Vol. 183, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

February 28, 1992 Pages 193-198

DIFFERENTIAL EXPRESSION OF CYTOCHROME P-450 IN PROLIFERATING
AND QUIESCENT CULTURES OF MURINE LUNG EPITHELIAL CELLS

John J. Reiners, Jr., Amy Pavone, Amador R. Cantu, Cathy Auerbach?
and Alvin M. Malkinsont

Science Park - Research Division,
The University of Texas M.D. Anderson Cancer-Center
Smithville, Texas 78957

1 School of Pharmacy,
University of Colorado, Boulder, CO 80309

Received January 15, 1992

SUMMARY: Expression of the cytochrome P-450 monooxygenase activity 7-
ethoxyresorufin O-deethylase (7-ERD) was surveyed in proliferating and quiescent
cultures of murine cell line C-10, a non-tumorigenic line of presumed alveolar
type II origin. 7-ERD activities were undetectable in subconfluent/proliferating
cultures but became detectable once the cultures had become confluent and their
growth had arrested due to contact inhibition. Serum deprivation of subconfluent
cultures resulted in a rapid inhibition of cell proliferation and the subsequent
expression of 7-ERD. These results suggest that 7-ERD expression is regulated as
a function of the proliferative status of C-10 cells. 1992 academic press, .

The cytochrome P-450 system represents a supergene family of proteins
that catalyze the metabolism of several classes of chemicals, Expression of
individual isozymes in the same organism varies markedly form tissue to tissue,
and from cell type to cell type within the same tissue (1,2). Among the many
different pulmonary cell types, immunocytochemical analyses have localized
most of the P450IA1 cytochrome to alveolar type II cells and bronchial Clara cells
(3).

Recent studies have demonstrated that rodent epidermal cells express some
P-450 dependent monooxygenase activities following the cessation of proliferation
and during early stages of terminal differentiation (4,5). A relationship between

cell proliferation and P-450 expression is also suggested by the observations that
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regenerating liver (6,7) and neoplastic hepatic tissues (8-12) generally have lower
P-450 contents than normal liver. In the current study we investigated the
expression of 7-ERD activity, a measure of P4501A1 (13), in proliferating and
quiescent cultures of the murine lung epithelial cell line, C-10. This cell line
expressed biochemical features of Type II cells at early passage (14). C-10 cells
ceases to proliferate upon reaching confluence (contact inhibition) or after
removal of serum from culture media. By both procedures we demonstrate that 7-

ERD expression is suppressed in proliferating but not quiescent C-10 cultures.

MATERIALS AND METHODS

Chemicals. Ethynylpyrene was the gift of Dr. W.L. Alworth, Tulane University,
New Orleans. 7-Ethoxyresorufin was obtained from the Pierce Chemical Co. 7-
Hydroxyresorufin was purchased from the Aldrich Chemical Co.

Cell culture. C-10 type II granular pneumocytes were derived from adult
BALB/cJ mouse lung epithelium (14) and grown in 60 mm culture dishes in
CMRL 1066 medium supplemented with 10% fetal bovine serum, 100 ug/ml
streptomycin, 100 IU/m! penicillin, 3.5 g/L glucose and 0.1 g/L. L-glutamine. Cells
were grown in a humidified 5% COg incubator at 37°C and passaged by treating
cultures with a 0.25% solution of trypsin diluted in phosphate buffered saline
(PBS). C-10 cells are contact inhibited in culture and non tumorigenic when
injected into nude mice (14,15).

7-ERD measurement. At various times after plating some cultures were washed
twice with PBS and stored at -70°C for 7-ERD analyses after the addition of 0.75 ml
of 100 mM Hepes, pH 7.8, 1.6 mg/ml BSA and 5 mM MgSO4. Other plates were
used for estimation of cell numbers. 7-ERD was assayed by measuring the
production of the fluorescent metabolite 7-hydroxyresorufin. Analyses were
performed directly in culture dishes that had been stored at -70°C. The assay we
employed has been described in detail (16). The only modifications to the
published assay were the inclusion of 50 uM dicumarol in the assay cocktail, and
the lysing of the cultures by the addition of SDS to terminate the reaction. Specific
activities are expressed as pmol product per hr per 106 cells.

RESULTS
7-ERD activities as a function of culture confluence, Cultures of C-10 cells were

harvested at various times after plating in order to assess the effects of culture
confluence on 7-ERD activities (Fig. 1). Cultures were visually confluent at a
density of ~1.4 x 106 cells/plate, but continued to proliferate and pack until the cells
reached a density of ~1.8 to 2.1 x 108 cells/plate. 7-ERD activities were detectable in
confluent cultures but not subconfluent cultures (Fig. 1), and similar to 7-ERD
activities measured in cultured murine keratinocytes following the induction of
terminal differentiation (5).
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Fig. 1. Expression of 7-ERD activity as a function of cell density. C-10 cultures
were harvested for 7-ERD assays and determination of cell number at various
times after plating. Cultures were refed with fresh medium every day. 7-ERD
analyses were performed in the presence (o) or absence of 50 uM dicumarol (o).

The arrow represents the density at which cultures were visually confluent, but
sparsely packed.

7-ERD could only be detected in C-10 cultures if the assay mixtures were
supplemented and preincubated with dicumarol. Dicumarol is an inhibitor of the
enzyme NAD(P)H: quinone oxidoreductase (17), which is found in relatively high
levels in C-10 cells (18). Since the product of the 7-ERD reaction is a substrate for
quinone reductase (19), it appears that C-10 cells have concentrations of this
enzyme sufficient to mask 7-ERD activity.

Ethynylpyrene is a suicide substrate specific for P450IA1 (20). Incubation of
confluent cultures with 10 uM ethynylpyrene for 2 hr prior to harvest completely
eliminated 7-ERD activity (data not shown). Consequently, the 7-ERD activities
measured in C-10 cells reflect the presence of active P450IA1.

The cell densities designated in Fig.1 were achieved by harvesting the
cultures at various times after plating. Consequently there existed the possibility
that 7-ERD expression was regulated as a function of time in culture as opposed to
degree of confluence. Experiment 1 in Table I demonstrates that 7-ERD
expression was clearly associated with cell density. However, experiment 2 in
Table I suggests that once cells arrest a period of time must elapse before optimal
7-ERD expression occurs. We have noted a similar result in two additional
studies.

ffects of rivation on cell proliferation and 7-ERD expression.
Subconfluent C-10 cells stopped proliferating upon removal of serum from the

culture media (Fig 2A). Cell numbers remained reasonably constant following
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Table 1. Effects of time in culture on 7-ERD expression. C-10 cells were seeded at
various densities and later harvested at the same time (Exp. 1), or seeded at the
same density and subsequently harvested at different times (Exp. 2).

Exp. Time in Cells/plate 7-ERD Activity
Culture (hr) (x10-6) “(pmol/hr per 106 cells)
1 72 0.6 nd
72 1.3 1.7
72 20 8.6
2 24 0.7 nd
48 20 2.7
72 20 11.3
96 2.0 11.7

nd, activity was not detected.

serum deprivation and represented culture densities at which 7-ERD activity was
normally not expressed. However, 7-ERD activities were expressed in
subconfluent cultures within 24 hr of serum deprivation (Fig. 2B). In contrast, in
the same experiment cultures maintained in serum containing medium only

expressed 7-ERD once they reached confluence.

(Cells / plate)x10-8

pmol / hr per 108 cells

0 24 48 72 96

Hours in Culture

Fig. 2. Inhibition of cell proliferation (panel A) and induction of 7-ERD activity
(panel B) by serum deprivation. C-10 cells were plated in medium containing 10%
FBS. The following day half of the cultures were washed twice with PBS and refed
with medium lacking FBS. Cultures were refed every day thereafter. Cells
cultured in serum containing () or serum deficient (o) medium were harvested at
various times for cell counts or 7-ERD analyses. The arrow indicates the time of
serum removal.
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DISCUSSION

In the current study we used contact inhibition and serum deprivation as
methods to arrest the proliferation of cultured C-10 cells. Manipulation of C-10
proliferation by both of these techniques suggests that 7-ERD expression occurs in
quiescent cultures but is suppressed in proliferating cultures. To date, this is the
first use of either of these approaches to demonstrate a relationship between cell
proliferation and P-450 expression in epithelial cells.

The relationship between cellular 7-ERD activities and the proliferation
status of C-10 cultures is not unique to this lung cell line. Keratinocytes cease to
proliferate once they become committed to terminal differentiation. Two groups
(4,5) recently reported that several monooxygenase activities markedly differ in
proliferating and differentiating epidermal cells. Specifically, monooxygenase
activities were consistently greater in differentiating keratinocytes. Fetal liver,
regenerating liver, neoplastic hepatic nodules and hepatocellular carcinomas are
all rapidly proliferating tissues, relative to normal liver. P-450s are virtually
absent in fetal liver until just before birth (21,22). Overall P-450 contents and some
monooxygenase activities are dramatically decreased on a per mg protein basis
following partial hepatectomy (6,7). P-450 content and some P-450 isozymes and
activities are also low in rapidly growing spontaneous and chemically induced
hepatic nodules and hepatomas (8-12). Collectively these studies suggest that the
expressions of some constitutive (basal) P-450 activities in epithelial cells are
regulated as a function of cellular proliferative status. Whether a comparable
relationship holds for inducible P-450 activities and other enzymes involved in
xenobiotic metabolism is not known. However, the recent demonstration of
differential expression of glutathione S-transferase subunits in subconfluent and
confluent rat liver epithelial cells (23) suggests that phase II drug metabolism

enzymes may also be regulated as a function of the proliferation status of the cell.

ACKNOWLEDGMENT
This research was supported in part by grants CA34469, CA40823 and CA33497
awarded by the National Institutes of Health, DHHS.

197



Vol.

11.
12.
13.
14.
15.
16.
17.
19.
20.
21.

22,
23.

©® N vk bor

183, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

REFERENCES

Gonzalez, F.J. (1990) Pharmac. Ther. 45, 1-38.

Ioannides, C., and Parke, D.V. (1990) Drug Met. Rev. 22, 1-85.

Marcus, C.B., Wilson, N.M., Keith, .M., Jefcoate, C.R., and Omiecinski, C.J.
(1990) Arch. Biochem. Biophys. 277, 17-25.

Guo, J-F., Brown, M.B., Rothwell, C.E., and Bernstein, I.A. (1990) J. Invest.
Dermatol. 94, 86-93.

Reiners, Jr., J.J., Cantu, A.R., and Pavone, A. (1990) Proc. Natl. Acad. Sci.
USA 87,1825-1829.

Liddle, C., Murray, M., and Farrell, G.C. (1989) Gastroenterology 96, 864-872.
Marie, 1.J., Dalet, C., Blanchard, J-M., Astre, C., Szawlowski, A., Aubert,
B.S., Joyeux, H., and Maurel, P. (1988) Biochem. Pharmacol. 37, 3515-3521.
Buchmann, A.B., Kuhlmann, W., Schwarz, M., Kunz, W., Wolf, C.R., Moll,
E., Friedberg, T., and Oesch, kF. (1985) Carcinogenesis 6, 513-521.

Stout, D.L. and Becker, F.F. (1986) Cancer Res. 46:2693-2696.

Becker, F.F., and Stout, D.L. (1984) Carcinogenesis 5, 785-788.

Buchmann, A., Schwarz, M., Schmitt, R., Wolf, C.R., Oesch, F., and Kunz,
W. (1987) Cancer Res. 47, 2911-2918.

Degawa, M., Miura, S-i, and Hashimoto, Y. (1991) Carcinogenesis 12, 2151-
2156.

Burke, M.D., Thompson, S., Elcombe, C.R., Halpert, J., Haaparanta, T., and
Mayer, R.T. (1985) Biochem. Pharmacol. 34, 3337-3345.

Smith, G.J., LeMesurier, S.M., De Montfort, M.L., and Lykke, A W.J. (1984)
Pathology 16, 401-405,

Nicks, K.M., Droms, K.A., Fossli, T., Smith, G.J., and Malkinson, A.M. (1989)
Cancer Res. 49, 5191-5198.

Reiners, Jr., J.J., Cantu, A.R., Pavone, A,, Smith, S.C., Gardner, C.R., and
Laskin, D.L. (1990) Anal. Biochem. 188, 317-324.

Prochaska, H.J., and Santamaria, A.B. (1988) Anal. Biochem. 169, 328-336.
Thaete, L.G., Siegel, D., Malkinson, A M., Forrest, G.L., and Ross, D. (1991)
Int. J. Cancer 49, 145-149.

Nims, R.W. and Lubet, R.A. (1983) Biochem. Pharmacol. 32, 175-176.

Hall, M., Parker, D.K., Grover, P.L.., Lu, J.Y.L., Hopkins, N.E., and Alworth,
W.L. (1990) Chem. Biol. Interactions 76, 181-192.

Neims, A.H., Warner, M., Loughman, P.M., and Aranda, J.V. (1976) Rev.
Pharmacol. Toxicol. 16, 427-445.

Giachelli, C.M., and Omiecinski, C.J. (1987) Mol. Pharmacol. 31, 477-484.
Batist, G., Woo, A. and Tsao, M-S. (1991) Carcinogenesis 12, 2031-2034.

198



