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ABSTRACT. The coincidence of mutated alleles of CYP2C18 and CYP2C19 was studied in 154 Japanese
subjects. The mutant alleles of CYP2C18 studied were CYP2C18m1 (T204 3 A substitution in exon 2) and
CYP2C18mFR (A2460 3 T substitution in the 59-flanking region), and those of CYP2C19 were CYP2C19m1

(G689 3 A substitution in exon 5) and CYP2C19m2 (G636 3 A substitution in exon 4). They were identified
by polymerase chain reaction and restriction fragment length polymorphism. The results indicate that genotypes
of CYP2C18m1 and CYP2C18mFR are completely coincident with those of CYP2C19m2 and CYP2C19m1,
respectively. The finding suggests that the mutations of CYP2C18 and CYP2C19 examined in the present study
are very closely linked with each other (i.e. CYP2C18m1 vs CYP2C19m2 and CYP2C18mFR vs CYP2C19m1), at
least in a Japanese population. BIOCHEM PHARMACOL 55;12:2039–2042, 1998. © 1998 Elsevier Science Inc.
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CYP§ is a superfamily of hemoproteins that play a major
role in the oxidative metabolism of various foreign com-
pounds. The human CYP2C subfamily, one of the subfam-
ilies of the CYP2 family, consists of at least four CYP
isoforms: CYP2C8, CYP2C9, CYP2C18, and CYP2C19
[1]. CYP2C9 and CYP2C19 metabolize various therapeu-
tic agents including warfarin, tolbutamide, phenytoin,
nonsteroidal antiinflammatory drugs, omeprazole, diaze-
pam, and imipramine [2]. In contrast, the role of
CYP2C8 and CYP2C18 in drug metabolism remains
obscure [2].

Two different mutation events causing a nonfunctional
CYP2C19 allele have been reported [3, 4]. The mutant
allele, designated CYP2C19m1, contains a single base pair
(G6893 A) mutation in exon 5, which creates an aberrant
splice site [3]. A second mutant allele, designated
CYP2C19m2, contains a G636 3 A transition in exon 4,
which changes the codon for tryptophan to a premature
stop codon [4]. The former mutation accounts for approx-
imately 75–83% of defective CYP2C19 alleles in Japanese
and Caucasians, while the latter mutation is rare in Cau-
casians but accounts for the remaining defective alleles of
CYP2C19 in Japanese [5].

A mutant allele causing a nonfunctional CYP2C18,
which is defined as CYP2C18m1, also has been reported [6].
The mutation is a substitution of T204 to A in exon 2,

which creates a stop codon that yields a protein lacking the
heme-binding site. Recently, Tsuneoka et al. [7] reported
another mutation of CYP2C18 consisting of A2460 to T
substitution in the 59-flanking region (designated tenta-
tively as CYP2C18mFR in this paper). Although the func-
tional property of this mutant allele remains unclear, they
reported a complete coincidence in the genotypes of
CYP2C18mFR and CYP2C19m1, namely that homozygous
and heterozygous CYP2C18mFR completely matched with
homozygous and heterozygous CYP2C19m1, respectively, in
all the subjects studied [7].

In the present study, we examined the genotypes of
CYP2C18m1, CYP2C18mFR, CYP2C19m1, and CYP2C19m2

in 154 unrelated healthy Japanese volunteers and found
that the genotypes of CYP2C18m1 are completely coinci-
dent with those of CYP2C19m2, in addition to the coinci-
dence between CYP2C18mFR and CYP2C19m1.

MATERIALS AND METHODS

Seven milliliters of venous blood was obtained from 154
unrelated healthy Japanese subjects, and DNA was isolated
from peripheral leukocytes with the use of an extraction kit
(Genomix, Talent). The CYP2C19 wild-type gene and the
two mutated alleles, CYP2C19m1 and CYP2C19m2, were
identified by a PCR amplification with use of the allele-
specific primers and an RFLP method as reported previously
[8]. Genomic DNA (200 ng) was amplified in PCR buffer
(10 mM of Tris-hydrochloride, pH 8.3, and 50 mM of
potassium hydrochloride, 0.01% gelatin) that contained a
200 mM of dNTP mixture (dATP, dCTP, dGTP, and
dTTP; Takara Shuzo Co., Ltd.), a 0.2-mM concentration of
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PCR primers, 1.25 units of AmpliTaq DNA polymerase
(Hoffmann-La Roche, Ltd.), and 1.5 mM of magnesium
chloride. Amplification was performed with a Perkin Elmer
thermocycler, for 40 cycles consisting of denaturation at
94° for 1 min, annealing at 57° for 1 min, and extension at
72° for 2 min. An initial denaturation step at 94° for 5 min
and a final extension step at 72° for 5 min were also
performed. Restriction enzyme cleavage was conducted at
37° for 1 hr after the addition of 25 units of MspI for
CYP2C19m1 and 25 units of BamHI for CYP2C19m2. The
digested PCR products were analyzed on 3% agarose gels
and stained with ethidium bromide.

The CYP2C18 wild-type gene and the two mutated
alleles, CYP2C18m1 and CYP2C18mFR, were identified by
PCR methods as described by Komai et al. [6] and Tsuneoka
et al. [7], respectively. Genomic DNA (200 ng) was ampli-
fied as described above, except that PCR cycles were
changed from 40 to 30 for CYP2C18m1 and annealing time
was changed from 1 to 2 min for CYP2C18mFR. PCR
products were digested with each of the restriction enzymes
(i.e. Tsp509I for CYP2C18m1, and DdeI for CYP2C18mFR)
at the appropriate temperature for 2 hr. The digested PCR
products were analyzed on 3% agarose gels and stained with
ethidium bromide.

RESULTS AND DISCUSSION

The results of PCR–RFLP analysis for the mutated alleles of
CYP2C18 and CYP2C19 in representative subjects are
shown in Fig. 1. Six different allelic band patterns were
observed for both CYP2C18 and CYP2C19.

The results of the analysis of 154 samples are listed in
Table 1. As shown in this table, the genotypes of
CYP2C18mFR were completely coincident with those of
CYP2C19m1, agreeing with the report of Tsuneoka et al. [7].
Unexpectedly, the genotypes of CYP2C18m1 were also
found to be completely coincident with those of
CYP2C19m2. The findings indicate that CYP2C18m1 and
CYP2C18mFR are very closely linked with CYP2C19m2 and
CYP2C19m1, respectively.

The precise mechanism of the linkages is unknown;
however, it appears to reflect that the CYP2C18 and
CYP2C19 genes are closely located on the same chromo-
some. In fact, Gray et al. [9] reported that CYP2C genes are
located together on the chromosome 10q24 in the order of
CYP2C8, CYP2C9, CYP2C19, and CYP2C18 from the
upstream to downstream direction. Therefore, the complete
linkages between the mutated alleles of CYP2C18 and
CYP2C19 appear to be derived from the low probability of

FIG. 1. PCR–RFLP analysis for the mutated alleles of CYP2C18 (A and B) and CYP2C19 (C and D) in representative Japanese
subjects. Panel A shows the PCR amplification of the 5*-flanking region digested with DdeI for CYP2C18mFR. Panel B shows that of
exon 2 digested with Tsp509I for CYP2C18m1. Panel C shows that of exon 5 digested with MspI for CYP2C19m1. Panel D shows that
of exon 4 digested with BamHI for CYP2C19m2. The predicted base-pair (bp) sizes of the digested DNA fragments for various genotype
patterns are shown on the right-hand side. The sizes of the molecular weight markers (M) are shown on the left-hand side.
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crossing-over between CYP2C18mFR and CYP2C19m1, and
between CYP2C18m1 and CYP2C19m2.

One may speculate that two sets of the mutations (i.e.
CYP2C18mFR/CYP2C19m1 and CYP2C18m1/CYP2C19m2)
are derived from the gene duplication of CYP2C19 during
the course of evolution. However, the probability appears
to be low, because the mutations are not located on the
same exon or region of CYP2C19 and CYP2C18 in either
set of the mutations: the mutation of CYP2C18mFR is A to
T substitution at 460 in the 59-flanking region and that of
CYP2C19m1 is G to A at 689 in exon 5; the mutation of
CYP2C18m1 is T to A at 204 in exon 2 and that of
CYP2C19m2 is G to A at 636 in exon 4.

The present findings suggest that a subject with mutated
alleles of CYP2C19m2 or CYP2C18m1 has a double defect in
CYP2C19 and CYP2C18, because both mutations create
stop codons and yield nonfunctional premature proteins [4,
6]. On the other hand, whether a subject with mutated
alleles, CYP2C19m1 or CYP2C18mFR, also has a double
defect of CYP2C19 and CYP2C18 is unknown, since the
functional property of CYP2C18mFR has not been clari-
fied yet [7].

Clinical significance of the linkage of CYP2C18m1 and
CYP2C19m2 is obscure at the present moment. This is
because a limited number of drugs have been reported as
substrates of CYP2C18, although CYP2C19 metabolizes
various clinically used drugs [2]. Moreover, the activity of
CYP2C18 for CYP2C19 substrates appears to be low. For
example, CYP2C18 metabolizes racemic mephenytoin, al-
though its turnover number is much lower than that of
CYP2C19 [1, 10]. CYP2C18 also catalyzes N-demethyl-
ation of diazepam; however, the contribution of the enzyme
for the overall N-demethylation activity in human liver
microsomes is negligible [11]. Therefore, the clinical signif-
icance of the linkage between CYP2C19m2 and
CYP2C18m1 remains uncertain at the present time.

The frequency of CYP2C18mFR or CYP2C19m1 in our
population calculated from Table 1 was 31.2%, which is not
very different from the values reported previously: 21.4%
for CYP2C18mFR [7], and 23–29% for CYP2C19m1 [3, 8].
The frequency of CYP2C18m1 or CYP2C19m2 calculated
from Table 1 was 14.6%, which is similar to the frequencies
of CYP2C19m2 reported previously (10.4 to 13.2%) [4, 8].
However, it is approximately half of the value of

CYP2C18m1 reported previously (27.5%) [6]. Although the
reason for the difference is unknown, it may be derived
from the small number of subjects employed in the previous
study (N 5 40) [6].

In conclusion, the present study showed complete
linkages between CYP2C18m1 and CYP2C19m2, and
CYP2C18mFR and CYP2C19m1 in a Japanese population.
However, the clinical significance of the linkages remains
unclear at the present time; further study will be required
when endogenous or exogenous substrates metabolized
efficiently by CYP2C18 are found.
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