Biochemical Pharmacology, Vol. 46, No. 11, pp. 1945-1951, 1993.
Printed in Great Britain.

ACETONE-DEPENDENT REGULATION OF
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Abstract—The inducibility and molecular regulation of cytochrome P4502E1 (CYP2E1) has been
examined in nasal mucosa of rats after acetone treatment and compared to that of cytochrome P4502B1
(CYP2B1). Twenty-four hours following treatment with acetone (5 mL/kg) for 2 days, the amount of
CYP2E1 as well as the rate of microsomal 4-nitrophenol hydroxylase activity had increased by a factor
of 2-3, in microsomes isolated from nasal mucosa. The increase in CYP2E1 was accompanied by a
corresponding increase of CYP2E1 mRNA, as determined by northern and slot blot analyses. In
contrast, hepatic and renal CYP2E1 mRNA, studied in the same rats, did not increase, despite the fact
that the amount of CYP2E1 was increased 3- and 5-fold, respectively. The amount of CYP2B1, an
isozyme known as acetone-inducible in other tissues, decreased significantly by acetone, as detected by
immunoblot analysis. After 48 hr, the amount of CYP2E1 enzyme, the level of CYP2E1 mRNA and
the rate of 4-nitrophenol hydroxylase activity had returned to normal levels, whereas in liver and kidneys
the immunoreactive protein remained 3-4-fold higher than control. The results indicate that acetone
does not regulate CYP2E1 in nasal mucosa by post-translational mechanisms, in contrast to the situation
observed in liver and kidneys. This indicates a tissue-specific expression of post-translational regulatory
systems responsible for P450 stabilization. Furthermore, nasal CYP2B1 also seems to be regulated in a
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tissue-specific manner by acetone.

Cytochrome P4502E1, (CYP2E1i [1]) is consti-
tutively expressed in human and rodent liver (2, 3]
and in several extrahepatic tissues including kidneys
and nasal mucosa [4,5]. CYP2E1 is induced by
treatment with several xenobiotics and is also induced
during certain physiological conditions like fasting
and diabetes. CYP2EL1 is a very versatile enzyme
and presently we know more than 70 different
isozyme specific substrates, among them solvents,
alcohols and precarcinogens, most of which have the
common property of being small and hydrophobic
in nature [6].

The regulation of the expression of CYP2ELI is
complex and involves both transcriptional and
post-transcriptional mechanisms [7-9]. A major
mechanism for the induction of CYP2EL1 in liver is
post-translational stabilization [10]. Isozyme-specific
substrates protect the enzyme from a cAMP-
dependent phosphorylation on Ser-129 [11}, which
otherwise causes heme loss and rapid degradation
of the isozyme in the endoplasmic reticulum. It
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appears that this mechanism can elevate the level of
CYP2E1 by about 4-5-fold, whereas transcriptional
mechanisms are of importance in order to raise the
level further {12].

Although several studies have concerned mech-
anisms for regulation of CYP2E1 in the liver, less
is known regarding the molecular mechanisms
governing expression in the extrahepatic tissues and
particularly in nasal mucosa. The nasal mucosa is
constantly exposed to a wide variety of xenobiotics
and could be a target tissue for inhaled promutagens
and procarcinogens through in situ metabolic
activation. Several chemicals and carcinogens have
been found to be activated to reactive intermediates
by nasal cytochrome P450 (P450) [13, 14].

Various forms of P450 have been localized by
antibodies to purified hepatic P450 isozymes in nasal
mucosa of rabbit {15] and rat [5]. Moreover, specific
forms have been found in the olfactory tissue. In
this respect, a unique form designated NMb
(CYP2G1, [1]), has been purified from microsomes
of rabbit nasal mucosa [16] and immunochemical
studies demonstrated the presence of this form only
in the olfactory epithelium [15]. The P450NMb
shows high homology with the olfactory-specific rat
P450, called P4500lf1 [1].

The nasal mucosa P450 forms are not inducible to
the same extent as the hepatic ones, as shown by
the lack of induction by classical P450 inducers,
including phenobarbital [17], 3-methylcholanthrene,
benzo(a)pyrene and Aroclor 125417, 18]. However,
recently nasal CYP2EL1 in rat and rabbit was found
to be induced following ethanol or acetone treatment
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[19,20]. Elevated levels of CYP2El in nasal
tissue could imply a higher risk for toxicity or
carcinogenicity. Accordingly, a higher incidence of
N-nitrosonornicotine-induced nasal tumors was
observed in rats treated with ethanol as compared
to control rats [21].

Knowledge of the regulation of CYP2E] in nasal
mucosa is important for a better understanding of
the mechanism of tissue-specific toxicity associated
with this P450 form. In this study inducibility and
regulation of nasal CYP2E1 and CYP2B1 were
monitored in rats after acetone treatment and
compared with that of liver and kidneys. The results
indicate a tissue-specific regulation of CYP2E1.

MATERIALS AND METHODS

Materials

4-Nitrophenol and acetone were purchased from
Merck (Darmstadt, F.R.G.), NADPH from the
Sigma Chemical Co. (St. Louis, MO, U.S.A)).
Cesium trifluoroacetate was obtained from Phar-
macia Fine Chemicals Co. (Uppsala, Sweden).
Guanidine thiocyanate was from Eastman-Kodak
Co. (Rochester, NJ, U.S.A.). Nitrocellulose mem-
branes were obtained from Schleier and Schuell
(Keene, NH, U.S.A.). Nylon membranes were
purchased from Sartorius GmbH (Gottingen
F.R.G.). Alkaline-phosphate-linked goat anti-rabbit
immunoglobulin G (IgG), 4-nitroblue tetrazolium
chloride and 5-bromo-4-chloro-3-indolyl phosphate-
toluidine salt color developing reagents for western
blot analysis and nitrocellulose membrane were from
Bio-Rad (Richmond, CA, U.S.A.).

Anti-(P450 IgG) against rat CYP2E1 was prepared
in rabbits as described by Johansson et al. [22].
Rabbit anti-rat IgG against CYP2B1 was kindly
donated by Dr Anders Astrém, (University of
Stockhoim, Sweden) and has previously been
characterized [23]. All other chemicals and solvents
were of the highest grade available and obtained
from common commercial sources.

Methods

Animal treatment and preparation of microsomes.
The study was performed with male Sprague-Dawley
rats (180-200g). The animals were treated with
acetone (5mL/kg of body weight) intragastrically
once daily for 2 days. These rats received food and
water ad libitum until they were killed, which took
place 24 or 48 hr after the last injection. Microsomes
were prepared from rat liver, kidney and nasal
mucosa as described previously [24].

Western blot analysis. Microsomes were subjected
to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) using the method of
Laemmli [25] in a Bio-Rad Protean Mini Il apparatus.
Western blot analysis was performed according to
Towbin et al. [26] using 5% (w/v) milk as a blocking
agent and an alkaline-phosphatase-linked goat anti-
rabbit IgG as the secondary antibody. Color
development using 4-nitroblue tetrazolium and
5-bromo-4-chloro-3-indolylphosphate-toluidine salt
reagents was as per manufacturers instructions.
Immunoquantification was carried out with a
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densitometer (Image Quant Software on the Personal
Densitometer of Molecular Dynamics).

Northern blot and slot blot analysis. Total RNA
was isolated from the frozen rat nasal mucosa, liver
and kidney by the guanidinium/cesium tri-
fluoroacetate method essentially as described by
Okayama et al. [27]. The RNA was size fractionated
by electrophoresis in 1.25% agarose-formaldehyde
gels and then transferred to nylon membrane as
described by Sambrook et al. [28] or directly applied
to the nitrocellulose membrane using a slot blot
apparatus (Minifold II, Schieicher and Schuell). The
membranes were hybridized with a nick translated
[*PJdCTP (Amersham Corp., Arlington Heights,
IL, U.S.A.) labeled CYP2E1 ¢cDNA probe, kindly
donated by Dr Frank Gonzalez (NIH, Bethesda,
MA, U.S.A.) or with a ¥P-labeled B-actin probe
(donated by the late Prof. Hikan Persson, Karolinska
Institutet, Stockholm, Sweden), as described by
Sambrook et al. [29]. After washing, the membranes
were exposed at ~70° onto Kodak XAR-5 film with
a Lightning Plus intensifying screen. The bands or
slots on the autoradiographs were quantified by
densitometry. Procedures for other assays have been
described before [22]. Statistical analysis was carried
out using Student’s r-test; P < 0.05 was considered
significant.

RESULTS

Effect of acetone-treatment on CYP2E1 and CYP2B1
in nasal mucosa after 24 hours

As shown in Fig. 1A, CYP2E1 in nasal mucosa
was faintly detectable in control microsomes.
However, pretreatment of rats with acetone resulted
in a 2.3-fold increase in the amount of nasal
microsomal CYP2E1 protein, accompanied by
a similar increase in the rate of microsomal
hydroxylation of 4-nitrophenol (Fig. 1A, Table 1).
By contrast, this treatment did cause a 50% decrease
in the amount of CYP2B1 in the mucosal microsomes
(Fig. 1B, Table 1). The net effect of acetone
treatment on the P450-level was a 50% increase.
The effect of acetone treatment was less and different
in nasal mucosa as compared to liver and
kidney, where CYP2E1, CYP2B1 and 4-nitrophenol
hydroxylase increased 4-8-fold.

Analysis of CYP2E! mRNA following acetone
treatment

In order to explore the mechanism of CYP2E1
induction after acetone treatment, the level of
CYP2E1 mRNA from nasal mucosa was measured
using *2P-labeled CYP2E1 cDNA (Fig. 2). Northern
blot analysis revealed the recognition of a single
mRNA species in both control and acetone rats with
the same molecular size as that of liver and kidney.
Quantification of the mRNA transcripts revealed a
significant 2.3-fold increase by the acetone treatment
(Fig. 2), similar in magnitude to the increase in
CYP2EI protein. By contrast, no significant changes
in the CYP2E1 mRNA were seen in liver or kidney.

Effects of acetone 48 hr after treatment

Asshownin Table 2, 48 hr after the last intragastric
dose of acetone, immunoreactive CYP2E1, CYP2E1
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Fig. 1. Immunoblot analyses of CYP2E1 (A) and CYP2B1 (B) in rat microsomes. (A) Pooled
microsomes from nasal mucosa, liver and kidney were subjected to SDS-PAGE on 8.7% acrylamide
gels, transferred to nitrocellulose and probed with anti CYP2E1 IgG. Lane 1, control liver microsomes
(2.5 ug); lane 2, liver microsomes from acetone-treated rats (2.5 ug), lane 3, microsomes from control
nasal mucosa (70 ug); lane 4, nasal mucosal microsomes from acetone-treated rats (70 ug); lane 5,
microsomes from control nasal mucosa (30 ug); lane 6, nasal microsomes from acetone-treated rats
(30 ug); lane 7, microsomes from control kidney (22 ug); lane 8, kidney microsomes from acetone-
treated rats (22 ug). (B) Analysis of CYP2B1. Lane 1, purified CYP2B1; lane 2, nasal microsomes
from control rats (70 ug); lane 3, nasal microsomes from acetone-treated rats (70 ug). The band indicated
with an asterisk has previously been shown to be an artefact [23].

mRNA and 4-nitrophenol hydroxylase activity in shown) and are consistent with previously described
nasal mucosa had returned to constitutive levels. By  results [30].
contrast, kidney CYP2E1 protein remained elevated

(about 3-fold) 48 hr after acetone treatment, whereas DISCUSSION
the 4-nitrophenol hydroxylase activity had declined
to control levels. Similar differences between The present study indicates that the mechanisms

immunoreactive protein and 4-nitrophenol hydroxyl-  for acetone-dependent induction of CYP2E1 in nasal
ase activity were seen in liver microsomes (data not mucosa are different from those of liver and kidney.
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When studied in the same rats, it was evident that
acetone caused a pronounced increase of both
CYP2E1 and 4-nitrohydroxylase activity in both
liver and kidneys, without any increase of the
corresponding mRNA, whereas in nasal mucosa, the
elevation of these parameters perfectly correlated

e ' g with the extent of increase in the CYP2E1 mRNA
N 212588 z 4 registered (Table 1). In addition, the induction of
H g H o+ H E’»a CYP2EI1 protein was seen to be persistent for 48 hr
:» <2358 | 82 in kidneys (Table 2). CYP2E1 induction has
4 " stws | =9 previously been shown to remain for an equal time
El > 8 = period after acetone treatment in liver [30], but had
g S % & returned to the basal level in nasal mucosa (Table
g | & 52 2).

E s § ™ % : % : The turnover of CYP2E1 in liver in vivo is biphasic
o Elnunn | 8% with half lives of 7 and 37 hr [31]. Acetone treatment
5 Sl lesgs | 2&S abolishes the fast phase component. This substrate
g o= “; ,g k) effect hasbeenshownto be associated with protection
g cEE of a cAMP-dependent phosphorylation of CYP2E1
= 23 % on Ser-129 otherwise causing denaturation and rapid
& Lo EEE deg.ra;iatxor[lloof1 1t]heI pr(;]tem in the efndoglasntuc
= 8 g:‘:’i@% ) %E reticu um |10, - In the presence of su strate,
< ] S EE the protein is broken down according to the
2 3 g ;\rl ; ,;2' :g gs autophagosomal-lysosomal pathway only, ata slower
% R - = rate [30]. The results obtained in nasal mucosa in
— 5 g gt the present investigation can theref_ore be interpreted
2 2 E 2 g in the manner that the mechanism for substrate
& ] dependent CYP2E1 stabilization is not occurring in
O = |8 | B2 g this tissue. This could have its origin in the absence
e glST—o | E %’c of expression of critical enzymes involved in the
= g ; g g g g 2 2 post-translational processing of CYP2ELI.

S © S=EE | SaY The data obtained cannot discriminate between
Se oFg acetone as a stimulator of CYP2E1 gene transcription
o ) or as a factor causing CYP2E1 mRNA stabilization.
.?E " EE2 The rate of CYP2E] gene transcription has been
2 o | SE5s o8& shown to be increased during prolonged starvation
] 15 i:l’ halEew [32] or, as shown recently, during chronic ethanol
g é‘i ~een | ETT treatment in the total enteral nutrition model [3_3].
= g S8 | g 5 E On the other hand, conditions during streptozotocin-
o g ¥ e o induced diabetes are known to increase CYP2E1
Z>\ E =83 exclusively via mRNA stabilization [7]. Further
= 3 - 534 experiments are needed in order to investigate in
53 Z_|Smow [ECZ detail the mechanisms for acetone-dependent
= £ i :f " ; by ;/_ - increase of CYP2E1 mRNA in nasal mucosa.

I3 gl 288 &g Tissue specificity with regards to action of acetone
E © S===|eg S was also registered in the regulation of CYP2B1. In
= 5S & agreement with previous data, acetone induced
E f X 5 ChYPZBl in liver,l kidney and nasaldmucosa hzfis been
= ox = shown to involve an increased rate of gene
g 18 2 = transcription  [22].  CYP2B1 s constitutively
= B3 |uzZE expressed in nasal mucosa at higher levels than in
o £ ‘g‘ g g 2%’ liver of control rats‘[34]..}‘1(')wever, in contrast to
£ 3 2% |gg% the well established mduqbﬂnty of CYP2BI1 in liver
3 808 | 2 & and kidney, we found a significant decrease to 50%
= FERR | 5a g of the original level of CYP2BI in nasal mucosa
° T8ee £ FT after acetone treatment (Table 1).

2 Eg22 | o8& We have reported previously that CYP2E1-
bl v = a8 | 253 dependent activities decline much faster than the
- g2 E>55 | = immunoreactive CYP2E1 in rat liver after acetone
2 S é ; INES é eH treatment [30]..This wasinterpreted as an inactivation
= SIxs 5 5 8Z of CYP2EI1 prior to degradation and indicated two

phases of post-translational regulation of CYP2E1,
an acute inactivation in the endoplasmic reticulum
before of the degradation by lysosomal route. Our
results shown a similar course in kidney, where 4-
nitrophenol hydroxylase activity returned to the
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Fig. 2. Analysis of the amount of nasal, hepatic and renal CYP2E1 mRNA from control (&) and
acetone-treated (#) rats. Total RNA was isolated from control and acetone-treated rats (O) and
subjected to electrophoresis, blotting and hybridization as described in Materials and Methods. The
relative signals were normalized with respect to the intensities obtained using f-actin cDNA. Values
are mean + SD of four determinations on pooled samples of total RNA (three to four rats for each
determination). **Value significantly different from control (P < 0.01). Insert, northern blot analysis.
Lane 1, control liver (3 ug); lane 2, acetone liver (3 ug); lane 3, control nasal mucosa (45 ug); lane 4,
nasal mucosa from acetone-treated rats (45 ug); lane 5, control kidney (10 ug); lane 6, kidney from
acetone-treated rats (10 ug).

Table 2. Effect of acetone, 48 hr after treatment, on CYP2E1 protein, CYP2E1 mRNA
and 4-nitrophenol hydroxylase activity in rat nasal mucosa and kidneys

Nasal mucosa Kidneys
Parameter Control 48 hr Control 48 hr
CYP2E1 protein 100 = 15 115 £ 17 100 + 35 290 + 30*
CYP2E1 mRNA 100 = 20 110 + 18 100 = 15 90 = 10
4-NPH 100 £ 25 95 + 18 100 £ 15 105 = 20

The results are expressed as per cent of control. Each experiment used pooled fractions
from four rats. The values represent mean + SD of four experiments. * Results significantly
different from control (P < 0.01). 4-NPH, 4-nitrophenol hydroxylase.

control level in spite of the amount of CYP2El
protein expressed after 48 hr acetone treatment.

In conclusion, the results of the present study
indicate that regulatory mechanisms governing
CYP2E1 and CYP2B1 expression after acetone are
different for nasal tissue compared to hepatic and
renal tissues. In addition, nasal specific P450 isozymes
exist which do differ from those in the liver with
regard to their substrate specificities and mechanism
of action [1,16]. This makes this tissue different
with respect to its mechanisms of interactions with
xenobiotics.
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