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Review

Polymorphism of CYP450 and cancer susceptibility’
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ABSTRACT

CYP450s form a superfamily involved in the
metabolism of many endogenous and exogenous sub-
strates. In this review, the substrates, probe drugs, ge-
netic polymorphisms, and associated cancers of CYP1A1,
CYP1A2, CYP2C19, CYP2D6, CYP2E], and CYP3A4
are summarized.

INTRODUCTION

Cytochrome P450s (CYP450s) which form a super-
family of heme-thiolate proteins are involved in the pri-
mary oxidation of numerous lipophilic compounds includ-
ing endogenous substrates like fatty acids, stercids, and
vitamins as well as exogenous substrates like drugs, di-
etary substrates, and environmental pollutants. More
than 200 cDNAs coding for CYP450s have been isolated
so far and classified into fourteen families and twenty sub-
families on the basis of primary amino acid sequence sim-
ilaritym, In the recent years, increased attention has
been paid to interindividual and ethnic differences in the
gene structures and activities of CYP enzymes, which are
important not only for drug use in clinic but also for the
explanation of the underlying causes of certain cancers.
In this overview, we discuss substrates, probe drugs, and
polymorphisms of CYPiAl, CYP1A2, CYP2C19,
CYP2D6, CYP2EL, and CYP3A4, and their association
with susceptibility to various cancers.
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CYP1A1l

CYP1Al plays a more important role in the bioacti-
vation of precarcinogens than in the biotransformation of
dmgs. Polycyclic aromatic hydrocarbons { PAHs) are
the main substrates that are oxidised to phenolic products
and epoxides by CYP1A1®  Low amount of CYPIAL
transcript is detected in noninduced human pulmonary
macrophages where CYPIAl is mainly expressed.
Therefore, it is an inducible enzyme that can be induced
by planar PAHs, 2, 3, 7, 8-tetrachlorodibenzo- p-dioxin
(TCDD}, flavones and indole derivatives. Agonist
binding to the aryl hydrocarbon receptor (AhR), leads to
the 90 kDa heat shock protein (Hsp90) to dissociate from
the AhR. That is followed by the binding of the ligand-
AhR complex to the aryl hydrocarbon receptor nuclear
translocator { Amt), which finally binds to xenobiotic re-
sponsive clements ( XRE) in the 5'-flanking region of
CYPIAI . And this leads to the transcriptional activation
of CYPIAI, followed by increased expression of the en-
zyme'®) . The induced activity of CYP1Al can be mea-
sured in vire by the -ethoxyresorufin- O-decthylase
{EROD) activity in lymphocytes after being induced by
benz{a)anthracene [B(a)A]. The low and high induc-
tion phenotypes are in proportions of 8% % and 21 % in
respective populal:ionsm.

CYPIAI is located at chromosome 15 in humans.
A T250C point mutation in the 3'-flanking region gives
rise 10 an Mspl cleavage site in the rare m2 allele. The
frequency of m2 allele is 30 % in Caucasians. Another
substitution, A— G, in exon 7 yielding an Tled62Val
amino acid exchange in the heme binding region is found
to be coupled to the m2 allele!>’ . The effects of these
mutations on CYPLA] activity are still ambiguous.
Some have reported that neither Mspl polymorphism nor
the exon 7 base change is correlated with CYP1Al in-
ducibility. On the other hand, some report that signifi-
cantly higher level of inducible EROD activity exists a-
mong the rare variant alleles when compared with the wild
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Several studies suggest that the genetic polymor-
phisms of the gene may play a role in a predisposition to
cancer. The presence of the Mspl { odds ratio (OR) 3.
15, P =0.0196] or Hle-Val (OR 1.99, P =0.0855)
variant allele of CYPIAJ increases hepatocelluar carcino-
ma (HCC) risk among smokers, bul poses no increased
risk among non-smckers. In the absence of the Ile-Val
variant allele, the Mspl polymorphism is still associated
with smoking-related HCC.  Thus, Yu ef af suggest that
tobacco-derived PAHs play a role in HCC risk among
chronic HBV carriers, and CYPIAI polymorphism is an
important modulator of the hepatocarcinogenic effect of
PAHs. The Mspl and lle-Val polymorphisms of
CYPIAI may have different mechanisms for increasing
susceptibility to smoking-related HOC'® . There is a sig-
nificantly higher prevalence of m2 allele in the patients
with squamous cell carcinoma or lung cancer'” .  How-
ever, at least for Caucasians, this mutation explains only
a fraction of the inducible individuals. Either other ge-
netic or non-genetic factors due to, for instance, a com-
mon environment contribute to the familiar resemblance in
the CYP1Al induction measured by EROD activity.
Polymorphic mutations in the Armt gene or other genes
may link with different inducible activities of CYP1AL.

CYP1A2

CYPIA2 is responsible for metabolizing caffeine,
acetaminophen, theophylline, imipramine, propranolol,
and verapamil. Its activity can be induced with smok-
ing, caffeinated drinks, and omeprazole, and inhibited by
cimetidine, quinolones, furafylline, citalopram, fluoxe-
tine, fluvoxamine, paroxetinet, methoxsalen, and mo-
clobemide'®!, The popular probe drug for CYP1AZ2 ac-
tivity is caffeine!®). The distribution of CYP1A2 activity
for healthy people appears bimodal in nonsmokers and
smokers using the ratio of 1, 7-dimethylxanthine/caffeine
(17X/137X) in plasma at 6 h after oral administration of
200 mg caffeine. The frequency of PMs is about 5 % in
Chinese and 1¢ % in Caucasians.

CYPIA2 is also located at chromosome 15.  Poly-
merase chain reaction- restriction fragment length poly-
morphism { PCR-RFLP} has been used in the identifica-
tion of the genetic polymorphisms of CYPIAZ. Two
gene variants are found with functional enzyme activities
one with a G-+ A point mutation in the 5'-flanking region
which gives rise to a Ddel cleavage site!'*Vand the oth-
er with a C A mutation in intron 1 resulting in the loss

of a Bspl20I cleavage site'®) . The mutant frequency is

23 % for the former in Japanese and 44 % for the laiter
in Caucasians. Similar results are also observed in Chi-
nese population {Tab 1}. The former point mutation
shifts a high-activity phenotype to a low-activity pheno-
type in smokers, but not in nonsmokers. And the later
point mutant A may either be a direct cause of increased
CYP1A2 activity, or be genetically linked to other genet-
ic polymorphisms conferring high inducibility .

Tab1. Allele frequencies for the 5'-flanking region and
intron1 of CYP1A42 in different population.

5'-Flanking region Introni

Allele Reference
G A A C
Chinese 0.73 (.25 0.67  0.33  Unpublished
Japanese 0.77 0.23 - - 11
German - - 068 032 12

2-Amino- 1 -methyl-G-phenylimidazo [ 4, 5-b ] pyridine
(PhIP), 2-amino-3, 8-dimethylimidazo | 4, 5-f' | quinoxa-
line {MelQx )" and aflatoxinB1-**) are the main procar-
cinogens contained in fried foods and environment, and
involved in the development of colon cancer, breast can-
cer and hepatocellvar carcinoma. All of them are mostly
bioactivated by CYPIAZ in vive. There are many re-
ports about the relationship between CYP1AZ2 and the can-
cers mentioned above. However, the association be-
tween the genetic polymorphisms of CYPIAZ2 and these
cancers is still unknown, partly because the genetic poly-
morphismis have not yet been intensively explored.

CYP2C19

CYP2C19 participates in metabolizing a lot of clini-
cally used drugs including omeprazole, chloroguanide,
citalopram, certain barbiturates, propranolol, diazepam
and certain tricyclic antidepressants''™™ . Individuals can
be divided into two groups, poor metabolizers (PMs) and
extensive metabolizers ( EMs), depending on the ability
of 4'-hydroxylate-S-mephenytoin. The PMs and EMs
are determined by the mephenytoin S/ R ratio in urine,
which has marked ethnic differences'® . The incidence
of PMs is much lower in Caucasian populations (3 % -
5 % } than in Oriental populations (18 % -23 % ).

CYP2CI9 is located at chromosome 10. Recent
studies have demonstrated two major inactivating muta-
tions in CYP2CI9; CYP2CI9 « 2 (ml) with a G681A
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mutation in exond that generates a Smal cleavage site!!”)
and CYP2C19 * 3 (m2) with a G636A mutation in exond
that produces a BamHI cleavage site’® . Each creates a
premature stop codon and a truncated protein. CYP2CI9
* 2 accounts for 75 % — 85 % of the defective alleles in
both Caucasian and Oriental PMs. CYP2CI9 * 3 ac-
counts for the remaining defective alleles in Otiental PMs
but appears extremely rare in white persons. In our lab-
oratory, the results of genotyping are well in consistence
with that of phenotyping and PM can be identified by
genotyping analysis with Smal and BamHI, which is
more convenient than the phenotyping analysis!™’ .

Up to now, there is no report about the relationship
between CYP2C19 and susceptibility to cancer. But it is
one of the best examples of CYP450s whose individual
and ethnic differences in response to drugs has been fully
examined. Some non-genetic factors that influence the
enzyme activity of CYP2C19 have also been identified so
far. Rifampicin is a potent inducer™ , and administra-
tion of a therapeutic dose of fluvoxamine significantly de-
creases the §/R ratio of mephenytoin(?!),

CYP2ZD6

CYP2D6 takes part in the biotransformation of the
antihypertensive  drug  debrisoquine,  neuroleptics,
lipophilic 3-blocking agents, and tricyclic antidepres-
sants'?),  The urinary ratio of 4-hydroxydebrisoquine
and debrisoquine at 8 h intervais following oral adminis-
tration of the probe drug debrisoquine is used to distin-
guish the PM and EM phenotypes. The frequency of PM
is about 7 % in Caucasians and 1 % in Chinese!®

CYP2D6 is Jocated at chromosome 22,  Three ma-
jor gene variants have been found with the functional mu-
tations: CYP2D6 * 3 in which A2367 is deleted causing a
frameshift mutation, CYP2D6 # 4 in which a Gl1934A
mutation causes g splicing defect and CYP2D6 * 5 where
the whole functional gene has been deleted. The
CYP2D6 * 5 allele is evenly distributed among black,
Asian, and Caucasian populaticns. However, CYP2D6
#3 and CYP2D6 * 4 are almost esclusively presented in
Caucasian populations, which are consistent with the re-
sults of phenotyping analysis in that the incidence of PM
is higher in Caucasian populations than in Oriental popu-
lations'®) . Thus, antidepressants are prescribed in lower
doses for Chinese. In Caucasians, CYP2D6 * 3,
CYP2D6 % 4, and CYP2D6 * 5 represent O % — 2 %,
75 %, and 5 % — 10 % of PMs, respectively. The re-
maining 10 % of PMs are due to other rare mutations,

some of which have recently been characterized, such as
CYP2D6 = 6, CYP2D6 =7, CYP2D6 x 8, CYP2D6
9, and CYP2D6 » 16!%,

Tobacco-specific  mitrosoamine  4-( methylnitrosoa-
mino )-1-( 3-pyridyl )-1-butancne is the only precarcino-
genic compound found to be metabolized by
CYP2D6™) . The PM of CYP2D6 metabolizes nicotine
al a slower rate as compared to the EM, Ayesh et af
showed a link between the phenotypes and lung can-
cer'” . But genotyping analysis did not support any as-
sociation between lung cancer risk and the CYFP2D6 alle-
les. The incidences of nonfunctional alleles are higher in
the people with hepatocellular carcinoma’®!, but lower in
the people with breast cancer and head and neck squa-
mous cell cancer than in reference patiemsm]. The ge-
netic polymorphisms of CYP2D6 may contribute more to
hepatocellular carcinoma than to the lung cancer, How-
ever, the substrates mediated by CYP2D6 for those can-
cers remain to be elucidated .

CYP2E1

Drugs such as chlorzoxazone, acetaminophen, theo-
phylline, dapsone, and some volatile anesthetics are all
substrates for CYP2E1. Its inducers include ethanol,
imidazole, acetone, and isoniazid, while disulfiram, di-
hydrocapsaicin, phenethylisothiocyanate, and chlommethi-
azole are all its inhibitors™ . Phenotyping for CYP2EI
is carried out by oral administration of the probe drug
chlorzoxazone, and the ratio of 6-hydroxychlorzoxazone/
chlorzoxazone in plasma is determined(*!) .

CYP2E] is located at chromosome 10. In Cau-
casians there is complete linkage disequilibrium between
the two point mutations, C-1019T and G-1259C, in the
5'-flanking region which results in Rsal and Pst1 poly-
morphism, respectively. The genotypes can therefore be
divided by the digestion with the two restriction endoen-
zymes into three types: type A ( homozygous “normal”
alleles, Rsal + PstI-, cl/cl), type B (heterozygous,
cl/c2), and type C {homozygous alleles with the nu-
cleotide exchanges, Rsal- Pstl+ , c2/c2)M™™  In in-
tron 6 another genetic polymorphism is identified by Dral
which distinguishes three genotypes: CC, CD, and
DD'*), The c2 rare allele frequency is about 0. 05 in
Caucasians and 0.23 in Oriental populations. And the
frequency of C rare allele is about (.1 and 0.18 in Cau-
casians and Oriental populations respectively, which
shows an apparent ethnic difference. Patients with the
mutated genotype appear less inducible than the wild
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types after ethanol ingestion. Thus we should pay more
attention to the PM patients of CYP2E] especially when
we use volatile anesthetics as they are very sensitive to
them. Recently two new defective alleles were found:
CYP2E! » 2 with a Gl168A point mutafion in exon2
causing an R76H amino acid substirution and CYP2ZE?
3 with a G10059A base substitution in exon 8 yielding a
V3891 amino acid exchange. Their effects on the activi-
ty of CYP2E! are still unclear® .

CYP2E] is of critical importance in the metabolic
activation of many low-molecular-weight carcinogens in-
cluding halogenated and nonhalogenated alkenes and
alkenes, and N-nitrosamines that are wbiquitous in the
environment, present in tobacco smoke, and formed en-
dogenously in stomach®’,  Although there has been a
considerable controversy in the past about the relationship
between cigarette smoking and hepatocelluar carcinoma,
most recent studies have implicated cigarette smoking as a
major nonviral risk factor for hepatocelluar carcinoma.
Homozygote for the cl/cl genotype significantly increas-
es the risk of developing hepatocelluar carcinoma in
cigarette smokers™¥”) . The same result is observed in pa-
tienis with esopharyngeal carcinomal® . However, the
reports about the association between the Rsal and Psri
polymorphism and lung cancer are conflicting. One
study showed that the c2/¢2 allele was less common a-
mong patients with lung cancer™ , while a Finish popu-
lation study did not observe any difference in the allele
frequenicy between cancer patients and controls!®’ . This
contradiction also exists in the studies of the possible rela-
tionship between the genmetic polymorphism of CYP2E]
and alcoholic liver disease. So the mechanistic reason
why c1/cl homozygotes of CYP2E] are more susceptible
to hepatocelluar carcinoma merits further study. No
functional significance of the polymorphism detected by
Dral digestion is currently known. This may be ex-
plained by its position in intron 6 that does not have any
effect on the gene expression.

CYP3A4

CYP3A4 is the most abundant CYP isoenzyme ex-
pressed in the liver and intestine of humans. In vive, it
participates in the biotransformation of more than sixty
percent of drugs including nifedipine, erythromycin,
imipramine, cyclosporine A, troleandomycin, quinidine,
midazolam, lidocaine, diltiazem, and flutamide. Phe-
nobarbital, dexamethasone, rifampicin, and phenytoin
sodium can induce the activity of CYP3A4, while trole-

andomycin, erythromycin, triacetyloleandomycin, keto-
conazole, and gestodene inhibit itl*).  Although ery-
thromycin, midazolam, and dapsone are used as probe
drugs in the phenotyping analysis of CYP3A4, they all
have limitations and lack correlation with each other,
which holds back the research on the substrates and activi-
ty distribution of CYP3A4 in vivo!™),

CYP3A4 is located at chromosome 7. An adenine
{A) to guanine (G) transition is identified in the 5’ pro-
motor region of the CYP3A4 gene at positiion —292 in a
sequence motif known as the nifedipine-specific element.
The incidence of the G allele are 3.6 %, 54.60 %,
9.3%,0.0%, and 0.0 % for white Americans, black
Americans, Hispanic Americans, Japanese Americans,
and Chinese Americans, respectively. However, this
promotor region polymorphism does not appear to play a
major role in determining the constitutive CYP3A4 ex-
pressionm].

A low CYP3A4 activity, assessed by dapsone N-
hydroxylation, is a statistically significant susceptibility
risk factor for the development of aggressive bladder can-
ced®, P53 and Rb genc mutations are intermediate
biomarkers useful for the predication of neoplastic pro-
gression in bladder cancer. Romkes ef af further con-
firmed that a low CYP3A4 activity was significantly asso-
ciated with over expression of P53 mutation, which indi-
cates that CYP3A4 detoxifies an unknown bladder pro-
carcinogen in the environment that preferentially induces
P53 mutations'®’ . People once thought that aflatoxinB1
was activated by CYP3A4 and detoxified by CYP1A2,
However, recent studies showed that both CYP1AZ and
CYP3A4 took part in the activation and detoxification of
aflatoxinBl, and that CYP1A2 was principally responsi-
ble for the bioactivation of aflatoxinB1 at low substrate
congcentrations associated with dietary exposure. Thereby
aflatoxinBl is activated by CYPIA2 and detoxified by
CYP3A4 in people with a high CYPIA2 activity'™*.
Since CYP3A4 is mainly involved in the activation of
aflatoxinB1 in the people with low CYP1A2 activity, the
causative role of CYP3A4 in hepatocelluar carcinoma is
still dilemmatic and needs to be further studied.

SUMMARY AND FUTURE CONSIDERATION

The substrates, probe drugs, genetic polymor-
phisms, and associated cancers of the CYP450s men-
tioned above are all briefly presented in Tab 2 which
shows that some CYP450s, such as CYP2El and
CYP3A4, have not been studied in Chinese population
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until now. And there are more than fifty minorities in
China that may have large individual and ethnic differ-
ences regarding CYP450 activities. However, such dif-
ferences have not yet been fully explored too. Further
extensive studies in individual and ethnic differences of
CYP450s should be continued not only for betier under-
standing the genetic or non-genetic factors involved in the
polymorphism of CYP450 but also for using drugs cor-
rectly.

Effects of non-genetic factors, especially exogenous
drugs, on the activities of CYP450 have been paid much
more attention recently. A patient usually takes several
drugs at the same time. When a drug is an inhibitor of a
kind of CYP4530, it may increase the plasma concentra-
tion of other drug metabolized by the CYP450, which can
be dangerous for the patient. Thereby it is meaningful to
identify the drugs metabolized or influenced by CYP450s.

And this will contribute to the drug interaction studies.

As detailed above, we know that the association be-
tween some CYP450s and susceptibility to certain cancers
have been confirmed. The genetic pelymorphisms of
other drug metabolizing enzymes such as glutathione S-
transferase, N-acetyltransferase and epoxide hydrolase are
also found to be linked with susceptibility to hepatocelluar
carcinoma®’ .  But there has not been an effective
biomarker of CYP450 for any cancer, and human cancer
is a multistage process with the involvement of multiple
risk factors, so there is still a long way to go in the iden-
tifying the causative role of CYP450 i cancer. Further-
more, since these CYP450s can activate many xenobijotics
to highly toxic products, effective inhibitors of them may
eventually provide useful tools for the prevention and
treatment of the associated diseases.

Tab 2. The substrates, probe drugs, genetic polymorphisms, allele frequencies in Chinese, and associated cancers of
some CYP450s.
Gene . Allele .
Substrates Probe drug  location/ Gmuc. frequency Associated Reference
chromosome polymarphism in Chinese eancer

CYPIAL  PAHs - 15 T+250—C (3'-flanking region) - squamous cell carcinoma ~ 2,3,6,7

AX2—~>G {exon?) lung cancer
hepatocelluar carcinoma

CYPIA2  caffeine, acetaminophen, caffeine 15 G-2964A (5'-flanking region) 0.25 colon cancer, 9, 11, 12,
theophylline, imipramine, 734> A (intronl) 0.67 breast cancer, 13,14
propranolol, verapamil, hepatocelluar carcinoma
PhIP, MeIGx, aflatoxinB(

CYP2C1¢  omeprazole, chloroguanide, mephenytoin 10 G681—~A (exond) 0.366 - L15,16, 17,
citalopram, certain barbiturates, G636—> A (exond) 0.074 18
propranolol, diazepam,
centain tricyclic antidepressants

CYP2DX6  debrisoquine, neuroleptics. debrisoquine 2 A2367 deleted hepatocelluar carcinoma, 22, 24, 25,
lipophilic -blocking agents, Gl934—A (.004 breast cancer, 27,28,29
tricyclic antidepressants., Gene deletion 0.057 head and neck squamous
nicotine cell carcinoma

CYP2El  chlorzoxazone, acctaminophen, —chlorzoxazone 10 C1019>T (5'-flanking region) — hepatocelluar carcinoma 30, 31, 32,
theophylline, dapsone:, G-1259+C (5'-lanking region) 33,34, 35,
some volatile anesthetics, T668—A (intron6) 36,38, 39,
N-nitrosamines, hafogenated Gli66—+A (exon2) 20
and nonbalogenated alkanes G10059—A (exon8)
and alkenes

CYP3A4  nifedipine, erythromycin, dapsone 7 A-292—>G (5'-flanking region) - bladder cancer, 41,42, 43,
imipramine, cyclosporine A, hepatocelluar carcinoma 44

troleandomycin, quinidine,
midazolam, lidocaine, diltiazem,
flutamide, dapsone, aflatoxinBl
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