the usual conditions rapidly lose both their cell
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Fig. 6 - Morphologic appearance of rat hepatocytes cultured on plastic dishes coated with various substrata. (A-C)
Hepatocytes were cultured at an initial density of 1.7 x 10° cm™2 on TIC. The cells were then cultured in medium containing
EHS gel (100 pg/mL) for the last 24 h (B) or 68 h (C). For hepatocytes of C, medium containing EHS gel at the same
concentration was changed daily. (D-F) Hepatocytes were cultured at an initial density of 1.7 X 10° cm™2 on TIC gel (D). The
cells were then overlaid with TIC gel for the last 24 h (E) or 68 h (F). All hepatocytes (A-F) were cultured for 72 h. Scale bars

indicate 50 pm.

polarity and some liver-specific functions such as the
induction of CYP2B1/2B2 by PB. It has been reported that
the induction of CYP2B1/2B2 by PB and expression of other
liver-specific genes are maintained at a higher level in
hepatocytes cultured on EHS gel than in those cultured on
TIC [9,10]. There are some apparent differences between
hepatocytes on EHS gel and those on TIC, and hepatocytes
on EHS gel are thought to be closer to those in the liver. First,
EHS gel contains several extracellular matrices such as
TIVC, laminin and proteoglycan, which are found in Disse’s
space. Second, hepatocytes on TIC spread and form a
monolayer, while hepatocytes on EHS gel show a spherical
cell shape like hepatocytes in the liver. In this study, we
investigated the effects of cell shape, cell-cell contact, the
presence of extracellular matrix, and cell polarity on the
induction of CYP2B1/2B2 gene expression by PB in cultured
hepatocytes.

Monolayer hepatocytes on TIVC exhibited poor induction
of CYP2B1/2B2 gene expression by PB, like those on TIC
(Fig. 3A). On the other hand, hepatocytes on laminin showed
more induction of CYP2B1/2B2 gene expression than those on
TIC and TIVC (Figs. 2 and 3). It was described previously that
hepatocytes on laminin maintained high levels of liver-
specific genes expression [22,23]. Brown et al. [22] showed
that laminin was important for the induction of CYP2B1/2B2
gene expression. They also indicated that soluble laminin and
synthetic peptides of laminin fragments effectively enhanced
induction; however, we found that the addition of laminin to
media did not affect CYP2B1/2B2 gene expression (Fig. 3B).
Although the conflicting results are puzzling, both our results
and those of Brown et al. [22] indicate that at least immovable
laminin enhances the induction of CYP2B1/2B2 gene expres-
sion by PB.

As shown in Fig. 5A, the effect of laminin on CYP2B1/2B2
gene expression was slightly complicated, and the concentra-
tion versus efficacy curve showed a U-shaped pattern.
Namely, hepatocytes cultured on dishes coated with larger
or smaller amounts of laminin showed the induction of
CYP2B1/2B2 gene expression by PB, whereas hepatocytes on
dishes coated with an intermediate amount of laminin did not
(Fig. 5A). We speculated that the U-shaped action of laminin
could be integrated by two factors, laminin itself and the cell
shape. When hepatocytes exhibit a spread morphology, the
quantity of laminin coated on dishes is important for
induction. In other words, more laminin allows hepatocytes
more induction. When hepatocytes show a spherical mor-
phology on dishes with a limited amount of laminin, the
induction of CYP2B1/2B2 gene expression by PB is enhanced.
To assess the role of cell shape, we tried to change the
morphology of hepatocytes by TIC instead of laminin.
Spherical hepatocytes on dishes coated with a smaller amount
of TIC exhibited a remarkable induction of CYP2B1/2B2 gene
expression (Fig. 5B). It was reported previously that hepato-
cytes on dishes coated with a limited amount of collagen,
laminin or fibronectin exhibited a spherical morphology and
maintained liver phenotype [28]. These results indicated that
the spherical shape of hepatocytes was necessary for the
induction of CYP2B1/2B2 gene expression.

Caron [23] reported that when dilute EHS gel was added to
culture medium following cell attachment to a conventional
substratum of TIC (EHS gel overlay), transcription of the
albumin gene was maintained at a higher level. As shown in
Fig. 7, EHS gel overlay caused a robust induction of CYP2B1/2B2
gene expression by PB. These results are consistent with those
of previous reports [29,30]. Musat et al. [31] reported that EHS
gel overlay enabled the reestablishment of cell polarity by
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Fig. 7 - Effect of EHS gel overlay and TIC gel sandwich on
the induction of CYP2B1/2B2 gene expression by PB. (A)
Hepatocytes were cultured at an initial density of

1.7 X 10° cm ™2 on TIC or TIC gel. The cells were then
overlaid with EHS gel (100 ng/mL) or TIC gel for the last
24 h or 68 h. Hepatocytes were treated with PB (2 X 103 M)
(P), or PB (2 X 102 M) and Dex (1 X 10~° M) (P/D) for the last
24 h. Total cellular RNA was extracted and 10 pg of RNA
was used for Northern blot analysis. Autoradiogram of
Northern blot analysis of CYP2B1/2B2, UGT2 and apo E
mRNAs is shown. (B) Hepatocytes were cultured at an
initial density of 1.7 X 10° cm™2 on TIC for 48 h. The cells
were then cultured in medium containing EHS gel (500 pg/
mL, 200 pg/mL, 100 pg/mL and 20 pg/mL) plus PB

(2 X 1072 M) and Dex (1 X 10 ¢ M) for a further 24 h. Total
cellular RNA was extracted and 10 pg of RNA was used for
Northern blot analysis. Quantitative analysis of specific
hybridization was performed with BAS 2000 II. Values of
CYP2B1/2B2 mRNA were normalized with those of apo E
mRNA. CYP2B1/2B2 mRNA levels are expressed as a
percentage relative to those of hepatocytes cultured in
medium containing 100 ng/mL EHS gel. Each value and
vertical bar is expressed as the mean and S.E.M. of three
independent experiments, respectively.

demonstrating various intracellular events, including the
reformation of y-glutamyltransferase, Mg®*-ATPase-positive
bile canalicular networks, localization of gap-junction pro-
teins to the lateral membrane, reorganization of the actin
cytoskeleton into pericanalicular webs and location of Golgi
complexes in mitochondria-poor pericanalicular cytoplasm.
These results suggested that enhancement of the induction of
CYP2B1/2B2 gene expression by EHS gel overlay was caused by
the reestablishment of cell polarity of hepatocytes. Cell
polarity of hepatocytes was also reestablished by a collagen
sandwich system to avoid the possibility that laminin itself
contained in EHS gel enhanced induction in the EHS gel
overlay system. It has been reported that the collagen
sandwich system causes a reorganization of cytoskeleton,
adoption of in vivo-like morphology and polarity, and expres-
sion of liver-specific functions [17,32-36]. Hepatocytes cul-
tured in a TIC gel sandwich system also responded to PB with
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Fig. 8 - Effect of cytoskeleton-disrupting reagents on the
induction of CYP2B1/2B2 gene expression by PB in rat
hepatocytes cultured on EHS gel. Hepatocytes were
cultured at an initial density of 1.7 X 10° cm™2 on plastic
dishes coated with EHS gel in a serum- and hormone-free
medium for 24 h, and cells were treated with PB

(2 X 1072 M) and colchicine (1 X 10~* M), cytochalasin B

(1 x 107> M) and IDPN (1%) for a further 24 h. Fifteen
micrograms of total RNA was used for Northern blot
analysis. Quantitative analysis of specific hybridization
was performed with BAS 2000 II (Fuji Film). Values of
CYP2B1/2B2 mRNA were normalized with those of apo E
mRNA. CYP2B1/2B2 mRNA levels are expressed as a
percentage relative to the values of hepatocytes treated
with PB alone. Each value is expressed as the mean of two
independent experiments.

the induction of CYP2B1/2B2 gene expression (Fig. 7). This
demonstrated that the cell polarity of hepatocytes played an
important role in the induction of CYP2B1/2B2 gene expression
by PB. Because the TIC gel sandwich for 24 h did not seem to be
sufficient to reestablish cell polarity [15], hepatocytes cultured
in a TIC gel sandwich system showed a similar level of
CYP2B1/2B2 mRNA to those on a single layer of TIC gel. In
contrast, EHS gel overlay for 24 h enhanced the induction of
CYP2B1/2B2 gene expression substantially. The difference
between EHS gel overlay and TIC gel sandwich depends on
various components of EHS gel, such as laminin. On the other
hand, when either EHS gel or TIC gel was overlaid for 68 h,
hepatocytes showed an irregular-shaped morphology (Fig. 6).
As shown in Fig. 5, cell shape played a critical role in the
induction of CYP2B1/2B2 gene expression; therefore, enhance-
ment of induction by both EHS gel and TIC gel overlay is due to
not only cell polarity but also cell shape. We are now devising a
method which can segregate the effects of these two factors.

The ability of cells to adopt a variety of shapes and polarity
depends on a complex network of protein filaments called the
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cytoskeleton, which consists of three kinds of cytoskeleton
filaments, actin filaments, microtubules and intermediate
filaments. We confirmed that PB-induced expression of the
CYP2B1/2B2 gene and UGT2 gene was inhibited by colchicine,
cytochalasin B and IDPN (Fig. 8). These results indicated that
the cytoskeleton organization was essential for the PB-
signaling pathway.

In conclusion, the results from this study demonstrate that
cell shape, cell-cell contact, cell-extracellular matrix contact
and cell polarity are all important for the induction of CYP2B1/
2B2 gene expression by PB. Our results suggest that the
difficulties to maintain the responsiveness to PB in cultured
hepatocytes come from the requirement of hepatocytes for all
four factors in culture.
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