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Abstract—Four polyclonal antibodies raised against purified mouse liver cytochrome P450s representing
Cypla, Cyp2a, Cyp2b and Cyp2c subfamilies were used to detect their related forms in human adult
and fetal tissues. In immunoblot analysis, anti-Cyp2c antibody detected two to three proteins in adult
livers and one to three proteins in 70% of the 18 fetal livers studied. Anti-Cyp2a-5 antibody recognized
a 50-kDa protein in 50% of the fetal adrenals. Anti-Cypla-2 antibody reacted with a single protein
{55 kDa) in adult liver. The anti-Cyp2b-10 antibody did not detect proteins in any of the tissues. No
proteins were detected in fetal kidneys. There was no coumarin 7-hydroxylase activity (COH) in fetal
liver or adrenals. The 7-ethoxycoumarin O-deethylase (ECOD) activities were slightly higher in fetal
adrenals (mean 6.1 pmol/mg protein/min) vs livers. The fetal adrenal ECOD activity was not inhibited
by the anti-Cyp2a-5 antibody, Aryl hydrocarbon hydroxylase (AHH) activities in fetal livers were about
5% of those in adult livers, AHH activity in fetal liver was not inhibited by the anti-Cyp2c antibody.
Testosterone 6f-hydroxylase activity was much lower in fetal liver than in adult liver (about 20 and
1700 pmol/mg protein/min, respectively). No immunoinhibition occurred in fetal adrenal progesterone
hydroxylation, hepatic benzphetamine N-demethylation and hepatic ethylmorphine N-demethylation.
These data suggest that members of the P450 subfamilies 1A, 2A and 2B are expressed at a very low

0006-2952/93 $6.00 + 0.00
© 1993. Pergamon Press Lid

level in fetal liver, and that fetal liver may contain members of the 2C subfamily.

The cytochrome P450 enzymes are the terminal
components of the microsomal monooxygenase
system catalysing the oxidation of both exogenous
and endogenous compounds [1]. Human liver
microsomes contain multiple P450 isoforms which
have been classified into families and subfamilies
based on their DNA sequence similarity [2].8
Xenobiotic-metabolizing P450s in families CYP1-4
have been detected in several tissues in the adult
human [1,2]. In contrast, only a few cytochrome
P450 isoforms and restricted substrate specificities
have been demonstated in human fetal liver [3-8].

Four different cytochrome P450s representing the
Cypla, Cyp2a, Cyp2b and Cyp2c subfamilies have
been purified from phenobarbital-induced mouse
liver [9-10]. In a previous study [11] we showed that
all the antibodies (except anti-Cyp2b-10) raised
against these isoforms detected P450s in adult human
liver microsomes. The antibodies also inhibited
several model substrate reactions, agreeing with
other reports in the literature where comparisons
could be made.

* Corresponding author. Tel (358) 81 537 52 52; FAX
(358) 81 33 06 87.

§ The latest P450 nomenclature [2] will be used in this
article. The mouse Cyp2s-5 gene encodes for Cyp2a-3
protein which has high coumarin 7-hydroxylase activity.
The Cyp2a-4 gene product is testosterone 15a-hydroxylase.
The CYP2A6 gene product catalyses coumarin
7-hydroxylase in human liver.

The possibility of cross-reactions with non-related
P450 isoforms exists when heterologous antibodies
are used. However, Forrester et al. [12] showed
recently thatsurprisingly few cross-reactions occurred
among human isoforms in families 1 through 4 when
polyclonal anti-rat P450 antibodies were used. A
small number of human isoforms have been purified
to date [13], and even fewer well-characterized
antibodies against human isoforms are available.
The aim of this work was to investigate whether
P450s recognizable by the anti-mouse P450 antibodies
exist in human fetal and adult tissues.

MATERIALS AND METHODS

Chemicals. Reagents used for protein immuno-
blotting were purchased from Bio-Rad (Richmond,
CA,U.8.A), E. Merck {Darmstadt, F.R.G.}, Sigma
(St Louis, MO, U.S.A)) or Zymed Laboratories
Inc. (San Francisco, CA, U.S.A.). Coumarin,
ethoxycoumarin, 7-hydroxycoumarin, benzo(a)-
pyrene and testosterone were from Sigma. Benz-
phetamine hydrochloride was from the Upjohn Co.
(Kalamazoo, MI, U.S.A)) and -ethylmorphine
hydrochloride from the University of Uppsala
Hospital Pharmacy. [4-“C]Testosterone (57 mCi/
mmol) was from Amersham {Amersham, UK.}
All other chemicals were at least of analytical grade.

Human fetal and adult tissue specimens and
microsomal preparation. Tissue specimens from 20
fetuses between 13 and 23 weeks of gestation were
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obtained at abortions performed for socio-medical
reasons. The abortions were performed by prosta-
glandin PGF,, infusion (6.5 hr). The tissues (liver,
adrenals, kidneys, brain) were excised within 60 min
of the abortion. Human adult liver specimens were
obtained at surgery (livers 1-6). Two samples of
adult liver were prepared from organ donors who
had died accidentally (livers 15 and 16). All the
samples were frozen at —80° until assay. The project
was approved by the Ethics Committees of Uppsala
and Oulu Universities. The microsomes from
human fetal and adult tissues were isolated by
ultracentrifugation as described [14]. The protein
content was measured according to Lowry et al. [15].

Preparation of antibodies. The P450 isoforms
(trivial names P450Pbl, P450PbII, P450PbIII and
P450Coh) were purified from phenobarbital or
pyrazole-treated mouse liver as described [9, 10]. N-
terminal amino acid sequencing (at least 20 residues)
showed that P450Pbl is 100% similar to Cyp2b-10
[16], P4S0PbII is 100% similar to Cypla-2 and
P450PbIIIL is 89% similar to CYP2C7 [10]. The
fourth isoform P450Coh has been shown definitively
to be the product of the Cyp2a-5 gene [17]. The
isoforms have therefore been redesignated Cypla-2
(P450PbII), Cyp2a-5 (P450Coh), Cyp2b-10
(P450Pbl) and Cyp2c (P450PbIII). A gene desig-
nation cannot be given for Cyp2c since the complete
nucleotide sequence is not known for the respective
gene. Antisera against these P450 isoforms were
raised in rabbits and the immunoglobulin G fractions
were purified by (NH,),SO, precipitation.

Protein  electrophoresis  and  immunoblot
techniques. SDS-PAGE was performed according
to Laemmli [18]. Polyacrylamide (10%) in 0.75 mm
of 1.0 mm gels was used in a Mini-protean II dual
slab cell equipment (Bio-Rad). Microsomal protein
(10-30 ug) was applied to each well. The proteins
were transferred to nitrocellulose membranes in 1 hr
according to Towbin et al. {19]. The membranes
were placed first in plastic bags with phosphate-
buffered saline, pH 7.5 containing 0.05% Tween 20
and 1% or 5% non-fat milk powder (blocking
solution). One hour blocking (37°) was found to be
sufficient, but somewhat better results were obtained
by using longer blocking times of up to 18 hr. The
membranes were then incubated with the primary
antibody for 1-1.5 hr. The secondary antibody was
a goat anti-rabbit-alkaline phosphatase conjugated
antibody. Nitro blue tetrazolium and 5-bromo-4-
chloro-3-indolyl phosphate were used as color
development reagents. Between each step the filters
were washed extensively with phosphate-buffered
saline containing 0.05% Tween 20.

Enzyme assays. Coumarin 7-hydroxylase (COH*)
and ethoxycoumarin O-deethylase (ECOD) activities
were measured according to Aitio [20}). COH and
ECOD activities were measured at a saturating
(0.1 mM) substrate concentration and the incubation
time was 20 or 30 min. Testosterone 6f-hydroxylase
activity was measured according to Waxman et al.

* Abbreviations: COH, coumarin7-hydroxylase; ECOD,
7-ethoxycoumarin O-deethylase; AHH, aryl hydrocarbon
hydroxylase; 15a¢OH, testosterone 15a-hydroxylase; SSC,
standard saline citrate; SDS, sodium dodecy! sulfate.

Table 1. Clinical data on the fetal samples

Gestational age Smoking
Fetus {weeks) status
1 23 Not known
8 22 -
12 19 +
15 14-15 Not known
16 15 -
17 16 -
22 16-17 -
24 15 Not known
25 15 Not known
26 15 -
27 15 -
28 16 +
29 16 +
30 13 -
31 16 Not known
34 17-18 +
35 14 -
36 16-17 +
37 18 -
44 14 +

Non-smoking mothers have been marked with — and
smokers with +. None of the mothers was known to have
used drugs regularly. The mother of fetus 34 had a history
of alcohol usage during pregnancy.

[21] as described in detail earlier [22]. Aryl
hydrocarbon hydroxylase (AHH), benzphetamine
N-demethylase and ethylmorphine N-demethylase
activities were measured as described [23-25].
Progesterone  16a-/17a-hydroxylation and 21-
hydroxylation of progesterone to desoxycorti-
costerone and 11-deoxycortisol as a secondary
metabolite were measured according to Taylor et al.
[26] as modified by Rane and Ask [27].

Immunoinhibition studies. The antibody was added
to the incubation mixture at room temperature
10 min before the initiation of 2 min preincubation
at 37°. The ratio of antibody/microsomal protein
(1:1-5:1) used was based on earlier reports [11, 28].
Preimmune immunoglobulin G was used as a control
in every assay.

RNA blots. Total RNA from adult and fetal liver
was prepared by the cesium chloride centrifugation
method [29]. Aliquots (20 ug) of total RNA were
separated on a 1% agarose gel followed by transfer
to a nylon membrane (Hybond-N; Amersham,
U.K.). The integrity of the RNA was checked by
ethidium bromide staining. The RNA was fixed by
baking at 80° and was then hybridized with a 32P-
labeled human CYP2A6 probe (Salonpidi et al.,
unpublished). The filters were washed at 55° in
0.1 x $SC/0.1% SDS (3 X 20 min). The filter was
exposed to autoradiography film for 1 week at —70°.

RESULTS

Clinical data

The gestational age of the fetuses and the smoking
status of the mothers are listed in Table 1. Table 2
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Table 2. Clinical data on the adult samples

Age Smoking
Adult  (years) Sex status Drugs
1 66 Female Not known  —
2 71 Male + Digoxin, Metoprolol, Bendroflumethiazide
4 55 Female Not known  Dixyrazine, Buprenorfine, Flunitrazepam, Nitrazepam
5 64 Male + —
6 29 Male - Penicillamine
15 20 Male Not known Not known
16 47 Female Not known Not known
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Fig. 1. (A) Protein immunoblot with anti-Cyp2c antibody of human adult (HALM) and fetal liver

(HFLM). (B) Protein immunoblots with anti-Cyp2a-5 antibody of human adult liver (HALM) and fetal

adrenal microsomes (HFAM). Ten micrograms (adult liver), 20 ug (fetal adrenals) and 30 ug (fetal
liver) of microsomal protein were applied in the lanes.

shows the age, sex, smoking status and drug usage and four fetal livers with the anti-Cyp2c antibody.
of the adult donors. The antibody detected two or three bands (51, 53
. and 54.5 kDa) in the six adult livers studied (Table
Immunoblot analysis 3). In a total of 18 fetal liver samples studied, a

Several fetal and adult tissues were screened with  single band (54.5 or 55 kDa) was detected in seven,
the antibodies in protein immunoblots (Fig. 1, Table two bands in four (53 and 55kDa) (Fig. 1A) and
3). Figure 1A shows an immunoblot of three adult three bands in one liver (51, 53 and 54.5 kDa). The
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Table 3. Immunoblot analysis of fetal and adult tissue

kDa band was detected in most adult livers. No
bands could be seen in any of the 12 fetal liver
samples studied, whereas a 50-kDa band was
detected in eight out of 15 fetal adrenals (Fig. 1B,

No proteins cross-reacted in any of the fetal tissues
with the anti-Cypla-2 antibody, which detects a 55-
kDa protein in adult liver [11]. Anti-Cyp2b-10 did
not detect any proteins in either adult or fetal tissues
(blots not shown). In addition to the data presented
above, no bands were detected by any of the

microsomes
) Antibody

Tissue 1a-2 2a-5 2b-10 2c Table 3).
Adult

Liver 3/3 3/3 0/1 6/6
Fetus

Liver 0/10 0/12 0/5 12/18

Adrenal 0/7 8/15 0/7 2/7

Brain 0/6 0/6 0/6 2/6

Kidney 0/5 0/7 0/5 0/3

The numbers denote positive immunoblots/samples
studied.

antibody did not detect any bands in the P450
molecular mass area in six fetal livers (Table 3).
Two unspecific bands (>70 kDa and <40 kDa) were
observed in most adult and fetal livers by the anti-
Cyp2c antibody (Fig. 1A). A very faint 51-kDa band
was seen in two out of six fetal brains (Table 3).
Figure 1B shows an immunoblot of one adult liver
and seven fetal adrenals with the anti-Cyp2a-5
antibody. The antibody detected the 49-kDa
CYP2AG6 protein in all adult livers. Also a weak 50-

antibodies in the fetal kidney samples (Table 3).

Activities of marker enzymes

ECOD activities in fetal liver microsomes were
fairly low (maximum 3.3 pmol/mg protein/min)
when compared with adult liver activities (mean
value 160 pmol/mg protein/min) (Table 4). AHH
activity was studied in seven fetal liver samples. The
mean value was about 6 pmol/mg protein/min with
one sample showing a fairly high activity of 21 pmol/
mg protein/min. The fetal liver AHH activities were
about 5-6% of those in adult livers. Benzphetamine
N-demethylase activity was studied in four fetal
livers. The activities ranged from 420 to 1100 pmol/
mg protein/min which is about 45% of the adult
liver activity (Table 4). Testosterone 6f-hydroxylase
activity was detectable in every fetal liver although
it was only about 1% of the adult liver activity (Table

Table 4. Enzyme activities and the presence of anti-Cyp2c antibody-detectable protein in adult
and fetal livers

Testosterone Benzphetamine
ECOD AHH 6f-hydroxylase N-demethylase Cyp2c
(pmol/mg protein/min)
Adult liver

1 190 120 1900 1400 +
2 120 74 1500 2000 +

Mean 160 97 1700 1700

Fetal liver

1 1.9 ND ND ND +
8 1.2 ND 9.6 ND +
12 33 ND ND ND +
15 <1.0 ND 7.4 ND -
16 <1.0 ND ND ND -
17 <1.0 1.6 ND ND +
22 <1.0 21 47 580 -
24 <1.0 ND ND ND -
25 ND 31 ND ND +
26 1.4 ND 39 840 -
27 <1.0 22 ND 420 +
28 <1.0 4.2 8.8 ND +
29 <1.0 7.5 13 510 -
30 <1.0 4.6 7.8 ND +
34 ND ND 58 1100 +
36 ND ND 35 840 +
37 ND ND 17 1100 +

Mean <1.0 6.2 24 770

SD 0.92 6.6 19 280

ND, not determined due to insufficient amount of material.
<1.0 denotes values less than 1 pmol/mg protein/min.
+, positive staining with anti-Cyp2c antibody.
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Table 5. ECOD activity and the presence of the proteins
detected by anti-Cyp2a-5 and anti-Cyp2c¢ antibodies in
fetal adrenals

Adrenal ECOD Cyp2a-5 Cyp2c
8 <1.0 ND ND

15 11 + ND
16 27 + ND
17 9.0 - ND
22 2.6 + +
24 ND - -
25 39 - -
26 6.7 + -
27 <1.0 - -
28 <1.0 - -
29 8.2 + +
30 <1.0 + ND
31 <1.0 - ND
34 3.7 + ND
36 12.6 + ND
37 ND - ND

Mean 6.1

SD 7.4

ECOD activity is given in pmol/mg protein/min.

<1.0 denotes values less than 1 pmol/mg protein/min.

ND, not determined.

+, positive staining with anti-Cyp2a-5 and anti-Cyp2c
antibodies.

4). No COH activity was detected in the 12 fetal
livers studied. Adult liver samples (1, 2, 15 and 16)
had COH activities ranging from 190 to 710 pmol/
mg protein/min.

Anti-Cyp2a-5 antibody detected a protein in about
50% of the fetal adrenal samples studied. Therefore,
the activities of COH and ECOD, both known to
be mediated by the human CYP2A6 [28, 30], were
measured in fetal adrenal microsomes. No COH
activity was detected in any of the 13 adrenals
studied. In contrast, ECOD activity was present at
fairly high levels in most of the adrenal samples
(Table 5). The ECOD activities did not correlate
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Table 7. The effect of the anti-Cyp2c antibody on AHH,

benzphetamine N-demethylase and ethylmorphine N-

demethylase activities in human adult and fetal liver
microsomes

AHH  Benzphetamine Ethylmorphine
% of control activity (+ SD)

Adult liver
Fetal liver

58 +23*
119 = 32¢

99 + 211
91 +22%

ND
101 + 32%

* N = 8. The data is partly from [11].
FN=3

fN=4.

ND, not determined.

well with the intensities of the bands detected by the
anti-Cyp2a-5 antibody.

Immunoinhibition studies

Immunoinhibition studies were performed to
evaluate the contribution of individual P450s in some
of the activities observed. Anti-Cyp2a-5 antibody
did not inhibit ECOD activity in any of the five fetal
adrenal samples studied. Consistent with previous
studies [11], anti-Cyp2a-5 inhibited ECOD activity
in adult livers (Table 6). Progesterone is known to
be hydroxylated in the human fetal adrenals [31].
The anti-Cyp2a-5 antibody had no clear effect on
16a-, 17a~ and 21-hydroxylation of progesterone in
the four adrenal samples tested (Table 6).

Although anti-Cyp2c has been shown to inhibit
AHH activity by up to 72% in adult livers [11], it
did not inhibit AHH activity at all in fetal livers
{Table 7). Anti-CypZcalso did not inhibit significantly
benzphetamine N-demethylase activity in fetal and
adult livers (Table 7). Ethylmorphine N-demethylase
activity (range 167-1210 pmol/mg protein/min) was
not inhibited considerably by the anti-Cyp2c antibody
in four fetal liver specimens (Table 7).

RNA blot analysis

RNA blot analysis was performed with two adult
and fetal livers using a full-length human CYP2A6

Table 6. The effect of anti-Cyp2a-5 antibody on ECOD activity in human adult liver and human
fetal adrenal specimens and on progesterone metabolism in fetal adrenals

ECOD DOCOL 16aOH 17a0H DOC
% of control activity (= SD)
Adult liver 58 + 18* ND ND ND ND
Fetal adrenals 108 + 45} 103 + 114 118 + 28% 115 = 28% 109 * 22%

* N =9. The data is partly from [11].
tN=35.

tN=4

ND, not determined.

DOCOL and DOC, 21-hydroxylation of progesterone to 1l1-desoxycortisol and to 11-
desoxycorticosterone, respectively. 16aOH, 16a-hydroxylation of progesterone. 17a0H, 17a-

hydroxylation of progesterone.
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Fig. 2. RNA blot analysis of RNA from selected

human fetal and adult livers. Total RNA (20 ug) was

electrophoresed in an agarose gel and transferred onto

nylon membrane, which was hybridized with a *P-labeled
CYP2A6 cDNA. kB, kilobase.

c¢DNA as the probe. A substantial amount of 2.0-
and 2.8-kb mRNA species was detected by the probe
in adult liver 16 (Fig. 2). The transcript sizes are in
agreement with an earlier report of Yamano e al.
[30]. Upon longer exposure a 2.0-kb mRNA could
also be seen in adult liver 15, but no mRNA signals
were detected in the fetal liver samples. This result
correlated well with the amount of anti-Cyp2a-5-
detectable CYP2A6 protein and COH activities in
adult livers 15 and 16.

DISCUSSION

In this work we have attempted to ascribe some
P450-mediated activities in human fetal tissues to
specific P450 isoforms using a panel of anti-mouse
P450 antibodies. The main finding of this study is
that P450 isoforms which exist in several adult tissues
appear to be absent or expressed at a very low level
in the corresponding human fetal tissues.

ECOD and AHH activities are detectable in
human fetal liver [6,32,33] and ECOD activity is
also found in fetal adrenals [8, 32, 34]. COH is high
in adult liver [11,35] and the activity is almost
completely inhibited by an anti-Cyp2a-5 antibody.
Cyp2a-4 and Cyp2a-5 in mouse liver differ in only
11 out of 494 amino acid residues [17]. Cyp2a-4

catalyses the 15a-hydroxylation of testosterone. This
activity in human adult liver microsomes is only
5-10% of mouse testosterone 15a-hydroxylase
(15a0H) activity and it is not inhibited by anti-
Cyp2a-5 antibody like mouse 15¢OH [22]. There is
no 15a¢OH activity in human fetal liver [36]. The
present results do not reveal any COH activity in
fetal liver or adrenals, even though some fairly
mature fetuses (up to 23 weeks) were studied.
In immunoblots of fetal liver microsomes no
immunoreactive protein was detected with the anti-
Cyp2a-5 antibody. In RNA blots, no hybridizable
mRNA species were detected by the CYP2A6 cDNA
probe in fetal liver. Therefore, the period in human
ontogenic development in which CYP2A6 begins to
be expressed remains uncertain. It probably occurs
soon after birth, since Crespi et al. {37] have found
an immunoreactive protein with a P4502A antibody
and also measurable levels of COH activity in human
infant liver microsomes, although the activities were
lower than in adult liver [11].

In 50% of the fetal adrenals studied here, a faint
50-kDa protein was detected with the anti-Cyp2a-5
antibody. A similar size protein is often detected in
adult liver samples in addition to the 49-kDa
CYP2A6 [11,28,30,38]. No COH activity was
present in the fetal adrenal samples. The adrenal
ECOD activity was not inhibited by the anti-Cyp2a-
5 antibody, which has been shown to inhibit adult
liver ECOD activity in the present and previous
works [11,38]. The antibody had also no effect
on progesterone metabolism in the adrenals.
Consequently, the identity of the protein detected
by this antibody in fetal adrenals in unclear. Anti-
CYP3A antiserum has also been shown to lack
inhibitory activity towards fetal adrenal ECOD
activity [32], suggesting that the CYP3A subfamily
may also not be involved in this activity.

The ECOD activities in the fetal livers were very
low and also no proteins were detected by the anti-
CypZ2a-5 antibody in immunoblots. This suggests that
the CYP2AG6 is not responsible for the low ECOD
activity in fetal liver. The ability of anti-CYP3A
antiserum to inhibit ECOD activity suggests that
members in the CYP3A subfamily are involved in
the constitutive ECOD activity in fetal liver [8, 32].

CYP2B genes are expressed in the human liver
[39, 40], but no proteins have yet been purified in
this subfamily. Human liver microsomal proteins
presumed to be CYP2B isoforms have been detected
with anti-rat CYP2B antibodies in immunoblots by
others [12, 40]. The anti-Cyp2b-10 antibody did not
detect any clear protein bands in the fetal liver or
other tissues studied here. This is also the case in
the adult liver [11]. We have also failed to detect
any immunoreactive bands with monoclonal anti-rat
CYP2B antibody (Mab 2-66-3) in adult liver
microsomes (Raunio ef al., unpublished). This is in
agreement with Wrighton et al., [41], who did not
detect any cross-reacting proteins in over 50 human
liver samples with a panel of 12 monoclonal
antibodies against rat CYP2B. Since the positive
findings with anti-rat CYP2B antibodies can be due
to cross-reactions with other human isoforms, the
issue of the existence of constitutive CYP2B proteins
in human liver appears unresolved at the moment.
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The CYPIA subfamily consists of two different
genes. Human adult liver contains a gene encoding
CYP1A2, whereas CYP1Al is found in many
extrahepatic tissues [42]. A monoclonal antibody
against rat CYP1Al was reported recently to
recognize a protein in immunohistochemical analysis
in human adult and fetal liver [43]. Although the
anti-Cypla-2 antibody detects CYP1A2 in adult liver
[11], microsomes from human fetal tissues (liver,
adrenals, kidneys and brain) did not react with this
antibody. A monoclonal antibody anti-rat CYP1A
(Mab 1-7-1) raised against rat CYP1A [44] also
failed to detect any protein in fetal liver in im-
munoblots [8]. This suggests that CYP1A isoforms
are expressed at very low levels in human fetal liver.

To date, five members of the human CYP2C
subfamily have been characterized [45]. In the
present work, adult liver microsomes were found to
contain two to three different proteins immuno-
reactive with the anti-Cyp2c antibody. Two groups
[12,46] have reported that an anti-rat CYP2C
antiserum detects three proteins in adult liver
microsomes. Doecke et al. [47] made the same
observation with anti-rabbit CYP2C3 antiserum.
Four groups have used three independent antibody
preparations raised against CYP2C9 and only one
or two proteins were reported to cross-react in
human adult liver [6, 45,48, 49]. Likewise, Leo et
al. [50] reported the detection of one protein in
human liver microsomes by an anti-human CYP2C8
antibody. It thus appears that antibodies made
against members of the rodent CYP2C subfamily
cross-react with more than two proteins in human
adult liver, which may be due to their broader
epitope detection capacity compared with antibodies
made against human proteins.

Until this paper there were no reports on the
presence of putative CYP2C proteins in fetal liver.
Cresteil et al. [6] and Pons et al. [46] reported that
anti-human CYP2C9 or anti-rat CYP2C11 antibodies
did not cross-react with any proteins in several fetal
livers. There is no mephenytoin hydroxylase activity
(associated with CYP2C subfamily) [51] or CYP2C9-
related mRNA in fetal liver [52]. In the present
report the anti-Cyp2c antibody cross-reacted with
one to three proteins in 70% of the fetal livers
studied. The detected proteins correspond in size
with the three proteins detected in adult liver
samples. These proteins may represent members of
the CYP2C subfamily, but more specific and sensitive
methods need to be applied before an unequivocal
conclusion can be made. The faint staining in
immunoblots of fetal brain samples by anti-Cyp2c
antibody cannot at present be ascribed to P450
proteins, although the human brain appears to
contain fairly high levels of total P450 [53].

A purified mouse Cyp2c protein has ethylmorphine
N-demethylase activity [54] and benzphetamine is
N-demethylated by human CYP2C8 [55]. Never-
theless, in the present work these activities were not
significantly inhibited by the anti-Cyp2c antibody in
fetal liver. In a previous study [11], AHH activity
was inhibited 29-72% by the anti-Cyp2c antibody in
adult liver microsomes. Anti-Cyp2c antibody did
not, however, inhibit the low constitutive AHH
activity in fetal liver microsomes. This suggests that

the anti-Cyp2c reactive P450s do not metabolize
benzo(a)pyrene in fetal liver. Cresteil er al. [6]
showed that AHH activity correlates with CYP2C9
concentration in adult livers. AHH is inhibited by
anti-CYP3A7 antibody in fetal liver [32]. Hence, it
is conceivable that different isoforms are catalysing
benzo(a)pyrene in human adult and fetal liver
microsomes.
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