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Cell-density-dependent Expression of Cypla2 Gene in Monolayer-cultured

Adult Mouse Hepatocytes
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Expression of Cyplal and Cypla2 genes was investigated in adult C57BL/6NCrj mouse hepatocytes
for up to 5 days after transfer to monolayer culture. CYP1AI mRNA was substantially induced by
treatment with 3-methylcholanthrene during the observation period, independently of the seeded cell
density. However, expression of CYP1A2 mRNA was dependent on cell density and was higher in
cells cultivated at lower density. With increasing culture period the expression was decreased, so that
only negligible levels were evident by day 5, and reduced expression of constitutive and induced CYP-
1A2 mRNA became apparent earlier in more densely seeded cells. This was not related to differences
in numbers of inducer molecules per cell. While mouse hepatocytes incorporated tritium-labeled
thymidine under the given culture conditions, induction of expression of the two Cypla genes did not
show any direct relationship with DNA synthesizing activity. These observations suggest some role for

Cypla2 during changes in physiological state.
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Most chemical carcinogens require metabolic
activation before exerting their biological activities and
several kinds of cytochrome P-450 species have been
demonstrated to catalyze this process for specific carcino-
gens.'"® P4501A2 mediates hydroxylation of aromatic
amines, heterocyclic amines and azo compounds, and the
products are further metabolized to the ultimate carcino-
genic forms by additional modification, such as sulfation
and acetylation.”™® P4501A2, which is constitutively ex-
pressed, is also inducible by treatment with aromatic
hydrocarbons only in the liver in vivo.® However, with
the usually employed method of hepatocyte primary cul-
ture, the content of P4501A2 protein decreases rapidly
when the cells are transferred to monolayer culture
and induction has not been successful except in limited
cases, '™ Induction of CYP1A1l mRNA is, in contrast
to CYP1A2, relatively easy in cultured cells, including
monolayer hepatocytes, and several regulatory factors,
such as a short-lived suppressor protein'*'" and
cAMP,'® have been proposed. However, regulatory
mechanisms during Cypla2 gene expression are still un-
clear and, since the P4501A2 protein is thought to be
responsible for activation of human-related chemical car-
cinogens, it is of importance to elucidate the relationship
of its expression to cellular physiological processes such
as differentiation and replication.

The present paper deals with expression of Cypla2 and
Cyplal genes in monolayer-cultured mouse hepatocytes

Abbreviations used are: ¢cDNA, complementary DNA; SDS,
sodium dodecyl] sulfate; SSC, standard saline citrate; TCDD,
2,3,7,8-tetrachlorodibenzo-p-dioxin.

seeded at different cell densities. The results, while show-
ing an apparent decrease in Cypla2 gene expression with
increasing culture period also demonstrate that induction
of the Cypla2 gene is inversely dependent on seeded cell
density, that of the Cypplal gene being independent.
Furthermore, changes in the level of expression did not
correlate with proliferation activity.

MATERIALS AND METHODS

Chemicals Materials for culturing hepatocytes were
purchased from GIBCO Laboratories, Grand Island,
NY, Collaborative Research Inc. Bedford, MA, and
Kyokuto Seivaku, Tokyo. Percoll and collagenase were
products of Pharmacia, Uppsala, and Sigma Chemical
Co., St. Louis, MO, respectively. Cyplal and Cypla2
cDNAs cloned from mouse liver'™®® were generous gifts
from Dr. Daniel W. Nebert, Univ. of Cincinnati, OH,
Chicken S-actin cDNA was obtained from Oncor, Inc,,
Gaithersburg, MD. 3-Hydroxybenzo[a]pyrene was sup-
plied by the NCI Chemical Repository, Bethesda, MD.
Other routine chemicals were purchased from Seikagaku
Kogyo, Dai-ichi Pure Chemicals, and Wako Pure Chem-
icals, Tokyo.

Preparation of primary cultures of hepatocytes The
livers from female C57BL./6NCrj mice weighing 25-30 g
(Charles River Japan, Inc.) were subjected to colla-
genase perfusion and then Percoll isodensity centrifuga-
tion for isolation of viable hepatocytes using the method
previously described.’”?! The cells were dispersed in
Waymouth MB752/1 medium containing bovine serum
albumin (2 g/liter), insulin (0.5 mg/liter), transferrin
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(0.5 mg/liter), selenium (0.5 pg/liter) and dexametha-
sone (0.4 pg/liter), and seeded in dishes precoated with
100 pg collagen Type I, at a density of 0.5 to 4.0 10°
cells/10 ml/100 mm dish, unless otherwise indicated.
The cultures were maintained at 37°C in a humidified
CO; incubator. Medium was renewed every day, except
in the experiments for measuring DNA synthesizing
activity, but, since medium change in itself provoked
Cyplal gene expression.”’ ) treatment with inducers was
started 24 h after the last medium change. The inducers
were dissolved in dimethyl sulfoxide, which itself had no
influence on aryl hydrocarbon hydroxylase (a marker
enzyme for Cyplal gene) expression at the routinely
employed maximal concentration of 0.1%.
Hybridization of hepatocyte RNA with P450 probes
Total RNA was prepared from the hepatocytes accord-
ing to the guanidinium thiocyanate/phenol method*"
and subjected to hybridization as described by Maniatis
et al”® Northern transfer experiments were performed
after size-fractionation of the denatured RNA (10-20
/£g) on formaldehyde containing 1.3% agarose gels. Hy-
bridization was carried out at 42°C overnight in a mix-
ture containing 50% formamide, 1 Denhardt, 5 < SSC,
50 mM sodium phosphate, pH 6.4, salmon testis DNA at
0.25 mg/ml, and a “P-labeled cDNA probe. Washing
was performed four times for 5 min with 2 xSSC and
0.1% SDS at room temperature, and then twice for 15
min with 0.1 < SSC and 0.1% SDS at 60°C. Exposure to
Kodak X-ray film was carried out at —70°C with an
intensifying screen (Du Pont).

Incorporation of thymidine into acid-insoluble fraction
DNA synthesizing activity of hepatocytes was deter-
mined essentially as described earlier.*® The last medium
change before determination of DNA synthesizing activ-
ity was carried out 24 h after the seeding. [Methyl-"H]-
thymidine (Amersham Japan, Tokyo) was added to the
culture medium at 1 £Ci/ml. After 1 h cultivation, dishes
were washed several times with phosphate-buffered saline
and then with cold 109 trichloroacetic acid. The cells
were then dissolved in 1 ml of 0.5 N NaOH. The resultant
solution was transferred to a centrifuge tube on ice and
mixed with 0.1 ml of cold 100% trichloroacetic acid. The
precipitate was suspended in 10% trichloroacetic acid
after centrifugation of the mixture, followed by boiling
for 15 min. Tritium-radioactivity in the supernatant frac-
tion was determined after neutralization with the aid of a
Triton-toluene liquid scintillator.

RESULTS

Induction of Cyplal and Cypla2 gene expression at dif-
ferent cell densities Total RNAs were prepared daily from
mouse hepatocytes, which were seeded at 5 < 10” cells on
either 60 mm (21 cm?) or 100 mm (55 ¢m?) dishes and
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Fig. 1. Daily change in CYP1A1l and CYP1A2 mRNA ex-

pression after treatment of monolayer-cultured hepatocytes at
different cell densities with 3-methylcholanthrene. Mouse
hepatocytes (5% 10%) were seeded on collagen-coated 60 or
100 mm dishes, and treated with 1.625 u#M 3-methylchol-
anthrene (MCA) at the indicated culture time (e.g. day 3
means that the treatment started 72 h after the seeding).
A) Northern-blot hybridization of total RNA prepared 10 h
after the start of the treatment was performed using cDNA
probes for mouse Cyplal (a) and Cypla2 (b), and chicken
[-actin (c¢). The same filter was used for all hybridizations.
B) Amounts of expressed CYPIA2 mRNA were determined
by densitometry. The amounts were corrected on the basis of
those of actin mRNA. Each point represents the mean {rom
duplicate experiments. (©): 60 mm dish control, (®): 3-
methylcholanthrene-treated. (4 ): 100 mm dish control, (4 ):
3-methylcholanthrene-treated.
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Fig. 2. Induction of Cypla genes by 3-methylcholanthrene
in hepatocytes at different cell densities. Mouse hepatocytes at
day 3 were treated with either 1.625 or 13 g M 3-methylcho-
lanthrene (MCA). The cells were seeded at 0.91, 1.82, 3.64
and 7.27X 10* cells/cm®. Total RNA was prepared at the in-
dicated times after the start of the treatment. Probes were the
same as described in the legend to Fig. 1.

treated for 10 h with 1.625 y M 3-methylcholanthrene.
Northern-blot hybridization of the RNAs revealed con-
siderable amounts of CYP1A1l mRNA after this treat-
ment during the observation period of up to 5 days,
independent of culture dish size, and with a peak around
days 2-4 (Fig. 1). Constitutively expressed CYPIA2
mRNA decreased with increasing culture period, but the
reduction in the 60 mm dish cases was more rapid than in
the 100 mm dishes. Induction of CYP1A2 mRNA by
3-methylcholanthrene was substantial within the first 2 or

3 days of cultivation, and the induced amounts were

smaller in cells seeded at the higher density, resulting in
expression almost equivalent to the constitutive levels of
the cells at the lower density. The induction drastically
decreased to negligible levels by day 5, but this process
proceeded at a slower rate in cells at the low density,
Levels of S-actin mRNA were not influenced by cell
density or by treatment with 3-methylcholanthrene.

Expression of Cypla genes at different concentrations of
3-methylcholanthrene Figure 2 illustrates the induction
of the two Cypla genes by various concentrations of
3-methylcholanthrene at day 3 of cultuvation. With 13
#M  3-methylcholanthrene, induction of CYPIAI1
mRNA in hepatocytes was prominent, being similar in
magnitude at different cell densities. With 1.625 x M no
difference was observed in induction of this mRNA spe-
cies at 12 or 24 h after the inducer treatment, but at the
36 h time point a decrease was observed with increasing
cell density. In contrast, expression of CYP1A2 mRNA

Cell-density Dependent Cypla2 Expression
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Fig. 3. Expression of Cypla genes after treatment with 3-
methylcholanthrene, 2,3,7,8-tetrachlorodibenzo-p-dioxin or iso-
safrole. Hepatocytes seeded at either 0.91 or 7.27 X 10* cells/
cm® were treated at day 3 with either 1.625 4 M 3-methylcho-
lanthrene (MCA), 3.1 pM 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) or 3 mM isosafrole (IS). Total RNA was prepared
at the indicated harvest times after addition of the chemicals.
Northern-blot hybridization was carried out with the same
probes as employed for Fig. 1.

was highly dependent on cell density and was greatest
at 0.91 X 10* cells/cm?, followed by 1.82 < 10* cells/cm?.
No marked induction of CYP1A2 mRNA was found
at higher cell densities with both concentrations of 3-
methylcholanthrene, indicating that, even with essen-
tially equal numbers of inducer molecules per hepatocyte,
the inductive response of the Cypla2 gene was dependent
on cell density. Expression of S-actin mRNA again
proved to be almost constant, independent of cell density.
Expression of Cypla gene by TCDD or isosafrole Figure
3 compares expression of CYPlAl and CYP1A2
mRNAs after treatment with various typical inducers.
Both TCDD (3.1 pM) and isosafrole (3 mM) induced
CYP1A2 mRNA in cells at low density to nearly the
same extent at 3-methylcholanthrene (1.625 yM), al-
though an earlier decrease with time was found afier
isosafrole treatment. In contrast, CYP1A2 mRNA ex-
pression in cells at high density was very weak. Induction
of CYP1A1l mRNA was at higher levels after TCDD
treatment than after 3-methylcholanthrene or isosafrole,
While cell density did not affect the maximal induction of
this gene after 3-methylcholanthrene or TCDD treat-
ment, the decrease over time was faster affer 3-methyl-
cholanthrene in cells at high density. Isosafrole did not
induce CYP1A1l mRNA in cells at high density, but a
clear hybridizable band was observed in cells at low
density.
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Fig. 4. DNA synthesis in mouse hepatocytes in primary cul-
ture. Mouse hepatocytes were subjected to medium change at
24 h after seeding at 2.38X10° cells/cm? Tritium-labeled
thymidine was added at 1 #Ci/ml and incorporation of radio-
activity into the acid-insoluble fraction was determined 1 h
later as indicated in the figure. Each point represents the
mean £ 8D from triplicate experiments.

Cell-density-dependent DNA synthesis DNA synthesiz-
ing activity was determined by assaying radioactivity
incorporated into the acid-insoluble fraction after a 1 h
treatment of hepatocytes with *H-thymidine. Although
rat hepatocytes require the presence of either epidermal
or hepatocyte growth factor for initiating DNA synthe-
sis,”® mouse cells incorporated thymidine at quite high
levels without such factors, namely under the same cul-
ture conditions as used for investigating Cypla gene
expression. As shown in Fig. 4, DNA synthesis started at
60 h after seeding, peaking at 96 h, and thereafter dras-
tically decreasing with a shoulder at 120 h. Activity
of DNA synthesis was dependent on cell density with
the highest level observed at a density of around 2 x 10*
cells/em* (Fig. 5).

DISCUSSION

The present investigations revealed that expression of
the Cypla2 gene is highly dependent on seeded cell den-
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Fig. 5. Dependency of DNA synthesis of mouse hepatocytes
on cell density. Hepatocytes seeded at the indicated densities
were assayed for their DNA synthesizing activity at 95-96 h
after seeding by measuring incorporation of tritium-labeled
thymidine into the acid-insoluble fraction. Each point repre-
sents the mean =SD from triplicate experiments.

sity in monolayer-cultured mouse hepatocytes, whereas
that of Cyplal gene is relatively density-independent.
DNA synthesizing activity was also affected by cell
density, but no correlation with expression of the Cypla2
gene could be demonstrated.

Although both Cyplal and Cypla2 genes in vivo are

* inducible by the same kinds of aromatic hydrocarbons, it

is considered that the mechanisms of regulation of the
induction may be different in the two cases. One sup-
porting line of evidence from the analysis of the Cypla2
gene nucleotide sequence is that no xenobiotic responsive
elements, presumed to act as a binding region for the
complex of the so-called 44 receptor with the inducer in
Cyplal gene,”®® are apparent in the proximal 5'-
flanking region.” Regulation of Cyplal gene expression
has been studied extensively and several regulatory
factors have been suggested, such as a short-lived sup-
pressor protein"'” and cyclic AMP.'"® Knowledge of
Cypla2 gene expression is more limited, the main reason
being that a convenient cell culture system for its investi-
gation has hitherto not been available. The liver is the
only organ which constitutively expresses Cypla2 gene
and is highly responsive to its induction, and only slight
expression of the mRNA can be detected when selected



extrahepatic tissues are treated with very high concentra-
tions of the potent inducer, 2,3,7,8-tetrachlorodibenzo-p-
dioxin.* Hepatocytes in primary culture have neverthe-
less not been considered as a suitable tool for investiga-
tion of Cypla2 gene expression, because of the rapid
decline of its constitutive expression and its responsive-
ness to inducers.* ¥ In 1988, however, two reports'® !V
appeared on induction of CYP1A2 mRNA by 3-methyl-
cholanthrene using rat hepatocytes in monolayer culture,
describing its expression to be regulated primarily at the
post-transcriptional level by mRNA accumulation. Sub-
sequently, Sinclair et al. observed induction and accu-
mulation of P4501A2 protein after administration of
3,4,5,3",4’,5'-hexachlorobiphenyl to mouse hepatocytes
cultivated on Matrigel™ in the presence of 5-amino-
levulinic acid.*® They considered that the accumulation
could be due to stabilization of the induced P4501A2
protein by binding with the inducer. However, no atten-
tion has been paid to the influence of cell density on the
expression of any P450 species. Cells in a confluent state
have usually been employed, because biochemical analy-
sis requires a certain volume of cells and tightly packed
cells are thought to demonstrate diminished proliferation
activity, suggesting them to be an appropriate tool for
investigation of differentiated functions.

After transfer of hepatocytes to monolayer culture the
physiclogical conditions are considerably changed. One
reason why constitutive and inductive expression of the
Cypla2 gene is rapidly lost is considered to be the acqui-
sition of proliferation potential of the cells. In fact,
maintenance of rat hepatocytes at low density remains
the basic method for studying growth. Since cells in
tightly packed confluent monolayers exhibit liver-specific
differentiated functions, a cell-density-dependent recipro-
cal relationship is generally accepted between differentia-
tion and DNA synthsis.?® > Considering the substrate
specificities of Cypla gene products, they might be ex-
pected to play their roles in the differentiated state,
althought slight expression of both Cypla genes during
neonatal developmental stages in the liver or in mouse
embryos and retinoic acid-exposed F9 mouse embryonal
carcinoma cells was reported by Kimura et al.*® They
suggested that the Cyplal gene may have an important
developmental function during differentiation, since acti-
vation of this gene can occur in the absence of a foreign
chemical stimulus. However, the present resulis indicate

REFERENCES

1) Miller, E. C. and Miller, J. A. Mechanism of chemical
carcinogenesis: nature of proximate carcinogens and inter-
actions with macromolecules. Pharmacol. Rev., 8, 805-837
(1966).

Cell-density Dependent Cypla2 Expression

that close cell-to-cell contact may not be required for
induction of either of the Cypla genes, and that Cyplal
gene expression may not be correlated with either
differentiated state or cell proliferation. In the present
experiments prominent induction of CYP1A2 mRNA
was observed in cells at lower than 1.8 10* cells/cm?,
which is an exceptionally low density as compared with
those used in previous studies. Since mouse hepatocytes,
once anchored to dish surfaces, spread more than rat
cells, the cell density in routine use is around 0.8-1.5X
105 cells/60 mm dish (3.8-7.1 X 10* cells/cm?), approxi-
mately half that of rat cells. The quite low levels of
CYP1A2 mRNA induction after 2 days of cultivation,
observed in other laboratories,'® ! * might be explained
by our findings.

Kimura et al’® earlier observed alteration of the ex-
pression of Cpplal and Cypla2 genes after partial
hepatectomy in the mouse, namely decrease in constitu-
tive CYP1A2 mRNA and increase in CYPIA]l mRNA,
indicating that switching on of the Cypla2 gene reflects a
differentiated function not observed during liver regener-
ation or cell division, while the opposite is the case for
Cyplal gene. Since the present experiments concerned
inducer effects, the results cannot be directly compared
with those of Kimura et al.*® However, we could not find
any suggestion of a relationship between DNA synthesis
and expression of either of the two Cypla genes in
response to 3-methylcholanthrene treatment. Moreover,
though activation of chemical carcinogens may be con-
sidered as a differentiated function, our results did not
sugpest that these genes are involved in cellular differen-
tiation. Elucidation of their significance awaits a better
understanding of their linkage with physiologically im-
portant genes, the expression of which is coordinated
with Cypla gene regulation during cultivation.

ACKNOWLEDGMENTS

This work was partly supported by a Grant-in-Aid for
Cancer Research from the Ministry of Education, Culture and
Science, Japan, and by a grant from the Smoking Research
Foundation. The authors would like to express special thanks
to Dr. D. W, Nebert, University of Cincinnati, OH, USA, for
supplying plasmids containing cDNA for mouse Cyplal and
Cypla2 genes.

{Received September 3, 1992/Accepted December 1, 1992}

2} Gelboin, H. V. Benzo(a)pyrene metabolism, activation,
and carcinogenesis: role and regulation of mixed-function
oxidases and related enzymes. Physiol. Rev., 60, 1107-1165
(1930).

269



Jpn.

3)

4)

3)

6)

7

8)

9)

10)

1)

12)

13)

14)

15)

270

J. Cancer Res, 84, March 1993

Conney, A, H. Induction of microsomal enzymes by
foreign chemicals and carcinogenesis by polycyclic aro-
matic hydrocarbons: G. H. A, Clowes memorial lecture.
Cancer Res., 42, 4875-4917 (1982).

Adesnik, M. and Atchison, M. Genes for cytochrome P-
450 and their regulation. CRC Crit. Rev. Biochem., 19,
247-305 (1986).

Nebert, D. W., Nelson, D. R., Coon, M. I., Estabrook,
R. W., Feyereisen, R., Fujii-Kuriyama, Y., Gonzalez, F. J.,
Guengerich, P., Gunsalus, I. C., Johnson, E. F., Loper,
J. C,, Sato, R., Waterman, M. R. and Waxman, D. J. The
P450 superfamily: update on new sequences, gene mapping,
and recommended nomenclature. DNA Cell Biol., 10, 1-14
(1991).

Gonzalez, F. J. The molecular biology of cytochrome
P450s. Pharmacol. Rev., 40, 243-288 (1989).

DeBaun, J. R., Miller, E. C. and Miller, J. A, N-Hydroxy-
2-acetylaminofluorene sulfotransferase: its probable role in
carcinogenesis and in protein (methione-8-yl) binding in
rat liver. Cancer Res., 30, 577-595 (1970).

Yamazoe, Y., Abu-Zeid, M., Gong, D.-W., Ozawa, §.,
Nagata, K. and Kato, R. Acetyltransferase and sulfo-
transferase which activate mutagens and carcinogens
through O-esterification mechanisms. Jr “Xenobiotics and
Cancer,” ed. L. Ernster, H. Esumi, Y. Fujii, H. V.
Gelbein, R, Kato and T. Sugimura, pp. 109-117 (1991).
IJpn. Sci. Soc. Press, Tokyo/Taylor & Francis Ltd.,
London.

Anders, M. W.(ed.) “Bioactivation of Foreign Com-
pounds,” 540 pp. (1985). Academic Press, New York.
Pasco, D. 8., Boyum, K. W., Merchant, S. N., Chalberg,
5. C. and Fagan, J. B. Transcriptional and post-trans-
criptional regulation of the genes encoding cytochromes P-
450c and P-450d in vive and in primary hepatocyte cul-
tures. J. Biol. Chem., 263, 8671-8676 (1988).

Silver, G. and Krauter, K. 8. Expression of cytochromes
P-450c and P-450d mRNAs in cultured rat hepatocytes.
3-Methylcholanthrene induction is regulated primarily at
the post-transcriptional level, J. Biol. Chem., 263, 11802—
11807 (1988).

Silver, G., Reid, L. M. and Krauter, K. S. Dexa-
methasone-mediated regulation of 3-methylcholanthrene-
induced cytochrome P-450d mRNA accumulation in pri-
mary rat hepatocyte culture. J. Biol. Chem., 265, 3134
3138 (1990).

Nebert, D. W. and Gonzalez, F. J. P450 genes: structure,
evolution, and regulation. Ans. Rev. Biochem., 56, 945-993
(1987).

Whitlock, J. P., Jr. and Gelboin, H. V. Induction of aryl
hydrocarbon (benzo[a]pyrene) hydroxylase in liver cell
culture by temporary inhibition of protein synthesis. J.
Biol. Chem., 248, 6114-6121 (1973).

Israel, D. I, Estolano, M. G., Galeazzi, D. R. and
Whitlock, J. P., Jr. Superinduction of cytochrome P-450 P,
gene transcription by inhibition of protein synthesis in wild
type and variant mouse hepatoma cells. J. Biol Chem.,

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

260, 5648-5653 (1985).

Teifeld, R. M., Fagan, J. B. and Pasco, D. S. Transient
superinducibility of cytochrome P450c (CYP1A1) mRNA
and transcription. DN4, 8, 329-338 (1989).

Nemoto, N. and Sakurai, J. Increase of CYPIA] mRNA
and AHH activity by inhibitors of either protein or RNA
synthesis in mouse hepatocytes in primary culture.
Carcinogenesis, 12, 2115-2121 (1991).

Yamasaki, H., Huberman, E, and Sachs, L. Regulation
of aryl hydrocarbon{benz(a)pyrene) hydroxylase activity
in mammalian cells. Induction of hydroxylase activity
by N&O¥-dibutyryl adenosine 3,5'-monophosphate and
aminophylline. J. Biol. Chem., 250, 7766-7770 ( 1973).
Negishi, M., Swan, D. C., Enquyst, L. W. and Nebert,
D. W. Isolation and characterization of a cloned DNA
sequence associated with the murine Ah locus and a
3-methylcholanthrene-induced form of eytochrome P-450,
Proc. Natl. Acad. Sci. USA, 78, 800-804 (1981).

Tukey, R. H. and Nebert, D. W. Regulation of mouse
cytochrome P;-450 by the Ak receptor. Studies with a P,-
450 cDNA clone. Biochemistry, 23, 6003-6008 (1984).
Nemoto, N., Sakurai, J., Tazawa, A. and Ishikawa, T.
Acquisition of aryl hydrocarbon hydroxylase inducibility
by aromatic hydrocarbons in monolayer-cultured hepato-
cytes from nonresponsive mouse strains. Cancer Res., 50,
3226-3230 (1990).

Nemoto, N. and Sakurai, J. Altered regulation of Cypla-1
gene expression during cultivation of mouse hepatocytes in
primary culture. Biochem. Pharmacol., 41, 51-58 (1992).
Chomezynski, P. and Sacchi, N. Single-step method of
RNA isolation by acid guanidium thiocyanate-phenol-
chloroform extraction. A4nal. Biochem., 162, 156-159
(1987).

Maniatis, T., Fritsch, E. F. and Sambrook, J. Extraction,
purification, and analysis of mRNA from eukaryotic cells.
In “Molecular Cloning,” pp. 187-209 (1982). Cold Spring
Harbor Laboratory, New York.

Sawada, N. and Ishikawa, T. Reduction of potential for
replicative but not unscheduled DNA synthesis in hepato-
cytes isolated from aged as compared to young rats.
Cancer Res., 48, 1618-1622 (1988).

Nakamura, T., Yoshimoto, K., Nakayama, Y., Tomita, Y.
and Ichihara, A. Reciprocal modulation of growth and
differentiated functions of mature rat hepatocytes in pri-
mary culture by cell-cell contact and cell membrane. Proc.
Natl. Acad. Sci. USA, 80, 7229-7233 (1983).
Fujisawa-Sehara, A., Sogawa, K., Yamane, M. and Fujii-
Kurivama, Y. Characterization of xenobiotic responsive
elements upstream from the drug-metabolizing cyto-
chrome P-450c gene: a similarity to glucocorticoid regula-
tory elements. Nucleic Acids Res., 15, 4179-4191 (1987).
Fujisawa-Sehara, A., Yamane, M. and Fujii-Kurivama, Y.
A DNA-binding factor specific for xenobiotic responsive
element of P-450c gene exists as a cryptic form in cyto-
plasm: its possible translocation to nucleus. Proc. Natl,
Acad. Sci. US4, 85, 5859-5863 (1983).



29)

30)

31

32)

Tkeya, K., Jaiswal, A. K., Owens, R. A., Jones, J. E.,
Nebert, D. W. and Kimura, 8. Human CYPIA2: sequence,
gene structure, comparison with the mouse and rat
orthologous gene, and differences in liver 1A2 mRNA
expression. Mol Endocrinol, 3, 1399-1408 (1989).
Kimura, S., Gonzalez, F. J. and Nebert, D. W. Tissue-
specific expression of the mouse dioxin-inducible P450
and P;450 genes: differential transcriptional activation and
mRNA stability in liver and extrahepatic tissues. Mol Cell.
Biol, 6, 1471-1477 (1986).

Steward, A. R., Wrighton, S. A., Pasco, J. B,, Fagan, J. B.,
Li, D. and Guzelian, P. S. Synthesis and degradation of
3-methylcholanthrene-inducible cytochrome P-450 and
their mRNAs in primary monolayer cultures of adult rat
hepatocytes. Arch. Biochem. Biophys., 241, 494-508
(1985).

Steward, A. R., Dannan, G. A., Guzelian, P. S, and
Guengerich, F. P. Changes in the concentration of seven
forms of cytochrome P-450 in primary cultures of adult rat

33)

34)

35)

36)

Cell-density Dependent Cypla2 Expression

hepatocytes. Mol Pharmacol., 27, 125-132 (1985).

Vind, C., Dich, J. and Grunnet, N. The content and
activity of cytochrome P-430 in long-term culture of
hepatocytes from male and female rats. Biochem.
Pharmacol., 37, 1371-1375 (1988).

Sinclair, P. R., Bement, W. J., Lambrecht, R. W,
Gorman, N. and Sinclair, J. F. Chlorinated biphenyls
induce cytochrome P450IA2 and uroporphyrin accumu-
lation in cultures of mouse hepatocytes. Arch. Biochem.
Biophys., 281, 225-232 (1990).

Jauregui, H, O., McMillan, P. N., Driscoll, J. and Naik, S.
Attachment and long term survival of adult rat hepato-
cytes in primary monolayer cultures: comparison of differ-
ent substrata and tissue culture media formulations. In
Vitro Cell. Dey. Biol, 22, 13-22 (1986).

Kimura, S., Donovan, J. C. and Nebert, D. W. Expression
of the mouse P450 gene during differentiation without
foreign chemical stimulation. J. Exp. Pathol, 3, 61-74
(1987).

271





