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Abstract-Interferon and interferon inducers are well known to depress the cytochrome P450-dependent 
hepatic mixed-function oxidase system and cause a decrease in the capacity of the liver to metabolize 
drugs and xenobiotics. In this study we have shown that the interferon-mediated changes in an induced 
form of hepatic cytochrome P450 (CYP4A) are mediated via a depression in the levels of mRNA as 
assessed by Northern blot and slot blot analyses using a 20-base synthetic oligodeoxyribonucleotide 
hybridization probe. Rats were pretreated with clofibrate to maximize CYP4A mRNA levels prior to 
the administration of polyinosinic acid.polycytidylic acid (poly IC), an o//3 interferon inducer. Hepatic 
CYP4A mRNA levels were decreased bv 49 and 30% at 6 and 24 hr. resoectivelv. followinz oolv IC . I Yl 2 
administration. In hepatic microsomes cytochome P450 and functional CYP4A as measured by lauric 
acid hydroxylation, were not affected at 6 hr, but were depressed by 39 and 27%, respectively, 24 hr 
following poly IC administration. These results suggest that interferon depresses induced levels of 
hepatic drug metabolism by lowering the level of cytochrome P450 mRNAs and subsequent synthesis 
of cytochrome P450 apoproteins. 

In 1976, two laboratories [l, 21 simultaneously reported 
that the cr/p interferon inducer tilorone depressed 
hepatic cytochrome P450 and related biotransformation. 
Subsequently it was shown that twelve different o@ 
interferon inducers, representing a wide variety of 
structures and molecular weights, depressed the microsomal 
cytochrome P450 system in rats and it was suggested that 
cytochrome P450 depression was a general property of 
interferon inducers [3]. Singh et al. [4] first reported that 
recombinant human (Y interferon depressed cytochrome 
P450 in mice and this has been confirmed for (Y, p and A 
interferon [5-71. It appears that the action of these 
recombinant interferons on cytochrome P450 is inseparable 
from the antiviral and antitumour actions [5.8,9]. Although 
it has been suggested that the loss in cytochrome P450 
results from a loss in heme synthesis [lo], several studies 
have now suggested that interferon or its inducers can 
depress the levels of constitutive hepatic microsomal 
cytochrome P450 by decreasing the synthesis of the 
cytochrome P450 apoprotein [ll-151. To date it appears 
that the synthesis and expression of induced forms of 
cytochrome P450 are resistant to this effect. 

In this study we have shown, using a synthetic 
oligodeoxvribonucleotide hvbridization probe, that the 
level of hdpatic mRNA coding for the induced cytochrome 
P450 form CYP4A is decreased in clofibrate-treated 
rats receiving the a# interferon inducer polyinosinic 
acid*polycytidylic acid (poly IC). This demonstrates that 
the interferon-mediated decrease of an induced form of 
cytochrome P450 is a pre-translational event resulting in a 
decrease in the synthesis of the cytochrome P450 
apoprotein. 

Materials and Methodr 

Bovine serum albumin, clofibrate, Ficoll (type 400) 
formamide, guanidine-HCI, lambda DNA Hind III digest, 3- 
(N-morpholino]propanesulfonic acid, polyvinylpyrrolidone 

(PVP-360) and salmon sperm DNA were purchased from 
the Sigma Chemical Co., St. Louis, MO. Spermidine 
trihydrochloride was purchased from the Aldrich Chemical 
Co. Inc., Milwaukee, WI. Poly IC was purchased from 
Calbiochem, La Jolla, CA. T4 polynucleotide kinase was 
purchased from Pharmacia Inc., Dorval, Quebec. Agarose 
was obtained from Bio-Rad Laboratories Ltd., Mississauga, 
Ontario. GeneScreenPlus@ hybridization transfer mem- 
brane was purchased from Du Pont Canada Inc., Dorval, 
Quebec. [‘*P]ATP was purchased from either ICN 
Biomedicals Canada Ltd., Montreal, Quebec (7000 Ci/ 
mmol) or DuPont Canada Inc., Dorval, Quebec (6000 Ci/ 
mmol). [ 1-r4C]Lauric acid (10-30 mCi/mmol) was pur- 
chased from Amersham Canada Ltd., Oakville, Ontario. 

Male Sprague-Dawley rats (200-350 g) obtained from 
Canadian Hybrid Farms, Kentville, N.S., were housed in 
wire-bottom cages and fed Purina rat chow and water ad 
lib. They were allowed to acclimatize in our facilities for 
at least 4 days before receiving drug treatment. In 
experiments designed to assess the effects of poly IC, rats 
were induced with clofibrate (250mg/kg in corn oil) i.p. 
for 4 days to increase CYP4A and its mRNA [6]. They 
were killed 24 hr after the last clofibrate injection. Poly IC 
(10 mg/kg in saline) or an equivalent volume of saline was 
given i.p. to clofibrate-induced rats 6 or 24 hr before they 
were killed. 

Previously described methods were used for the pre- 
paration of hepatic microsomes [17] and for the deter- 
mination of microsomal protein [18], cytochrome P450 
and lauric acid hydroxylation [20]. A portion of the liver 
was removed for microsome preparation and the remainder 
was quick frozen in liquid nitrogen prior to the isolation 
of RNA using the method outlined by Protter et al. [21]. 
All RNA samples prepared had a 260 to 280 nm absorbance 
ratio of greater than 1.9. 

The sequence used for the oligomer was based on the 
rat cDNA sequence for CYP4A published by Hardwick et 
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Fig. 1. Left panel: Northern blot analysis of hepatic CYP4A mRNA 6 hr following poly IC or saline 
administration in clofibrate-induced rats. Total hepatic RNA (20yg/lane) from individual rats was 
subjected to Northern blot analysis using the CYP4A oligomer [32P-labelled] as described in Materials 
and Methods. Lanes 5-8 contain RNA from clifobrate-induced rats given poly IC (10 mg/kg) 6 hr 
before they were killed. Lanes l-4 contain RNA from clofibrate-induced rats given saline 6 hr before 
they were killed. The location of CYP4A mRNA is indicated by an arrow. Right panel: Northern blot 
analysis of hepatic CYP4A mRNA 24 hr following poly IC or saline administration in clofibrate-induced 
rats. Lanes 5-8 contain RNA from clofibrate-induced rats given poly IC (10 mg/kg) 24 hr before they 
were killed. Lanes l-4 contain RNA from clofibrate-induced rats given saline 24 hr before they were 

killed. The location of CYP4A mRNA is indicated by an arrow. 

al. [16]. The area corresponding to nucleotides 768-787 For Northern blot analysis, total hepatic RNA was 
of this sequence was chosen for construction of separated in a 1.3% agarose gel containing 2.2M 
the probe. The complement of this cDNA strand, formaldehyde, transferred to GeneScreen nylon membrane 
5’-d[GGGCAAGT’TGACAAGCACGG]-3’, was syn- (DuPont Cat No. NEN-976), and baked at 80” for 2 hr. 
thesized and purified by the Regional DNA Synthesis The blot was prehybridized at 42” overnight in 6 SSPE, 
Laboratory, Universitv of Calaarv, Calaarv, Alberta. The 
S-OH ends of the ohgomer were labelled with 32P by a 

1% sodium dodecyl sulfate (SDS), 5 Denhardt’s and 
100 pg/mL sheared salmon sperm DNA (1 SSPE contains 

modification of the method of Maxam and Gilbert 1221. 
Approximately 65% of the [3ZP]ATP was incorporated’inio 

0.15 M NaCI, 10 mM sodium phosphate, 1 mM EDTA, 
pH7.4; 1 Denhardt’s solution contains 0.02% each of 

the oligomer. Ficoll, polyvinylpyrrolidone and bovine serum albumin). 
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The prehybridization solution was replaced with hy- 
bridization solution (6 SSPE, 1% SDS, 0.1% Ficoll, 0.1% 
bovine serum albumin, 0.1% polyvinylpyrrolidone) and 
5 nL of 32P-labelled olieomer at 42” for 20-24 hr. The blot 
was removed from the-hybridization solution and washed 
with four changes of 6 SSPE, 0.1% SDS (10 min/change), 
two at room temperature followed by two at 54”. The 
synthetic oligodeoxyribonucleotide probe hybridized to a 
clofibrate-inducible RNA which was -2.1 kb long, and low 
levels were present in non-induced rats. This verified that 
the CYP4A oligomer probe hybridized specifically to 
CYP4A mRNA because (1) the length of this RNA was 
within 5% of the published size of the mRNA, (2) the 
CYP4A gene is constitutively expressed, and (3) CYP4A 
and its mRNA are selectively induced by clofibrate [16]. 
To carry out the slot blot, a range of concentrations of 
each RNA sample was prepared by 2-fold serial dilutions 
with water and loaded into the wells of a slot blot apparatus 
(Bio-Rad Bio-Dot@ SF apparatus) using GeneScreenPlus 
nylon membranes. Prehybridization and hybridization of 
the slot blots were performed as described for the Northern 
blots. For each sample a range of RNA concentrations was 
analyzed that permitted calculation of a linear slope 
value (absorbance per ng of RNA analyzed) following 
autoradiographyandscanningdensitometry. Anoligo(dT),s 
probe was utilized to ensure that the amounts of mRNA 
applied to each blot were identical [23]. 

Student’s r-test for unpaired data was used for 
statistical comparison between the treated group and the 
corresponding control group. 

Results 

Northern blot analysis of the RNA isolated from 
clofibrate-induced rats killed 6 hr following poly IC or 
saline administration is shown in the left panel of Fig. 1. 
The intensity of the bands obtained with RNA from the 
poly IC-treated rats (lanes 5-8) was less than that obtained 
with the RNA from the saline-treated rats (lanes l-4), 
indicating that the quantity of mRNA coding for CYP4A 
was decreased 6 hr following poly IC treatment. Slot blot 
analysis indicated that the amount of RNA that hybridized 
with the oligomer was decreased in the poly X-treated 
rats by 49% (Fig. 2). The hybridization to an oligo(dT),s 
probe was identical for each group (1.24 ? 0.10 units for 
controls vs 1.27 2 0.12 units for poly IC-treated animals), 
indicating that the levels of total mRNA loaded onto the 
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Fig. .2. Slot blot analysis of hepatic CYP4A mRNA 6 and 
24 hr following poly IC or saline administration in clofibrate- 
induced rats. Total hepatic RNA from individual rats was 
subjected to slot blot analysis using the CYP4A oligomer 
[3ZP-labelled] as described in Materials and Methods. The 
results are expressed as the means + SEM (N = 4) of the 
units of slope (absorbance/pg RNA) as determined from 
the autoradiographs of the slot blots. Key: (*) significantly ..__ _ 

dtfterent trom correspondmg control, P Cc 0.05. 

blots were identical. Northern blot analysis of the RNA 
isolated from rats killed 24 hr following poly IC or saline 
administration is shown in the right panel of Fig. 1. The 
bands obtained with the RNA from three of the four poly 
IC-treated rats (lanes 6-8) were less intense than those 
obtained with the RNA from the saline-treated rats (lanes 
l-4), indicating that the quantity of mRNA coding for 
CYP4A was also decreased 24 hr following poly IC 
treatment. Slot blot analysis indicated that the amount of 
RNA that hybridized with the oligomer was decreased in 
the poly IC-treated rats by 30% (Fig. 2). The hybridization 
of samples to an oligo(dT),s probe-was identical for each 
group (0.78 & 0.07 units for controls vs 0.79 ? 0.12 units 
for poly IC-treated animals), indicating that the levels of 
totai mRNA loaded onto the blots were identical. 

The level of cvtochrome P450 and lauric acid 
hydroxylation activity in hepatic microsomes prepared from 
rats treated with poly IC for 6 hr were identical to those 
observed in control animals (Fig. 3). In microsomes from 
rats given poly IC 24 hr before they were killed, cytochrome 
P450 and lauric acid hydroxylation were decreased 
significantly by 39 and 27%, respectively, compared to 
saline controls. 

Discussion 

The results indicate that the interferon inducer poly IC 
depressed the expression of the clofibrate-induced form of 
cytochrome P450 (CYP4A) within 24 hr of treatment. 
CYP4A mRNA levels were decreased significantly within 
6 hr of poly IC administration but the levels of total 
cytochrome P450 and lauric acid hydroxylation in the liver 
were not affected at this time. All three parameters were 
decreased significantly by 24 hr. This sequence of events 
indicates that the decrease in CYP4A mRNA preceded the 
loss of hemoprotein and was responsible for the decrease 
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Fig. 3. Effect of poly IC on hepatic microsomal cytochrome 
P450 and lauric acid hydroxylase in clofibrate-induced rats. 
Data are expressed as means 2 SEM from four individual 
rats. The levels of cytochrome P450 in controls were 
0.94 2 0.07 and 1.137 f 0.07 nmol/mg protein at 6 and 
24 hr respectively. The activities of lauric acid hydroxylase 
in control animals were 22.78 + 1.76 and 30.75 2 1.28 nmol 
11/12 hydroxy-lauric acid formed/min/mg protein at 6 and 
24 hr respectively. All rats received clofibrate (250 mg/kg) 
for 4 days. Poly IC (lOmg/kg) or saline was given 6 or 
24 hr before the rats were killed. Key: (*) significantly 

different from corresponding control, P < 0.05. 
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in functional CYP4A. Although the decrease in CYP4A 
mRNA levels would result in a decrease in the rate of 
synthesis of the CYP4A apoprotein by 6 hr, the loss in 
functional CYP4A would not be apparent until degradation 
of existing CYP4A hemoprotein had occurred. The order 
of these findings supports the idea that interferon or its 
inducers exert their effect at pre-translational sites of 
action. These experiments do not allow us to determine if 
the effect is directly on gene expression or at another 
potential site in the induction process. 

It has now become well established that during the 
activation of host defence mechanisms the levels of different 
cytochrome P450 families are depressed and a number of 
investigators have suggested that the interferon-mediated 
losses occur at a me-translational step via the depression 
in mRNA levels [9,14,24,25]. Only constitutive forms of 
cvtochrome P450. namelv CYP2C12 1121. CYP2Cll 1141. 
dYP3A2 [9], CYPlA2 [is], and CYP2dk [25], appear io 
be affected in this manner. The mRNA levels and 
subsequent proteins of some induced forms of cytochrome 
P450, namely CYP3Al [9], CYPlAl [25], CYPlA2 [25], 
CYP2C6 [25], and CYP2Bl [25], do not appear to be 
affected by interferons or their inducers. The present data 
on CYP4A are the first report indicating that an inducible 
form of cytochrome P450 and its corresponding mRNA 
are depressed by an interferon inducer. 

Stanley er al. [26] demonstrated that during an 
inflammatory response evoked by endotoxin members of 
some cytochrome P450 families are depressed while in 
others the induction of the cytochrome is actually enhanced. 
The levels of mRNA are depressed for CYP2C but remain 
unchanged for the induced CYP2B and CYPlA families. 
Duringfhe administration of endotoxin to rats, Wright and 
Morean 1271 observed a loss of constitutive CYP2C12 
apo-enzyme and its mRNA with interleukin-1 and 
dexamethasone, but not interleukin-6, mimicking the 
effects of this inflammatory response. A recent report by 
Williams et al. [28] indicated that interleukin-6, a major 
mediator of the acute phase response, depresses CYP2B1/2 
in cultured hepatocytes and prevents the phenobarbital 
induction of CYP2B mRNA. Collectively these results 
indicate that although the levels of constitutive cytochromes 
P450 families are consistently depressed following host 
defence stimulation, the responses of induced forms of the 
enzyme system are variable and depend on the form of 
cytochrome P450 and the conditions under which it is 
studied. 

The studies presented in this paper demonstrate that 
poly IC lowered the level of an induced form of hepatic 
cytochrome P450 mRNA and this occurred prior to the 
observed decrease in the cytochrome P450 hemoprotein. 
Thus, it can be concluded that a decrease in the synthesis 
of the CYP4A apoprotein was responsible for the depression 
of the induced levels of CYP4A hemoorotein mediated bv 
poly IC. This mechanism is similar io that reported by 
others for constitutive forms of the enzyme. It is therefore 
likely that at least some, but not all, of the induced forms 
of cytochrome P450 are decreased by interferon following 
a depression in the corresponding mRNA. 

Acknowledgement-This work was supported by a grant 
from the Canadian Medical Research Council. 

Departments of * Pharmacology 
and tBiochemistry 

Dalhousie lJniversi& 
Halifax, Nova Scotia 
B3H 4H7, Canada 

LEAH C. KNICKLE* 
DAVID F. SPENCERt 

KENNETH W. RENTON** 

$ Corresponding author: K. W. Renton, Ph.D., Professor 
and Head, Department of Pharmacology, Dalhousie 
University, Halifax, Nova Scotia B3H 4H7, Canada. Tel. 
(902) 494-3435; FAX (902) 494-1388. 

REFERENCES 

1. Renton KW and Mannering GJ, Depression of the 
hepatic cytochrome P-450 mono-oxygenase system by 
administered tilorone {2,7-bis[2-(diethylamino)ethoxy] 
fluoren-9-one dihydrochloride}. Drug Metab Dispos 4: 
223-231, 1976. 

2. Leeson GA, Biedenbach SA, Chan KY, Gibson JP 
and Wright GJ, Decrease in the activity of the drug- 
metabolizing enzymes of rat liver following the 
administration of tilorone hydrochloride. Drug Metab 
Dispos 4: 232-238, 1976. 

3. Renton KW and Mannering GJ, Depression of hepatic 
cytochrome P-450-dependent monooxygenase systems 
with administered interferon inducing agents. Biochem 
Biophys Res Commun 73: 343-348, 1976. 

4. Singh G, Renton KW and Stebbing N, Homogeneous 
interferon from E. coli depresses hepatic cytochrome 
P-450 and drug biotransformation. Biochem Biophys 
Res Commun iO6: 1256-1261, 1982. 

_ . 

5. Parkinson A. Lasker J. Kramer MJ. Huanz M-T. 
Thomas PE, ‘Ryan DE, Reik LM, Normal RL: Levin 
W and Conney AH, Effects of three recombinant 
human leukocyte interferons on drug metbohsm in 
mice. Drug Merab Dispos 10: 579-585, 1982. 

6. Smith PK, Nerland DE and Sonnenfeld G, Effect of 
interferon on murine cytochrome P-450: Effect of 
partially purified antigen specific interferon-gamma. J 
Interferon Res 3: 219-222, 1983. 

7. Franklin MR and Finkle BS, Effect of murine gamma- 
interferon on the mouse liver and its drug-metabolizing 
enzymes: Comparison with human hybrid alpha- 
interferon. J Interferon Res 5: 265-272, 1985. 

8. Renton KW, Singh G and Stebbing N, Relationship 
between the antiviral effects of interferons and their 
abilities to depress cytochrome P-450. Biochem 
Pharmacol33: 3899-3902, 1984. 

9. Craig PI, Williams SJ, Cantrill E and Farrell GC, Rat 
but not human interferons suppress hepatic oxidative 
drug metabolism in rats. Gastroenterology 97: 999- 
1004, 1989. 

10. el Azhary R, Renton KW and Mannering GJ, 
Effect of interferon inducing agents (polyriboinosinic 
acid.polyribocytidylic acid and tilorone) on the heme 
turnover of hepatic cytochrome P-450. Mol Pharmacol 
17: 395-399, 1980. 

11. Singh G and Renton KW, Inhibition of the synthesis 
of hepatic cytochrome P-450 by the interferon-inducing 
agent poly rIrC. Can J Physiol Pharmacol 62: 379- 
383, 1984. 

12. Moochhala S and Renton KW, The effect of IFN-(u- 
CON, on hepatic cytochrome P-450 and protein 
synthesis and degradation in hepatic microsomes. Int 
J Immunopharmacol 13: 903-912, 1991. 

13. Craig PI, Mehta I, Murray M, McDonald D, Astrom 
A, van der Meide PH and Farrell GC, Interferon down 
regulates the male-specific cytochrome P450IIIA2 in 
rat liver. Mol Pharmacol38: 313-318, 1990. 

14. Morgan ET and Norman CA, Pretranslational 

15. 

16. 

17. 

suppression of cytochrome P-450h (IICll) gene 
expression in rat liver after administration of interferon 
inducers. Drug Metab Dispos 18: 649-653, 1990. 
Renton KW and Knickle LC, Regulation of hepatic 
cytochrome P-450 during infectious disease. Can .I 
Physiol Pharmacol68: 771-781, 1990. 
Hardwick JP, Song B-J, Huberman E and Gonzalez 
FJ, Isolation, complementary DNA sequence, and 
regulation of rat hepatic lauric acid &hydroxylase 
(cvtochrome P-450LAo): Identification of a new 
cyiochrome P-450 gene family. J Biol Chem 262: 801- 
810, 1987. 
el Defrawy el Masry S and Mannering GJ, Sex- 
dependent differences in drug metabolism in the rat. 
II. Qualitative changes produced by castration and the 



608 Short communications 

administration of steroid hormones and ohenobarbital. 24. Morgan ET, Supnression of P45OIIC12 gene expression 
Drug Metab Dispos 2: 279-284, 1974. ’ 

18. Lowry OH, Rosebrough NJ, Farr AL and Randall RI, 
Protein measurement with the Folin phenol reagent. J 
Biof Chem 193: 265-275, 1951. 

19. Omura T and Sato R, The carbon monoxide-binding 
pigment of liver microsomes. I. Evidence for its 
hemoprotein nature. J Biol Chem 239: 2370-2378, 
1964. 

20. Orton TC and Parker GL, The effect of hypolipidemic 
agents on the hepatic microsomal drug-metabolizing 
enzyme system of the rat: Induction of cytochrome(s) 
P-450 with specificity toward terminal hvdroxvlation of 
lauric acid. brug M>tab Dispos 10: ll&llS; 1982. 

21. Protter AA, Wang S-Y, Shelness GS, Ostapchuk P 
and Williams DL, Isolation and characterization of a 
cDNA clone specific for avian vitellogenin II. Nucleic 
Acids Res 10: 4935-4950. 1982. 

and elevation of actin messenger ribon&eic acid levels 
in the livers of female rats after injection of the 
interferon inducer poly rIpoly rC. Biochem Pharmacol 
42: 51-57, 1991. 

25. Stanley LA, Adams DJ, Balkwill FR, Griffin D and 
Wolf CR, Differential effects of recombinant interferon 
(Y on constitutive and inducible cytochrome P450 
isozvmes in mouse liver. Biochem Pharmacof 42: 311- 
320; 1991. 

26. Stanley LA, Adams DJ, Lindsay R, Meehan RR, Liao 
W and Wolf CR, Potentiation and suooression of 
mouse liver cytochrome P-450 isozymes ‘during the 
acute-phase response induced by bacterial endotoxin. 
Eur J Biochem 174: 31-36, 1988. 

27. Wright E and Morgan ET, Regulation of cytochrome 
P45OIIC12 expression by interleukin la, interleukin-6 
and dexamethasone. Mol Pharmacol 39: 468-474, 

22. Maxam AM and Gilbert W, Sequencing end-labeled 1991. 
DNA with base-specific chemical cleavages. Methods 28. Williams JF, Bement WJ, Sinclair JF and Sinclair PR, 
Enzymol65: 499-560, 1980. Effect of interleukin 6 on phenobarbital induction of 

23. Harley CB, Hybridization of oligo(dT) to RNA on cytochrome P450IIB in cultured rat hepatocytes. 
nitrocellulose. Gene Anal Tech 4: 17-22, 1987. Biochem Biophys Res Commun 178: 1049-1055, 1991. 


