
Pergamon 

Biochemical Pharmacology, Vol. 50, No. 6. pp. 781-785, 1995. 
Copyright 8 1995 Elsevier Science Inc. 

Printed in Great Britain. All rights raa-4 

0006-2952(95)00200-6 000%2952!95 $9.50 + 0.00 

INDUCTION OF CYTOCHROME P-4502B 1 -RELATED MOUSE 
CYTOCHROME P-450 AND REGULATION OF ITS EXPRESSION 
BY EPIDERMAL GROWTH FACTOR/TRANSFORMING GROWTH 

FACTOR a. IN PRIMARY HEPATOCYTE CULTURE 

JIRI AUBRECHT,*t KAREN I. HIRSCH-ERNST,* 
VOLIKER BECKER-RABBENSTEIN,* GEORG FRIEDRICH KAHL,* 

HISAAKI TANIGUCHIS and MARTIN W. HC)HNE* 

*Institute of Pharmacology and Toxicology, University of Clottingen, D-37075 Gi%tingen, Germany; and 
$Institute for Comprehensive Medical Science, Fujita Health University, Toyoake, Aichi 470-l 1, Japan 

(Received 20 January 1995; accepted 25 April 1995) 

Abstract-Phenobarbital-dependent induction of mouse cytochrome P-450 (Cyp) orthologous to rat CYP2Bl 
and its modulatian by hepatotrophic growth factors were examined in primary hepatocyte cultures. Compared 
to rat hepatocytes,, induction in mouse hepatocytes was more rapid and effective. Ligands of the EGF receptor, 
epidermal growth factor, and transforming growth factor a inhibited induction on the basis of protein expression 
and CYPZB-associated 7-pentoxyresorufm-O-depentylase activity. Furthermore, EGF led to repression of ac- 
cumulation of corresponding mRNA under phenobarbital, an effect not blocked by inhibition of protein synthesis 
under cycloheximide. Ligands of the EGF receptor may contribute towards the decrease in hepatic CYP 
expression observed during (pre)neoplastic development and regeneration. 
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During the process of chemically induced hepatocar- 
cinogenesis in rodents the appearance of phenotypically 
altered cell populations is observed [l]. These focally 
growing lesions, believed to comprise potential progen- 
itor cells of hepatocellular carcinoma, have been shown 
to exhibit changes in activities of enzymes associated 
with metabolism of xenobiotics [l, 21; levels of CYP& 
isoenzymes of which are involved in activation of xe- 
nobiotics to reactive species, are often found to be de- 
creased [2]. A continuous reduction in basal expression 
and in induction levels of individual isoenzymes such as 
CYPlAl, CYPlA2, and CYP2Bl [2, 31 can occur dur- 
ing progressive stages of hepatocarcinogenesis, in the 
case of CYP2B 1 sometimes following an initial increase 
[31. 

That some phenotypic alterations may be linked to a 
proliferative state of the hepatocyte is indicated by the 
observation that a transient decrease in cytochrome 
P-450 (coinciding with peak DNA synthesis) occurs dur- 
ing liver regeneration following partial hepatectomy [4, 
51. The hepatic growth factor TGF-a is thought to play 
an important role in liver regeneration and in autocrine/ 
paracrine stimulation of (pre)neoplastic growth. TGF-a 
mRNA expression has been shown to be increased in rat 
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liver following partial hepatectomy [6] and in preneo- 
plastic liver foci [7]. Furthermore, an elevated expres- 
sion of TGF-a has been demonstrated immunohisto- 
chemically in human hepatocellular carcinoma tissue 
[8]. We have previously shown that TGF-a and EGF, 
both ligands of the EGF receptor [6], repress methyl- 
cholanthrene-mediated induction of mouse Cypla-1 in 
vitro [9], suggesting that the decrease in CYP expression 
during carcinogenesis and regeneration may be mediated 
by a ligand of the EGF receptor. 

The present study demonstrates that phenobarbital- 
inducible isoforms of the CYP2B subfamily are also 
subject to repression of induction by ligands of the EGF 
receptor in rodents, although the mechanism of pheno- 
barbital-mediated induction [lo] is distinct from the 
pathway of CYPlAl induction via the Ah receptor [l 11. 

MATERIALS AND METHODS 

Cell culture 

Hepatocytes were isolated from adult male animals 
(C57BU6J mice and Wistar rats) by collagenase perfu- 
sion [12], resuspended in MX-83 medium [13] lacking 
arginine but containing 1 pM insulin, 20 pM hydrocorti- 
sone and 10% fetal calf serum, and seeded on culture 
dishes at a density of 8.6 x lo4 cells/cm’. Following an 
initial attachment period, the medium was exchanged to 
fresh MX-83 medium without serum [14]. In experi- 
ments conducted to distinguish the effect exerted by 
EGF-TGF-a from a possible insulin effect, insulin was 
omitted from the medium as indicated in Results and 
Discussion. The medium was changed twice daily. 
Mouse hepatocytes were maintained on untreated plastic 
dishes (Nunc, Wiesbaden, Germany), whereas rat hepa- 
tocytes were cultivated on dishes coated with 4.1 pg/cm* 
type I collagen. Collagen, bovine insulin, and murine 
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EGF were purchased from Boehringer Mannheim, Ger- 
many; recombinant human TGF-a and insulin-like 
growth factor (IGF-I) were obtained from Bissendorf 
(Hannover, Germany). 

In vivo induction of CYP2B 

Animals were treated with phenobarbital (Na-salt, 
Serva, Heidelberg, Germany, 20 mg/ml saline, 80 mg/kg 
body weight) by three i. p. injections administered at 
intervals of 24 hours. 

Immunoblot analysis 

Hepatocyte microsomes were obtained by differential 
centrifugation [ 151, and their protein content determined 
according to ref. [ 161. For immunoblot analyses, samples 
of 100 pg of microsomal protein were separated by elec- 
trophoresis through 10% SDS-polyacrylamide gels [17], 
and transferred to nitrocellulose membranes (Amer- 
sham, Braunschweig, Germany) by semi-dry blotting 
[ 181. Autoradiographic detection of CYP2B 1 -related 
mouse protein was facilitated by use of a primary anti- 
body against rat CYP2Bl in a dilution of 1:500 and 
secondary ‘251-labeled Ig-F(ab’), fragments against rab- 
bit Ig (Amersham). The primary antibody was raised in 
rabbits using rat CYP2Bl isolated from phenobarbital- 
induced rat liver microsomes and affinity-purified by 
antigen-coupled Sepharose 4B (Pharmacia, Freiburg, 
Germany) as described [ 191. 

Assessment of CYP content and 
CYP2B-associated activity 

7-Pentoxyresorufin-0-depentylase (PROD) activity 
was measured fluorimetrically in microsomal samples 
containing 150 pg of protein according to ref. [20], and 
total CYP content in microsomes determined by CO dif- 
ference spectroscopy [2 11. 

RNA blot analysis 

Total RNA was isolated by guanidinium thiocyanate- 
phenol extraction [22] and subjected to electrophoresis 
through formaldehyde-agarose gels. Subsequently, RNA 
transfer to nylon membranes (Amersham) was per- 
formed as described previously [14]. Equal loading of 
lanes (15 &lane) was ensured by evaluation of ethid- 
ium bromide gel staining. RNA blots were hybridized to 
a 32P-labeled rat CYP2BI (exon 7) oligonucleotide 
probe [23] that had been 5’-end-labeled by T4-polynu- 

cleotide kinase [23]. 

RESULTS AND DISCUSSION 

The usefulness of primary rat hepatocyte cultures in 
studying regulation of CYP2Bl gene expression is im- 
peded by the fact that maintenance in culture is often 
accompanied by a progressive loss of responsiveness of 
the rat CYP2Bl gene to induction by phenobarbital [lo]. 
The present study, constituting the first demonstration of 
induction of CYP2B l-related mouse mRNA in vitro, 

shows that phenobarbital-dependent induction of mouse 
Cyp2b mRNA in hepatocytes cultivated in serum-free 
MX-83 medium is achieved at levels equivalent to those 
obtained during induction in vivo (Fig. 1). Mouse Cyp2b 
mRNA induced in the course of phenobarbital treatment 
comigrated with rat CYP2Bl mRNA (data not shown). 
Nevertheless, hybridization to the rat CYP2Bl specific 
oligonucleotide probe [23] employed in the present 
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Fig. I. Expression of CYP2Bl-related mouse cytochrome 
P-450 mRNA and of rat CYP2B 1 mRNA in viva and in vim as 
determined in RNA blot analysis. Animals were subjected to in 
vivo induction under phenobarbital for 3 days (“Pv”). Mouse 
(lanes 14) and rat hepatocytes (lanes 69) were cultivated for 
the periods of time indicated (O-14 hours) with 1.5 mM phe- 

nobarbital (“P”) or in absence of an inducer (“C”). 

study does not allow exact specification of the individual 
mouse Cyp2b mRNA expressed during culture, as at 
least two Cyp2b genes of the mouse share the sequence 
complementary to the rat CYP2Bl antisense probe. The 
I6-cwoh-b gene [24], redesignated as mouse Cyp2b-13 
[25], bears this sequence in its exon 7 region as well as 
cDNA clones pf3/46 (nucleotides 979-996) [26], which 
have been designated as mouse Cyp2b-IO [25], and 
whose protein product has been purified from mouse 
liver subsequent to phenobarbital induction [27]. 

We have previously shown that maximal induction of 
rat CYP2B 1 mRNA in hepatocytes cultivated in serum- 
free MX-83 medium does not exceed 15-20% of mRNA 
levels observed in the course of induction in vivo [ 141. It 
seems unlikely that differences in the extent of mRNA 
accumulation in rat and mouse in vitro systems might be 
attributed to the use of differing culture substrates, since 
expression levels of CYP2B 1 -related mRNA under phe- 
nobarbital in mouse hepatocytes were not affected by the 
fact that cells were grown on collagen or on uncoated 
plastic dishes (data not shown). Furthermore, induction 
of CYPZB-associated PROD activity in rat hepatocytes 
grown on plastic does not significantly differ from ac- 
tivity in cells maintained on collagen [14]. 

After 14 hours of incubation with phenobarbital, max- 
imal levels of CYP2B 1 -related mRNA were observed in 
mouse hepatocytes (Fig. l), whereas rat CYP2Bl 
mRNA levels had not yet increased (Fig. 1). Peak ex- 
pression of rat CYP2Bl mRNA was shown to occur 
after approximately 72 hours of incubation [14]. Al- 
though inhibition of ongoing protein synthesis by cyclo- 
heximide is known to block increase in CYP2B mRNA 
under phenobarbital in rat hepatocyte culture [28], con- 
current incubation of mouse hepatocytes with cyclohex- 
imide and phenobarbital did not lead to a block of ex- 
pression of CYP2Bl-related mRNA (Fig. 2). Differ- 
ences not only in kinetics of induction but also in 
responsiveness to cycloheximide indicate that species- 
specific mechanisms mediating accumulation of mRNA 
in response to phenobarbital might be crucial in mice in 
comparison to rats. Induction of CYP2B1/2 by pheno- 
barbital in rats has been attributed to transcriptional ac- 
tivation [lo]; whether stabilization of mRNA might con- 
tribute to accumulation of related mRNA in mice re- 
mains to be elucidated. 
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Fig. 2. Effect of cycloheximide on modulation of CYP2Bl- 
related mRNA expression in primary mouse hepatocytes. Total 
RNA was extracted from hepatocytes maintained in MX-83 
medium supplemented with 1.5 mM phenobarbital (“P”). 16 
nM EGF (“E”), or with both (“PE”) for 14 hours. Lanes 5-8 
denote expression in cells concomitantly treated with 35 pM 

cycloheximide. 

A polyclonal antibody raised against rat CYP2B 1 was 
used for immunodetect Ion of CYP2B 1 -related mouse 
protein. In the course of incubation of mouse hepato- 
cytes with phenobarbital, maximal levels of mouse 
Cyp2b protein were observed after 34 days (Fig. 3A). 
The two protein species cross reacting with the primary 
antibody exhibited approximate molecular weights of 56 
and 52 kDa, respectively. The amount of immunodetect- 
able protein after 72 hours of induction was similar to 
that observed during in viva induction (Table 1). Cross 
reactivity of monoclonal antibodies directed against rat 
CYPZBI epitopes with human CYP2El has been de- 
scribed [29]. As species boundaries were crossed in im- 
munodetection of CYP:!Bl-related mouse protein, the 
possibility must be considered that the primary antibody 
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Fig. 3. Expression of immunodetectable Cyp2b protein in 
mouse hepatocytes under phenobarbital induction and in the 
presence of growth factors. Protein blot of microsomal fractions 
developed for immunoreactrvity with a primary antibody raised 
against rat CYP2Bl. (A) Cells were cultivated in MX-83 me- 
dium supplemented with 211 pM hydrocortisone and 1.5 mM 
phenobarbital for 0 hours (lane l), 1 day (lane 2). 2 days (lane 
3), 3 days (lane 4) 4 days (lane 5) and 5 days (lane 6). (B) 
Hepatocytes were cultivated in MX-83 medium containing phe- 
nobarbital and hydrocortisone without additional growth factors 
(lane 5) or supplemented with 16 nM concentrations of indi- 
vidual growth factors (lanes 14) for three days. Lane 6: 3-day 

culture control without phenobarbital; Ins = insulin. 

used in the present study might also recognize (a) phe- 
nobarbital-inducible mouse Cyp isoform(s) apart from 
the Cyp2b subfamily. Nevertheless, elevation of Cyp2b- 
associated PROD activity in phenobarbital-treated 
mouse hepatocytes (Table 1) is consistent with the in- 
terpretation that phenobarbital led to induction of func- 
tional Cyp2b protein in vitro. The phenobarbital-depen- 
dent increase in PROD activity in mouse hepatocytes 
analysed after a culture period of 72 hours amounted to 
approximately 55560% of the level achieved by induc- 
tion in vivo (Table 1). 

In addition to responsiveness to various xenobiotics, 
expression of individual cytochrome P-450 enzymes 
may be subject to regulation by endogenous substances. 
Repression of rat CYP2B l/2 induction in vitro has been 
shown to be elicited by growth hormone [30] or by in- 
terleukin 6, a mediator of hepatic acute phase reaction 
[31]. In the present study we examined the effects of 
EGF and TGF-a on induction of rat CYP2Bl and on 
corresponding mouse isoform(s). 

As determined by immunoblot analyses, concurrent 
treatment of mouse hepatocytes with 100 ng EGF/ml(l6 
nM EGF) for 72 hours led to repression of accumulation 
of CYP2Bl-related protein expression (Fig. 3B, lane 3) 
in comparison to control cultures treated with phenobar- 
bital alone (Fig. 3B, lane 5). Both immunodetectable 
protein species were affected. TGF-IX at the same con- 
centration exerted the same effect on protein accumula- 
tion as did EGF (Fig. 3B, lane 4), consistent with the fact 
that TGF-c~ and EGF both bind to the same receptor [6]. 
Repression of induction by EGFITGF-a was also appar- 
ent on the functional level determined as PROD activity 
(Table 1), whereas enzyme activity was not affected by 
other growth factors examined. Although equimolar 
concentrations (16 nM) of insulin and EGF have been 
shown to be potent in induction of expression of “early 
response” genes such as c-fox, c-jun, and c-myc, and to 
stimulate reinitiation of DNA synthesis in primary 
mouse hepatocytes subjected to growth arrest [9], insulin 
failed to repress induction of CYP2Bl-related protein 
expression in the mouse (Fig. 3B, lane l), indicating that 
EGFITGF-a dependent repression is not linked to cell 
cycle progression or stimulation of DNA synthesis per 
se. IGF-I also proved ineffective in inhibiting induction 
(Fig. 3B, lane 2), consistent with previous findings 
whereby the repression of CYP2BU2 induction in rats 
by growth hormone is not mediated by IGF-I [30]. EGF 
furthermore inhibited induction in hepatocytes of both 
mice and rats on the mRNA level (Fig. 4). Repression of 
mRNA accumulation and inhibition of PROD activity 
occurred in a similar dose-dependent manner in both 
species, with a maximal effect being elicited by 10-100 
ng EGF/ml (Figs. 4 and 5). 

As shown in Fig. 2, inhibition of ongoing protein syn- 
thesis by cycloheximide did not influence EGF-depen- 
dent repression of mRNA induction, indicating that de 
nova or continuous synthesis of a labile repressor protein 
is not crucial in mediating repression by EGF. It there- 
fore seems likely that the EGF effect might be exerted 
via posttranslational modifications of pre-existing pro- 
teins (e.g., phosphorylation/dephosphorylation). Wheth- 
er the EGFITGF-a-mediated effect is founded on a tran- 
scriptional block or on the destabilization of mRNA, 
both resulting in a decrease in mRNA levels, remains to 
be determined. Modulation of mouse Cypla-1 expres- 
sion by EGFITGF-a has been described previously [9]. 
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Table 1. Influence of phenobarbital and growth factors on levels of immunodetectable Cyp2b 
protein and enzyme activities 

Total Cyp content 
(nmol/mg) 

Immunodetectable 
Cyp2b protein in % 

PROD activity 
(nmol/min/mg) 

Mouse liver 
control 
72 h Pb 

Mouse hepatocytes 
0 h, control 
72 h, control 
72 h, Pb 
72 h, EGF/Pb 
72 h, TGF-oVPb 
72 h, Ins/Pb 
72 h, IGF-I/Pb 

0.69 f 0.18 
1.54 f 0.39 

0.83 + 0.24 
0.17f0.06 
0.58f0.11 

n.d. 
n.d. 
n.d. 
n.d. 

85 k 29 0.014 k 0.005 
313 f 74 0.793 + 0.015 

lOOf 0.015 + 0.008 
425 13 0.000 

455 k 92 0.462 + 0.010 
88k 16 0.018 + 0.002 
94f22 0.016 f 0.006 

416f88 0.422 + 0.041 
419f96 0.427 k 0.063 

Total Cyp content is expressed as nmol Cyp/mg microsomal protein, PROD activity as 
nanomoles resorufin formed per minute per milligram microsomal protein. Levels of immu- 
nodetectable protein were determined by scintillation counting of total Cyp protein bands 
excised from immunoblots, and are expressed as % of levels observed in the 0-hr control in 
vitro. In order to achieve in viva induction, animals were treated with phenobarbital (“Pb”) 
as described in Materials and Methods. Hepatocytes were cultivated with phenobarbital or 
without (control) in the presence of growth factors (at 16 nM concentrations each) as indi- 
cated. Results are presented as mean values + SD obtained from three or more independent 
experiments; n.d. = not determined 

Pb (1SmM) 
+EGFCng/inll 

b, 1 
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1234567 
Fig. 4. Suppression of phenobarbital-dependent induction of rat 
CYP2B 1 and related mouse cytochrome P-450 EGF. RNA blot 
analysis; lanes l-5: mouse and rat hepatocytes cultivated in the 
presence of phenobarbital (“Pb”) and of increasing concentra- 
tions of EGF (O-100 ng/ml = O-16 nM) for 72 hours. MRNA 
expression in animals having received phenobarbital injections 
(“Pv”) or saline (“Cv”) on three consecutive days is shown in 

lanes 6 and 7, respectively. 

Since EGF and TGF-a also affect induction of other, 
differently regulated cytochrome P-450s as demon- 
strated in the present study, it appears unlikely that a 
CYPlAl-specific mechanism should be involved in re- 
pression, but rather one common to those cytochrome 

100 
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O-l, I I I I I 

1 o-2 10-l 100 10’ 102 103 

concentration of EGF [ng/ml] 

Fig. 5. Influence of EGF concentration on induction of relative 
PROD activity in mouse and rat hepatocytes cultivated for 72 
hours. Results represent mean values k SD of three or more 

independent experiments performed in triplicate. 

P-450s examined so far. Repression of individual cy- 
tochrome P-450s by ligands of the EGF-receptor may be 
of significance in viva in that the autocrine/paracrine 
production of TGF-a observed during stages of liver 
differentiation (e.g., following partial hepatectomy) or 
during preneoplastic/neoplastic development might con- 
tribute towards a loss of cytochrome P-450 expression 
associated with these processes. 
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