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ABSTRACT

CYP1A2 polymorphism has been well studied in white persons
and Asians but not in Africans. We performed CYP1A2 genotype
and phenotype analysis using caffeine in Ethiopians living in Ethi-
opia (n = 100) or in Sweden (n = 73). We sequenced the CYP1A2
gene using genomic DNA from 12 subjects, which revealed a
novel intron 1 single-nucleotide polymorphism (SNP), —730C>T.
We developed SNP-specific polymerase chain reaction-restriction
fragment length polymorphism genotyping and molecular haplo-
typing methods for the intron 1 SNPs, and four different haplo-
types were identified: CYP1A2*1A (wild-type for all SNPs),
CYP1A2*1F (—164A), CYP1A2*1J (—740G and —164A), and
CYP1A2*1K (—730T, —740G, and —164A), having frequencies
of 39.9, 49.6, 7.5, and 3.0%, respectively. The frequency of
CYP1A2*1J and CYP1A2*1K among Saudi Arabians (n = 136)
was 5.9% and 3.6%), and among Spaniards (n = 117) 1.3% and
0.5%, respectively. Functional significance of the different in-

tron 1 haplotypes was analyzed. Subjects with CYP1A2*1K had
significantly decreased CYP1A2 activity in vivo, and reporter
constructs with this haplotype had significantly less inducibility
with 2,3,7,8-tetrachlorodibenzo-p-dioxin in human B16A2 hep-
atoma cells. Electrophoretic mobility shift assay using nuclear
extracts from B16A2 cells revealed a specific DNA binding
protein complex to an Ets element. Efficient competition was
obtained using oligonucleotide probes carrying the wt se-
quence and Ets consensus probe, whereas competition was
abolished using probes with the —730C>T SNP alone or in
combination with —740T>G (CYP1A2*1K). The results indicate
a novel polymorphism in intron 1 of importance for Ets-dependent
CYP1A2 expression in vivo and inducibility of the enzyme, which
might be of critical importance for determination of interindividual
differences in drug metabolism and sensitivity to carcinogens
activated by CYP1A2.

CYP1AZ2, a hepatic enzyme inducible by smoking, metabo-
lizes various chemical procarcinogens, such as food-derived
heterocyclic and aromatic mutagens, N-heterocyclics found
in tobacco smoke, and difuranocoumarins, to reactive carcin-
ogens (McManus et al., 1990). It is also involved in the
metabolism of several drugs such as paracetamol, theophyl-
line, caffeine, and clozapine (Bertilsson et al., 1994). Endog-
enous substrates of CYP1A2 include estradiol and uropor-
phyrinogen. The enzyme has a significant role in chemical
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carcinogenesis (Eaton et al.,, 1995) and is induced by its
substrates, and a polymorphism in its capacity to activate
procarcinogens has been indicated (Minchin et al., 1985).
Hepatocellular carcinoma is a common neoplasm, espe-
cially in Africa, and is to a great extent caused by the intake
of dietary aflatoxin (Uwaifo and Bababunmi, 1984). CYP1A2
has been reported to play a more important role than
CYP3A4 in the bioactivation of aflatoxin at low concentra-
tions in human liver microsomes (Gallagher et al., 1996). The
antiparasitic drug oltipraz, which is currently on phase II
human clinical trials for its cancer-chemopreventive effect in
humans, especially with respect to aflatoxin-associated hepa-

ABBREVIATIONS: SNP, single-nucleotide polymorphism; bp, base pair(s); PCR, polymerase chain reaction; RFLP, restriction fragment length
polymorphism; wt, wild type; mut, mutated; PBS, phosphate-buffered saline; DTT, dithiothreitol; PMSF, phenylmethylsulfonyl fluoride; EMSA,
electrophoretic mobility shift assay; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin; GABP-«, GA binding protein-«; PEA3, polyomavirus enhancer A
binding protein 3; XRE, xenobiotic response element; MR, metabolic ratio; ANOVA, analysis of variance; 95% Cl, 95% confidence interval; PCR,
polymerase chain reaction; AFMU, 5-acetylamino-6-formylamino-3-methyluracil; bp, base pair(s); kb, kilobase(s). The intron 1 SNPs in the
CYP1A2 gene are defined as follows: CYP1A2*1A, wt; CYP1A2*1F carries —164C>A; CYP1A2*1J carries —164C>A and —740T>G; CYP1A2*1K
carries —164C>A, —730C>T, and —740T>G.

659

2T0Z ‘T Jeqwiadaq uo 1sanb Aq 6o sjeuinofjadse weydjow wol} papeojumod


http://molpharm.aspetjournals.org/

PHARM

aspet’

660  Aklillu et al.

tocarcinogenesis, has been shown to be a potent inhibitor of
CYP1A2 (Sofowora et al., 2001). Subjects with higher
CYP1A2 activity and exposed to dietary aflatoxin B1 might
thus be at a higher risk for developing hepatocellular carci-
noma. Individual differences in CYP1A2 activity may thus
influence individual susceptibility to cancer and the thera-
peutic efficacy of some drugs.

Several studies have indicated the presence of wide inter-
individual and ethnic differences in CYP1A2 activity when
caffeine has been used as a probe drug. Striking differences
(greater than 15-fold) in levels of CYP1A2 mRNA expression
from human liver (Ikeya et al., 1989) and polymorphic me-
tabolism of procarcinogens by human liver microsomes have
been reported (Minchin et al., 1985). Unlike other drug-
metabolizing cytochromes P450, such as CYP2D6 and
CYP2C19, no nucleotide differences that could clearly ex-
plain the phenotypic variability in CYPIA2 gene expression
or inducibility have been identified.

The human CYPIA2 gene, located on chromosome 15,
spans about 7.8 kb and contains seven exons. The coding
region starts at nucleotide 10 of exon 2 (Ikeya et al., 1989).
Exon 2-6 is highly conserved among human, mouse, and rat.
In these species, regions of high conservation have also been
found in intron 1 of CYP1A2 (Ikeya et al., 1989), suggesting
a possible regulatory role of this intron. Two single-nucle-
otide polymorphic sites (SNPs), —164G>A and —740T>G,
have previously been reported in the intron 1 of human
CYP1A2 gene (see http//www.imm.ki.se/CYPalleles/
cypla2.htm). The —164C>A SNP has been suggested to be
associated with higher enzyme inducibility by smoking
among white persons (Sachse et al., 1999), whereas the
—740T>G has not been functionally characterized.

Previous studies on the human CYP1A2 gene regulation in
HepG2 cells have identified two regions of importance for
basal expression: a proximal region containing a GC box, a
CCAAT box, and a TATA box, and a distal region, named
“1A2 enhancer,” which contains two activator protein-1 sites,
a xenobiotic-responsive element, and a hepatic nuclear factor
1 site and a second TATA box (Quattrochi et al., 1994, 1998;
Chung and Bresnick, 1995, 1997). The aryl hydrocarbon re-
ceptor null mice show significant decrease in CYP1A2 ex-
pression in the liver, suggesting that the xenobiotic-respon-
sive elements may be involved in the regulation of the basal
expression (Schmidt et al., 1996). It is possible that several of
these factors, including nuclear factor 1, participate in the
tissue-selective activation of CYPIA2 gene expression and
that the absence of any single component may abolish or
down-regulate gene expression.

In the present investigation we have evaluated interindi-
vidual variability in CYP1A2 activity in an African popula-
tion and compared the activity between Ethiopians living in
Sweden and Ethiopia to investigate any environmental in-
fluence. We have found new CYP1A2 haplotypes with SNPs
in intron 1, which affect binding of nuclear proteins and
inducibility in reporter gene systems, and correlate to the
CYP1A2 activity monitored in vivo using caffeine as a probe
drug.

Materials and Methods

Subjects. Unrelated Ethiopians living in Ethiopia (n = 100) or
living in Sweden (n = 73) participated in this study. The Ethiopians

living in Sweden have been described previously (Aklillu et al.,
2002a). Participants from Sweden were recruited among two groups:
subjects adopted as small children by Swedish parents and now
about 20 to 30 years of age (n = 5) and subjects who left their home
country and lived in Sweden for more than 10 years (n = 30), 5 to 10
years (n = 31), and 3 to 5 years (n = 7). In addition, all subjects gave
information about 1) their ethnic group, 2) time of arrival to Sweden,
3) health status, 4) dietary habits, 5) drug intake, and 6) smoking
habits using a detailed questionnaire. The subjects were of a mixed
Ethiopian origin and were of the Oromo, Amhara, Tigriyan, and
Gurage ethnic groups. The Human Ethics Committees at Huddinge
University Hospital, Karolinska Institutet, Stockholm, Sweden and
the National Ethics committees at Ethiopian Science and Technology
commission, Addis Ababa, Ethiopia, approved the study. The Saudi
Arabians (n = 136) and Spaniards (n = 117) genotyped for
CYP1A2*J and CYP1A2*K have been described in McLellan et al.
(1997) and Oscarson et al. (1998), respectively.

Caffeine Phenotyping. The caffeine urinary test was performed
according to the method of Carrillo et al. (2000). Briefly, the subjects
were refrained from taking coffee, tea, Coca-Cola, chocolate, or any
caffeine-containing beverage for at least 24 h before and throughout
the study. Written information about the volunteer’s habit of smok-
ing as well as coffee, tea, or other caffeine-containing beverage in-
take was obtained from a detailed questionnaire. Subjects received a
100-mg oral dose of caffeine (Koffein; ACO AB, Helsingborg, Sweden)
before bedtime, and 0- to 8-h urine was collected. The volume and pH
of the urine collected were measured, pH was adjusted to 3.5 with 0.1
M HCI, and 20-ml aliquots were stored at —20°C until analysis. The
molar concentrations of caffeine and its metabolites (micromoles per
liter) were analyzed twice in one run and in duplicate by high-
performance liquid chromatography. The urinary caffeine N-3-de-
methylation index, calculated and used as probe for CYP1A2 activ-
ity, included the following metabolites (AFMU + 1U + 1X + 17U +
17X)/137X) (Carrillo et al., 2000), where AFMU is 5-acetylamino-6-
formylamino-3-methyluracil, 1U is 1-methyluracil, 1X is 1- methyl-
xanthine, 17U is 1,7-dimethyluric acid, 17X is 1,7-dimethylxanthine
(paraxanthine), and 137X is 1,3,7-trimethylxanthine (caffeine). The
reliability and reproducibility of 0- to 8-h urinary caffeine (AFMU +
1U + 1X + 17U + 17X)/137X) metabolic ratio for estimation of in
vivo CYP1A2 activity in humans has been evaluated (Carrillo et al.,
2000).

Isolation of DNA. A 10-ml venous blood sample was taken from
each subject into an EDTA-containing Vacutainer tube, and DNA
was isolated from peripheral leukocytes using a guanidinium-iso-
thiocyanate method.

Genomic Sequencing of the Human CYPIA2 Gene. The
CYP1A2 gene was PCR-amplified into two different fragments from
12 different subjects previously phenotyped with caffeine and found
to have a very low or very high caffeine metabolic ratio. A 5307-bp
fragment (fragment 1) from —1593 at the 5’-flanking regions down to
part of intron 6 was amplified by long PCR using a forward primer
1A2F and reverse primer 1A2R. Fragment 1 was also used as a
template for intron 1 SNP genotyping and haplotyping after 10X
dilution of PCR product with water. The second fragment, 2104 bp
long, covering exon 7 to a part of the 3'-flanking region, was ampli-
fied by long PCR using primer seq-ex7FA and seq-ex7RB. The long
PCR condition for sequencing is described in AKklillu et al. (2002b).
The entire coding regions as well as intron-exon junctions were
sequenced in both directions using fragments 1 and 2 as a template
with forward and reverse sequence primers. Primer sequences are
listed in Table 1. DNA sequencing was performed using the ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems, Foster City, CA) and analyzed on an ABI Prism
377 DNA sequencer.

Genotyping of the CYP1A2 Intron 1 SNPs. Genotyping was
carried out for —164C>A according to the method of Nordmark et al.
(2002) using allele-specific primers and fluorescent-labeled reporter
probes. Real-time PCR was performed using Tagman Universal PCR
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Master mix, and amplification and detection were performed in an
ABI 7700 sequence detection system (Tagman). Genotyping for the
—T740T>G and the newly identified SNP, —730C>T in intron 1, was
performed using a PCR-RFLP method. A 168-bp region covering the
two polymorphic sites in intron 1 was amplified from fragment 1 by
PCR using primers, 1A2promF and 1A2promR followed by RFLP.
The PCR I condition is described in Aklillu et al. (2002b), using 1 mM
MgCl, and annealing at 54°C. The —740T>G polymorphism and the
—T730C>T abolishes the Avall and Neil restriction sites, respec-
tively. Fourteen microliters of the PCR product was therefore ana-
lyzed for the presence of —740T>G and —730C>T by digestion at
37°C overnight in 20 pl of total reaction mixture containing 1X
NEBuffer 4 with 8 U of Avall and Necil (New England Biolabs,
Beverly, MA), respectively. The products were subsequently sepa-
rated on a 3% agarose gel. Avall digestion gives 49- and 119-bp
fragments and Ncil digestion gives 61- and 107-bp fragments.
CYP1A2 Intron 1 SNPs Mapping and Determination of Hap-
lotypes. All subjects heterozygous for —740 and —164 SNPs in
intron 1 were further reanalyzed for linkage disequilibrium in the
following manner. The two alleles were first separated by allele-
specific PCR with respect to the presence or the absence of the —740
SNP followed by genotyping of each individual allele for the —164
SNP. Part of CYP1A2 amplified by long PCR (fragment 1) was used
as a template in the haplotype-specific PCR II analysis after a 10-fold
dilution in water. In brief, a 665-bp fragment containing part of
intron 1 was amplified from fragment 1 using primers 1A2-740 wt F
or 1A2-740 mut F, separately, and a common reverse primer 1A2-
164R. DNA samples being homozygous wt and homozygous mutated
for —740 SNP were used as controls to ensure the absence of non-
specific amplification. The PCR II condition was according to the
method of Aklillu et al. (2002b). The PCR products amplified by the
wt primer as well as with the mutant specific primer were subjected
subsequently for —164 genotyping by RFLP separately. The
—164C>A abolishes the Apal restriction site. Fourteen microliters of
the PCR II product was subsequently analyzed for the presence of
—164C>A by digestion with 8 U of Apal (Invitrogene) at 25°C over-

TABLE 1

Sequences of primers used for genomic DNA sequencing and CYP1A2
genotyping and haplotyping

The letters F and R at the end of the primer name indicate that the primer is a

forward and reverse primer, respectively. Location of primers is numbered according
to GenBank accession number AF253322 (this sequence has —164C>A SNP).

Primer Name Location® Primer Sequence (5’ to 3')
1A2-1F 33349-33370 CATCTAATCTCCAGT CCGTGCT
1A2-1R 38634-38655 GCCATCCTAGITGATTCCTGTG
Seq-1F 33512-33531 GGCCTCTCTTTAGGATGCAA
Seq-ex1F 33927-33946 GCCAAGAGT TGATCCTTCCA
Seq-ex1R 33600-34619 AAGGACAGCACCCTTGICAG
Seq-ex2FA 34507-34527 TGGTCCCTTGGGTATATGGA
Seq-ex2RA 35361-35380 AAGGTGTTGAGGGCATTCTG
Seq-ex2FB 34886—-34905 TGTCTCCATCTCAACCCTCA
Seq-ex2RB 35946-35965 GGCTTCAAGGATGAGGAAAC
Seq-ex3F 36270-36289 AGAGACCAAGT TGGGAGGAT
Seq-ex3R 36665—-36684 ACTGGGAATTGGTGGCATAG
Seq-ex4F 36862-36881 GGCCAGAGAAAGCTAATGCT
Seq-ex4R 37181-37200 TCCCACATCTTCTAGGCAAG
Seq-ex5F 37177-37196 TGCCCTTGCCTAGAAGATGT
Seq-ex5R 37520-37501 CCTGAGAAGCCAGGAAGAGA
Seq-ex6F 38211-38230 AGAACAGGACGCAAGGAAGA
Seq-ex6R 38650-38631 CCTAGITGATTCCTGTGCAC
Seq-ex7FA 39852-39871 AGTTTGGT TCCTTCCCACCT
Seq-ex7TRA 40866-40885 GGGTCAGGAGT TCGAGACAA
Seq-ex7FB 40717-40737 ATCTCAGCTCACTGCAACCT
Seq-ex7FC 41110-41129 CTCCCATGITCAAGCGATTC
Seq-ex7RB 41936-41955 GAAGGAGGT GCCTATCAACG
1A2 prom F 34153-34170 TGGAAGCTAGTGGGGACA
1A2 prom R 34303-34320 TTGTGCTAAGGGGGAAGC
1A2-740 wtF 34186-34203 TGGCCTAGGT GTAGGEGT
1A2-740 mutF  34186-34203 TGGCCTAGGT GTAGGEGEG
1A2-164R 34831-34850 CTGATGCGIGITCTGTCCTT

CYP1A2 Regulatory Polymorphism 661
night in 20 pl of total reaction mixture containing 1X React buffer
IV. The products were subsequently separated on a 3% agarose gel.
Apal digests the —164 wt allele giving 594- and 71-bp fragments.

To analyze the linkage disequilibrium of the —740T>G and the
—T730C>T, 14 ul of the PCR product used for genotyping of these
SNPs was subjected for simultaneous digestion with 8 U of Avall and
Ncil (New England Biolabs) at 37°C overnight in 20 ul of total
reaction mixture containing 1X NEBuffer 4.

Nuclear Extract Preparation. Crude nuclear extracts used for
electrophoretic mobility shift assay were prepared according to the
method of Zhu and Pfaff (1994). The human hepatoma cell line,
B16A2, used for nuclear extract preparation and cell transfection
assay, was kindly provided by Dr. Laurent Corcos and Dr. Andre
Guillouzo (University of Rennes, Rennes, France). In brief, cells were
grown in a 100-mm plate to 100% confluence and were kept for 3 to
4 additional weeks before preparing the nuclear extracts. The cells
were washed with ice-cold PBS twice and collected in 1 ml PBS,
centrifuged at 500g for 5 min at 4°C. The pellet was washed once
with PBS and resuspended in 5X pellet volume of hypotonic buffer A
(10 mM HEPES, pH 7.9, 1.5 mM MgCl,, 10 mM KCI, 0.2 mM EDTA,
0.5 mM DTT, 0.5 mM PMSF, 10 ug/ml leupeptin), kept on ice for 10
min, and centrifuged for 3 min at 4°C. The cells were resuspended in
200 wpl of hypotonic buffer A and pooled together, and 1 ml of hypo-
tonic buffer A was added, followed by homogenization. The cell lysate
was centrifuged for 20 min at 4°C; the nuclear pellet was resus-
pended in 1 to 1.5 volumes of ice-cold salt buffer C (20 mM HEPES,
pH 7.9, 0.42 M NaCl, 1.5 mM MgCl,, 0.2 mM EDTA, 25% glycerol,
0.5 mM DTT, 0.5 mM PMSF, 10 ug/ml leupeptin), kept on ice for 30
min, and centrifuged at 6000g for 30 min at 4°C, and the supernatant
was aliquoted and stored at —70°C until use.

Electrophoretic Mobility Shift Assay. The sequences of the
oligonucleotide probes used in EMSA are listed in Table 2. The
double-stranded oligonucleotide probes for EMSA were prepared as
follows. The sense and antisense oligonucleotides for the respective
probe were annealed by incubation at 88°C for 2 min, 65°C for 10

TABLE 2
List of oligonucleotide probes and their sequences used in EMSA

wt probe 1 spans the —740 and —730 SNP sites, and wt probe 2 spans the —164 SNP
site. The polymorphic sites are indicated in bold in the wt oligonucleotide probes and
underlined in the respective mutant oligonucleotide probe.

Name Oligonucleotide Sequence from 5’ to 3’

GGG CTA GGI GTA GGG GIC CTG
AGI TCC GGG CTT TGC TAC CC
CCC GAT CCA CAT CCC CAG GAC
TCA AGG CCC GAA ACG ATG GG
GGG CTA GGT GTA GGG GGC CTG
AGI TCC GGG CTT TGC TAC CC
CCC GAT CCA CAT CCC CCG GAC
TCA AGG CCC GAA ACG ATG GG
GGG CTA GGI GTA GGG GIC CTG
AGT TCT GGG CTT TGC TAC CC
CCC GAT CCA CAT CCC CAG GAC
TCA AGA CCC GAA ACG ATG GG
GGG CTA GGI' GTA GGG G&C CTG
AGT TCT GGG CTT TGC TAC CC
CCC GAT CCA CAT CCC CCG GAC
TCA AGA CCC GAA ACG ATG GG
GAG CTC TGT GGG CCC AGG ACG
CAT GGT

CTC GAG ACA CCC GGG TCC TGC
GTA CCA

GAG CTC TGTI GGG CAC AGG ACG
CAT GGT

CTC GAG ACA CCC GIG TCC TGC
GTA CCA

TCG AGG GGA GGA AAT GGG TGT
CGA

TCG ACA CCC ATT TCC TCC CCT
CGA

wt probe 1

—740 mut

—730 mut

—740 and —730 mut

wt probe 2

164 mut

Ets-consensus®

“ Ets consensus binding site for Ets transcription factor family (Laumonnier et al.,
2000).
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min, 37°C for 10 min, and 25°C for 5 min. The double-stranded wt
probe for the —740 and —730 SNP (probe wtl) or another wt probe
for —164 polymorphic site (probe wt2) was labeled with [y->P]ATP
by T4 polynucleotide kinase, and gel retardation assays were carried
out by incubating the labeled probe with 7 ug of a nuclear extract
from B16A2 cells in buffer C (20 mM HEPES, pH 7.9, 0.42 M NaCl,
1.5 mM MgCl,, 0.2 mM EDTA, 25% glycerol, 0.5 mM DTT, 0.5 mM
PMSF, 10 pg/ml leupeptin) and 1 pg of poly(dI-dC) (Roche Diagnos-
tics, Indianapolis, IN) in the presence of a 100 mM salt concentra-
tion. Unlabeled competitor oligonucleotide probe was first added at
100X molar excess concentration followed by addition of nuclear
extract and incubated for 20 min at 37°C before adding labeled wt
probe and incubated for another 30 min. Samples were loaded on a
prerun 4% polyacrylamide gel and electrophoresis was carried out at
4°C in 0.5X Tris-borate/EDTA buffer at 180 V for 3 h. For the
supershift-interference assay with antibodies, 1 ug of antibody was
added to the reaction mixture and incubated further on ice for 45
min, and then applied on the gel for electrophoresis. Alternatively,
the antibody was added to the reaction mixture before the addition of
radiolabeled probe, incubated 15 min at room temperature according
to the instruction provided. Polyclonal antibodies against Etsl,
Ets1/2, Pu.1, Elk-1, GABP-a, and monoclonal antibody against PEA3
were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA). All gels were vacuum dried and subjected to autoradiography.

Construction of Promoter-Luciferase Gene Plasmids. A
1137-bp fragment 5’ upward region from the translation start site
(Fig. 1) was amplified by PCR from a wt genomic DNA (CYP1A2*]A)
using a forward primer1A2-consF (5'-ATG CAC GCG TAC CCT GAA
CCC TAA AGA CAG C-3') and 1A2-ConsR (5'-ATG CCT CGA GCT
GTA CCA ACT GCA GGG AAA-3’), which contained Mlul and Xhol
restriction sites, respectively. The respective restriction sites for the
enzymes are underlined (Fig. 1) and were introduced immediately
upstream and downstream of the amplified sequences, respectively.
The long PCR conditions were as described above under Genomic
Sequencing of the Human CYP1A2 Gene. The amplified PCR prod-
ucts were purified using the Wizard PCR Preps DNA Purification kit
(Promega, Madison, WI), digested with the respective restriction
enzymes, and cloned into the Mlul/Xhol site of the promoterless
pGL3-Basic vector (Promega), upstream of the firefly luciferase re-
porter gene.

The various CYP1A2 intron 1 haplotypes were generated by site-
directed mutagensis. The CYP1A2*]A promoter plasmid was used as
a template to introduce the —164C>A SNP to generate CYPIA2*1F
promoter plasmid using the forward primer 5'-GGG TGA GCT CTG

=1137
=1050

CAT box sSP1
-963

-876

-789
-702
-615
-528
-441
-354
-267

=164C>A
-130

=983
-6 gtacag™

TGG GCA CAG GAC GCA TGG TAG ATG-3’, the reverse primer
5'-CAT CTA CCA TGC GTC CTG TGC CCA CAG AGC TCA CCC-3/,
and the QuikChange Site-Directed Mutagenesis Kit (Stratagene, LA
Jolla, CA) according to the manufacturer’s instructions. The
CYP1A2*]F promoter plasmid was used as template to introduce the
—T740T>G to generate the CYP1A2%*1J promoter plasmid, using the
forward primer 5-TGG GCT AGG TGT AGG GGG CCT GAG TTC
CGG GCT TTG-3' and the reverse primer 5'-CAA AGC CCG GAA
CTC AGG CCC CCT ACA CCT AGC CCA-3'. The CYP1A2*1d pro-
moter plasmid was used as template to introduce the —730C>T and
generate the CYPIA2*1K promoter plasmid using the forward
primer 5'-GTA GGG GTC CTG AGT TCT GGG CTT TGC TAC CCA
GC-3' and the reverse primer 5'-GC TGG GTA GCA AAG CCC AGA
ACT CAG GAC CCC TAC-3'. To mutate the three core nucleotides of
the putative XRE intron 1 sequence, CACGC, the CYP1A2 wt plas-
mid, was used as a template using the forward primer 5'-GCT GGG
AGC CAA GCA CAG AAC ATC TAT CAG TGT TTA TCA AAT GAC
TG-3' and the reverse primer, 5'-CAG TCA TTT GAT AAA CAC
TGAT AGA TGT TCT GTG CTT GGC TCC CAGC-3'. We also deleted
the three nucleotides from the putative XRE sequence using the
forward primer 5'-GCT GGG AGC CAA GCA CAG AAC A AT CAG
TGT TTA TCA AAT GAC TG-3' and the reverse primer, 5'-CAG TCA
TTT GAT AAA CAC TGA T,,TG TTC TGT GCT TGG CTC CCA
GC-3'. The SNP intended to be introduced in the respective plasmid
construct is shown in bold, and nucleotide bases to be deleted are
illustrated by underscore. The CYP1A2*1F promoter plasmid con-
tains —164C>A; the CYPIA2*1J promoter plasmid contains
—164C>A and -740T>G. The CYPIA2*IK plasmid contains
—164C>A, and —740T>G and —730C>T. All plasmids were se-
quenced using the ABI Prism BigDye Terminator Cycle Sequencing
kit and analyzed with ABI Prism 377 DNA sequencer to ensure the
correct constructs and to exclude any potential PCR artifacts.

Cell Culture and Transfection. All DNA plasmids used in tran-
sient transfection studies were purified using QIAGEN plasmid
Maxi kits (QIAGEN, Valencia, CA). The human hepatoma cell line,
B16A2, was used for transfection with the plasmid constructs. The
culture conditions for B16A2 cells have been previously established
(Le Jossic et al., 1996). In brief, cells were grown in 150-ml flasks to
100% confluence using Williams’ medium E with Glutamax-1 sup-
plemented with 5% fetal bovine serum, 1 ug/ml insulin, 1% penicillin
streptomycin (all products from Invitrogen, Carlsbad, CA), and 0.25
pg/ml hydrocortisone (Sigma-Aldrich, St. Louis, MO). Cells were
cultured in 12-well plates and, after reaching 100% confluence, were
kept for 3 to 4 additional weeks by changing the medium, before

accctgaaccctaaagacagctgtaccttcatccoccagggacccageacceccttetggoctatcocccaaagagtcacecetgggtett
aggtagtaggtggagctgagggataatggcccaaggccaagagttgatccttccaactttgttcagtgatecagetttecatatcagg
TATA box
tgatcaggacaaccaggececaatctgatagggggeggtgtttataaaaaggccactcacctagageca [gaagetecacaccagecatt
acaaccctgccaatctcaagecacctgectctacag]gtacctttcttgggaccaatttacaatctetgggatcoccaactatagaace

Exonl

-740T>G -730C>T

tggaagctagtgqggacagaaagacggggagcctgggctaggtgtagggggcctgagttcggggctttgctacccagctcttgactt
ctgtttcccgattttaaatgagcagtttggactaagecatttttaaggagagecgatggggagggettcoccecttagecacaagggcag
ccctggecectggetgaageccaacceocaacctecaagactgtgagaggatggggactecatcecctggaggaggtgecectectggtat
tgataaagaatgccctggggagggggcatcacaggctatttgaaccageccctgggaccttggecaccteagtgtcactgggtagggg
gaactcctggtcccttgggtatatggaaggtatcagcagaaagccagecactggcagggactectttggtacaatacccageatgeatg
ctgtgccaggggcetgacaagggtgctgtecttggettecececattttggagtggtcacttgectectactccagecccagaagtagaaa
ctgagatgatgtgtggaggagagagccagecgttcatgttgggaatecttgaggectecctttecagetetcagattctgtgatgetcaaa

XRE??

gggtgagctcetgtgggececaggacgeatggtagatggagettagtetttetggtatccagetgggagecaageacagaa cacgeatc

Exon 2

agtgtttatcaaatgactgaggaaatgaatgaatgaatgtctccatctcaaccctecagectggteccctecttttttecctgecag[ttg

Fig. 1. Nucleotide sequences of —1137-bp upstream regions of CYP1A2 inserted in pGL3 basic vector containing a luciferase gene as a reporter used
to analyze the effect of intron 1 SNPs on transcriptional regulation and inducibility of the enzyme by TCDD. The CAT box, TATAA box, SP1 binding
sites (Chung and Bresnick, 1995), exon 1, putative XRE, and intron 1 polymorphic sites are indicated in bold and are underlined.
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being used for transfection. The transfection assay was done in
quadruplicate, and each transfection was performed using 5 pg of
the different plasmid constructs, cotransfected with 0.1 pg of
pRL-TK plasmid containing the Renilla reniformis luciferase re-
porter gene (Promega), to provide an internal control of the trans-
fection efficiency, and DMRIE-C as a transfection reagent (Invitro-
gen). The cells were incubated with the DNA-lipid complexes at 37°C
for 5 h, and subsequently, 1 ml of Williams’ medium E supplemented
with 10% serum was added and the cells were incubated further at
37°C for 24 h. The medium was removed and replaced with 2 ml of
fresh Williams’ medium E supplemented with 5% serum and was
kept for an additional 24 h at 37°C. Cells were rinsed with phos-
phate-buffered saline and lysed by treating with 1X passive lysis
buffer (Promega) with gentle shaking at room temperature for 20
min. The firefly and R. reniformis luciferase activities were mea-
sured using the Dual Luciferase reporter assay system (Promega),
and the firefly/R. reniformis ratio was determined.

Statistics. All statistical tests were carried out using the com-
puter program STATISTICA, version 5.5 (StatSoft, Tulsa, OK). The
normality of distribution was checked by Shapiro-Wilks” W test.
Comparisons of caffeine log MR between Ethiopians living in Ethi-
opia and Ethiopians living in Sweden having the same genotype
were performed using two-way ANOVA and by calculating the 95%
CI for the difference. Comparisons of caffeine MR between CYP1A2
intron 1 haplotypes were carried out using Kruskal-Wallis ANOVA,
median test, and Mann-Whitney U test. Allele and phenotype fre-
quency differences were calculated with the two-tailed Fisher’s exact
test. Observed and expected genotype frequency was compared using
the chi square test. Comparisons of data from the transfection assay
were done using an independent ¢ test, and p < 0.05 was considered
a statistically significant difference.

Results

Phenotyping with Caffeine. Caffeine was given to 100
Ethiopians living in Ethiopia and to 73 subjects living in
Sweden, and the CYP1A2 activity was determined using the
(AFMU + 1U + 1X + 17U + 17X)/137X) index for CYP1A2
activity. The individual caffeine MR ranged from 9.47 to 339
(log value 0.97-2.53) among smokers and 0.85 to 168 (log
value —0.07 to —2.22) among nonsmokers. A histogram and
probit plot for the CYP1A2 activity between the two groups of
Ethiopians are given in Fig. 2A. We found no significant
difference in the CYP1A2 activity between the two groups
using Kruskal-Wallis ANOVA, median test, and Mann-Whit-
ney U test (p > 0.05). This finding is evidently illustrated by
a comparison of probit plots (Fig. 2B). The 95% CI for the
difference between the two means was (—0.073;0.017). As
shown from the log caffeine MR probit plot, CYP1A2 activity
was bimodally distributed in Ethiopians, and using the an-
timode at 0.96, we could estimate the incidence of slow me-
tabolizers to be 7.5%. Figure 2C illustrates the frequency
distribution of log (AFMU + 1U + 1X + 17U + 17X)/137X) in
smokers (n = 20) and nonsmokers (n = 153). The caffeine MR
and, hence, CYP1A2 activity was significantly higher among
smokers (p < 0.0001, independent ¢ test). However, not all
smokers had higher caffeine MR, indicting the presence of
nonresponder phenotypes with respect to smoking habit. No
gender-related difference in CYP1A2 activity was observed.

Analysis of CYP1A2 Polymorphism in the Ethiopian
Population. The important interindividual differences in
activity seen prompted us to examine new polymorphic sites
in the CYP1A2 gene, with possible influence on the constitu-
tive as well as inducible levels of the enzyme. We sequenced
the 5'-flanking region (up to —1593 bp) and all exons and
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introns (except for a part of intron 6) using genomic DNA
from 12 different individuals having very low or very high
caffeine MR. The new SNPs identified by genomic DNA se-
quencing are shown in Table 3. The results confirmed the
presence of the previously described intron 1 SNPs,
—164C>A and —740T>G. A novel intron 1 SNP, —730C>T
was identified in a subject with low caffeine MR (see Table 3).
Two silent mutations, 30G>A and 5347T>C, were identified
in exon 2 and exon 7, respectively. Furthermore, 1589G>T
and 1611G>A in intron 3; 2159A>G, 2848C>A, 3614T>C,
and 6676C>G in intron 4,5,6; and noncoding regions of exon
7 were identified, respectively. The 2159 A>G in the intron 4
and 5347T>C, the last nucleotide just before the stop codon
in exon 7, were the more frequent ones.

Genotyping for CYP1A2 Intron 1 Polymorphism. The
frequencies of the —164C>A as well as the —740T>G and
—730C>T mutations were analyzed in the 173 Ethiopians
using real-time PCR or allele-specific PCR-RFLP. The fre-
quencies of the —164C>A, —740T>G, and —730C>T SNPs
were 60, 10, and 3%, respectively. As expected, there was no
significant difference in SNP frequency between the two
Ethiopian groups. No individual was found to be homozygous
for the —730C>T, and only one subject was homozygous for
the —740T>G. Saudi Arabians (n = 136) and Spaniards (n =
117) were genotyped for the —740T>G and —730C>T SNP,
and the SNP frequencies were 9.6% and 3.7% in Saudi Ara-
bians and 1.7% and 0.5% in Spaniards, respectively. Those
subjects positive for the —740T>G and —730C>T were fur-
ther analyzed for —164C>A SNP. Similar to Ethiopians,
among Saudi Arabians and Spaniards, no individual was
found to be homozygous for the —730C>T, and only one
individual was homozygous for the —740T>G among Saudi
Arabians.

SNP Mapping and Determination of the CYP1A2 In-
tron 1 Haplotypes. We considered it important to deter-
mine haplotypes of the CYPIA2 intron 1 SNPs. All subjects
being heterozygous for two or more SNP sites were further
analyzed for linkage disequilibrium by a PCR-RFLP method.
All individuals with —740T>G were either homozygous or
heterozygous for —164C>A. Subjects heterozygous for
—740T>G and —164C>A were further subjected to haplo-
type analysis using a SNP-specific PCR-RFLP method as
described under Materials and Methods. First, the two chro-
mosomes were separated with respect to the —740T>G SNP
using a —740 wt or mutant specific forward primer and a
common reverse primer at the end of intron 1 (Fig. 3A). Then,
the PCR product amplified by the —740 wt or mutant specific
primer was further subjected to —164C>A genotyping using
Apal RFLP separately (Fig. 3B). In these individuals, the
PCR product amplified by the —740 wt primer was com-
pletely digested by Apal. By contrast, the other allele, am-
plified by the mutant specific primer, was resistant toward
Apal, indicating that the —740T>G polymorphism is always
in linkage disequilibrium with —164C>A on the same allele,
yielding a new CYP1A2 allele (CYPI1A2*1.J).

To study linkage distribution analysis of —730C>T and
—740T>G in individuals heterozygous for the two SNPs, we
first amplified a region covering the two polymorphic sites
followed by simultaneous Avall and Necil digestion of the
PCR fragment. The results showed that one of the alleles
remained undigested by the two restriction enzymes,
whereas the other one was completely digested, indicating
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Fig. 2. A, comparisons of frequency distribution of CYP1A2 activity
index, log (AFMU + 1U + 1X + 17U + 17X)/137X, among Ethiopians
living in Sweden (upper panel, n = 73) and in Ethiopia (lower panel, n =
100). B, comparisons of probit plots of CYP1A2 activity index in Ethiopi-
ans living in Sweden (O) and in Ethiopia (W). C, frequency distribution of
CYP1A2 activity index in smokers (black bar, n = 20) and nonsmokers
(white bar, n = 153).

that —730C>T is always linked with —740T>G. Since the
—740T>G is in linkage disequilibrium with —164C>A (see
above), the —730C>T polymorphism always exists in combi-
nation with —740C>T and —164C>A, giving a new intron 1
CYPI1A2 haplotype (CYP1A2*1K). Likewise, in Saudi Arabi-
ans and Spaniards, the —730C>T was linked to the
—740T>G and the —164C>A, and the —740T>G was linked
with the —164C>A. Thus the frequency of CYP1A2*1J and
CYP1A2*1K among Saudi Arabians was 5.9% and 3.6% and
among Spaniards, 1.3% and 0.5%, respectively.

With the three SNPs in intron 1 of the CYPIA2 gene,
theoretically, 22 = 8 possible different haplotypes could exist,
whereas our haplotype analysis revealed that only four were
present. The haplotypes and their frequencies are listed in
Table 4. Eight different combinations of these four haplo-
types were present among the individuals examined, of
which the #*1A/*IF combination was found to be the most
frequent one (Table 5). The observed genotype distribution
pattern was consistent with that expected according to the
Hardy-Weinberg law using chi square test (p > 0.05).

Influence of the Haplotypes on Caffeine Metabolism.
We examined the in vivo effects of the four haplotypes from
the caffeine phenotype analysis among smokers and non-
smokers (see Table 5). There was no significant difference in
caffeine MR among subjects carrying CYP1A2*IA,
CYPIA2*]F (—164 C>A), and CYP1A2*1J (—164C>A and
—740T>G) haplotype, indicating that —164C>A alone or in
combination with —740T>G does not influence the CYP1A2
activity significantly in vivo. No significant difference was
observed between subjects with CYPIA2*1A/*1A and
CYP1A2*]F/*F among smokers or nonsmokers. However,
nonsmoker  subjects heterozygous for CYP1A2¥1K
(=164C>A, —740T>G, and —730C>T) haplotype had signif-
icantly lower CYP1A2 activity compared with subjects with
the CYP1A2*1A, CYP1A2*1F, or CYP1A2*1J haplotype (p <
0.02, two-way Kruskal-Wallis ANOVA). There was only one
individual who was heterozygous for CYPIA2*1K among
smokers, and he had a lower caffeine MR in this group. The
only additional SNP in CYP1A2*1K, as compared with the
others, is —730C>T, and, thus, the presence of this SNP is
apparently critical for a decreased CYP1A2 activity in vivo.

EMSA Analysis. The results from the in vivo analysis
indicating a functional role of the —730C>T mutation
prompted us to perform in vitro experiments analyzing the
protein binding and the in vitro transcription activity of this
allele compared with the others. Computer analysis of the
TRANSFAC database, using the TFSEARCH program (with
threshold set at 85.0), for intron 1 polymorphic sites to iden-
tify possible transcription factor binding sites indicated the
—730 region as core binding sites for Ets transcription factors
on the antisense strand. By contrast, no specific transcription
factor was identified whose binding could be affected by the
presence of —164C>A.

EMSAs were performed using a 41-bp oligonucleotide
probe (probe 1) spanning the —740 and —730 SNP site (Fig.
4). Two DNA-protein complexes were observed (Fig. 4, lane
2), one of which corresponded to a specific binding of nuclear
proteins as revealed by efficient competition in the presence
of 100 M excess cold wt probe (Fig. 4, lane 3) in the reaction,
but not by a nonspecific oligonucleotide probe (Fig. 4, lane 7)
or consensus sequence for octamer 1 (Fig. 4, lane 8), demon-
strating binding specificity. The effect of the two SNP sites
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List of SNPs identified by genomic DNA sequencing from 12 Ethiopians phenotyped using caffeine and with high or low caffeine MR

Numbering is from the translation site as recommended by the cytochromes P450 nomenclature committee. Smoking habit is designated as S and NS, referring to smokers

and non-smokers respectively.

30G>A 1611 2159

2848 3614 5347 T>C 6676C>G

—-164 _ g 1589G>T - Caffeine  Caffeine  Smoking

c>a  TTOCET STAOTEG @) ntons TR e 4 invens  inhen6 ooy Ngzggd;]ng M LogMR  Habit
C/C G/G 20 1.3 S
C/A A/G C/C 12 1.1 S
A/A T/G G/T A/G C/A T/C C/C C/G 21 1.3 S
C/A G/A A/G 1 0 NS
A/A 3 0.5 NS
C/C G/G 5 0.7 NS
C/A A/IG C/C 6 0.8 NS
A/A C/T T/G A/IG T/C T/C C/G 8 0.9 NS
C/A A/G T/C 10 1.0 NS
A/A A/G T/C 230 2.4 S
A/A 218 2.3 S
A/A T/G G/A 11 1.0 NS

was analyzed by using unlabeled mutant oligonucleotides as
competitors in 100-fold molar excess. The formation of pro-
tein-DNA complex was not affected by a probe carrying the
—740T>G SNP, since a 100-fold molar excess of the mutated
probe competed efficiently with the wt probe for the binding
of nuclear protein (Fig. 4, lane 4). However, a probe carrying
the —730C>T SNP alone (Fig. 4, lane 5) or in combination
with the —740T>G SNP (Fig. 4, lane 6) failed to inhibit
binding of the nuclear protein and did not compete with the

A

E6 E9 E35 E17 E37

Mw wt mut wt mut wt mut wt mut wt mut

B E6
wt mut wt mut wt mutwt mutwt mut

E9 E35 E17 E37

-_665bp
=-594 bp

—-—T71bp

Fig. 3. Linkage analysis of —740T>G and —164C>A. A, alleles were
separated with respect to the presence of —740T>G by allele-specific
forward primers 1A2-740Fwt or 1A2-740Fmt and a common reverse
primer, 1A2-164R. The 100-bp plus DNA ladder (Invitrogene) was used as
a marker. Individual E17, homozygous mutated for both SNPs, and E37,
homozygous wt for —740T>G and homozygous mutated for —164C>A,
were used as controls. E9, E10, and E40 were heterozygous for both
SNPs. B, RFLP analysis of PCR fragments from A for the presence of
—164C>A. Fragments from PCR II (A) were subjected to Apal digestion.
The —164C>A mutation eliminates the Apal restriction site. All PCR
product amplified with the 1A2 —740wt primer from individuals het-
erozygous for both SNPs was completely digested, whereas the PCR
product amplified with the 1A2 —740mut was not, indicating that the
—T40T>G is linked with —164C>A on the same allele.

wt probe for protein binding. This indicates that the
—730C>T SNP but not the —740T>G abolishes the protein
binding site and might be of importance for control of gene
transcription. A probe carrying a consensus binding site for
Ets transcription factor family competed with the wt oligo-
nucleotide probe for the protein binding (Fig. 4, lane 9),
indicating that the protein binding to the polymorphic site is
a member of the Ets family of transcription factors.

To identify which member of the family could be involved
in the formation of DNA-protein complex, we performed a
supershift or interference assay using poyclonal or monoclo-
nal antibodies specific for Etsl, Ets1/Ets2, PU.1, PEA3,
Elk-1, and GABP-a. However, the antibodies failed to modify
the nucleoprotein complex formed with the wt probe (data
not shown). Thus, the DNA-protein complex is likely to result
from binding of another Ets family member. Currently, the
Ets family contains more than 30 different members, and the
lack of available antibodies specific for Ets family members
in general restricts us from further attempts to identify the
transcription factor responsible. There was no specific DNA-
protein complex formation that could be seen using probe 2,
indicating no specific protein binding to the area around the
—164 SNP (data not shown).

Cell Transfection Experiments. Transfection studies
were performed to determine the effect of intron 1 SNPs on
the transcriptional regulation of CYP1A2 using reporter gene
assays. A 1137-bp upward fragment from the translation site
of CYP1A2 (Fig. 1) was amplified by PCR and introduced into
the pGL3 basic vector. The different intron 1 SNPs were intro-
duced by site-directed mutagenesis. The inserted sequence con-
tains a TATA box, a CCAAT box, and a putative responsive
element for SP1 (Chung and Bresnick, 1995), but protein bind-
ing to these potential sites has not been demonstrated. The
effects of the different SNPs on transcriptional activity and
enzyme inducibility were investigated by treating the B16A2
cells with vehicle or with 10 nM TCDD, respectively (see Fig. 5).
There was no significant difference among the CYPIA2*1A wt,
CYP1A2*1F (containing —164C>A), CYP1A2*1J (containing
—164C>A and —740T>G), and CYP1A2*1K plasmids (contain-
ing —164C>A, —740T>G, and —730C>T) on the constitutive
transcriptional activity (p > 0.05, using independent ¢ test). But
upon TCDD treatment, the luciferase activity was increased
more than 2-fold when cells were transfected with the
CYP1A2%1A, CYP1A2*1F, or CYP1A2*]1dJ plasmids, and there
was no significant difference in induction among these three
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TABLE 4

CYPI1A2 intron 1 haplotypes and their frequency in Ethiopians, Saudi Arabians, and Spaniards.

Allele Frequency

Allele Nucleotide Changes
Ethiopians (n = 173) Saudi Arabians (n = 136) Spaniards (n = 117)
CYP1A2*1A None 0.399 (95%C1,0.33-0.47) N.D. N.D.
CYP1A2*IF —-164 C>A 0.496 (95%CI1,0.42-0.57) N.D. N.D.
CYP1A2*%1J* —164C>A;—740 T>G 0.075 (95%C1,0.04-0.11) 0.059 (95%C1,0.02-0.10) 0.013 (95%CI,0.0-0.10)
CYP1A2*¥1K" —164C>A;—T740T>G;—730C>T 0.03 (95%CI,0.00-0.06) 0.036 (95%CI1,0.00-0.07) 0.005 (95%C1,0.0-0.07)

N.D., not determined.
“ Newly identified CYP1A2 alleles.

haplotypes. However, there was 40% less induction of cells
transfected with CYPIA2*1K, and this difference was signifi-
cant compared with cells treated with CYP1A2*1A, *1F, or *1J
(p < 0.01 using independent ¢ test), indicating that the
CYP1A2*1K haplotype is less inducible.

Since we observed induction with TCDD, we searched for a
possible XRE sequence in our CYP1A2*1A wt construct. XRE
contains an invariant CACGC core sequence that is recog-
nized by the aryl hydrocarbon receptor and aryl hydrocarbon
receptor nuclear translocator heterodimer, and is known to
be present in most, if not all, 3-methylcholanthrene-inducible
genes (Sogawa et al., 1995). This sequence is present in the
CYP1A2 intron 1 further downstream of the —164C>A poly-
morphic site (see Fig. 1). Transient transfection analyses of
B16A2 cells with reporter genes that contain deletions or
triple mutations of the core putative XRE site of CYP1A2
intron 1 did not alter the basal expression or inducibility with
TCDD compared with the wt plasmid (data not shown). Fur-
ther work is required to characterize the XRE sites respon-
sible for the observed induction with TCDD.

Discussion

The results indicate that polymorphism in intron 1 of the
CYP1A2 gene might be critical for CYP1A2 inducibility and
that transcriptional factors of the Ets family are of impor-
tance in this respect. By contrast, the data do not provide
evidence for an important influence of environmental factors
different between Sweden and Ethiopia for the control of
CYP1A2 expression, in contrast to what has been seen for
CYP2D6 (Aklillu et al., 2002a). Three different SNPs were
found in intron 1, and we identified four haplotypes present
in Ethiopians, of which two are novel, CYP1A2*1J and
CYP1A2*1K. Subjects with the CYPIA2*1K allele had signif-
icantly reduced CYP1A2 activity as compared with those
carrying CYP1A2*1A, CYPIA2*IF, or CYP1A2%1J. Thus, the
—164C>A alone (CYP1A2*IF) or in combination with
—740T>G (CYP1A2*1J) has apparently no influence on
CYP1A2 activity in vivo, in accordance with other studies
showing no significance of the —164 SNP on CYP1A2 activity
(Schulze et al., 2001; Nordmark et al., 2002; Shimoda et al.,
2002).

Our finding was further supported by in vitro analysis
using EMSA and reporter gene assay. In EMSA, analysis of
protein binding to an intron 1 element was completely de-
pendent on the wt C at position —730, whereas oligonucleo-
tides with —730T were ineffective in competing for protein
binding. No influence of the —740T>G or —164C>A SNPs
was found. The —730 SNP site was indicated as a putative
binding site in the antisense strand for Ets family transcrip-
tion factors; indeed, we observed a clear competition using a

100-fold molar excess of consensus Ets transcription factor
family oligonucleotide. The —730C>T affects the core-bind-
ing site for Ets transcription factor. Despite evaluating the
effect of polyclonal or monoclonal antibodies against Etsl,
Ets1/Ets2, PU.1, PEA3, Elk-1, and GABP-« for protein bind-
ing, the isoform of the 30 different known members of the Ets
family could not be identified. Hence, further work is re-
quired to specifically identify the Ets protein that binds to
the functional —730 polymorphic site.

Members of the Ets family have been shown to be involved
in the regulation of rat cyp24 (Dwivedi et al., 2000), cyp27
(Mullick et al., 2001), cyp2d-9 (Yokomori et al., 1995), and
human cytochrome ¢ oxidase gene expression. The present
study represents the first report in which Ets transcription
factors have been suggested to be involved in the regulation
of CYP1A2. The Ets family members are important tran-
scription factors involved in development and are implicated
in several types of cancer and other human diseases (Dittmer
and Nordheim, 1998). Members of the PEA3 group of Ets
transcription factors are commonly expressed, and their ex-
pression is associated with invasion capacity of human can-
cerous mammary epithelial cells. Prostate-derived Ets factor
is over-expressed in human breast tumors and has been
suggested to be a candidate tumor marker and breast tumor
antigen (Ghadersohi and Sood, 2001). Ets1 activates tran-
scription of genes that have crucial roles in hepatocarcino-
genesis and progression, and its over-expression is suggested
to contribute to the invasion and metastasis of hepatocellular
carcinoma (Ozaki et al., 2000).

It appears that there is interracial difference in the fre-
quency of CYPIAZ2 intron 1 SNPs and haplotypes. There was
no significant difference between Ethiopian (60%) and white
persons, 68% in Germans (Sachse et al., 1999); or Asian, 61%
in Japanese (Chida et al., 1999) populations in the allele
frequency of the —164C>A SNP. However, the —740T>G
SNP is frequent in Ethiopians (10%), Saudi Arabians (9.6%),
and Japanese (8%) (Chida et al., 1999) but is significantly
lower in Spaniards (1.7%). In the present study we found the
novel intron 1 SNP, —-730C>T, and two haplotypes,
CYP1A2*1J and CYP1A2*1K, in Ethiopians and further in-
vestigated the presence of these haplotypes in Saudi Arabi-
ans and Spaniards. The allele frequency of CYP1A2*1J and
CYP1A2*]K is similar between Ethiopians and Saudi Arabi-
ans, but the frequency is much lower in Spaniards. Likewise,
Ethiopians and Saudi Arabians show resemblance in having
higher frequency of CYP2D6 gene duplication and CYP1B1
haplotype frequency (McLellan et al., 1997; Aklillu et al.,
2002Db). In an attempt to study population history and natu-
ral selection in shaping genetic diversity in CYP1A2, Wood-
ing et al. (2002) sequenced a 3.7-kb 5’ region of CYP1A2, not
including intron 1, in 113 individuals from Africa, Asia, and
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TABLE 5

Intron 1 SNPs and genotype combinations, showing their observed frequencies, expected frequencies, the respective median caffeine MR, and mean log caffeine MR = S.D. among smokers and

nonsmokers

95% CI
of Mean

Mean Log
MR + S.D.

Median
log MR

Median
MR

b

Total Expected
Frequency

Total Observed
Frequency”

—730C>T Genotype Nsulﬁ;})e?t SO f

—T740T>G

—164 C>A

Smoking
Habit

1.35

*1F[*1F
*1A/*1A
*1F[*1J
*1A*1J
*1F[*1K
*1A/*1K

C/C *JA/*1F
C/C
C/C
C/C
C/C
C/T
C/T

T/T
T/T
T/T
T/G
T/G
T/G
T/G

C/A
A/A
C/C
A/A
C/A
A/A
C/A

Nonsmokers

*1A/*1A
*JA/*1F
*1F/*1F
*1F[*1J
*1J/*1K

C/C
C/C
C/C
C/C

T/T
T/T
T/T
T/G

C/C
C/A
A/A
A/A

Smokers

0.8

C/T

G/G

A/A

@ Total observed and expected frequency of subjects having the respective genotype regardless of smoking habit. The observed genotype distribution pattern was consistent with the expected frequencies according to the

Hardy-Weinberg equilibrium (P > 0.05, x? test).

*p < 0.02, Kruskal-Wallis ANOVA, median test. Nonsmoker subjects with —730 SNP, carrying the CYP1A2*1K haplotype, had significantly lower log caffeine MR value compared to subjects with CYP1A2*1A, *IF, or *1.J.
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Europe and reported that the African population had the
highest level of nucleotide diversity and the lowest level of
linkage disequilibrium. Of the 17 haplotypes found in this
study, 12 were found in the African sample, 8 were found in
Indians, 5 were found in non-Indian Asians, and 5 were
found in Europeans. Haplotypes found outside Africa were
mostly a subset of those found within Africa (Wooding et al.,
2002).

In the present study we investigated a possible influence of
environmental factors different between Sweden and Ethio-
pia, such as diet and infections, by examining the CYP1A2
activity among Ethiopians living in Sweden or in Ethiopia.
The dietary differences between Ethiopia and Sweden as well
as plant constituents specifically used in Ethiopia for dietary
or nondietary purposes has previously been discussed (Ak-
lillu et al., 2002a), in a study aimed at investigating environ-
mental differences on CYP2D6 and CYP2C19 enzyme activ-
ity. In contrast to the important differences we found for
CYP2D6, there was no significant difference between the two
populations of Ethiopians for caffeine metabolism, as was
also registered for CYP2C19. Thus, we assume that environ-
mental factors such as dietary habits have small effects on
CYP1A2 activity and cannot primarily explain interethnic
differences in activity. This is in accordance with a recent
study on twins, which indicated that the CYP1A2 activity is
mainly governed by genetic factors (Rasmussen et al., 2002).

Smoking induces CYP1A2 activity and thus significantly
lowers the plasma concentration of antipsychotic drugs in-
cluding haloperidol. Many schizophrenic patients are smok-
ers. Among smokers, CYP1A2 MR shows a trend toward a
bimodal distribution (i.e., with the existence of a “nonre-
sponder” phenotype concerning CYP1A2 induction by com-
pounds present in tobacco smoke) in both white persons and
Asians (Nakajima et al., 1994; Schrenk et al., 1998). The
—164C>A SNP has been suggested to be associated with
higher enzyme inducibility in white smokers (Sachse et al.,
1999) and the —3858G>A (CYP1A2*1C) with decreased en-
zyme inducibility in Japanese smokers (Nakajima et al.,
1999). Several studies have been conducted to investigate the
importance of the —164C>A polymorphism. We did not ob-
serve significant difference in enzyme activity between *1A/
*1A and *1F/*1F in either smokers or nonsmokers. In accor-
dance with our results, a lack of impact of the —164 SNP
genotypes on the plasma concentration of haloperidol in
smoking male Japanese with schizophrenia (Shimoda et al.,
2002) and in smoking Swedish pregnant women (Nordmark
et al., 2002) has recently been reported. A study in U.S.
schizophrenic patients showed subjects with —164 C/C geno-
type to be at increased risk to develop more severe tardive
dyskinesia than the A/C or A/A genotype (Basile et al., 2000),
whereas another study on schizophrenic smoking patients in
a German population reported lack of association between
the —164 C>A genotypes and severity of tardive dyskinesia
(Schulze et al., 2001). A possible explanation for the discrep-
ant findings could be incomplete determination of the differ-
ent haplotypes existing in the populations. Thus, as shown
here, the —164 SNP can be located in at least four different
haplotypes having different functional impact, and it is thus
important to take the complete haplotypes into consideration
when investigating associations of phenotype rather than
focusing on single SNPs.

Although CYP1A2 is only involved in the metabolism of
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‘(\\) > 6\\3 g Q% <& c'('.“\ Fig. 4. EMSA of B16A2 hepatoma cell line nuclear
Competitor (100x) 6@\“ 159 1'5“ ,\a.ﬁ 000 0& o protein binding to the 41-bp wt oligonucleotide
- ‘ probe 1 spanning the —730 and —740 regions of
Nuclear Extract g + + 4+ L A + 1A2 intron 1. Radiolabeled oligonucleotide probe 1
Lane I 2 3 4 5 6 7 8 9 wt was incubated without nuclear protein (lane 1)
— — — — —— — S— s s or with 7 ug of nuclear extracts from the B16A2
. AN - ™ . cells (lane 2). Competition assay was performed in

about 5% of commonly prescribed drugs, it apparently par-
ticipates in the metabolism of 75% of drugs associated with
adverse drug reactions metabolized by enzymes having vari-

CYP1AZ2*1K

CYP1AZ2*1J

CYP1A2*1F

CYP1A2*1A

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 1.8

Fig. 5. Functional characterization of the CYP1A2 intron 1 haplotypes on
constitutive expression (white bars) and enzyme inducibility (black bars)
using a reporter gene assay. A series of CYP1AZ2 reporter constructs was
made that contained the different intron 1 haplotypes (see Fig. 1 for
sequence of the insert). These constructs were transfected into B16A2
cells, and luciferase activities were assayed 48 h after transfection with or
without TCDD. The CYP1A2*1A is wt, CYPIA2*IF contains —164C>A,
CYP1A2%1J contains —164C>A and —740T>G, and the CYPIA2*1K
contains —164C>A, —740T>G, and —730C>T. The relative activity re-
fers to the ratio of normalized luciferase activity of each construct to that
of the promoterless pGL3-Basic plasmid. Values are the average of three
independent experiments + S.D., performed in quadruplicate. There was
no significant difference in constitutive expression between the different
intron 1 haplotypes. However, upon TCDD treatment, cells transfected
with CYP1A2*1K plasmid had significantly lower luciferase activity com-
pared with other intron 1 haplotypes (p < 0.01, independent ¢ test)
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- -a— Specific

—-a— non-specific

the presence of 100 M excess of the respective
unlabeled oligonucleotide as indicated. DNA pro-
tein complexes are indicated with arrows. Two
DNA-protein complexes were observed (lane 2),
one of which corresponded to a specific binding of
nuclear proteins as revealed by efficient competi-
tion in the presence of 100 M excess cold wt probe
(lane 3) in the reaction, but not by a nonspecific
oligonucleotide probe (lane 7) or consensus se-
quence for octamer 1 (lane 8), demonstrating bind-
ing specificity. The formation of protein-DNA com-
plex was not affected by a probe carrying the
—T740T>G SNP since a 100-fold molar excess of the
mutated probe competed efficiently with the wt
probe for the binding of nuclear protein (lane 4,
—740 mut). However, a probe carrying the —730
C>T SNP alone (lane 5, —730 mut) or in combina-
tion with the —740T>G SNP (lane 6, —740 mut +
—730 mut) failed to inhibit binding of the nuclear
protein and did not compete with the wt probe for
protein binding. Complexes were resolved by elec-
trophoreses in 4% polyacrylamide, 0.5X Tris bo-
rate-EDTA gel. Sequences of oligonucleotides used
are listed in Table 2.

—a— Free probe

ant alleles (Phillips et al., 2001). Interindividual differences
in its activity might thus be of substantial importance for the
determination of the outcome of drug treatment, and knowl-
edge about the basis for such interindividual differences,
both genetic and environmental, might be useful to avoid
adverse drug reactions. In combination with the well estab-
lished role of CYP1A2 for the metabolic activation of procar-
cinogens, the polymorphism here described in intron 1 might,
thus, also be of critical importance for determination of the
individual’s susceptibility to liver cancer risk following long-
term exposure to several dietary procarcinogens.
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