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ABSTRACT
Polymorphisms within the human cytochrome P450 system can have severe

clinical consequences and have been associated with adverse drug side effects
and susceptibility to environmentally linked diseases such as cancer.

Aberrant splicing of cytochrome P450 mRNA has been proposed as a potential
mechanism for these polymorphisms. We have isolated aberrantly, as well as

normally, spliced mRNAs (cDNAs) from the human P450IIB6 gene which either
contain part of intron 5 and lack exon 8 or which contain a 58-bp fragment
(exon 8A) instead of exon 8. Sequence analysis of the P450IIB6 gene

demonstrates the presence of cryptic splice sites in intron 8 which will
account for the generation of exon 8A. The mRNAs were therefore generated by
alternative splicing. These data gain significance as the mRNAs will not
encode a functional P450 enzyme and appear to represent a high proportion of
the P450IIB6 mRNA population. Analysis of mRNA from fifteen individual human
livers and cDNA libraries constructed from a variety of human tissues using
the polymerase chain reaction shows that the aberrant splicing occurs in all
cells and all individuals tested. This suggests a high level of infidelity in
the processing of P450IIB6 mRNAs and demonstrates that the presence of
abnormal transcripts does not imply the presence of a functionally inactive
gene.

INTRODUCTION

Cytochrome P450 enzymes play a major role in the metabolism of foreign

compounds (1) as well as in the synthesis and modification of endogenous

compounds such as steroid hormones (2). Several multigene families encode

these proteins (3,4) and the multiplicity within this enzyme system may have

arisen because of the selective advantage gained by the increased capacity to

metabolize potentially harmful chemicals. Genetic differences in the P450-

mediated metabolism of a wide variety of drugs has been clearly demonstrated

(5), and by inference these may serve as markers for altered susceptibility to

environmental toxins and carcinogens (3,6).

While expression of certain P450 genes appears to be constitutive and is

for example regulated by hormones (7), the expression of other P450 genes can

be dramatically affected by exogenous compounds including barbiturates such as
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phenobarbital (8). The major phenobarbital-inducible forms of P450 (P450IIB)

have been intensively studied in the rat where at least six genes have been

identified (9). Recently we have cloned cDNAs (encoding P450IIB6) from a

single liver library representing the human P450IIB gene subfamily and have

shown that it contains two or three members located on chromosome 19ql2-->13.2

(10). One of these cDNA clones was derived from an apparently normally-

spliced mRNA. The other lacked a 142-bp segment, which we proposed

corresponded to exon 8, and retained all or part of a putative intron 5. This

message would not be capable of encoding an active P450 enzyme. Several other

groups have isolated P450 cDNAs which could not encode a functional P450.

These observations have been directly linked to genetic polymorphisms in the

human P450 system (11), however the origin of many of these cDNAs has not been

established. In this report we have demonstrated that in the case of

P450IIB6, mRNAs incapable of coding for a cytochrome P450 are derived by

alternative splicing and not as a consequence of genetic polymorphism. The

relative rate of generation of normal versus abnormal transcript may be a

factor in the regulation of these highly inducible proteins in man.

(We have used the P450 nomenclature system proposed by Nebert pL

Al. (12,13) throughout).

MATERIALS AND METHODS

Preparation of radioactiv robes

Restriction fragments for use as probes were isolated from low gelling

temperature agarose or made using the polymerase chain reaction (PCR; 14) and

radioactively labelled with [a-32P]dCTP (3000 Ci mmol-1) by random primer

extension (15). Oligonucleotides were labelled with [y-32P]ATP (3000 Ci mmol-

1) and T4 polynucleotide kinase.
Isolation of human P450TT6 geni DNA cl

A 338-bp EcRI fragment from pMP10 containing a putative intron 5-

containing sequence of a human P450IIB cDNA (10) was used to screen

plaques from a human leucocyte DNA library cloned in EMBL3 (obtained

from Clontech, Palo Alto, CA) by the method of Benton and Davies (16).

An exon 2-containing EcoRI-I fragment of the genomic clone (pMP58;

Figure 1), and a cDNA fragment encoding exons 6,7 and 8 of a closely-

related gene (pMP17, 96% identical to P450IIB6, unpublished

observations) were used to screen a human liver kgtll cDNA library (17).

Positive clones were purified, the phage DNA isolated and the SalI

(EMBL3) and L=RI (Xgtll) fragments subcloned into pUC19.
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Restriction mapping and Southern blotting

A restriction map of the genomic clone (XMP11) was derived using digests

with a combination of the enzymes 9AII, E=RI and Xb2I. Digested DNA was

transferred from gels to Hybond-N nylon membranes (18) using the

manufacturer's recommended conditions (Amersham International). The membranes

were probed (and reprobed after stripping of radioactivity) with

oligonucleotides (used previously in sequencing some human P450IIB6 cDNAs,

10), pMP10 and with a 550-bp RaMHI-adIII cDNA fragment containing exons 1,2

and 3 from the rat P450IIB1 gene (a gift of Dr M. Adesnik). This was

sufficient to order the fragments and derive the map shown in Figure 1.

DNA sequneanalysi
The dideoxy chain termination method was used with [a-35S]thio-dATP (400

Ci mmol-1) to sequence DNA cloned in M13 (19,20). For the cDNA clones

overlapping sequences were derived using a series of synthetic

oligonucleotides and the subcloned E=RI fragments. For the genomic clone all

of the EcoRI and £aRI-SAiI fragments were cloned into both M13mpl8 and

M13mpl9. Oligonucleotides, whose positions were assumed from the organization

of the rat P450IIB1 gene, were used to prime sequencing reactions within each

exon (except for exons 2 and 6 which contain S&I and EcoRI sites,

respectively). Sequence data across each exon-intron junction were obtained,

complementary oligonucleotides were synthesised and used to sequence the

second strand from each intron back to the adjacent exon. Sequences were

compiled and analysed using Staden Plus software implemented on a DCS286

computer (21).
RNA isolation and Northern blot analysis

Total RNA was isolated from human livers obtained from kidney transplant

donors by the guanidine HC1 method (22), 15±g samples were run on denaturing

agarose gels and then transferred to Hybond-N (Amersham International; 23).
Hybridization conditions were the same as those described by Meehan At al.

(24) and the final wash was in 2xSSC at 650C for 30min (1XSSC is 0.15M NaCl,

0.015M Na3 citrate).
cDNA synthesis and polymrase chain reaction (PCRI

Copy DNA was made selectively using the oligonucleotide primers PCR1

(CCGCTCGGGCGATGCCTTCACC) and PCR3 (CTAAGGAGAAGGGGATAAAAGC, Figure 2). Total

RNA (10lg) and PCR primer (3gg) were hybridized at 370C for 30min in reverse

transcriptase buffer (50mM Tris-HCl pH8; 6mM MgC12; 10mM dithiothreitol; 100mM

NaCl). All four deoxynucleotides were added to a final concentration of 200pM

and 18U of AMV reverse transcriptase used to initiate the reaction. Primer
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extension was for 60min at 370C. RNA was removed by RNaseA treatment (lg/ul)

followed by phenol and CHCl3 extraction and cDNA precipitation was with

ethanol. The DNA pellet was dissolved in PCR buffer recommended by the enzyme

supplier, 3Lg each of the PCR primer pairs PCR1 + PCR2

(GATTCAGAGATTTTCCGACCTT) or PCR3 + PCR2 (Figure 2) and 2U IAQ DNA polymerase

were added. The chain reaction was initiated by denaturing DNA at 950C for

lmin, annealing by cooling to 550C for 2min and polymerizing at 700C for

1.5min (14). Twenty cycles were performed, the product DNA ethanol

precipitated, and analysed by electrophoresis on 6% polyacrylamide followed by

ethidium bromide staining. DNA size markers were either a HaeIII digest of

4'X174 replicative form, or PCR-generated fragments derived from 0.5ng of

cloned target cDNA following the above protocol.

PCR was also carried out on a variety of human tissue cDNA libraries

cloned in Xgtll (from Clontech) using the procedure described by Friedman et

al. (25), and the oligonucleotide pairs PCR1 + PCR2, PCR3 + PCR2 and PCR5

(CCAAGGTCCTGCTTGCCAAGAT; Figure 3) + PCR2.

PCR-generated DNA was transferred from polyacrylamide gels to Hybond-N.

Hybridization with 32P-labelled oligonucleotide S33 (Figure 2) was in 6xSSC,

lOx Denhardt's solution and 0.2% sodium dodecyl sulfate and the final wash was

in 6xSSC for 10 min at 51°C, 3°C below the estimated Tm (26). Denhardt's

solution is 0.02% bovine serum albumin, 0.02% polyvinylpyrrolidone and 0.02%

Ficoll.

Some of the PCR-generated fragments were blunt-end ligated into the SrnI

site of M13mpl3 and sequenced with universal primer.

Reagents

Restriction enzymes, T4 DNA ligase, DNA polymerase I (Klenow fragment)

and AMV reverse transcriptase were from Boehringer Ltd; [cz-32p]dCTP, [y-
32p]ATP and [a-35S]thio-dATP were from Amersham International and I.Q DNA

polymerase was from Stratagene (Stratagene, La Jolla, CA) or Anglian

Biotechnology (Colchester, U.K.). Other reagents were from the usual

suppliers. Oligonucleotides were made on an Applied Biosystems 380A DNA

synthesizer.

RESULTS

Isolation and characterization of P45011B6 nm ani cDNA clones

In order to identify the origin of the abnormal P450IIB6 mRNA (cDNA)

containing part of intron 5 and lacking exon 8 (XMP1; 10) a genomic P450IIB6
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Fig.l. Restriction map of the DNA insert of XMPII containing exons 2-8 of the
P450IIB6 gene. Exons are marked by black boxes and intervening sequences by
open lines. Restriction sites used for mapping and subcloning into pUC and
M13 are E, F=RI; S, SailI and X, Xbs&I. (S) indicates SailI sites within the
cloning site of EMBL3. The position of the intron 5-containing cDNA fragment
(pMP10) used to clone k4P11 is shown, as is the exon2-containing fragment
(pMP58) used to clone XMP12.

clone (0MP11; Figure 1) was isolated. The derived sequence confirmed the

identity of the putative intron 5 and exon 8 sequences (Figure 2). The

genomic clone contained most of the P450IIB6 gene but exons 1 and 9 were not

present in AMP11 (Figure 2). (Sequence data reported in this paper has been

deposited in the EMBL Sequence Databank under the accession number X13494.)

In order to isolate further cDNA clones the 0.7-kb F=RI-SAII fragment

from pMP58 (Fig. 1) containing exon 2 (based on homology with rat P450IIB1),

and also a fragment containing exons 6,7 and 8 from a closely-related gene

(pMP17, unpublished observations) were used to screen an individual human

liver cDNA library cloned into Xgtll (17). Two clones were isolated: AMP8 and

XMP12 (Figures 2 and 3). AMP12 contained 0.8-kb and 0.4-kb EcoRI fragments

which hybridized to both probes pMP58 and pMP17, respectively and contains

sequence from exon 1-8 (Figure 2). Comparison with the rat P450IIB1 gene

shows that it lacks the first 69 nucleotides of coding region. A.MP8 only

hybridized to pMP17 and contains sequences corresponding to exons 6, 7 and 9,

but instead of exon 8 it contains a 58-bp sequence which was found to be

derived from part of intron 8 (Figures 2 and 3). The sequence of XMP8 extends

246bp beyond the end of the normal coding region within exon 9 in the

previously published sequence of AMP1 and XMP2 (10).

Taken together, these data demonstrate that human liver P450IIB6 mRNA

can be alternatively spliced (Figure 3) to give (A) an apparently normal

message as exemplified by AMP2 and AMP12 or (B) a message in which intron 5

remains and exon 8 is spliced out (XMP1) or (C) a message in which exon 8 is

replaced by a cryptic exon (exon 8A) derived from intron 8 (AMP8).
Recently a full-length normally-spliced P450IIB6 mRNA (cDNA) has been

cloned and expressed to give an active P450 protein product (F. J. Gonzalez,

personal communication).
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Organization of the human P450TT86 gene

The positions of the exon-intron junctions in the human P450IIB6 gene

are in the same relative place as in other published P450II gene family

sequences, namely rat IIB1 and IIB2 (27), rabbit IIC2 (28), human IIDl (11)

and rat IIEl (29). These observations are consistent with the proposed

evolutionary relationship within the P450II gene family. The size of the

introns of P450IIB6 (1,>2.5kb; 2,132bp; 3,-2.5kb; 4,-2.1kb; 5,-550bp;

6,'-2.Okb; 7,188bp; 8,-2.8kb) are similar to those of the rat P450IIB1 and

P450IIB2, but are markedly different to those of the rat P450IIE1 gene; the

significance of this observation is unclear.

All of the splice sites contain the highly conserved 5' GT and 3' AG

sequence motifs, except for the 5' splice site flanking exon 8A which has a GC

(Table I). It is worthy of note that all other "non-conforming" 5' splice

sites (i.e. those not possessing a 5' GT) have the same G/gaag sequence as

seen in exon 8A (30). The 3' splice site serving exon 8A agrees well with the

consensus (30).
Cytochrome P450TTB6 sequencM

An almost full length nucleotide sequence can be compiled from the cDNA

clones AM1P2 and )AP2 (Figure 2), which exhibits 78.5% identity with the rat

P450IIB1 cDNA sequence over the coding regions. Translation of the coding

region (Figure 2) and comparison with various other members of the P450IIB

subfamily (not shown) indicates that the sequence does not encode the first

twenty three amino acids. The human P450IIB6 protein shares the highest

homology with rabbit P450IIB4 (76% identity) compared to 75% with rat

P450IIB1, 71% with mouse P450IIB9 and 68% with rat P4501IB3 (not shown). The

alternatively-spliced product of the P450IIB6 gene containing intron 5 (AMu1)

does not contain an open reading frame and therefore could not encode a

cytochrome P450. Similarly a termination codon occurs very soon within exon

Fig.2. Nucleotide sequence of the human P450IIB6 gene. The sequences were

compiled from XMP11 (exons 2-8 and flanking introns), XMP12 (exon 1) and XMP1
(exon 9). Exon sequences are shown in upper case and their translation is
shown above; intron sequences are shown in lower case. The sequence of the
cDNA clones XMPl and XAP2 were published previously (10). The regions covered

by XMP1, AMP2, AMP8 and MPl12 are marked as dashes below the corresponding
exons; a single base change in exon 9 of XMP8 is shown. The cryptic exon

(exon 8A) in AMP8 is located within intron 8. An Alu sequence in intron 6 is
marked, and oligonucleotides used in the polymerase chain reaction (PCR1-5)
are shown by arrows underlying the sequence, as is S33 which was used as a
hybridization probe.
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xMP1 1
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C --- XMP8

1 2 3 4 5 6 7 8
A XMP12

Eco RI

Fig.3. Diagrammatic representation of the P450IIB6 gene and its alternative
splicing pathways. Open boxes represent the exons and single lines the
introns (not to scale). The cDNA clone XMP2 and XMP12 are derived from
normally-spliced mRNAs using pathway A; XMP1 is derived from a mRNA containing
part of intron 5 but lacking exon 8 (pathway B) and XMP8 is derived from an
mRNA in which exon 8 is replaced by a cryptic exon 8A found within intron 8
(pathway C). A common EcRI site within exon 6 is shown for reference. ?MPl
and XMP2 are from one individual liver cDNA library, and XMP8 and XMP12 are
from a second.

8A (Figure 2) and again a cytochrome P450 could not be encoded by the mRNA

corresponding to )MP8.

The isolation of these alternatively (or aberrantly) spliced mRNA (cDNA)

species raises the question of at what frequency do they arise, and do they

arise by a tissue-specific mechanism? Northern blot analysis of 4 human liver

RNA samples identified two mRNA species of approximately 1.65kb and 3.Okb

which are probably the transcripts of two or more P450IIB genes (Figure 4a).

The 3.0-kb transcript is likely to correspond to the P450IIB6 gene based on

the size of overlapping cDNA clones (XMP2 and XMP12; Figure 2, 10). When the

same RNA samples are probed with a DNA fragment containing only exon 8 of the

P450IIB6 gene (made using PCR with oligonucleotides PCR3 and PCR4; Figure 2)

the 3.0-kb transcript hybridizes strongly (Figure 4b) suggesting that a normal

P450IIB6 mRNA containing exon 8 is present. This transcript was observed in a

further 11 individuals however a large inter-individual variation in level was

observed (Figure 4 and not shown).

In order to confirm the presence of a normal P450IIB6 transcript and to

determine the frequency of the alternatively spliced mRNAs we decided to

undertake an analysis of the RNA from 15 individual human livers. Because of
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Table I

3' Splice site Exon 5' Splice site

1 AGG
GGATGTGATTGGCAGT 2 ATGGTGAGA
TCCCCTGCACCCCAGG 3 AGGGTGAGT
GCTGCTTCTTCCTAGG 4 CAGGTCAGG
CCTTCTTTCTTGCAGC 5 AAAGTGGGG
CTACTGTGGACGCAGG 6 CAGGTGGGC
TTCTTTTCTGTACAGA 7 AAGGTAAGA
GTGATCCTCCCTCAGG 8 TAGGTAAGC
CTACAACCCTATAAGG 8A TGGGCAAGT

G 9

YYYYYYYYYYYNCAGG Consensus NAGGTRAGT

Splice sites flanking each exon of the P450IIB6 gene compared to the
consensus sequence. Conserved AG and GT motifs are highlighted. The
5' splice site flanking exon 8A contains a GC rather than a GT.

potential allelic variation and the presence of other closely related P450IIB

genes which would interfere with nuclease protection experiments, we chose to

use the polymerase chain reaction (PCR). Copy DNA was made selectively from

total RNA using reverse transcriptase and the oligonucleotide primer PCR1

which hybridizes within exon 9 (Figure 3). DNA spanning the region of

interest was amplified using PCR and primers PCR1 and PCR2. The products

were analysed by polyacrylamide electrophoresis. The sizes of the DNA

which hybridizes within exon 9 (Figure 3). DNA spanning the region of

interest was amplified using PCR and primers PCR1 and PCR2. The products

were analysed by polyacrylamide electrophoresis. The sizes of the DNA

fragments generated from the variant mRNAs can be predicted from the cDNA

sequence (Figure 2). Variant A (XMP2 and XMP12; Figure 3), containing

Fig. 4. Northern blot analysis of RNA from four indigidual human livers.

15ig of total RNA (tracks 1-4) was used in each case and probed with (a)
pMP17, containing exons 6,7 and 8 of a cDNA clone 96% identical to P450IIB6;
(b) exon 8 of P450IIB6; and (c) a mouse actin cDNA probe as a control for

equal loading. Sizes are in kb. Based on its size and stronger hybridization
to exon 8, the 3.0-kb transcript is believed to be P450IIB6.
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correctly spliced exon 8, would generate a 269-bp fragment; variant B (XMP1),
missing exon 8, 127bp; and variant C (XMP8), containing exon 8A instead of

exon 8, 185bp. First strand cDNA synthesis was allowed to proceed for 60 min

then amplified using primers PCR1 and PCR2 and separated on a 6%

polyacrylamide gel (Figure 5a). The gel was blotted and probed with a

P450IIB6-specific oligonucleotide which hybridizes within exon 7, common to

all the expected variant cDNAs (S33; Figure 2). Three P450IIB6 DNA fragments

corresponding to variants A, B and C were identified (Figure 5b). The 127-bp

fragment was subcloned into M13 and its sequence was identical to that

predicted for variant B (i.e. the same as in XMP1). An oligonucleotide primer

(PCR3) which hybridizes to part of exon 8, was then used in conjunction with

PCR2 to synthesize cDNA. The expected size of DNA fragment (230bp),

corresponding to a cDNA containing exon 8 (variant A), was produced (Figure

5c), which hybridizes to oligonucleotide probe S33 (Figure 5d). An additional

fragment of approximately 115bp was also present which does not hybridize to

S33. The 230-bp fragment was subcloned into M13 and gave the sequence

expected for variant A, whereas the 115-bp fragment had the sequence of the

PCR primers at either end, but the intervening sequence was not related to the

P450IIB6 gene (data not shown). Thus the 115-bp fragment and those other

fragments not hybridizing to S33 have arisen by the fortuitous hybridization

of the PCR primers to unrelated RNA species. The fifteen human liver RNA

samples examined all contained variants A, B, and C.

All three variants A, B and C were found, by PCR analysis, in the two

human liver cDNA libraries used to isolate the four k clones. Similarly all

three species were detected in cDNA libraries constructed from mRNA from human

breast, foetal liver, lung, placenta and testes using PCR1 and PCR2 (not

shown) indicating the expression of P450IIB6 in these tissues. Although the

PCR technique may not be quantitative in these circumstances, it is

interesting to note that the normally-spliced mRNA (A) and the variant lacking

exon 8 (B) appear to be present at a much higher level than the exon 8A-

containing variant (C). There appears to be some inter-individual variation

in the relative ratios of variants A, B and C, probably reflecting individual

exon 8 (B) appear to be present at a much higher level than the exon 8A-

containing variant (C). There appears to be some inter-individual variation

in the relative ratios of variants A, B and C, probably reflecting individual

differences in the degree of alternative splicing (Figures 5a and Sb).
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of P4501TE6 tra ts. (a) cDNA was synthesized for

60min using PCRl and then amplified using PCR1 and PCR2. Tracks 1-8 show the
products from eight individual human liver RNA samples resolved on a 6%
polyacrylamide gel. Tracks A, B and C are the amplification products
generated by PCR1 and PCR2 with )dP1, XMP2 and XMP8 as controls (127, 269 and
185bp, respectively). (b) Autoradiograph of the same samples as in (a)
blotted onto a nylon membrane, probed with the 32P-labeled exon 7-specific
oligonucleotide (S33) and then washed at 30C below its Tm of 540C. The
products corresponding to variants A and B can be seen clearly; the products
corresponding to variant C can be seen more clearly on the original
autoradiographs. The nature of the larger hybridizing DNA fragment is not
known. (c) The PCR products derived from human liver RNAs 1-8 when cDNA
synthesis is with PCR3 (hybridizing within exon 8) and amplification with PCR3
and PCR2. The sizes of the two major products are shown in bp. (d)
Autoradiograph of the same gel as in (c) blotted onto a nylon membrane, probed
with S33 and washed as before. Note that only the 230-bp fragment hybridizes
to S33. In controls where either RNA or reverse transcriptase or

oligonucleotides were omitted no DNA was generated.
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A second human P450IIB gene exists that has ca. 96% sequence identity

over exons 7,8 and 9 (unpublished observations; F. J. Gonzalez, personal

communication). All of the oligonucleotides used in this study match

perfectly with the P450IIB6 gene and the oligonucleotides PCR1, PCR2, PCR4 and

S33 all have one or more mismatches with the second P450IIB gene. We have

shown that under the wash conditions employed, S33 hybridizes only to P450IIB6

and furthermore the sequences of the PCR-generated fragments show that they

are derived from the P450IIB6 gene, and not the second human P450IIB gene

(unpublished observations).

DISCUSSION

Evidence is presented that the variant human P450IIB6 mRNA species have

arisen by the differential or alternative splicing of the P450IIB6 gene. The

structure of the relevant portion of the gene, and identification of the

cryptic exon 8A within intron 8 strongly supports this conclusion (Figure 3).

Translation of a full length type A mRNA would produce a cytochrome P450, and

immuno-blot analysis of human liver microsomes shows that a protein is present

that cross-reacts with anti-sera made against the rat P450IIB1 protein (L.

Forrester and C.R.W., unpublished observations). Indeed, a full-length

correctly spliced P450IIB6 mRNA (cDNA) has recently been cloned and expresses

an intact P450 protein product (F. J. Gonzalez, personal communication).

Neither variant B nor variant C mRNA would encode a cytochrome P450, as

translation of each would terminate before the codon for the cysteinyl ligand

required for haem binding which is found at the beginning of exon 9. The

possibility that these variants encode proteins with other functions however

can not be excluded.

Variants A, B and C were present in all fifteen human livers tested and

so the aberrant splicing appears to occur in all individuals and in all

tissues where the gene is expressed. The aberrant transcripts appear to occur

concomitantly with the generation of a functional mRNA and the sequence

identity between the different transcripts shows that they are derived from

the same gene. The presence of normal and abnormal RNAs in all of the fifteen

samples tested also implies that the transcripts are not the result of a

the same gene. The presence of normal and abnormal RNAs in all of the fifteen

samples tested also implies that the transcripts are not the result of a

genetic polymorphism in the P450IIB6 gene. We therefore propose that

alternative splicing of the P450IIB6 gene represents a stochastic process in

which a proportion of messages are spliced following the different pathways.
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Alternative or differential splicing has been suggested to occur in

several other cytochrome P450 genes and has been proposed as the basis of

genetic polymorphism in the expression of cytochrome P450 in man (11).

However, these aberrant mRNAs could arise by similar mechanisms to those

described here and therefore may not represent a genetic polymorphism. The

mechanism of mRNA processing of the human P450IIB6 gene could explain many of

the examples of unusual P450 mRNAs described in the literature. For example,

in the rat P450IIC6 gene (31) a 142-bp DNA fragment, corresponding to exon 8,

is replaced by a 159-bp fragment which disrupts the open reading frame.

Indeed Kimura At al. (32) have recently shown that the 159-bp fragment is

derived from intron 8 by a process of alternative splicing of cryptic splice

sites. This is similar to the case of P450IIB6 variant C in which exon 8 is

replaced by the 58-bp exon 8A. Deletion of a 142-bp DNA fragment thought to

correspond to exon 6 in mouse P450IID8 has also been reported (33) and an

alternative splicing process which joins exon 5 to exon 7 could account for

this observation. Again this parallels the case for P450IIB6 variant B where

exon 7 is spliced to exon 9, thus deleting exon 8. Retention of intron 5 or

intron 6 has been shown to occur in mRNAs from the human P450IID1 gene (11),

similar to P450IIB6 variant B which retains intron 5 (at least in the cDNA

clone).

It is interesting to note that most of the proposed unusual splicing

products are generated from genes within the P450II family in which the gross

exon-intron organization is highly conserved. Also, all of these examples are

from mRNAs expressed in the liver, which might suggest a lower fidelity of

splicing in this tissue or a tissue-specific splicing effects. However, the

finding of all three variant cDNAs in kgtll libraries made from mRNA derived

from a variety of different tissues indicates that this is not the case.

Cytochrome P450 gene expression is subject to large individual variation

because many of the genes are regulated at a transcriptional level by a host

of environmental factors. This is particularly the case for the rat P450IIB

subfamily where 25- to 100-fold increases in mRNA levels are observed

following exposure to certain inducing agents (34). The large inter-

individual variation in the levels of P450IIB6 mRNA suggests that

environmental factors may also play a role in man. It is of interest that in

all individuals there appears to be a high level of alternative or aberrant

splicing of P450IIB6 mRNA leading to inactive products. Also there appears to

be inter-individual differences in the ratios of the three transcripts (Figure

5). These may be important factors in determining the expression of the
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P450IIB6 gene and such a mode of regulation could have significant

pharmacological and toxicologcal consequences.
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