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Association between Smoking Habits and Tryptophan Hydroxylase Gene C218A
Polymorphism among the Japanese Population

Shoichi Mizuno,* Hidemi Ito,** Nobuyuki Hamajima,* Akiko Tamakoshi,* Kaoru Hirose,*

and Kazuo Tajima.®

BACKGROUND: Genetic polymorphisms have proposed a new insight in smoking behavior. Genes
in serotonin system are one of the candidates because of serotonin's role in mood regulation. A poly-
morphism C218A in intron 7 of the tryptophan hydroxylase (TPH) gene has been hypothesized in rela-
tion to smoking predisposition.

METHODS: We examined the association on two Japanese populations: one was from the first-visit
outpatients of Aichi Cancer Center Hospital during 3-month period between April and June, 2001
(N=591), and the second was from the examinees who attended a health checkup program supported
by the Nagoya municipal government in 2000 (N=446). Written documents on informed consent were
obtained and lifestyle questionnaires were recorded. TPH C218A genotypes were determined by the
polymerase chain reaction with confronting two-pair primers (PCR-CTPP) method.

RESULTS: The frequencies of the C- and A-allele were 52% and 48%, respectively, which was in
Hardy-Weinberg equilibrium. As for current smoking status, no associations were statistically observed.
It was, however, indicated that smokers with A/A genotype started smoking earlier in their life. Among
male health examinees, mean ages at starting smoking were 18.7 (A/A), 19.9 (C/A), and 22.4 years
(C/C), (P<0.01). Also, on the Aichi Cancer Center Hospital subjects aged 60 and older, mean ages
were 19.0 (A/A), 20.2 (C/A), and 20.3 years (C/C) for males and 22.3 (A/A), 31.0 (C/A), and 33.0 years
(C/C) for females (P<0.05).

CONCLUSIONS: The present study demonstrated that the TPH C218A polymorphism in intron 7 had
no association with current smoking status in Japanese population. The hypothesis of early smoking
initiation of A/A genotype was partially in agreement.
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Smoking is known to be a major health hazard. While its preva-
lence continues to decline in middle-aged and older Japanese
males,® it is still high among developed countries. The Health
Promotion Law in 2003 is now in effect in Japan, and it is expect-
ed that the incidence of smoking will decrease. The prevalence of
smoking is relatively high for the generations who were born after

World War 112 and according to a recent study, juveniles start
smoking is at much younger age.®

The associations of genetic polymorphisms and smoking sug-
gested a new insight.*> Genes related to dopaminergic reward
pathways are major targets and their modifiers,®® including sero-
tonin, are all reasonable candidates. Along with these lines,
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because the tryptophan hydroxylase (TPH) gene codes for a pri-
mary enzyme in the biosynthesis of serotonin and its genetic vari-
ation were able to alter the risk for smoking dependence, a poly-
morphism TPH C218A in a non-coding region, intron 7, linked to
C779A variant,** have been studied and hypothesized that it
might play a role in smoking predisposition, smoking initiation
and/or persistence.***

To investigate the role of the TPH C218A polymorphism in the
smoking behavior for the Japanese, we conducted an epidemio-
logic population study.

METHODS

Study subjects

There were two samples in this study. One was sampled from
first-visit out-patients at Aichi Cancer Center during a 3-month
period between April and June, 2001 on a framework of the
Hospital-based Epidemiologic Research Program at Aichi Cancer
Center-1I (HERPACC-I1I).* Among 1,022 first-visit outpatients,
595 provided a 7 mL of peripheral blood. For each patient, a writ-
ten form of informed consent was obtained for gene polymor-
phism tests without specification of names of polymorphisms and
then consecutively invited to lifestyle questionnaires and periph-
era blood donation. Excluding four individuals for whom geno-
types could not be identified, the number of study subjects was
591 in total, with 267 males and 324 females. In Aichi Cancer
Center series, never smokers were identified as those who smoked
less than 100 cigarettes in the past, current smokers as those who
smoked at least in the past one year, and former smokers as those
who quit smoking more than one year before the questionnaire
study. This study had been approved by the Ethical Committee at
Aichi Cancer Center before the study started (Ethical Committee
Approval Numbers 41-2).

The second series of subjects were sampled from the examinees
in August and September in the year 2000, who attended a health
checkup community program for the inhabitants of Nagoya City
supported by the Nagoya Municipal Government. A written
informed consent to anonymous use of the residual blood as well
as information on demographic characteristics and smoking habits
was obtained after the blood draw for the health checkup.
Usually, about 2 mL of blood was left after the routine tests. No
extra blood draw was conducted. Out of 489 examinees invited to
the study, 468 (96%) agreed to provide their residual blood for
genetic tests along with the requested information. Three residual
blood samples did not allow DNA extraction. Eleven participants
with a cancer history, including two individuals with stomach
cancer, were excluded. Within the remaining 454 subjects (126
males and 328 females) aged 35 to 85 years, genotypes of three
males and five females could not be identified so that the rest of
123 males and 323 females were the subjects of this study. The
Ethical Committee of Aichi Cancer Center had approved this
study in 1999 (Approva number 12-23).

Genotyping

DNA was extracted from 200 pL buffy coat preserved at —800]

by QIAamp DNA Blood Mini Kit (QIAGEN Inc., Vaencia, CA).
The genotyping was conducted by a novel PCR technique, poly-
merase chain reaction with confronting two-pair primers (PCR-
CTPP).*** The primers were F1: 5ATC CCT TCT ATA CCC CAG
A, R1: 5'CTA TGC TCA GAA TAG CAG CTA T, F2: 5TAA TTG
ACA ACC TAT TAG GTG C, and R2: 5TAC CTA TGG ACA TCC
ACA TG for detecting C218A polymorphism. The underlined are
the site of a single nucleoctide polymorphism.

Genomic DNA (30ng to 100ng) was used in a volume of 25uL
with 0.1mmol dNTPs, 25 pmol of each primer, 0.5 units of
"AmpliTaq Gold" (Perkin-ElImer Corp., Foster City, CA, USA),
and 2.5 pL 10x PCR Buffer including 15mmol MgCla. A 2.5uL
of glycerol was added in genotyping for C218A polymorphism.
PCR for C218A was conducted as follows; a 10 min of initial
denature at 9500 , 35 cyclesof 1 minat 9500 , 1 min at 600 , and 1
min 7200 , and a5 min of fina extension at 7200 .

Amplified PCR products were visualized on a 2% agarose gel
with ethidium bromide staining. Genotyping of C218A is 382-bp
for C allele and 265-bp for A alele with a 603-bp common band.
Figure 1 shows a representative result of genotyping for C218A.

Statistical analysis

C218A polymorphism was analyzed according to smoking status.
Frequencies were tested statistically using chi-square tests.
Among current and/or ever smokers, the number of cigarettes
smoked per day, ages at starting smoking, and scores of
Fagerstom Test for Nicotine Dependency*® were analyzed by
using an analysis of variance, a multivariate analysis, and/or a
nonparametric test. The fitness for Hardy-Weinberg equilibrium
was examined by "genhwi" command of the computer program
STATA® Version 7 (STATA Corporation, College Station, TX,
USA).

Figure 1. Representative examples of agarose gel electrophoresis.
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C218A polymorphism, lane M for a 100-bp ladder marker, lane 1
for A/A genotype, lane 2 for C/A genotype, and lane 3 for C/C
genotype.
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RESULTS

Ages of Aichi Cancer Center subjects were 56.8+ 12.7 (meant
standard deviation) yearsin males (N=267), and 49.9+ 13.9 years
in females (N=324). Ages of health check-up examinees were
63.7+ 11.1 years in males (N=123), and 56.3+ 11.7 in females
(N=323). Aichi Cancer Center subjects were younger in age than
health check-up examinees.

Table 1 shows the numbers of study subjects by smoking status
according to sex and age. Among the Aichi Cancer Center sub-
jects, prevalence of smoking status was as follows: current, for-
mer, and never smoker was 41.6%, 38.2%, and 20.2% in males,
and 17.9%, 7.1%, and 74.4% in females. Two subjects (0.6%) had
no smoking information and they were omitted in subsequent
analysis. For the health check-up examinees, the smoking preva-
lence was; 37.4%, 4.9%, and 57.7% in males, and 5.6%, 1.2%,
and 93.2% in females.

Table 1. Sex and age distributions of the subjects according to smoking status.

Table 2 shows C218A genotype frequency by sex. Difference
was not statistically significant between males and females.
Genotype frequency was in excellent agreement with Hardy-
Weinberg equilibrium for both males and females. In a total of
1037 subjects examined, genotype frequency of C/C, C/A, and
A/A was 27.6%, 48.1%, and 24.3%. The overdl frequency of C-
and A-allele was 51.6% and 48.4%, respectively.

Table 3 shows C218A genotype frequency according to smok-
ing status. Association was not statistically significant.

Among ever smokers with information obtained, ages at start-
ing smoking, the number of cigarettes smoked per day, Fagerstém
test for nicotine dependence were analyzed. As shown in Table 4,
C218A polymorphism did not show statistical difference among
Aichi Cancer Center subjects. As for the male health examinees,
however, the subjects of A/A genotype started smoking earlier in
their life, 18.7 years, compared to C/A genotype, 19.9 years, and
C/C genotype, 22.4 years. The variation was statistically signifi-

Table 2. TPH C218A polymorphism by sex.

Age(year) Male Female CIC C/IA AA Total
Current Former Never Total  Current Former Never Unknown Total Aichi Cancer Center Outpatients

Outpatients at Aichi Cancer Center Hospital Male 70(26.2) 129(48.3) 68(25.5) 267
18-29 5 2 2 9 8 1 13 2 24 Female  84(25.9) 162(50.0) 78(24.1) 324
30-39 11 3 6 20 19 3 43 65 Total 154(26.1) 291(49.2) 146(24.7) 591
40-49 18 10 5 33 15 3 40 58 Health Examinees
50-59 41 31 14 86 12 8 74 94 Male 35(28.5) 59(48.0) 29(23.6) 123
6069 26 33 16 75 4 7 42 53 Female 97(30.0) 149(46.1) 77(238) 323
70-79 10 23 11 44 0 1 29 30 Total 132(29.6) 208(46.6) 106(23.8) 446
Tota 111 102 54 267 58 23 241 324 Total  286(27.6) 499(48.1) 252(24.3) 1037
Health Examiniees Percentages in parentheses
35-39 7 0 2 9 3 1 35 39
40-49 4 0 3 7 8 1 41 50
50-59 4 0 6 10 5 2 83 90
60-69 20 3 39 62 1 0 109 110
70-79 11 2 18 31 1 0 29 30
80-85 O 1 3 4 0 0 4 4
Total 46 6 71 123 18 4 301 323

Table 3. TPH C218A polymorphism by smoking status.

Male Femae

Smoking Status C/C CIA AA Total CiC CIA AA Total

ACC Outpatients

Current 30(27.0) 52(46.8) 29(26.1) 111 17(29.3) 24(41.4) 17(29.3) 58

Former 27(265) 51(50.0) 24(235) 102 3(13.0) 15(65.2) 5(21.7) 23

Never 13(24.1) 26(48.1) 15(27.8) 54 64(26.6) 122(50.6) 55(22.8) 241

Total 70(26.2) 129(48.3) 68(25.5) 267 84(26.1) 161(50.0) 77(23.9) 322

Pearson chi-square = 0.52, p> 0.97 for males, Pearson chi-square =4.57, p>0.33 for females.

Health Examinees

Current 12(26.1) 23(50.0) 11(23.9) 46 6(33.3) 8(44.4)  4(22.2) 18

Former 0(0.0) 4(66.7) 2(33.3) 6 1(250) 2(50.0)  1(25.0) 4

Never 17(239) 32(45.1) 22(310) 71 70(23.3) 139(46.2) 92(30.6) 301

Total 29(23.6) 59(48.0) 35(285) 123 77(23.8) 149(46.1) 97(30.0) 323

Pearson chi-square = 2.69, p> 0.61 for male,

Pearson chi-sgaure =1.17, p>0.88 for females.

Percentagesin parentheses.
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Table4. Ageat starting smoking by TPH C218A polymorphism.

Aichi Cancer Center Outpatients

Health Examinees

Mae Female Mae Femae
Mean(SD) N Mean(SD) N Mean(SD) N Mean(SD) N
C/IC 195(2.8) 58 245(8.3) 19 224(45) 12 21.3( 25 4
C/A 19.7(2.1) 103 23.2(7.0) 38 19.9(1.5) 27 274(12.4) 10
AA 19.7(27) 53 26.09.2) 23 18.7(20) 11 240( 47) 7
F=0.14, p>0.87, F=0.95, p>0.39, F=6.23, p<0.01, F=0.70, p>0.50

97

SD: standard deviation

Table 5. Age at starting smoking of Aichi Cancer
Center outpatients with ages 60 and ol der.

Mae Female
Mean(SD) N Mean(SD) N
C/IC 20.3(34) 26 33.0(132) 3
C/IA  20.2(26) 47 310081 5
A/A 19011 20 223( 25 3

p<0.05, (A/A started smoking earlier than other

genotypes),

P-value was obtained by a multivariate regression

analysis with sex adjusted.

SD: standard deviation

Percentages in parentheses.

cant (p<0.01), and a test for linear trend showed a significance
(p<0.01).

Asfor Aichi Cancer Center subjects with ages 60 and older, the
subjects with genotype A/A started smoking earlier than the sub-
jects of genotype C/A or C/C, which was statistically significant
(p<0.05) from a multivariate regression analysis with sex adjusted
(Table5).

DISCUSSION

We have been investigated genetic influence on one's smoking
behavior, on genes related to neurotransmitters of dopaminergic
reward pathways™ and inflammation.?® The present study was
conducted because the TPH gene codes for a primary enzyme in
the biosynthesis of serotonin, and its genetic variation was mean-
ingfully able to alter the risk for smoking dependence, and two
closely linked variants in intron 7 have been studied extensive-
|y.5‘9-12

The present study demonstrated that the C218A polymorphism
in intron 7 of the TPH gene showed no significant association on
the Japanese population with respect to their current smoking sta-
tus. Smokers with genotype A/A, however, might be partially pre-
disposed to early smoking initiation.

Overall frequencies of the TPH C218A C- and A- dlele were
52% and 48% for our Japanese study population (N=1037).
Sullivan et a. investigated the C218A polymorphism among reg-
ular smokers (N=482) and lifetime nonsmokers (N=207), and

reported A- allele frequencies of 43.0% and 31.1%, respectively,
recognizing a statistical significance.* Lerman et al., however,
reported an A- alele frequency of 43% among smokers and 40%
among nonsmokers, negating any statistical association on smok-
ing status.** As shown in Table 3, the C218A polymorphism
showed no association with the current smoking status in
Japanese population.

Analyzing characteristics of smokers, aforementioned
researchers, Lerman et a.,** found that the ages when they started
smoking were 15.6, 17.1, and 17.4 years, according to genotypes
of A/A, A/IC and C/C, respectively, and concluded that the pres-
ence of an A/A genotype may predispose a person to initiate
smoking early. Compared to those with other genotypes, the indi-
viduals with the A/A genotype were expected to exhibit their pre-
disposition for smoking by taking up smoking about 1.5 years
earlier than the others. As shown in Tables 4 and 5, our results
were in agreement only in part. Among the male health check-up
examinees, the data on those with the A/A genotype who had ever
smoked showed a tendency to initiate smoking early (i.e., amean
of 2.0 years earlier than other genotypes). The extent of earliness
in smoking initiation, 2.0 years, was in good agreement to the
finding of Lerman et a. Since the ages of Aichi Cancer Center
subjects were younger, we conducted a subpopulation analysis,
restricting the Aichi Cancer Center study subjects to those aged
60 and older (as shown in Table 5) with consideration that smok-
ing behavior is much age dependent. Then, smokers of the A/A
genotype started smoking earlier than smokers of other genotypes
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Table 6. Analyses of smoking history by TPH C218A polymorphism (mean and standard deviation).

Smoking variables AIA CIA CIC F statistic p value
Maes (N) 9 24 16
Ageat starting smoking (year) 187+ 1.7 191+ 18 199+ 38 082 0.45

Nicotine dependence (FTND) 35+ 31
Smoking rate(cigarettes/day) 17.0+ 9.7
Females (N) 12
Age at starting smoking (year) 20.2+ 4.2
Nicotine dependence (FTND) 33t 27
Smoking rate(cigarettes/day) 149+ 134

20.7+ 81

20.6+ 3.0

131+ 7.3

39+ 19 43+ 29 032 0.73
234+ 115 13 0.29
25 12

219+ 75 045 0.64
32+ 20 23+ 26 065 0.53
112+ 55 054 0.59

The Aichi Cancer Center outpatients with ages younger than 50 years were analyzed.

FTND: Fagerstém Test for Nicotine Dependency

(p<0.05), which was demonstrated in a gender-adjusted multivari-
ate regression anaysis.

Considering the discrepancy observed in the smoking history of
the Aichi Cancer Center subjects, especialy ages when smoking
was started, those who ever smoked at all were further tabulated
in Table 6 among the Aichi Cancer Center subjects with their
ages restricted to less than fifty. The association with a C218A
polymorphism was demonstrated on neither the age when smok-
ing was started, the daily number of cigarettes, nor Fagerstém
Test Score for Nicotine Dependency. The age when smoking was
started was much lower, especially in women.

While the tendency to smoke is declining in Japan, the age at
which youngsters take up smoking has shown a marked increase
in recent years. It is believed that the trend has its origin in socio-
environmental factors. The admittance of the genetic factor
described above on a middle-to- aged population might be due to
the results obtained from smoking cessation after middle ages.
Individuals start smoking for various reasons, and the factors in
the background might sometime act multiplicatively or additively.
In the future when the prevalence of smoking stabilizes, the con-
tribution of genetic factors may be much more easily evaluated
and our results may gain significance.

Although our results were not altogether convincing for the
younger generation, the hypothesis that an individua with the AJ/A
genotype initiates smoking early in life was partially in agreement
with the data obtained from the Japanese population. This finding
together with other works provides preliminary knowledge in
understanding the role of serotonergic genes on smoking behav-
ior. Research on genes and/or socio-behavioral-environmental
factors and their interactions is encouraged to obtain a better
understanding of the prevalence of smoking and its future control
among the Japanese people.
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