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The Relationship between Aryl Hydrocarbon Hydroxylase and Polymorphisms
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We examined the relationship between aryl hydrocarbon hydroxylase (AHH) and the frequency of a
Mspl mutation in the 3'-flanking region of cytochrome P450 (CYP) 1A1 (Mspl polymorphism) and
another mutation in exon 7 (Ile-Val polymorphism) in 84 healthy male subjects in Fukuoka, Japan.
AHH inducibility (3-methylcholanthrene (MC)-induced AHH activity/non-induced AHH activity)
was correlated with the Mspl polymorphism (P<0.0001) and age class (P=0.015}), whereas no
correlation was found for the JYle-Val polymorphism (P=0.509). Age-adjusted AHH inducibility
(mean+SE) of the predominant homozygote (genotype A), the heterozygote (genotype B) and a
homozygote rare allele (genotype C) genotypes was 4.8910.36, 4.82:-0.29 and 13.6111.44, respec-
tively, The genotype C showed much higher AHH inducibility than genotypes A and B (P <0.001),
while no significant difference was observed between genotypes A and B, Non-induced AHH activity
was also correlated with these polymorphisms, The AHH activity of a homozygous mutant Val/Val
genotype (0.076X0.010 pmol/min/10° cells) was significantly higher (P<0.05) than that of the
wild-type homozygous Ile/Tle (0.044 +0.004 pmol/min/10° cells) and heterozygous Ile/Val (0,047 +
0.007 pmol/min/10° cells) genotypes. Our study suggests that the genotypes C and Val/Val, which are
more frequent in smoking-related lung cancer, are closely related with high AHH inducibility and
high non-induced AHH activity, respectively. Thus, the positive relationship between AHH in-
ducibility and lung cancer is supported by our study. If our results are confirmed and the assessment
of genotype becomes feasible on a population basis, identification of smokers who have genetically
high susceptibility to lung cancer (genotype C or Val/Val) may become important for the prevention

of lung cancer.
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Lung cancer mortality has been increasing rapidly in
recent years in Japan, and has exceeded stomach cancer
mortality in male Japanese, Although chronic inhalation
of cigarette smoke is a major risk factor for the develop-
ment of lung cancer, it seems important to examine
genetic susceptibility to the disease as well. Molecular
epidemiology of cancer involves the use of biomarkers of
exposure and response in studies of exogenous or endog-
enous agents and/or host factors that play a role in
human cancer etiology. This approach has the potential
for identification of susceptible individuals. The individ-
val differences in genetic susceptibility to lung cancer
may be accounted for by the activity of the drug-metabo-
lizing enzyme aryl hydrocarbon hydroxylase (AHH).

AHH is a membrane-bound monooxygenase system
located in most tissues of the body. In mice, AHH
inducibility (AHH activity in 3-methylcholanthrene
{MC)-treated mice/AHH activity in olive oil (vehicle)-
treated mice) is under the control of the A4 locus and
certain inbred strains of mice are susceptible to AHH
induction by MC treatment (Ah responsive strains),
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while other strains are not (Ah non-responsive strains).
Although a strong correlation was observed between
AHH inducibility and tumor incidence in mice,"? the
effect of AHH induction on tumorigenesis depends on
the effects of the inducer on both metabolic activation
and detoxification, the animal model and the carcinogen
administered. Thus, the effect of AHH induction on
tumorigenesis is complex. Since AHH is considered to be
responsible in humans for the activation of benzo[a]-
pyrene (BP) and other polyaromatic hydrocarbons
(PAHSs) in cigarette smoke to carcinogens, it may also be
important in the causation of lung cancer.

Kellermann er al.>* reported that the group of inter-
mediate and high AHH inducibility (MC-induced AHH
activity/non-induced AHH activity) appears to have a
15-fald and a 36-fold increased risk for lung cancer,
respectively, as compared to the group with low AHH
inducibility. Subsequently, Guirgis et al® reported
higher AHH activity in patients with lung cancer and
Trell and his colleagues® described an increase in the
frequency of intermediate and high AHH inducibility in
persons with laryngeal carcinoma. Much effort has been
made to determine the relationship between AHH activ-



ity or inducibility and susceptibility to lung cancer or
other forms of cancer in human populations as well, but
the results were not very consistent.”'? The main reason
for this inconsistency may have been difficulty in the
measurement of AHH activity in lymphocytes. AHH
activity is affected by many internal factors, such as age,
gender and race, and external factors, such as smoking,
medication and food intake (e.g., coffee intake). In addi-
tion, the conditions of cell culture can affect AHH activ-
ity. AHH inducibility is accepted as a much better indica-
tor than specific AHH activity because of a high herita-
bility.'"® Comparison of AHH inducibility between
healthy controls and lung cancer patients, however, is
difficult because of altered AHH activity in cancer pa-
tients owing to chemotherapy, the tumor burden and
50 on.

The human cytochrome P450 (CYP)1A1 is of critical
importance for the metabolism of PAHs. Recently, a
close correlation between development of lung cancer
and a Mspl restriction fragment length polymorphism
(RFLP) of the 3’-flanking region { Mspl polymorphism)'®
and an adenine-to-guanine mutation at residue 462 in
exon 7 (Ile-Val polymorphism)'? of the human CYP1A1
gene were reported. It is possible that nucleotide substitu-
tion in exon 7 may change the catalytic activity (non-
induced AHH activity). Not only AHH inducibility
(regulated by transcriptional factors), but also AHH
activity (catalytic activity of already-expressed protein)
would seem to be important for susceptibility to lung
cancer.

In this study, we examined the correlation of AHH
activity and AHH inducibility phenotypes with MspI and
Ile-Val polymorphisms of the CYP1A1 gene using pe-
ripheral lymphocytes from healthy subjects.

MATERIALS AND METHODS

Chemicals 3-Hydroxybenzo|a|pyrene (3-OHBP) was
kindly provided by Dr. N. Kinoshita, School of Health
Sciences, Kyushu University, Fukuoka. BP was pur-
chased from Sigma Chemical Co. (St. Louis, MO) and
recrystallized from methanol solution. Restriction endo-
nuclease Mspl and AmpliTaqg DNA polymerase were
obtained from Takara Shuzo Co. (Kyoto) and Perkin-
Elmer Corporation (Norwalk, CT), respectively. All
other chemicals and reagents were of the highest quality
commercially available.

Subjects and sample collection Fighty-four Japanese
healthy male volunteers (employees of Fukuoka prefec-
tural government), aged 20 to 60 (mean 36.830.84
years), participated in this study. The subjects gave writ-
ten informed consent and completed a short question-
naire on recent diet, illness and smoking habit (ciga-
rettes/day). They consisted of both smokers and non-
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smokers and were not under medication. Heparin (40
IU/ml) was used as an anticoagulant and the blood was
generally processed within 2 to 3 h after collection (time
of blood collection; 12;00-13:00 p.m.). The blood collec-
tion was carried out from October 1992 to December
1992 (winter season}.

Separation of lymphocytes A large portion of the blood
sample (20-25 ml) was diluted 1:1 with 0.01 M phos-
phate-buffered saline (PBS, pH 6.8). Diluted blood was
then layered over one-third volume of Ficoll-Conray
solution (specific gravity, 1.077) gradient, and spun at
1500 rpm at room temperature for 30 min. We collected
a lymphocyte-rich interphase fraction that formed a
white fluffy ring on top of the Ficoll-Conray solution.
The Iymphocyte-rich fraction was mixed with 10 ml of
RPMI-1640 medium (penicillin 100 g/ml, streptomycin
50 ug/ml and phytohemagglutinin and pokeweed mito-
gen, both diluted 1:100 with distilled PBS) and spun at
2000 rpm for 10 min to sediment the lymphocytes free of
platelets that remained in the supernatant. The lympho-
cyte pellet was resuspended in 10 ml of RPMI-1640
medium and spun again at 2000 rpm for 10 min. The
purified, washed and counted (1 10° cells/ml) lympho-
cytes were resuspended in complete RPMI-1640 medium
{containing 20% heat-inactivated fetal bovine serum).
Ten ml of cell suspension in a flask was incubated at 37°C
for 43 h in an atmosphere of fully humidified air with
5% CO,.

AHH assay At 48 h, 5 gl of MC in acetone, to give a
final concentration of 2.5 uM, was added to the cell
culture (to obtain the MC-induced AHH activity). In a
control culture (to measure the non-induced AHH activ-
ity), the solvent (acetone) alone was added (5 ££1/10 ml
culture medium). Incubation was continued for an addi-
tional 48 h period. The cells from the culture flasks with
a viability of 90% or more were harvested, washed twice
with 0.05 M Tris-HCI buffer supplemented with 0.2 M
sucrose and 3 mM MgCl,, and assayed for AHH activity
at 37°C for 50 min with BP as a substrate.”” We con-
firmed (unpublished) that this AHH activity assay
method is reliable and reproducible.

Detection of Mspl and Ile-Val polymorphisms The DNA
was isolated from a small portion of the blood sample
(about 5 ml). The genotypes of the Mspl polymorphism
were identified as RFLPs by means of the polymerase
chain reaction (PCR).'® The genotype designated A is a
predominant homozygote, in which the Mspl site is
absent at the 3’-flanking region. A homozygous rare
allele was named genotype C, being derived from one
base substitution of T with C to form the Mspl site.
Genotype B is heterozygous for both alleles. The geno-
typing of lle-Val polymorphism was based on the pres-
ence or absence of a PCR product for two primers with
different 3’-terminal bases (A or G) according to the
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method of Nakachi et ql."” PCR was performed for 30
cycles of 1 min at 94°C for denaturation, 1 min at 50°C
for primer annealing and 1 min at 72°C for primer
extension. The other conditions were as described by
Hayashi et al.™®
Statistical analysis The analysis of variance was carried
out to examine the relationship between the two poly-
morphisms and AHH activity or AHH inducibility. Al
the independent variables, age, smoking habit and two
polymorphisms, were treated as categorical ones. Age
was divided into 3 classes, 20-29, 30-39, and 40+ years
old, smoking habits into 2 classes (non-smoker or current
smoker), and each of the polymorphisms inio 3 classes
(Mspl polymorphism, genotypes A, B and C; Ile-Val
polymorphism, genotypes Ile/Ile, Ile/Val and Val/Val).
All computations were carried out by using the Statis-
tical Analysis System (SAS).'®

RESULTS

Specific AHH activity and AHH indneibility Table 1
shows the non-induced and MC-induced AHH activities,
and AHH inducibility (MC-induced AHH activity/non-
induced AHH activity) in peripheral lymphocytes from
84 male subjects. The reproducibility of AHH activity
was confirmed. Non-induced AHH activity ranged from
0.008 to 0.154 pmol/min/10¢ cells with a mean value of
0.04820.003 pmol/min/10° cells. Treatment with MC
increased AHH activities from 1.19 to 20.77 fold (mean
value: 5.70£0.39 fold) and MC-induced AHH activities

Table I. Inducibility” of Aryl Hydrocarbon Hydroxylase
(AHH) in Lymphocytes from 84 Human Subjects
Specific AHH activity AHH
Age inducibility
Non-induced  MC-induced {MC/Non)
Mean 36.68 0.048 0.242 5.70
Range 20-52 0.008-0.154 0.037-0.812 1.19-20.77
SE 0.84 0.003 0.017 0.39

a) Values relative to the AHH activity (3-hydroxy BP
formed, pmol/min/10% cells) of the acetone-treated cells.

reached 0.037-0.812 pmol/min/10¢ cells (mean value:
0.24210.017 pmol/min 10° cells). Very wide ranges of
non-induced, MC-induced AHH activities and AHH in-
ducibility were observed. As the distributions of the
activities and the inducibility showed skewed patterns,
their values were converted into natural logarithms.
Then the distributions became close to normal distribu-
tions.

Analysis of variance of non-induced AHH activity in
relation to selected variables Analysis of variance of
non-induced AHH activity in Table II showed that the F
value for the model described in “Materials and
Methods” was 2.49 (P=0.024). The genotypes of the
CYP1A1 gene ascribed to the Mspl site as identified by
RFLPs and PCR were in complete agreement with those
obtained by Southern blotting analysis (data not shown).
Mspl polymorphism (P=0.009) was significantly related
with non-induced AHH activity, When Tie-Val polymor-
phism was divided into 2 classes (genotypes Ile/Ile and
Ile/Val vs. genotype Val/Val), Ile-Val polymorphism (P
=0.03) was significantly related with non-induced AHH
activity.

AHH activity and AHH inducibility in relation to Ile-
Val polymorphism Table III shows that the frequencies
of the three genotypes Ile/Ile, Tle/Val and Val/Val were
75.0% (63 of 84), 19.0% (16 of 84) and 5.9% (5 of 84),

Table II. Analysis of Variance of Non-induced AHH
Activity
Source Dfegree of ~Sum of F-value P R?

Treedom  squares

Model 7 6.10 249  0.024 0.190

Error 74 2594

Corrected total 81 32.04

Age class 2 0.203 0.29 0.749

MspI® 2 156 507  0.009

Te-Val® 2 1.87 2.67  0.076

Smoking status 1 0.01 0.03 0.874

a} Mspl polymorphism (genotypes A, B and C),
b) Ile-Val polymorphism (genotypes Ile/lle, Ile/Val and Val/
Val).

Table III. AHH Activity and Inducibility” in Relation to Ile-Val Polymorphism

N Specific AHH activity AHH inducibility
(%) Non-induced MC-induced (MC/Non)
Tle/Tle 63 (75.0) 0.04410.004 0.229£0.020 5.81£0.46
Ile/Val 16 (19.0) 0.047+0.007 0.2951+0.041 7.52+1.26
Val/Val 5 (5.9) 0.076+0.0109 0.266+0.052 3.511+0.48

a) Adjusted for age.

5) Significantly different from genotypes Ile/Ile and Ile/Val (£<0.05).
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Table IV. Analysis of Variance of AHH Inducibility in Relation to Age Class, Genotype and
Smoking Status

Sum of

Source Dregree of F-value P R?
reedom squares

Model 7 10.49 7.98 < 0.0001 0.430
Error 74 13.89

Corrected total g1 24.38

Age class 2 1.66 4.43 0.0153

MspI®} 2 7.21 19.20 < 0.0001

Ile-Val? 2 0.26 0.68 0.5092

Smoking status 1 0.06 0.34 0.5884

a) Mspl polymorphism (genotypes A, B and C).
a) Ile-Val polymorphism (genotypes Ile/Tle, Ile/Val and Val/Val).

Table V. AHH Activities and Inducibility® in Relation to Mspl Polymorphism

N* Specific AHH activity AHH inducibility

(%) Non-induced MC-induced (MC/Non)
Genotype A 38 (46.3) 0.05110.005 0.244£0.027 4.8910.36
Genotype B 37 (45.1) 0.0490.005 0.230+0.025 4.82+0.29
Genotype C 7 (8.35) 0.022+0.003% 0.296+0.050 13.61:£1.44%

a) Adjusted for age.

b) Because of missing values, 82 subjects were included in the analysis.
¢) Significantly different from genotypes A and B (P<0.0001).

d) Significantly different from genotypes A and B (P<0.04).

respectively. Non-induced AHH activity of genotype
Val/Val was significantly higher than those of genotypes
Tle/Tle and Ile/Val (P<0.05)}. MC-induced AHH ac-
tivities and AHH inducibilities among these genotypes
did not differ significantly. Values of non-induced AHH
activity of the three genotypes (mean+SE) were 0.044 =
0.004, 0.047+0.007 and 0.076+0.010 pmol/min/10°
cells, respectively.

Analysis of variance of AHH inducibility in relation to
selected variables Analysis of variance of AHH in-
ducibility in Table IV showed that the F value for the
model described in “Maierials and Methods” was 7.98 (P
<0.0001). Mspl polymorphism (£<0.0001) and age
class (P=0.0153) were significantly related with AHH
inducibility, while smoking was not.

AHH activity and AHH inducibility in relatien to Mspl
polymorphism Table V shows the frequencies of the
three genotypes and the AHH activity and inducibility
for each of them. Adjustment was done for age class
only, because the relation between AHH inducibility and
smoking status was not significant in this group. The
frequencies of genotypes A, B and C were 46.3% (38 of
82), 45.19 (37 of 82) and 8.5% (7 of 82), respectively.
Non-induced AHH activity of genotype C was signifi-

Number of subjects

2 4 6 8 10 12 14 16 18 2 22
AHH inducibility

Fig. 1. Distribution of AHH inducibility after-age adjust-
ment. O, genotype A; B, genotype B; W, genotype C.

similar. The AHH inducibilities of the three genotypes

cantly lower than those of genotypes A and B (P<0.04).
MC-induced AHH activities among these genotypes were

(mean=*SE) were 4.8970.36, 4.820.29 and 13.61%
1.44, respectively. Age-adjusted AHH inducibility of
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genotype C was much higher than those of the other two
genotypes (P<0.0001), while no significant difference
was observed between genotypes A and B.

Distributions of AHH inducibility Fig. 1 illustrates the
distributions of AHH inducibility of the three genotypes
after age adjustment, The distributions of genotype A
(1.19-9.93) and B (1.81-9.18) were mostly overlapped
and in the range of less than 10, while genotype C
(10.00-20.77) showed a distinctively higher distribution.

DISCUSSION

BP and other PAHs are suspected to cause cancers,
including cancer of the human lung. They occur in
cigarette smoke and are formed whenever organic matter
is burned with an insufficient supply of oxygen. AHH is a
component of the microsomal mixed function oxidase
system dependent upon NADPH and CYP. The CYP
gene is up-regulated (induced) by PAHs, 2,3,7,8-tetra-
chlorodibenzo-p-dioxin and so on. As the inducibility of
CYPIAI increases, so does the metabolism of procarci-
nogenic PAHs to reactive carcinogenic intermediates;
enhanced metabolism often leads to a higher risk of malig-
nancies in mice.'” In previous studies, high AHH induc-
ibility has also been correlated with an increased risk of
bronchogenic carcinoma in comparison with a control
group matched for age, sex, and cigarette-smoking
history.>'» Despite much effort, this association has not
been fully established yet. In our previous study,?® a very
wide range of AHH inducibility was observed and this in
turn suggests that varying genetic susceptibility to in-
ducers of the enzyme may exist among the human popu-
lation. Consequently, toxic/carcinogenic responses to
chemicals may vary from person to person. A person
with high AHH inducibility may be more sensitive to
toxic chemicals than a person with low AHH induc-
ibility. At present, details of the mechanisms of both
AHH induction and AHH genetic variations in individu-
als are unclear. Nevertheless, inherited inducibility of the
AHH activity is believed to be an essential factor in
carcinogenesis due to the PAHs.2"

Several CYP1A1 RFLP patterns have been reported in
recent years.™ ) A close correlation between develop-
meni of lung cancer and two CYPLA1 polymorphisms
(Mspl and Tle-Val) was described in Japanese,'” but was
not reproduced in non-Japanese populations.’® This
ethnic difference might be due to the allelic frequency in
two polymorphisms. For example, the frequency of the
genotype C (m2/m2) allele of m2 was 0.332 in a Japa-
nese population,'® but 0,115 in a Norwegian popula-
tion.”® Thus, the homozygous site present in the Euro-
pean Caucasian population (0.115%) was about ten times
less than in the Japanese population (0.332%), and the
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Ile-Val polymorphism was less common than the Mspl
polymorphism.'** Moreover, the two polymorphisms
are closely linked in Japanese and Northern Euro-
peans.'**® The frequency of each genotype in two poly-
morphisms reported by Japanese reseachers'®' coin-
cided with our result. We could not, however, detect
whether these polymorphisms are in genetic disequilib-
rinm with our limited current sample size and somewhat
biased sample. Unexpectedly, high AHH inducibility is
related to low non-induced AHH activity (Table V).
This result was not consistent with the finding that the
two polymorphisms are closely linked. We should empha-
size again that the object of this study was to determine
the relationship between the phenotype of CYP1A1l and
the genotype of CYP1A1 using peripheral lymphocytes
from healthy controls.

As stated earlier, comparisons of AHH activity be-
tween healthy controls and lung cancer patients present
problems. AHH activity of lung cancer patients is likely
to be distorted by a number of factors. For example,
radiation therapy may decrease the lymphocyte count,*
lymphoblast formation and mitogen response.*” A linear
relationship between AHH inducibility and lymphoblast
formation has been suggested.’” Poor lymphoblast for-
mation in lung cancer patients may lead to underestima-
tion of AHH inducibility. Besides, poor lymphocyte
growth in culture may cause difficulty in assessing the
AHH inducibility of lung cancer patients.” Lymphocytes
are not the primary target for the carcinogenic action of
PAHSs. One of the important questions is whether AHH
inducibility in lymphocytes correlates with AHH induc-
ibility in other tissues of the same individuals. Although
few data are available on this point, AHH inducibility in
lymphocytes from several mouse strains was found to
correlate well with that in non-lymphoid tissues from
those strains.*> %

If the CYP1Al induction phenotype could be assessed,
this might be helpful in predicting individual risk of
cancer and toxicity. However, the determination of the
CYPI1ALI induction phenotype by enzyme assay is very
laborious and cumbersome because the procedure re-
quires more than 20 ml of blood, the isolation and
culturing of lymphocytes for 4 days, and a spectrophoto-
fluorometric assay involving hazardous chemicals.!>39
On the other hand, the determination of CYP1A1 geno-
type could easily be done in only a day. It is worthwhile
to determine the refationship between the CYP1A1 phe-
notype and genotype.

In conclusion, although it may be reasonable to assume
a close association between high AHH inducibility and
genotype C, no report has yet clarified this association.!'"
Fortunately, there are many MC high responders among
the Japanese. In the present study, we examined the



relationship between the phenotype of CYP1A1 gene and
the genotype of CYP1A1 gene in 84 males and found that
people who possesses genotype C showed remarkable
higher AHH inducibility than those with genotypes A
and B. Our result suggests that identification of genotype
C smokers, who have high AHH inducibility and are
genetically susceptible to lung carcinogenesis, would be
helpful for the prevention of lung cancer.
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