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Association of polymorphisms in proinflammatory cytokine genes with the

development of oral cancer in Southern Thailand

Abstract

Oral squamous cell carcinoma (OSCC) is highly prevalent in southeastern Asia
suggesting that region-specific environmental and biological factors contribute to the
development of this cancer. Exposure to oral carcinogens (i.e. betel quid) and pathogenic
agents (i.e. papilloma virus) is common among individuals that develop OSCC in countries
such as Thailand, India etc. However, not all individuals with such exposures develop the
disease suggesting that other factors further increase susceptibility to OSCC. It is therefore
plausible that functional variants in DNA repair genes and/or genes controlling inflammation
and immunological response play a role in determining susceptibility to OSCC. Previous
studies (including ours) have found an association between variants in DNA repair genes and
increased susceptibility to OSCC. By extension, the current study examined the association
between SNPs in genes encoding proteins involved in inflammation and immunomodulation
(IL1e, IL1B, IL8, TNFa) and OSCC. A total of 107 cases and 157 controls were analyzed.
OSCC cases were more likely to carry the “T™ allele at the ILI &% SNP than controls
(OR=2.0, 1.0-4.4). OSCC cases that smoke and drink were more likcly to carry either the
“T allele at the ILIS~*>* SNP (OR=10.4, 1.1-93.2) or the “C” allele at the TNFo''®*! SNP
(OR=3.4, 1.0-11.4) than controls. These results support the hypothesis that variants in
inflammatory or immunomodulatory genes influence susceptibility to OSCC in Thailand.
Larger studies are needed to confirm these results and more importantly to properly
investigate the complex interactions among genetic variants in DNA repair and inflammation
and other non-genetic susceptibility factors. In addition, laboratory experiments designed to

determine the functional properties of the genetic variants are needed.

Keywords: gene polymorphism, genetic susceptibility, acute phase cytokines,

inflammatory genes, oral cancer, molecular epidemiology, Thai population
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Introduction

Oral squamous cell carcinoma (OSCC) accounts for approximately 275,000 new
cases and 180,000 death around the world in 2002 (www.WHO.int). Among these cases,
two-third occurred in males. In addition, the highest incidence is found in Southeast Asian
countries, with closed to 200,000 new cases per year (Parkin et al., 2005). In Thailand,
OSCC incidence is highest in the Southern region of the country where it is ranked the

second in males among all cancers (Sriplung et al., 2005).

The high prevalence of OSCC in Asia may be due to the existence of certain life style
factors such as the chewing of betel quids together with or without tobacco, alcohol
consumption, cigarette smoking, infection with human papilloma virus and inadequate oral
hygiene (Cancela et al., 2009; Chen et al., 2002; Gheit et al., 2009; Jayalekshmi et al., 2009,
Kerdpon and Sﬁplung, 2001; Rahman et al., 2005; Syrjanen, 2005). In addition, genetic
susceptibility may play an important role (Bau et al., 2007; Drummond et al., 2005;
Hatagima et al., 2008; Kietthubthew et al., 2001; Kietthubthew et al., 2006; Marques et al.,
2006). The information indicates that many risk factors contribute to the development of

OSCC and additional factors remain to be determined.

Our current investigation is focused on the role of polymorphism of proinflammatory
cytokine genes on OSCC in Thailand. The rationale is that an intimate relationship between
chronic infection, inflammation and cancer development has been reported (Hussain and
Harris, 2007). The prevalent assumption is that reactive oxygen and nitrogen species

produced by inflammatory cells cause damage to important cellular components and



orchestrate a tumor-supporting microenvironment that support the initiation of cancer.
Important components in this linkage are the cytokines produced by activated innate immune
cells which stimulate tumor growth and progression. In addition, tobacco smoking creates
oxidative stress environment which stimulates and amplifies the production of numerous
proinflammatory cytokines such as interleukin—1p (IL1B), interferon-y, tumor necrosis
factor o (TNFw), etc. (Cooper and Magwere, 2008; Orosz et al., 2007). Later on, soluble
mediators produced by cancer cells recruit and activate inflammatory cells and further

stimulate tumor progression (Coussens and Werb, 2002; Hussain and Harris, 2007; Lin and

Karin, 2007).

There are only few reports on the role of polymorphisms in proinflammatory cytokine
genes and OSCC. These are reports among population in Taiwan (Liu et al., 2005), Greek
and German (Vairaktaris et al., 2008; Vairaktaris et al., 2007; Vairaktaris et al., 2006) and
Central and Eastern Furope (Campa et al., 2007). Along with other proinflammatory
cytokines, TNFa induces nitric oxide synthtase in a cholangiocarcinoma cell line (Jaiswal et
al., 2000). This enzyme produces nitric oxide, which can increase DNA damage by inhibiting
sensitive DNA repair enzymes, and thereby contributes to an increase in genetic mutations
(Jaiswal et al., 2000). In an oral epidermoid carcinoma KB CCL17 cell line, IL1 (a or B)
and IL8 play important roles in the cascade of interacting cytokines (Cheng et al., 2000).
Furthermore, an extract from the areca nut can directly alter inflammatory signaling (Chiang
et al., 2008). Therefore, we have explored the effect of polymorphisms of several
proinflammatory cytokine genes on the OSCC susceptibility in Thailand that has a very
serious OSCC cancer burden. Polymorphic genes were selected based on their reported
involvement in cancers risk (Campa et al., 2007; Lin and Karin, 2007; Liu et al., 2005; Patel

et al., 2006; Vairaktaris et al., 2007, Wang et al,, 2007). In our paper, we report an



association of SNPs; ILIa™* G/T (1s17561), ILIF™% C/T (1s1143634), IL8%' A/T
(rs4073), TNFo'%! T/IC (1s1799964), TNFa® CIT (1s1799724), TNFa*® G/A
(rs1800629) and TNFa'”*® G/A (rs361525) and the development of OSCC in a Southern Thai
population. In addition, their interactions with the polymorphisms in xenobiotic metabolizing

genes GSTMI +/-, GSTTI +/- (Kietthubthew et al., 2001), and DNA repair genes (YRCC/194

G/A and C/T; XRCC3241 C/T; XPC A/C and PAT; XPD 6 C/A, and A/C; and MGMT G/C

and C/T (Kietthubthew et al., 2006) on OSCC susceptibility are also presented.

Materials and Methods
Subjects

The cases were patients with cancer in the oral cavity diagnosed as OSCC (ICD-10:
C00-C06). The recruitment criteria and information collected were described previously
(Kietthubthew et al., 2001); patients with histologically confirmed squamous cell carcinoma
in the oral cavity were sequentially recruited from the Department of Radiology,
Songklanagarind Hospital, Hatyai, Songkhla, Thailand, before they had chemo- and/or radio-
therapy. The controls were recruited simultaneously from residents living in the similar
geographic area (Songkhla Province and its vicinity). All individuals voluntarily participated
in the study after they had provided informed consent. Each participant was personally
interviewed with a questionnaire. Both the consent form and the questionnaire had been
approved by the university ethics committee. The information collected and used in this study
were related to past history of individual's life style habits (tobacco smoking, use of
smokeless tobacco, betel chewing, alcohol drinking), other possible risk factors (occupational

exposure to toxic substances, nutrition, oral infection), as well as personal and family history



of various cancers. A total of 114 cases and 192 controls were recruited. Since cases and
controls were simultaneously and independently recruited, after matching on gender, 5-year

age group, and behavior of cigarette smoking and alcohol drinking, only 107 cases and 157

controls were eligible for further analysis.

Genotyping

Leukocytes DNA from both the patients and the controls were used for genotyping.
The TagMan® method (Applied Biosystems Inc.; Foster City, CA) was used to determine
genotypes for the selected SNPs in the candidate genes of interest. Genotypes for 7 SNPs in
4 candidate genes (ILIB, ILla, IL8 TNFa,) were determined using this approach.
Approximately 10 ng of genomic DNA were used in each genotyping. PCR in a 10 ul total
volume, and the manufacturer’s suggested protoco! was followed. The TagMan Genotyping
Buffer (ABI) was used in each reaction. We used a DNA Engine equipped with a Chromo4
Real-Time PCR Detection System (Bio-Rad Laboratories; Hercules, CA) for the PCR
thermal cycling. All reactions were carried out in tube strips fitted with optical caps (Bio-Rad
Laboratories). Negative (no template) controls were used in every run and when possible,
individuals of known genotypes for the candidate SNPs were included. Reactions were

performed in duplicate for each individual. Tablel provides information on the selected

SNPs for the genes under study.



Tablel Information regarding the selected SNPs under study in the candidate genes

of interest

Gene SNP Location  Polymorphism rsID ABI TagMan Assay
ILIB IL1p"%3 Exon 5 C>T 151143634 C__ 9546517 10
ILlx IL1a™% Exon 5 G>T 1s17561 C 9546471 10
IL8 I8! 5' UTR T>A 154073 C_ 11748116_10
INFa TNFa'%! 5 UTR T>C 151799964 C__ 7514871_10
TNFa INFa*7 5' UTR C>T 151799724 C_ 11918223 10
TNFa TNF % 5 UTR G>A rs1800629 C__ 7514879_10
INFo TNFa23® 5' UTR G>A 1s361525 C___2215707_10

Statistical Analysis

The qualified 107 cases and 157 controls were stratified by gender, 5-year age
stratum, cigarette smoking and alcohol drinking behaviors. Since the ratios between cases and
controls varied among matching strata (Table2), conditional logistic regression was used to
compromise the differences and to find odds ratios (ORs) of the association between
polymorphisms and oral cancer. In multivariate analysis of such associations, adjusted ORs
were calculated from the final minimum models which were different when the data were
stratified by smoking and drinking behaviors. P-value at the level of 0.05 was considered
significant and that greater than 0.05 but less than 0.10 was considered probably significant
since our sample size might not be large enough to make the predictors statistically
significant at the level of 0.05. We also use the term 'probably significant' when AIC and
likelihood ratio tests confirm significant difference of the final minimal model and the larger

one. Odds ratio (OR) for all three combinations of genotypes; wild-type, heterozygous and



homozygous mutations, was calculated separately. When one of the numbers of cases or
controls in the homozygous mutation group was zero and another was less than five, both
heterozygous and homozygous mutations were combined to get a more robust OR estimate.
Referring to our previous studies on interactions of OSCC susceptibility and SNPs xenobiotic
metabolizing genes (Kietthubthew et al., 2001), and DNA repair genes (Kietthubthew et al.,
20006), all of them were analyzed in multivariate analysis. Trend test for each SNPs was
calculated for trend in risk of héving cancer in the 3 genotypes; wild-type, heterozygous and

homozygous variants, respectively. All the analysis was done under R 2.8.1 environment

(Team, 2008).

Results

Table2 demonstrates matching strata with different case-control ratios. Strata are
arranged by cigarette smoking and alcohol drinking behaviors. The data indicate that smokers
and/or drinkers were mostly males while non-smokers and non-drinkers were mostly females.

Table2 Matching strata and frequencies of cases and controls by exposure to cigarette and

alcohol
Sex Age group Cases Controls
[107] [157]
Exposuare to both cigarette and alcohol
Male 4549 3 1
Male 50-54 8 8
Male 55-59 9 9
Male 60-64 7 5
Male 65-69 9 8
Male 70-74 10 15 ;
Male 75-79 13 6 ;
Male 80-84 2 4
No exposure to cigarette and alcohol
Male 55-59 1 1
Male 65-69 1 2
Male 70-74 3 1
Female 45-49 1 2
Female 55-59 2 1
Female 60-64 2 8
Female 65-69 5 11




Female 70-74 8 12
Female 75-79 3 21
Female 80-84 3 11
Female 85-89 3 3
Exposure to cigarette, not alcohol
Male 55-59 2 2
Male 60-64 2 2
Male 65-69 1 8
Male 70-74 3 6
Male 75-79 1 4
Male 80-84 3 4
Female 7(-74 1 1
Exposure to alcohol, not cigarette
Male 70-74 1 1

A summary of our statistical analysis of the cases and controls is shown in Table3.
Mean age of cases was 67.5 with standard deviation of 9.8 years and that of controls was 69.7
with standard deviation of 9.0 years. The percentage of males was higher among cases than
controls. The majority (57.0%) of cases were smokers and drinkers while 46.5% of controls
were non-smokers and non-drinkers.

Table3 Characteristics of cases and controls

Matched subjects
Cases (107) Controls (157)
No. (%) No. (%)

Sex

Male 79 (73.8) 87 (55.4)

Female 28 (26.2) 70 (44.6)
Smoking

Yes 74 (69.2) 83 (52.9)

No 33 (30.8) 74 (47.1)
Drinking

Yes 62 (56.9) 57 (36.3)

No 45 (41.3) 100 (63.7)
Smoking/Drinking

Both behaviors 61 (57.0) 56 (35.7)

One behavior 14 (13.1) 28 (17.8)

None 32(29.9 73 (46.5)
Betel chewing

Yes 50 (46.7%) 50 (31.9%)

No 57 (53.3%) 107 (68.1%)




Genotype distribution and allele frequencies of each SNP in the controls were tested,
and they were found to fit Hardy-Weinberg equilibrium expectations. Allele frequencies of

the SNPs are shown in Table4

Tabled Allele frequencies of the pro-inflammatory cytokine SNPs

SNPs Allele frequencies
ILIBP (C>T) C=0.9436
T =0.0546
L™ (G>T) G=10.8673
T=0.1327
IL8 B! (T>A) T=0.6349
A=0.3651
INFa'® (T>C) T=0.7178
C=0.2822
INFa&® (C>T) C=0.9371
T =0.0629
TNFa*® (G>A) G=0.9207
A=0.0793
TNFa 2 (G>A) G =0.9708
A=0.0292

In a crude analysis (TabieS), the most significant observation is the association
between oral cancer and the ILIa™**® SNP where heterozygous and homozygous (GT/TT)
genotypes increased the risk by 2.0 (95%CI: 1.1-3.9, p < 0.03) times for all cases and 2.7
(95%CI: 1.0-7.2, p < 0.05) times among those who smoke and drink. The heterozygous (TA)
genotype of IL&*! gene is associated with a decreased risk of oral cancer, OR = 0.4 (95%CI:
0.2-1.0, p < 0.04), but not among the homozygotes, OR = 0.8 (95%CI: 0.3-2.2). The other
genotypes in this study did not show an association with oral cancer and their ORs are either

closed to 1 or have wide confidence intervals.
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TableS Crude analysis association of genotypes of candidate genes and risk of oral cancer

SNP Matched-cases Matched-controls cOR 95%CI p-value p trend
No. % No. % lower upper

Overall (no & ever smoke and drink}

ILipg¥s  cc 82 882 126  88.7 1.00 0.66"
CT/TT 11 118 16 11,3 1.16 048 2.81 0.75

Liad™ GG 59 663 107 793 1.00 0.08*
GI/TT 30 337 28 207 202 106 387 0.03*

L& T 32 508 34 343 1.00 0.04%+
TA 21 333 49 495 044 020 098 0.04*
AA 10 159 16 16.2 0.80 029 2.18 0.66

INFa'™ TT 48 522 67 489 1.00 0.89*
TC 36 35.1 60 438 0.95 053 1.72 0.87
ccC 8 8.7 10 7.3 111 040 3.11 0.84

TNFo®  CC 82 854 129  86.6 1.00 -
CTTT 14 146 20 13.4 0.84 037 192 0.68

INFa™® GG 83 856 133 87.5 1.00 0.50*
GA/AA 14 144 19 12.5 0.55 0.14 2.10 0.38

TNF&™® GG 92 948 141 928 1.00 -
GA/AA 5 52 11 7.2 1.51  0.09 248 0.77

Ever smoke and drink

TIL1%® cc 46 868 48 923 1.00 -
CTTT 7 132 4 1.7 1.90 046 7.79 0.37

IL1a™¥ GG 34 654 42 84.0 1.00 0.16"
GT/TT 18 346 8 16.0 269 101 7.19 0.05*%

I8! T 17 472 11 26.8 1.00 0.13*
TA 15 417 23 56.1 044 0.16 1.24 0.12
AA 4 111 7 17.1 038 008 1.70 0.20

INFa'™' TT 26 49.1 29 55.8 1.00 0.40"
TC 22 415 20 384 143 0.61 3.35 0.41
cC 5 9.4 3 5.8 1.85  0.39 8.90 0.44

TNFa®  CC 45 833 41 77.4 1.00 -
CT/IT 9 167 12 226 0.59 021 1.71 0.33

TNF® GG 49 907 48 88.9 1.00 -
GAMAA 5 93 6 11.1 0.55 0.14 2.10 0.38

INFa&™ GG 53 98.1 53 98.1 1.00 -
GA/AA 1 1.9 1 1.9 151 009 248 0.77

Neither smoke nor drink

1IL18%% cC 27 90.0 58 87.9 1.00 0.82*
CT/TT 3 100 8 12.1 1.01 023 445 0.99

ILia*®™ GG 18 69.2 50 781 1.00 -
GT/IT 8 308 14 219 1.77 059 529 0.31

ns®! TT 12 600 17 362 1.00 0.13"
TA 4 200 21 447 035 0.09 136 0.13
AA 4 200 9 19.1 078  0.17 3.64 0.75

INFa&'® TT 15 517 33 516 1.00 0.96"
TC 12 414 26 406 1.03 041 2.60 0.95
cC 2 6.9 5 7.8 0.80 0.13 4.82 0.81

TNFa®" CC 27 844 64  90.1 1.00 -
CT/TIT 5 156 7 9.9 1.58 042 6.00 0.50

INFa3® GG 23 719 61 84.7 1.00 0.67"
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GAJAA 9 281 11 15.3 1.50 047 4.80 0.49
INF&*™® GG 32 100 65 90.3 1.00 -
GA/AA 0 0.0 7 9.7 - - - .

OR = crude odds ratio without adjustment by the effect of other genes, p-value = p-value Wald test,
* = with statistical significance. * p trend calculated for three levels of genotypes

Testing for trends in associations between genotypes and OSCC susceptibility (i.e.
wild-type, heterozygous, and homozygous variant genotypes), the trends were probable for
IL1a™* (p <0.08) but significant for /L8> (p < 0.04). However, in subgroup analysis, the

trends in the association with oral cancer disappeared.

Table6 Association of genotypes of candidate genes and risk of oral cancer adjusted for other
genes

SNP Matched-cases ~ Matched-controls cOR aOR 95% CI p-value
No. % No. Y lower  upper

Overall (no & ever smoke and drink)

HLia™¥ GG 59 663 107 793  1.00 1.00
GT/TT 30 33.7 28 207 202 200 091 441 008
gl T 32 50.8 34 343 100 1.00
AT 21 33.3 49 495 044 092 033 260 088
AA 10 15.9 16 162 080 049 022 110 0.08
Ever smoke and drink
ILipg™s  cc 46 86.8 48 923 100 1.00
CT 7 13.2 4 77 190 104  1.16 932  0.04*
ILgst TT 17 47.2 11 268 1.00  1.00
AT 15 41.7 23 561 044 028 008 091  0.03*
AA 4 11.1 7 171 038 025 005 132 010
INFa™' TT 26 49.1 20 558 100 1.00
CT 22 41.5 20 384 143 340 1.01 114  0.05*
cC 5 9.4 3 58 185 203 026 159 050

€OR = crude odds ratio, aOR = adjusted odds ratio, p-value = Wald test

Multivariate analyses among the studied genes showed a probable association of
genotypes in the SNPs IL1&™* and 1287 all OSCC cases, p-value between 0.08 and 0.1,
and neither of them could be omitted from the final minimal models (Table6). Among those
who smoke and drink, the heterozygous (CT) genotype of IL1F* and TNFo %!

significantly increased the risk of oral cancer (OR = 10.4 (95%CT: 1.16 93.2, p< 0.04) and

12



OR = 3.40 (95%CI: 1.01 — 11.4, p< 0.05). In contrast, the heterozygous genotype (AT) of the
IL&*! decreased the oral cancer risk by 0.3 times (95%CI: 0.08 - 0.91, p< 0.03). However,
the trend analysis did not confirm these statistical results. None of the variants in these genes

were associated with oral cancer among non-smokers and non-drinkers.

In our series of studies, we have investigated the association between different groups
of susceptibility genes and OSCC. These genes belong to those involved with xenobiotic
metabolism and DNA repair, and the current study on inflammatory response. When all
previously studied genes were included and adjusted in the statistical model (Table7), the
involvement of specific genotypes was identified and for different conditions. For all OSCC
cases, the association with the two DNA repair genes, XRCC1194 and XPD6 was significant
(p< 0.05, 95% CI:1.02 — 6.14 and p< 0.02, 95% CI: 1.21 — 6.60, respectively). In
addition, genotypes in the IL1ct and IL1J genes still had an effect on the model. Although the

p values were not significant, the likelihood ratio of the statistical models in the three

+4845

subgroups changed dramatically when ILIa was removed.

Table7_Association of genotypes of candidate genes and risk of oral cancer adjusted for
other genes

Genes Matched-cases Matched-controls aOR 95% Ci p-value
No. % No. % lower  upper

Overall (no & ever smoke and drink)

1L1a™*® GG 59 66.3 107 79.3 1.00

TT/GT 30 33.7 28 207 180 075 4.30 0.18
ig® T 32 50.8 34 343 1.00

AT 21 33.3 49 495 049 021 1.18 0.1

AA 10 15.9 16 16.2 098 033 291 0.98
GSTT1  wild 39 37.1 85 548 1.00

nult 66 62.9 70 452 207 094 455 0.07*
XRCC1194 CC 40 38.1 72 467 1.00

CcT 50 47.6 63 409 250 102 6.14 0.05™

1T 15 14.3 19 12.3 351 084 147 0.08*
XPD6 cc 45 433 77 503 1.00

CA/AA 59 56.7 76 49.7 276 121 660 0.02**
Ever smoke and drink
1™ cc 46 86.8 48 92.3 1.00

CTIT 7 13.2 4 7.7 934 328 2658 0.01**
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IL1a®*® GG 34 65.4 42 84.0 1.00

GTTT 18 34.6 8 16.0 610 066 56.6 0.11
iLg® TT 17 47.2 1 26.8 1.00

AT 15 417 23 56.1 0.05 000 046 0.01**

AA 4 1.1 7 1741 001 000 033 0.01*
TNFa®™  CC 45 83.3 41 774 1.00

CTAT 9 16.7 12 226 0.003 000 1.16 <0.01*
TNF*® GG 49 90.7 48 889 1.00

GAAA 5 9.3 6 111 0.04 000 1.38 0.07*
XRCC1194 CC 22 36.7 33 60.0 1.00

CTAT 38 63.3 22 300 8.15 191 347 <0.01™
XRCC3241 CC 49 81.7 49 875 1.00

CTT 1 18.3 7 125 934 328 2658 0.01*
Neither smoke nor drink
iL1a®% GG 18 69.2 50  78.1 1.00

GTAT 8 30.8 14 219 243 068 860 0.17
GSTT1T  wild 10 33.3 38 535 1.00

null 20 66.7 33 465 289 093 897 0.06*
XPD6 cC 10 31.2 35 493 1.00

CA/AA 22 68.8 36 507 559 158 197 0.01*

a0R = adjusted odds ratio, * significant at p < 0.10, ** significant at p < 0.05

For OSCC cases who ever smoked or drank, ILI8"*" XRCC1194 and XRCC3241
were significantly associated with OSCC, p< 0.01, 95%CIL: 3.28 — 2658; p< 0.01, 95%CI:

1.91 — 34.7; p< 0.01, 95%CIL: 3.28 — 2658, respectively. The variants at SNPs 7NFa**" and
TNFa % appear to be significant in the subgroup of smokers and drinkers though the odds

ratios are very low and confidence intervals are very wide.

Among the OSCC cases who had never smoked nor drank, only the XPD6

susceptibility gene showed a significant association (p< 0.01, 95%CI: 1.58 — 19.7).

Discussion

Our data support previous studies demonstrating the involvement of pro-inflammatory
cytokine genes in the development of OSCC although there remain inconsistencies among
these studies. For example, our observed, significant association between IL18**** (Table6)

and OSCC contrasts with the study of Vairaktaris et al (2008). The reverse holds for the
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TNFa % SNP (Yapijakis et al., 2009). We observed that the /L8 pol;’morphism decreased
the risk for OSCC. This finding disagrees with the previous report in the German and Greek
population (Vairaktaris et al., 2007). The different results can be caused by the studies using
different ethnic groups with different environmental and genetic backgrounds. The
association of the variants in the SNPs, ILI&**° and IL&®", with oral cancer is worth noting
especially among those who smoke and drink even if the association is not strong. The lack
of trend in association with the genotypes in ILI&™** and IL8*! in the subgroup analysis
even when the genes seem to be significant in the overall analysis can best be explained by

the reduction in sample size when the subgroups defined by smoking and drinking behavior

are considered.

From our multi-genotype association analyses (Table7), some meaningful results can
be derived from the study. For all OSCC cases, the association was strongest with the
apparent susceptibility genotypes in the DNA repair SNPs, XRCC7194 and XPD6. For cases
who had ever smoked or drank, the strongest association was with /L], 3953 YXRCCI194 and

XRCC3241. For those who had never smoked nor drank, the association of XPD6 was the

strongest.

The involvement of different susceptibility DNA repair genes in OSCC illustrates the
critical role of DNA repair in the cancer process. In addition, the data indicate that different
repair genes may play a more important role under different environmental conditions, e.g. in

smokers and non-smokers for the repair of different types of DNA damage.

The observed interactions between the smoking habits and susceptibility pro-

inflammatory genes for OSCC are supportive of other observations. For example, chemicals
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in cigarette smoke have been reported to affect immune function and affect the response to
different types of infections (Gualano et al., 2008; Harel-Meir et al., 2007; Herr et al., 2009).
More specifically, smoking can affect the expression of the genes that we have investigated,

e.g. INFa, IL1f and [L8 (Chen et al., 2007; Mian et al., 2009),

In conclusion, certain SNPs in genes that are involved in inflammation and immune
response, and that were investigated in this study appear to be associated with the
development of OSCC. Subtle differences among individuals in their ability to metabolize
xenobiotics, repair damaged DNA, and properly manage inflammatory responses due to
common genetic differences all appear to play a role in the development of OSCC. In
conjunction with previous studies, these latest findings illustrate the critical interactions
between genes and the environment that lead to the development of cancer, such as OSCC.
In addition, our findings should lead to more focused investigations into the different

mechanisms influencing susceptibility to OSCC under different environmental conditions.

Acknowledgement

This study was supported by a Prince of Songkla University under PSU Collaborative

Research Fund ( DEN502005003508).

16



References

Bau DT, Tsai MH, Huang CY, Lee CC, Tseng HC, Lo YL, Tsai Y, Tsai FJ. 2007.
Relationship between polymorphisms of nucleotide excision repair genes and oral
cancer risk in Taiwan: evidence for modification of smoking habit. Chinese Journal of
Physiology 50:294-300.

Campa D, Hashibe M, Zaridze D, Szeszenia-Dabrowska N, Mates IN, Janout V, Holcatova I,
Fabianova E, Gaborieau V, Hung RJ, Boffetta P, Brennan P, Canzian F. 2007.
Association of common polymorphisms in inflammatory genes with risk of
developing cancers of the upper aerodigestive tract. Cancer Causes & Control 18:449-
455.

Cancela MD, Ramadas K, Fayette JM, Thomas G, Muwonge R, Chapuis F, Thara S,
Sankaranarayanan R, Sauvaget C. 2009. Alcohol intake and oral cavity cancer risk
among men in a prospective study in Kerala, India. Community Dent Oral Epidemiol.

Chen H, Cowan MJ, Hasday JD, Vogel SN, Medvedev AE. 2007. Tobacco smoking inhibits
expression of proinflammatory cytokines and activation of IL-1R-associated kinase,
p38, and NF-kappaB in alveolar macrophages stimulated with TLR2 and TLR4
agonists. J Immunol 179:6097-6106.

Chen PC, Kuo C, Pan CC, Chou MY. 2002. Risk of oral cancer associated with human
papillomavirus infection, betel quid chewing, and cigarette smoking in Taiwan--an
integrated molecular and epidemiological study of 58 cases. Journal of Oral Pathology
& Medicine 31:317-322.

Cheng YA, Shive LF, Yu HS, Hsich TY, Tsai CC. 2000. Interleukin-8 secretion by cultured
oral epidermoid carcinoma cells induced with nicotine and/or arecoline treatments.
Kaohsiung Journal of Medical Sciences 16:126-133.

17



Chiang SL, Chen PH, Lee CH, Ko AM, Lee KW, Lin YC, Ho PS, Tu HP, Wu DC, Shieh TY,
Ko YC. 2008. Up-regulation of inflammatory signalings by areca nut extract and role
of cyclooxygenase-2 -1195G>a polymorphism reveal risk of oral cancer. Cancer Res
68:8489-8498.

Cooper RG, Magwere T. 2008. Nitric oxide-mediated pathogenesis during nicotine and
alcohol consumption. Indian J Physiol Pharmacol 52:11-18.

Coussens LM, Werb Z. 2002, Inflammation and cancer.[see comment]. Nature 420:860-867.

Drummond SN, Gomez RS, Motta Noronha JC, Pordeus IA, Barbosa AA, De Marco L. 2005,
Association between GSTT-1 gene deletion and the susceptibility to oral squamous
cell carcinoma in cigarette-smoking subjects. Oral Oncology 41:515-519.

Gheit T, Vaccarella S, Schmitt M, Pawlita M, Franceschi S, Sankaranarayanan R, Sylla BS,
Tommasino M, Gangane N. 2009. Prevalence of human papillomavirus types in
cervical and oral cancers in central India. Vaccine 27:636-639.

Gualano RC, Hansen MJ, Viahos R, Jones JE, Park-Jones RA, Deliyannis G, Turner SJ, Duca
KA, Anderson GP. 2008. Cigarette smoke worsens lung inflammation and impairs
resolution of influenza infection in mice. Respir Res 9:53.

Harel-Meir M, Sherer Y, Shoenfeld Y. 2007. Tobacco smoking and autoimmune rheumatic
diseases. Nat Clin Pract Rheumatol 3:707-715.

Hatagima A, Costa EC, Marques CF, Koifman RJ, Boffetta P, Koifman S. 2008. Glutathione
S-transferase polymorphisms and oral cancer: a case-control study in Rio de Janeiro,
Brazil. Oral Oncology 44:200-207.

Herr C, Beisswenger C, Hess C, Kandler K, Suttorp N, Welte T, Schroeder JM, Vogelmeier

C. 2009. Suppression of pulmonary innate host defence in smokers. Thorax 64:144-

149.

18



Hussain SP, Hatris CC. 2007. Inflammation and cancer: an ancient link with novel potentials.
International Journal of Cancer 121:2373-2380.

Jaiswal M, LaRusso NF, Burgart LJ, Gores GJ. 2000. Inflammatory cytokines induce DNA
damage and inhibit DNA repair in cholangiocarcinoma cells by a nitric oxide-
dependent mechanism. Cancer Research 60:184-190.

Jayalekshmi PA, Gangadharan P, Akiba S, Nair RR, Tsuji M, Rajan B. 2009. Tobacco
chewing and female oral cavity cancer risk in Karunagappally cohort, India. Br J
Cancer 100:848-852.

Kerdpon D, Sriplung H. 2001. Factors related to advanced stage oral squamous cell
carcinoma in southern Thailand. Oral Oncol 37:216-221.

Kietthubthew S, Sriplung H, Au WW. 2001. Genetic and environmental interactions on oral
cancer in Southem Thailand. Environmental & Molecular Mutagenesis 37:111-116.

Kietthubthew S, Sriplung H, Au WW, Ishida T. 2003. The p53 codon 72 polymorphism and
risk of oral cancer in Southern Thailand. Asian Pacific Journal of Cancer Prevention:
Apjcp 4:209-214.

Kietthubthew S, Sriplung H, Au WW, Ishida T. 2006. Polymorphism in DNA repair genes
and oral squamous cell carcinoma in Thailand. International Journal of Hygiene &
Environmental Health 209:21-29.

Lin WW, Karin M. 2007. A cytokine-mediated link between innate immunity, inflammation,
and cancer. Journal of Clinical Investigation 117:1175-1183.

Liu CJ, Wong YK, Chang KW, Chang HC, Liu HF, Lee YJ. 2005. Tumor necrosis factor-
alpha promoter polymorphism is associated with susceptibility to oral squamous cell
carcinoma. Journal of Oral Pathology & Medicine 34:608-612.

Marques CF, Koifman S, Koifman RJ, Boffetta P, Brennan P, Hatagima A. 2006. Influence

of CYP1A1, CYP2E1, GSTM3 and NAT2 genetic polymorphisms in oral cancer

19



NI Giuanmdaag AERNUARTR NI

susceptibility: results from a case-control study in Rio de Janeiro. Oral Oncology
42:632-637.

Mian MF, Stampfli MR, Mossman KL, Ashkar AA. 2009. Cigarette smoke attenuation of
poly I:C-induced innate antiviral responses in human PBMC is mainly due to
inhibition of IFN-beta production. Mol Immunol 46:821-829.

Orosz Z, Csiszar A, Labinskyy N, Smith K, Kaminski PM, Ferdinandy P, Wolin MS, Rivera
A, Ungvari Z. 2007. Cigarette smoke-induced proinflammatory alterations in the
endothelial phenotype: role of NAD(P)H oxidase activation. Am J Physiol Heart Circ
Physiol 292:H130-139.

Parkin DM, Bray F, Ferlay J, Pisani P. 2005. Global cancer statistics, 2002. CA: a Cancer
Joumal for Clinicians 55:74-108.

Patel JA, Nair S, Revai K, Grady J, Saeed K, Matalon R, Block S, Chonmaitree T. 2006.
Association of proinflammatory cytokine gene polymorphisms with susceptibility to
otitis media.[erratum appears in Pediatrics. 2007 Jun;119(6):1270]. Pediatrics
118:2273-2279.

Rahman M, Sakamoto J, Fukui T. 2005. Calculation of population attributable risk for bidi
smoking and oral cancer in south Asia. Prev Med 40:510-514.

Sriplung H, Sontipong S, Martin N, Wiangnon S, Vootiprux V, Cheirsilpa A, Kanchanabat C,
Khuhaprema T. 2005, Cancer incidence in Thailand, 1995-1997. Asian Pacific

Journal of Cancer Prevention; Apjcp 6:276-281.

Syrjanen S. 2005. Human papilloma virus (HPV}) in head and neck cancer. Journal of Clinical
Virology 32 Suppl 1:359-66.

Team RDC. 2008. R: A language and environment for statistical computing. In.

Vairaktaris E, Yapijakis C, Serefoglou Z, Derka S, Vassiliou S, Nkenke E, Vylliotis A,

Spyridonidou S, Neukam FW, Schlegel KA, Patsouris E. 2008. The interleukin-10 (-

20



1082A/G) polymorphism is strongly associated with increased risk for oral squamous
cell carcinoma. Anticancer Research 28:309-314.

Vairaktaris E, Yapijakis C, Serefoglou Z, Derka S, Vassiliou S, Nkenke E, Vylliotis A,
Wiltfang J, Avgoustidis D, Critselis E, Neukam FW, Patsouris E. 2007. The
interleukin-8 {-251A/T) polymorphism is associated with increased risk for oral
squamous cell carcinoma. European Journal of Surgical Oncology 33:504-507.

Vairaktaris E, Yiannopoulos A, Vylliotis A, Yapijakis C, Derka S, Vassiliou S, Nkenke E,
Serefoglou Z, Ragos V, Tsigris C, Vorris E, Critselis E, Avgoustidis D, Neukam FW,
Patsouris E. 2006. Strong association of interleukin-6 -174 G>C promoter
polymorphism with increased risk of oral cancer. International Journal of Biological
Markers 21:246-250.

Wang W, Ni K, Zhou G. 2007. Association of IL1B polymorphisms with gastric cancer in a
Chinese population. Clin Biochem 40:218-225.

Yapijakis C, Serefoglou Z, Vylliotis A, Nkenke E, Derka S, Vassiliou S, Avgoustidis D,
Neukam FW, Patsouris E, Vairaktaris E. 2009. Association of polymorphisms in
Tumor Necrosis Factor Alpha and Beta genes with increased risk for oral cancer.

Anticancer Res 29:2379-2386.

21



Appendix

(published papers related to the current report)



Provided for non-commercial research and education use.
Not for reproduction, distribution or commercial use.

Internatlonal Journai

This article appeared in a journal published by Elsevier. The attached

copy is furnished to the author for internal non-commercial research

and education use, including for instruction at the authors institution
and sharing with colleagues.

Other uses, incl'uding-reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/copyright



Int. J. Hyg. Environ. Health 213 (2010) 146-152

42 International Journal .
" of Hygiene H

~ Contents lists available at ScienceDirect:

£

ELSEVIER

Association of polymorphisms in proinflammatory cytokine genes
with the development of oral cancer in Southern Thailand

Suparp Kietthubthew®*, Jeff Wickliffe ™', Hutcha Sriplung ¢, Takafumi Ishida“,
Tasnee Chonmaitree ¢, William W. Au®

? Faculty of Medical Technology Establishment Project, Prince of Songkla University, Hatyai, Songkhla 90110, Thailand

® Department of Preventive Medicine and Community Health, The University of Texas Medical Branch, Galveston, TX 77555-1110, USA
< Epidemiology Unit, Faculty of Medicine, Prince of Songkla University, Hatyai, Songkhla 90110, Thailand

9 Department of Biological Sciences, Graduate School of Science, The University of Tokye, Tokyo 1130033, Japan

€ Department of Pediatrics, The University of Texas Medical Branch, Galveston, TX 77555-1110, USA

ARTICLE INFO ABSTRACT

Oral squamous cell carcinoma (0SCC) is highly prevalent in southeastern Asia suggesting that region-
specific environmental and biological factors contribute to the development of this cancer. Exposure to
oral carcinogens (ie. betel quid) and pathogenic agents (i.e. papilloma virus) is common among
individuals that develop OSCC in countries such as Thailand, India etc. However, not all individuals with
such exposures develop the disease suggesting that other factors further increase susceptibility to
OSCC. It is therefore plausible that functional variants in DNA repair genes and/or genes controlling
inflammation and immunological response play a role in determining susceptibility to OSCC. Previous
studies (including ours) have found an association between variants in DNA repair genes and increased
susceptibility to OSCC. By extension, the current study examined the association between SNPs in genes
encoding proteins involved in inflammation and immunomodulation (IL1e, IL16, IL8, TNFa) and OSCC.
A total of 107 cases and 157 controls were analyzed. OSCC cases were more likely to carry the “T" allele
at the [L1a* %45 SNP than controls (OR=2.0, 1.0-4.4). OSCC cases that smoke and drink were more likely
to carry either the “T” allele at the IL15*3%53 SNP (OR=10.4, 1.1-93.2) or the “C” allele at the TNFa~'%!
SNP (OR=3.4, 1.0-11.4) than controls. These results support the hypothesis that variants in
inflammatory or immunomodulatory genes influence susceptibility to OSCC in Thailand. Larger studies
are needed to confirm these results and more importantly to properly investigate the complex
interactions among genetic variants in DNA repair and inflammation and other non-genetic
susceptibility factors. In addition, laboratory experiments designed to determine the functional
properties of the genetic variants are needed.
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The high prevalence of OSCC in Asia may be due to the
existence of certain life style factors such as the chewing of betel
quids together with or without tobacco, alcohol consumption,
cigarette smoking, infection with human papilloma virus and
inadequate oral hygiene (Cancela et al., 2009; Chen et al., 2002;
Gheit et al.,, 2009; Jayalekshmi et al., 2009; Kerdpon and Sriplung,
2001: Rahman et al., 2005; Syrjanen, 2005). In addition, genetic
susceptibility may play an important role (Bau et al, 2007;
Drummond et al., 2005; Hatagima et al., 2008; Kietthubthew
et al., 2001, 2006; Marques et al., 2006). The information indicates
that many risk factors contribute to the development of 0SCC and
additional factors remain to be determined.

Our current investigation is focused on the role of polymorphism

Introduction

Oral squamous cell carcinoma (OSCC) accounts for approxi-
mately 275,000 new cases and 180,000 death around the world in
2002 (www.WHO.int). Among these cases, two-third occurred in
males. In addition, the highest incidence is found in Southeast
Asian countries, with closed to 200,000 new cases per year (Parkin
et al, 2005). In Thailand, OSCC incidence is highest in the
Southern region of the country where it is ranked the second in
males among all cancers (Sriplung et al., 2005).

* Corresponding author. Tel.: +66 74 289109; fax: +66 74 289101.
E-mail addresses: suparp.ki@psu.ac.th, jene4477@yahoo.com

(S. Kietthubthew).
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1438-4639/$ - see front matter © 2010 Elsevier GmbH. All rights reserved.
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of proinflammatory cytokine genes on OSCC in Thailand. The
rationale is that an intimate relationship between chronic infection,
inflammation and cancer development has been reported (Hussain
and Harris, 2007). The prevalent assumption is that reactive oxygen
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and nitrogen species produced by inflammatory cells cause damage
to important cellular components and orchestrate a tumor-support-
ing microenvironment that support the initiation of cancer.
Important components in this linkage are the cytokines produced
by activated innate immune cells which stimulate tumor growth
and progression. In addition, tobacco smoking creates oxidative
stress environment which stimulates and amplifies the production
of numerous proinflammatory cytokines such as interleukin—1p
(IL1B), interferon-y, tumor necrosis factor o; (TNFe), etc. (Cooper and
Magwere, 2008; Orosz et al, 2007). Later on, soluble mediators
produced by cancer cells recruit and activate inflammatory cells and
further stimulate tumor progression (Coussens and Werb, 2002;
Hussain and Harris, 2007; Lin and Karin, 2007).

There are only few reports on the role of polymorphisms in
proinflammatory cytokine genes and OSCC. These are reports
among population in Taiwan (Liu et al., 2005), Greek and German
(Vairaktaris et al, 2008, 2007, 2006) and Central and Eastern
Europe (Campa et al., 2007). Along with other proinflammatory
cytokines, TNFx induces nitric oxide synthtase in a cholangio-
carcinoma cell line (Jaiswal et al., 2000). This enzyme produces
nitric oxide, which can increase DNA damage by inhibiting
sensitive DNA repair enzymes, and thereby contributes to an
increase in genetic rautations (Jaiswal et al., 2000). Ia an oral
epidermoid carcinoma KB CCL17 cell line, IL1 (a or f) and IL8
play important roles in the cascade of interacting cytokines
(Cheng et al,, 2000). Furthermore, an extract from the areca nut
can directly alter inflammatory signaling (Chiang et al., 2008).
Therefore, we have explored the effect of polymorphisms of
several proinflammatory cytokine genes on the OSCC suscept-
ibility in Thailand that has a very serious OSCC cancer burden.
Polymorphic genes were selected based on their reported
involvement in cancers risk (Campa et al, 2007; Lin and Karin,
2007; Liu et al., 2005; Patel et al., 2006; Vairaktaris et al., 2007;
Wang et al., 2007). In our paper, we report an association of SNPs;
L1458 GIT (rs17561), IL18*39%3 CJT (151143634), IL8— AT
(rs4073), TNFee— 1% TC (rs1799964), TNFa~%37 C/T (rs1799724),
TNFa— %% G/A (rs1800629) and TNFx—2*¥ GJA (15361525) and the
development of OSCC in a Southern Thai population. In addition,
their interactions with the polymorphisms in xenobiotic meta-
bolizing genes GSTM1 +[—, GSTTI +/- (Kietthubthew et al.,
2001), and DNA repair genes (XRCC1194 GfA and (fT; XR((C3241
CfT; XPC AJC and PAT; XPD 6 C[A, and A/C; and MGMT G/C and C/T
{Kietthubthew et al., 2006} on OSCC susceptibility are also
presented.

Materials and methods
Subjects

The cases were patients with cancer in the oral cavity
diagnosed as OSCC (ICD-10: CO0-C06). The recruitment
criteria and information collected were described previously
(Kietthubthew et al., 2001); patients with histologically
confimned squamous cell carcinoma in the oral cavity were
sequentially recruited from the Department of Radiology, Songk-
lanagarind Hospital, Hatyai, Songkhla, Thailand, before they had
chemo- andfor radio-therapy. The controls were recruited
simultaneously from residents living in the similar geographic
area (Songkhla Province and its vicinity). All individuals volunta-
rily participated in the study after they had provided informed
consent. Each participant was personally interviewed with a
questionnaire. Both the consent form and the questionnaire had
been approved by the university ethics committee. The informa-
tion collected and used in this study were related to past history
of individual’s life style habits (tobacco smoking, use of smokeless
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tobacco, bete!l chewing, alcohol drinking), other possible risk
factors (occupational exposure to toxic substances, nutrition, oral
infection), as well as personal and family history of various
cancers, A total of 114 cases and 192 controls were recruited.
Since cases and controls were simultaneously and independently
recruited, after matching on gender, 5-year age group, and
behavior of cigarette smoking and alcohol drinking, only 107
cases and 157 controls were eligible for further analysis.

Genotyping

Leukocytes DNA from both the patients and the controls were
used for genotyping. The TagMan® method (Applied Biosystems
Inc.; Foster City, CA) was used to determine genotypes for the
selected SNPs in the candidate genes of interest. Genotypes for 7
SNPs in 4 candidate genes (IL18, IL1x, IL8 TNFa,) were determined
using this approach, Approximately 10 ng of genomic DNA were
used in each genotyping. PCR in a 10 ul total volume, and the
manufacturer's suggested protocol was followed. The TagMan
Genotyping Buffer (ABI) was used in each reaction. We used a
DNA Engine equipped with a Chromo4 Real-Time PCR Detection
System (Bio-Rad Laboratories; Hercules, CA) for the PCR thermal
cycling. All reactions were carried out in tube strips fitted with
optical caps (Bio-Rad Laboratories). Negative (no template}
controls were used in every run and when possible, individuals
of known genotypes for the candidate SNPs were included.
Reactions were performed in duplicate for each individual.
Table 1 provides information on the selected SNPs for the genes

under study.

Statistical analysis

The qualified 107 cases and 157 controls were stratified by
gender, 5-year age stratum, cigarette smoking and alcohol
drinking behaviors. Since the ratios between cases and controls
varied among matching strata (Table 2), conditional logistic
regression was used to compromise the differences and to find
odds ratios (ORs) of the association between polymorphisms and
oral cancer. In multivariate analysis of such associations, adjusted
ORs were calculated from the final minimum models which were
different when the data were stratified by smoking and drinking
behaviors. P-value at the level of 0.05 was considered significant
and that greater than 0.05 but less than 0.10 was considered
probably significant since our sample size might not be large
enough to make the predictors statistically significant at the level
of 0.05. We also use the term ‘probably significant’ when AIC and
likelihood ratio tests confirm significant difference of the final
minimal mode! and the larger one. Odds ratio (OR) for all three
combinations of genotypes; wild-type, heterozygous and
homozygous mutations, was calculated separately. When one of
the numbers of cases or controls in the homozygous mutation
group was zero and another was less than five, both heterozygous
and homozygous mutations were combined to get a more robust

Table 1
[nformation regarding the selected SNPs under study in the candidate genes of

interest.

Gene SNPLocation - Polymprphism: rs I - AB{ TagMan Assay
EIF HLTAY¥53 ipxon'S o CnT: - - rs1143634 - .. 954651710 -
e LTS  Exon5 G>T.. - 17561 . - .9546471.10

1S UTR  T>A 154073 C_T1748116.10

CTsC L rs1799964 . € T514871210
C>T o o rs1799724 C_11918223:10 - -

TIGe=A - rs1B00629 . 751487910

G=A © ¥§361525° €. 2215707_10°
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Table 2
Matching strata and frequencies of cases and controls by exposure to cigarette and

alcohol.

Exposure to both dgurette and akof:_o!. S

Male 4549

Male . ... .0 .50-54

Male - O e T
Male': Tt 6064

Male’ ... 6569

Male . 70-74

Male. 7879

Male .30-34. .

No' £xpostre to dgnrerte and alcol‘ml

Male T 55-59 T
Ma[e ) A . .65.69 T
Male . 7074 g
CFemale " oo . 45-49 .
Female: 5559 . 3
Female” . . 60564 2
Female ;- 6569 5
Female C70-74 - Lg
. Fernale - - i . ¥
Female: . ... ..80-84 gl
Femaié- - n 85'89 . )

Exposure to dgnrctte, not alr:oiml

“Male - . 55-59:..

AMale e 6054
CMale TR U65-680 L
T Mafe T

7578

‘Male .

OR estimate. Referring to our previous studies on interactions of
0SCC susceptibility and SNPs xenobiotic metabolizing genes
(Kietthubthew et al, 2001), and DNA repair genes
(Kietthubthew et al, 2006), all of them were analyzed in
multivariate analysis. Trend test for each SNPs was calculated
for trend in risk of having cancer in the 3 genotypes; wild-type,
heterozygous and homozygous variants, respectively. All the
analysis was done under R 2.8.1 environment (Team RDC, 2008).

Results

Table 2 demonstrates matching strata with different case-
control ratios. Strata are arranged by cigarette smoking and
alcohol drinking behaviors. The data indicate that smokers andfor
drinkets were mostly males while non-smokers and non-drinkers
were mostly females.

A summary of our statistical analysis of the cases and controls
is shown in Table 3. Mean age of cases was 67.5 with standard
deviation of 9.8 years and that of controls was 69.7 with standard
deviation of 9.0 years. The percentage of males was higher among
cases than controls. The majority (57.0%) of cases were smokers
and drinkers while 46.5% of controls were non-smokers and
non-drinkers,

Genotype distribution and allele frequencies of each SNP in the
controls were tested, and they were found to fit Hardy-Weinberg
equilibrium expectations. Allele frequencies of the SNPs are
shown in Table 4

En a crude analysis (Table 3), the most significant observation
is the association between oral cancer and the [L7a*1%4% SNP

Table 3
Characteristics of cases and controls.

T Mtched

. Controls {157)

© Cases
No. (%) CoNel(®)
79(738) 87(55.4)
S 28(262) © 70({44.6)
74(69.2) . 83(52.9)
33 (30.8)- ‘74(47.1)
B2(569) .. 57(363) -
. Conan S 45(41.3) 100(63.7) -
Srnnkmngnnkmg- BRI S e
Both hehaviors: 61.(57.0) . 56 {35.7)
One behavior o 14(13.1). : 28 {17.8)
CNome 32(29491.": S 73(465) -

* Betel chewing T o
Yo - Ut 50 (46.7%) . 50(319:) .
Ng T 57(5338) 107 (68.1%),

Table 4

Allele frequencies of the pro-inflammatory cytokine SNPs,

NP i et L Allele frequencies.

'.JLI,B"”:(C>T)':'ﬁ'.: —

Z mra-‘” (C->-T) R

‘rwrrm(c;.mi R

CA#0.0292 L

where heterozygous and homozygous (GT/TT) genotypes
increased the risk by 2.0 (95%CI: 1.1-3.9, p < 0.03) times for all
cases and 2.7 (95%Cl: 1.0-7.2, p < 0.05) times among those who
smoke and drnk. The heterozygous (TA) genotype of IL8-2%" gene
is associated with a decreased risk of oral cancer, OR=0.4 (95%Cl:
0.2-1.0, p<0.04), but not among the homozygotes, OR=0.8
(95%Cl: 0.3-2.2). The other genotypes in this study did not
show an association with oral cancer and their ORs are either
closed to 1 or have wide confidence intervals.

Testing for trends in associations between genotypes and OSCC
susceptibility (i.e. wild-type, heterozygous, and homozygous
variant genotypes), the trends were probable for HLia*484%
{p<0.08) but significant for IL8~2*! (p<0.04). However, in
subgroup analysis, the trends in the association with oral cancer
disappeared.

Multivariate analyses among the studied genes showed a
probable association of genotypes in the $SNPs fL1a**®¥5 and
L8251 311 OSCC cases, p-value between 0.08 and 0.1, and neither
of thern could be omitted from the final minimal models (Table &).
Among those who smoke and drink, the heterozygous (CT)
genotype of {L18%3%%% and TNFx~'%%! significantly increased
the risk of oral cancer (OR=10.4 (95%Cl: 1.16-93.2, p < 0.04}
and OR=3.40 (95%Cl: 1.01-11.4, p<0.05). In contrast, the
heterozygous genotype (AT) of the IL§~>! decreased the oral
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Table 5
Crude analysis association of genotypes of candidate genes and risk of oral cancer.
-SNP.. . Matched-cases. - Matched-controls cOR 95% i - o p value _ ptrend
CNB, g e No. % . " ower upper:
Overall(no & ever smoke and drink) - .. - A T .
: CC: .82 ' 88.2 126 88.7 100 .0 R - 0.66%
T 11 BRIV 16 13 116 048 . 281 075 .
GG 59, . 663 107 793 1,00 o e o 0.08%
- GTIT- 30 337 28 207 202 1,06 ‘387 - 0.03* T
=25 : - 32 50.8 - 34 343 100 Sl o : 0.04%
o 21 333 49 485 ‘044 020 0.98 0.04*
o 10 159 16 16.2 0.80 0.29 218 0.66
* 48 522 67 48,9 1.00 co o - 0.89"
g " 36 39.1° 60 438 (1138 0.53 172 0.87 -
S g 87 10 73. 141 0.40 311 0.84"
TNFe— 357 82 854 129 86.6 00 L -
i 14 ‘146 20 134 084 0.37 192" 068
210 038 .
; 248 077
" Ever smoke and drink - R
QLIpEsesd e o -
EEREEPEISE RIS, < ¢ 1 § <279
MLqn*e84s -G C
o 719

OR=crude odds ratio without adjustment by the effect of other genes, p-value=p-value Wald test, »= with statistical significance. * p trend calculated for three levels of

genotypes.

cancer risk by 0.3 times (95%ClI: 0.08-0.91, p <0.03). However,
the trend analysis did not confirm these statistical results. None of
the variants in these genes were associated with oral cancer
among non-smokers and non-drinkers.

In our series of studies, we have investigated the association
between different groups of susceptibility genes and OSCC.
These genes belong to those involved with xenobiotic metabolism
and DNA repair, and the current study on inflammatory response,
When all previously studied genes were included and adjusted in
the statistical model (Table 7), the involvement of specific
genotypes was identified and for different conditions. For all
0SCC cases, the association with the two DNA repair genes,
XRCC1194 and XPD6 was significant (p < 0.05, 95% (I:1,02-6.14
and p<0.02, 95% CI: 1.21-6.60, respectively). In addition,

genotypes in the IL1a and IL1B genes still had an effect on the
mode). Although the p values were not significant, the likelihood
ratio of the statistical models in the three subgroups changed
dramatically when [L1a* %% was removed.

For OSCC cases who ever smoked or drank, IL15*%%,
XRCC1194 and XRC(3241 were significantly associated with OSCC,
p <0.01, 95%Cl: 3.28-2658; p < 0.01, 95%Cl: 1.91-34.7; p<0.01,
95%Cil: 3.28-2658, respectively. The variants at SNPs TNFo 857
and TNFo~3% appear to be significant in the subgroup of smokers
and drinkers though the odds ratios are very low and confidence
intervals are very wide.

Among the 05CC cases who had never smoked nor drank, only
the XPD6 susceptibility gene showed a significant association
{p<0.01, 95%C1: 1.58-19.7).
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Table 6
Association of genotypes of candidate genes and risk of oral cancer adjusted for other genes.
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CULLD AT RS LT 23 G s
s . L4 11 B SR ) N
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L340 S 1140 00ss
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¢OR=grude odds ratio, aOR=adjusted odds ratio, p-value=Wald test

Table 7
Association of genotypes of candidate genes and risk of oral cancer adjusted for other genes.
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aOR=adjusted odds ratio, significant at p < 0.10, sssignificant at p < 0.05.

0SCC although there remain inconsistencies among these studies.
For example, our observed, significant association between

Our data support previous studies demonstrating the involve-  ILIf***** (Table 6) and OSCC contrasts with the study of
ment of pro-inflammatory cytokine genes in the development of Vairaktaris et al (2008). The reverse holds for the TNFx—?%% SNP

Discussion
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{Yapijakis et al., 2009). We observed that the /L8 ~23' polymorph-
ismn decreased the risk for OSCC. This finding disagrees with the
previous report in the German and Greek population {Vairaktaris
et al., 2007). The different results can be caused by the studies
using different ethnic groups with different environmental and
genetic backgrounds. The association of the variants in the SNPs,
JL1e 4843 and IL8~ 251, with oral cancer is worth noting especially
among those who smoke and drink even if the association is not
strong. The lack of trend in association with the genotypes in
L1a**84%5 and 1187257 in the subgroup analysis even when the
genes seem to be significant in the overall analysis can best be
explained by the reduction in sample size when the subgroups
defined by smoking and drinking behavior are considered.

From our multi-genotype association analyses (Table 7), some
meaningful results can be derived from the study. For all O5CC
cases, the association was strongest with the apparent suscept-
ibility genotypes in the DNA repair SNPs, XRCC1194 and XFD6. For
cases who had ever smoked or drank, the strongest association
was with JL1873%%% XRCC1194 and XRCC3241. For those who had
never smoked nor drank, the association of XPD6 was the
strongest.

The involvement of different susceptibility DNA repair genes in
0SCC illustrates the critical role of DNA repair in the cancer
process. In addition, the data indicate that different repair genes
may play a more important rele under different environmental
conditions, e.g. in smokers and non-smokers for the repair of
different types of DNA damage.

The observed interactions between the smoking habits and
susceptibility pro-inflammatory genes for OSCC are supportive of
other observations. For example, chemicals in cigarette smoke have
been reported to affect immune function and affect the response to
different types of infections (Gualano et al., 2008; Harel-Meir et al,,
2007; Herr et al,, 2009). More specifically, smoking can affect the
expression of the genes that we have investigated, e.g. TNFx, IL1§
and IL8 (Chen et al,, 2007; Mian et al,, 2009).

In conclusion, certain SNPs in genes that are involved in
inflammation and immune response, and that were investigated
in this study appear to be associated with the development of
0SCC. Subtle differences among individuals in their ability to
metabolize Xenobiotics, repair damaged DNA, and properly
manage inflammatory responses due to common genetic differ-
ences all appear to play a role in the development of OSCC. In
conjunction with previcus studies, these latest findings illustrate
the critical interactions between genes and the environment that
lead to the development of cancer, such as OSCC. In addition, our
findings should lead to more focused investigations into the
different mechanisms influencing susceptibility to 0SCC under
different environmental conditions.
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Abstract

. DNA repair capacity is cssential in maintaining cellular functions and homeostasis. However, the repair capacity can
be.altered based on DNA-sequence variations in DNA repair gencs and thus may cause cancer susceptibility, We
investigated associations between polymorphisms in DNA repair genes and oral squamous cell carcinoma (OSCC) in 4
Thai population. Nine known . single nucleotide polymorphisms (SNPs} in five common DNA repair genes were:
investigated: XRCC! (Argl94Trp and Arg399Gin); YRCC3 (Thr341Met); XPC (PAT and Lys939Gln). XPD (exon 6,
and Lys751GIn); and MGMT (Trp65Cys and LeuB4Phe). We studied 106 cases and 164 healthy control§ that were
frequency-matched by age ( £5 years), gender, and cigarette smoking and alcohol drinking habits. The genotype assays
were performied-using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method.
The R version 2.0.1 statistical software was applied for statistical analysis of association. Based on multivariate
analyses, we found that the variant genotypes with XRCC3 241Met exhibited a > 3-fold elevated risk (OR = 3.3, 95%
CI = 1,3] —8.36, p = 0.01) for OSCC. There was a marginally significant risk observed in variants with YRCCI 194Trp
(OR = 181, 95% CI=091-3.63, p=0.09 and XFD exon 6 (OR =171, 95% Cl=0%3-3.1, p= 0.09).
Combination of the variant genotypes of these three susceptibility genes was associated with a highly significant
risk for OSCC (OR = 9.43, 95% Cl = 1.98—-44.9, p<00}). From further multivariate analyses, the variants with
XRCCI 194Trp and possibly XRCC3 24IMet interacted with tobacco and alcohol to further increase the risk
(OR = 3:37 95% CI = 141 —8.02, p<0.01; OR = 2.92, 95% CI = 094—9.04, p = 0.06}. On the other hand, increased
risk was detected in non-betel chewers (OR = 2.88, 95% Cl = 1.31-6.31, p<0.01; OR = 261, 95% Cl = 0.97-7.11,
p = 0.06) who carry the two variant genotypes, respectively. Males with the variants XRCCI 194Trp or XRCC3
241Met had a higher risk of developing OSCC than males with the corresponding wild-type genotypes (OR =2.72,
95% Cl1 = 1.34—35.52, p<0.0l; OR =295, §5% Cl = 1.12-7.75, p<0.05). Such association was not detected in
femules. Intercstingly, the risk increascd in fomale carricrs of XPD exon 6 (OR =193, 95% ClI=1.14- 136,
p<0.05). We could not demonstrate a significant interaction of these SNPs with age i this study. Our data indicate
that the variant genotypes with XRCC3 241Met and possibly XRCCI 194Trp and XPD ¢xon 6 contribute to OsCcC
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development in a Thai population. In addition, these SNPs influence the repalr of DNA damage that is caused by

environmenta) risk factors for oral cancer.
© 2005 Elsevier GmbH. AN rights resecved.
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Introduction

COn a daily basis, various DNA repair mechanisms
function continuously to correct: damaged DNA that is
caused by exposure to ¢ither endogenous or exogenous
toxic substances. Recent reviews indicate that there
are at least 130 functional DNA rcpair genes in
humans, which arc grouped into five major DNA
repair palhways (Wood ¢t al,, 2001; Yu et al, 1999).
{t) Direct repair pathway such -as 0“-mcthytguamne
DNA methyltransferase (MGMT). (2} Basc-excision
repair (BER) pathway including X-ray rcpair cross-
complementing group | {(YRCCI), apurinic/apyrimidi-
nic endonucleases (APE), DNA glycosylases, DNA
polymera:e—ﬂ and DNA ligases (I-IV}). (3) Nucleotide-
excision repair (‘NER} pathway including many genes,
such a5 xeroderma pigmentosum complementing
groups: - XPA-XPG. (4). Doublk-strand break (DSB)
repair pathway such as XRCC3, BRCA!, BRCA2 and
LIG4. (5) Mismatched repair (MM R) pathway including
6 penes in buman: hMSH2, hMSH3, hMSHGS, bMLHI,
hPMS!, and hPMS2. Recently, there has besn con-
siderable interest in understanding genetic variability in
DNA repair genes and their influence on medifying an
individual's susceptibility to cancer. This topic has been
reviewed (c.g. Spitz et al; 2003). Polymorphisms in
XRCCI, XRCC3, XPC, XPD, and MGMT have been
identified and reported to be associated with cancers of
tung, head and neck, upper acrodigestive tract, urinasy
bladder, nasopharynx, etc. (Benhamou ct al,, 2004; Cho
et al., 2003; Olshan et al., 2002; Shen et al.; 2001, 2002,
2003; Spitz et al., 2003; Sturgis et al., 1999, 2000, 2002;
Tae et al, 2004). Unfortunately, many of these
observations have not been consistent (Goode et -al,
2002; Au et al., 2004). The discrepancy can be due to the
small sample size and the difference in ethnicily of
populations investigated. More molecular epidemiolo-
gical studies need to be conducted, using more vigorous
study protocals, to provide a better understanding of
genetic susceptibility to environmentsal related cancers,
such as oral cancer. A topic that has received insulficient
atteation is genetic susceptibility to oral cancer.

Genetic susceptibility publications oo oral squamons
cell carcinoma {OSCC) have frequently been included in
cither that of head and neck cancer or cancer of the
upper aerodigestive tract (including oropharynx and
larynx) (Benhamou el al., 2004; Olshan et al., 2002; Shen

et al., 2001, 2002; Spitz et al., 2003; Sturgis et al., 1999,
2000, 2002; Tac ct al., 2004). Although mest of these
investigations have studied Caucasian populations, two-
were for Asian populations (Hsich ct al., 2003; Tac ct
al,, 2004). It is possible that such investigations using
broadly defined cancer sites may contribute to the
discrepant observations becanse of the potential differ-
ences in etiology. Therefore, focusing studies on more
homogeneous cancer sites may reduce variations.

In Thailand, the estimated incidence rate of cancer of
the oral cavity {ICD-10 codes; C00-C06), including lip,
buccal mucosa, gum, tongue, floor of mouth, and palate
is 6.8 and 4.3 per 100,000 population in-males and in
fernales, respectively, becoming the 4th and 7th leading
cancers for the two genders (Fritz et al., 2000; Sriplung,
2003). The major risk factors are tobacco, alcohol
and- betel consumption habits (Kerdpon et al,, 2001}
Information on genetic  susceptibility to- OSCC in
Thailand is limited although we have reported pre-
viously that the GSTM null genotype increased 0SCC
risk in this ethnic group (Kietthubthew et-al, 2001}
Here, we report our investigation on associations of nitie
SNPs int five DNA repalr genes and OSCC rick in a Thai
population.

Materials and methods

Study population

The population included in this case-conteol study was
ethaically Thai. A total of 112 cases and 192 controls
were recruited, The recruitment criteria were described
previously (Kietthubtbew ot al, 2001). They were
matched as described below (see Statistical analysis). In
brief, patients with histologically confirmed squamous
cell carcinoma in the oral cavity (tongue, buccal, palate,
Aoor of mouth, and lip) were soquentiaily reczuited from
the Departmént of Radiology, Songkhlanagarind Hos-
pital, Hatyai, Songkhla, Thailand, before they had
chemo- and/or radiotherapy. The controls were recruited
; ly from residents living in the similar
geographic area (Songkhla province and its vicinity).
All individuals voluntarily participated in the study after
they had provided informed consent. Each participant
was petsonally interviewed with a questionnaire that had

simultan




S. Kierthubthew et zl. / Int. J. Hyg. Fnviron.-Health 209 (2008} 21-2%

been approved by the university ethics committee. The
information collected and used in this study was related
to past history of individual's life style habits {tobacco
smoking, use of smokeless tobacco, betel chewing,
alcohol drinking), other possible risk factors (occupa-
tional exposure 1o toxic substances, nutrition, oral
infection), as well as personal and family history of
various cancers.

Genotyping assay

We assayed nine pelymorphisms in five DNA repair
genes: YRCC! (Argl94Trp and Arg3®Gln); XRCC3
(Thr2d1Mek); XPC (PAT and Lys939GIn); XPD {exon
6, and Lys751Gln); and MGMT (Trp65Cys and

23

LeuBdPhe}. These penes are involved in four of the five
major DNA repair pathways as described in the
Introduction: In addition, some of the variant genotypes
were selected because they have a functional repair
deficiency (Au et ul., 2004): XRCC} 399Gln and XRCC3
241Met are defective in BER whereas XRCC/ 194Trp is
proficient in BER and XPD 751Gln is deficient in NER.
XPD exon 6 was selected because the variant genotypes
(heterozZygous and homozygous) had lower DNA repair
capacity than the wild type although the polymorphism
does not result in an amino acid change at codon 156
(Wei et al., 1993). The XPC PAT polymorphism has
been reported to increase risk for head and neck
squamous ¢ell carcinoma (HNSCC) although the exact
biological effect of the SNPs is still unclear (Shen et al.,
2001). XPCexon 15 was selected because it is in linkage

Table 1. Summary on PCR-RFLP assay of polymorphisms in DNA repair genes -
Genes Primer sequence (5-3) Annealing PCR RE, condition Fragments size (bp)  References
Temp (°C) Product (bp}
XRCCI
Argl94Trp Upper: gecagggeccctoctican 63 485 Pou I, 1 usiit, CC: 485 Sturgs et al. (1999)
Eower: taccctcagacceacgagt 37°C. 3h CT: 485, 196, 8%
: ) TT: 396, 89
AIg39Gin  Upper: caagtacagocagptectag 55 248 Nei L i0 unit, GG: 159, &9 Au et al. {2003}
Lower: cottecctcatctggaglac 37°C, 3h - GA: 248; 159, 89
’ AA: 248
XRCC3
Thr2d|Met  Upper: ggicgogtgacagtceaaac 58 455 Nla 111, | unit, CC: 315, 140 Smith et al. (2003)
Lower: tgcadcggetpagpeictt 37°C, 3h CT: 315, 210, 140, 105 ’
TT: 210, 140, 105
XPC '
PAT, intrond Upper: tagcacecageagicaaag 66 266, 344 ND —f-: 266 Shen et al. {2001}
Lower: tgigaaigtgettantgerg —i+: 344, 266
+{+: 34
exon 5 Upper: ggaggiggacicicitcigatg 55 765 Poull, § units. AA: 765
Lower: tagatcecagcagatgacc 37°C. 3h AC: 765, 585, 180
CC: 585, 180
XPD (ERCC2)
txon 6 Upper: 1ggagtgctatggeacgatetet 63 644 Th I, 0.5 wnit, CC: 587, 57 Sturgis et sl. (2000)
Lower: ceatgpgcatcsaaticcigepa 65°C, L h CA: 587, 474, 113, 57
AA: 44, 113, 57
Lys751GIn  Upper: tcasacatcelptecstact 54 34 Pse [, 10 unit, AA: 23, 110
Lower: ctgegattaaagectgtges 37¢C, 3h AC: 234, 17, 110, 63
CC: ITt, 110, 63
MGMT
Trp65Cys  Upper: ctaageccetgticteactttt 56 101 Mva 1 1 unit. GG: 110, 91 Abe et al, (1997)
Lower: scacegeagatggettagiiac 37°C, 3h GC: 201, 110, 91
) CC: 201
LeuB4Phc  Uppor: ctaageccoigticteactt 56 201 Eor 1, 1 unit, CC; 128, 53, 20
Lower: acaccgcagatggeitagtiuc 37°C, 3h CT: 128, 73,53, 20
TT: 128,73

PCR - polymerase chain reaetion; RE — restriction eazymes; b — base pair; ND - not doag; YRCCL - X-ray ‘.womplm\:nling group 1; XRCCY - X-
ray complementing group 3; XPD - Xeroderma pigmeniosum complementing group D; MGMT - O"-methylguunine-DNA methyl teansferase.
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disequilibrium with XPC PAT (Khan et al., 2000).
There is little information on the association of MGMT
polymorphisms and cancer risk. However, there is a
report indicating that MGMT protein expression was
lost in HNSCC (Zuo ct al., 2004).

Blood collection and DNA sample preparation
procedures were described in our previous report
{Kietthubthew et al., 2001). Briefly, archived DNA
from selected subjects was genotyped using the PCR-
RFLP method. The PCR primers used in our assays
were adopted From published reports (Table 1). The
primers were designed to amplify the regions of DNA
that contain the polymorphic sites of interest for
XRCCI Arg3%99Gin in exon 10(G — A}, and Argl94Trp
in exon 6 (C—T); XRCC3 Thr24IMet in exon 7 (C—

T), XPC in exon 15 (A—C) and PAT, a poly JAT]

insertion /deletion in intron 9; XPD in exon 6 (C— A),
and Lys751Gln in exon 23 (A—C) and MGMT
Trp65Cys (G—+C) and Leu8dPhe (C—T). The PCR
conditions consisted basically of the following: (i}
activation of Taq polymerase at 95°C for 9min, (ii) 35
cycles of depaturation at 95°C for 20s; annealing for
205 at appropriate temperatures (Table 1); elongation at

T2°C for 20s, (iii) cxtension at 72°C for Smin. The'

amplified products were examined on 2% aparosc gels.

The PCR products were subsequently digested by

appropriate restriction enzymes {(New England BioLabs,

USA). The restriction enzymes used and the conditions
- for digestion are listed in Table 1. All the RFLP
Tfragments, except for the MGMT LeuB4Phe, were
determined. on 2.5-3% agarose gels. The MGMT
LeuB4Phe was-examined using 10% polyacrylamide gel
elsctrophoresis (PAGE). Fragment sizes of the poly-
morphisms are also shown in Table 1.

Statistical analysis

Statistical analyses were performed using the R
version 2.0.1 (http://cran.c-project.org/), an open-source
statistical software. Since cantrols were loosely selected
from the general population based on the frequency of
sex, age and smoking and drinking habits of cases, the
following procedurc was used for matching. In. the
analysis phase, all subjects were pooled and then
stratificd into small groups by the combination of the
following four factors: sex, S-year age proups, smoking
and drinking habits. Strata containing only cases or
controls were dropped. Thus, cases and controls were
matchod within the same subgroups. By this method,
106 from 2 total of 112 casesand 164 from a total of 192
controls were frequency matched. As the study was &
matched design, conditional logistic regression was used
to find association between genetic factors and oral
cancer. Since betel chewing behavior was not matched at
the designed phass, this factor was treated as &

confounding factor in all analyses. In the first stage,
all selected cases were used and only one gen¢
polimorphism was analyzed to find an ussociation at
the level of random error of 10%. Genes that showed an
association to oral cancer were pul into a multivariate
model and the p-value was then set at 0.05. However,
Akaike information criterion (AIC) was also used to
determine whether a factor should be included in or
excluded from the final model. Then subjects were
subdivided into subgroups based on smoking and
drinking habit, betel chewing habit, sex, and age groups.
The analysis was done again for these subgroups to
idenitify genes playing roles in different subgroups of the
population.

Tests  for Hardy—Wembcrg equilibrium  (HWE)
among cases and controls were calculated on ohserved
and expected genotype frequencies using Pcarson's 3=

square Lest with onc degree of freedom.

Results

The characleristics of the patients and controls
are shown in Table 2. There were 106 cascs and
164 frequency-matched healthy controfs. The mcan
ages of the patients and the controls were 67.1 (range’
35-87 vyears) and 68.4 (range 35-E8 years} years;
respectively. The distribution of the genotypes - of
DNA rcpau- genes and their risk for OSCC ure
shown in Table 3. The risk was calculated ‘based on .
crude OR analyses that were adjusted. for betel quid
chewing. The homozygous variant genotype of XRCCI
399GIn reduced the OSCC risk (OR =030, 85%

Table 2. Characteristics of cases and controls

‘Matched subjects* _
Cuases 106 Control

(%) 164 (%)

Sex ‘Male 77 {72.6) 91 (55.9)
Female 29274 73 (44.5)
Age <66 42 (39.6) $231.7)
66-75 41 (38.%) 67 (40.9)
>75 23 21N 45{27.4)
Smoking No 34 (32.1) 79 (48.2)
. Yes 72(69.7) 85 (51.8)
Drinking No 45(42.5) 105 (64.0)
Yes 6l (51.9) 59 (36.0)
" Betel chewing  No 56(52.8) 114 (69.9)
Yes 50 (51.2) 50 (30.5)
Religion Buddhism 96 (90.6) 159 (57.0)
Islam & 10 (9.4) 5(3.0)

Christian

% -~ percentages of the study population,
*pvaloe > 0.05.
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Table 3. Distribution of DNA repair gene polymorphisms and OSCC risk

Maiched-cases Matched-controls Crude OR" (95% CI) pvalue
No. Y% No. Ya
XRCC! Arg194Trp '
cC 40 kXA 77 41.0 1.00
CT 50 47.2 67 40,9 2.26 (1.20-4.28) 0.01
TT 16 15.1 20 12.2 1.97 (0.36-4.51) o
XRCCH Arg399Gin
GG 55 519 67 409 .00
GA 45 425 T4 45.1 0.64 (0.35-1.16) 0.4
AA [ 5.7 23 14.0 0.30 {0.10-0.88) 0.03
XRCC3 Thr2d|Met
cC 83 78.3 140 85.4 1.00
CcT 22 208 23 14.0¢ 231 (1.094.91} 003
1T 1 0.9 1 0.6 0.66 (0.04-10.92) 0.77
XPCPAT _
- 60 56.6 29 543 1.00
+ - 36 340 66 40.2 0.83(0.46-1.48) 0.52
++ 10 9.4 4 55 1.60 {0.55-4.66) 039
XPC exon 15
AA 59 55.7 87 $1.0 1.00
AC 37 M9 67 409 0.87 (0.45-1.55) 0.63
CC 0 9.4 10 6.1 1.35 ((_].50—3.92) 0.53
XPD exon 6
CcC 43 415 82 50.0 }.00
CA 52 49.1 62 37.8 1.74 {0.94-3.22) 008
AA g 85 20 12.2 0.85¢0.30-2.37) 0.75
XPD Lys751Gin
AA 83 7.0 126 76.8 1.00 :
AC 21 20.0 36 20 0.69 (0.35-1.39) 0.3
cC I 1.0 2 2.04 {0.19-21.66) 0.55%
MGMT Trp6SCys
GG 106 100.0 164 100.0 — —
GC 0 0.0 ¢ 0.0 —_ —
cC 0 0.0 0 0.0 —_ b
MGMT LeutdPhe '
CcC 84 792 130 9.3 1.00
T 21 9.8 33 201 BT {0.54-2.26) 0.78
T 1 0.9 1 0.6 0.37 {0.01-15.73} 0.60
*Cruds OR ~ crude odds ratie conditional on hed set adjusted for betel quid chewing.

CI = 0.10-0.88, p = 0.03). The heterozygous genotypes
for XRCC! 194Trp and XYRCC3 241Mct significantly
increased the risk (OR =226, 95% Cl == 1.20-4.28,

£=001; OR =231, 95% Cl=1.09-49], p =003,

respectively). There was a marginally. higher risk for
the heterozygous XPD exon 6 (OR =174, 95%
Cl = 8.94=322, p=0.08). However, there was no
apparent association for the other genes investigated.
In our population, the MGMT did not exhibit
polymorphisms at the codon 65 (Trp/Cys). The three

at risk genotypes as detected in the univariate analysis
were further explored by using multivariate analysis and
adjusted for an effect of other genes studied. The data
arc shown in. Table 4. Only the YRCC3 241Met
exhibited a' significantly higher risk (OR'=23.3, 95%
CI = 1,31 -8.36, p = 0.01). The XRCC? {94Ttp and the
XPD ¢xon 6 caused a marginally significant increase
in risk {OR =181, 95% CI=0%1-363, p=003;
OR =171, 95% CI=093-3.16, p=009 respe-
tively). When variant susceptibility genotypes were
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Table d. Association of XRCCY, XRCC3, XPD and OSCC rigk

Matched-cases Mztched-controls Adjusted OR® (95% CI) p-value
No. (106) % No. (164) %
XRCC! Argl%4Tep
cC 40 7 77 4.0 .00
CT/TT 66 62.3 87 530 .81 (091-3.63) 0.09
XRCC3 Ths24iMet
CcC &3 8.3 140 B54 1.80
CT/TT 23 217 24 14.6 33(1.31-8.36) 0.01
XPD exon 6
cC 43 42.5 82 50.0 1.00
CAJAA 61 57.5 52 0.0 1.71 (0.93-3.16) 0.09

*Adjusied OR - odds ratio conditional on matched set and adjusted for other genes und betd quid chewing.

Table 5. Association of XRCCI 194Trp, XYRCC3 241Met, XPD exon 6 polymorphisms and OSCC risk, interactions of three genes

Genes Adjusted OR™ (95% CI} p-value
Genotypes

XRCCI 194Trp XRCCI 241Ma XPD exon 6

cc cC cC 1,00

cC cc CA/AA 1,24 (0.47-3.31) 0.67
cc CT/TT cC 3.33 (0.64-11.2) 0.15
cc CT/TT CAIAA 1.23 {0,22-6.87) 0182
CcrIT ) cC cC 1.42 (0.55-3.69) 0.47
CT/Tt cC CAAA 3.33 (1.42-10.3) <0.0!
CT/TT CTTT cC 3.68 (0.83-15.5) 0.08
CT/TT CT/TT CAJAA 9.43 (1.98-44.9) <0.01

*Adjusted OR - odds rativ eonditional on matched set and adjusted for other genca and betel quid chewing,

combined in pairs or in triplets, they increased the risk
for OSCC further compared with the effect of each
single gene (Table 5). The triplet was associated with the
maximum and significant increase in risk (OR = 9.43,
95% CI = 1.98-44.9, p<0.01).

Analyses were conducted to investigate the interac-
tions between genotypes and life-style factors. As shown
in Table 6, only the variants XRCCT 194T1p interacted
with the smoking and drinking habits to significantly
clevate the risk (OR =337, 95% CI=141-8.02,
p<0.01), and positive interactions were detected in
individuals with the non-betel. chewing habit (OR =
288, 95% CI=1.31-631, p<001). A similar but
marginally significant effect was found with ¥RCC3
241Met (OR = 2.92,:95% CI = 0.94-9.04, p = 0.06 for
smoking . and drinking; OR =261, 95% CI=
0.97—7.11, p = 0,06 for non-betel chewing). The XPD
exon 6 variants cxhibited a significantly elevated risk in
non-smokers and non-drinkers (OR = 4.10, 95% Cl =
1.20—14.0, p = 0.03). As shown in Table 7, males with
variants XRCC! 194Trp and YRCC3 241 Met had signi-

ficantly higher risk {OR = 2.72, 95% CI = 1.34-5.52,
p<001; OR =295, 95% CI=L12-7.75 p<005,
respectively). The effect was, howeveér, not détected in
females. On the other hand, the variant XPD exon 6
exerted a higher risk’ in fomales (OR =393, 95%
CI = 1.14—13.6, p<005). The distributions of the
variant genotypes were in the HWE for both the
patients and the controls (data not shown).

Discussion '

From our investigation. in a Thai population, we
found that OSCC risk was increased with inhesitance of
three of the nine studied variant genotypes: XRCC/
194Tep, XRCC? 241Met and XYPD. exon 6. The risk
increased further in individuals with XRCCI 194Trp
and XRCC3 241Met who bad the smoking and drinking
but not the betel chewing habits. In carriers with XPD
exon § variants the increased risk was prominent among
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Tible 6. Association of life style habits, XRCC! 194Trp,
XRCC3 24| Mct, XPD exon 6 polymorphisms and OSCC risk

environmental cancers (Benhamou et al, 2004; Cho et
al,, 2003; Goode et al., 2002; Olshan ct al., 2002; Shen et
al., 2001, 2002, 2003; Spitz et al,, 2003; Sturgis et al..
1999, 2000, 2002; Tae et al., 2004; Au and Salama,
2005). To our kinowledge, there was only one reportof a

lecular- epidemiological-based study in an Asian

Life style hubits ~ Genotypes  Adjusted OR*  p-valoc
(95% CI)

Genes

No smoking & drinking

XRCC! \94Tp CTAT 130 (0.46-370) 0.2

XRCC3 241Met CT/TT 147 (0.43-300) 0.54

XPD exon 6 CAJAA 410 (1.20-14.0) 0.0

Smoking & drinking

XRCCI 194Trp CT/TT 3.37 (1.41-8.02) <001

XRCC3 24I1Met CT/TT 292 (0.94-9:04) D06

XPDexon 6 CAJAA 148 (0.54-344) 0.3

No betel chewing

XRCC! 194Tmp CT/TT 288 (L3631 <00l

XRCC? 4IMea CTAT 161 (0.97-7.11) 006

XPD exon § CAJAA 1.50 {0.68-3.30) 0.3

Betel chewing .

XRCCH94Tep  CTIT 1,20 (0.42-144) 074

XRCC? 241Met cTaT 285 (0.72-11.3) 014

XPD exon & CA[AA 2.20 (0.81-599) 0.12

"Adjusted OR — OR sdjusted foc other genss.

Table 7. DNA repair gene polymorphistns and OSCC,
stratified by sex

Adjusted OR* (95% CI)

Genes
Sex
Genotypes Male Female
XRCCY Arg|¥4Tmp . .
CTaT 2.92 (1.34-5.52* 1,10 (0.37-3.28)
YRCCT Arg399Gin )
GAJAA 0.59 (0.30-1.16)  0.49 {0.17-1.42)
XRCC3 Thr2diMet
CT/TT. 295 (1.12-7.75)" 137 (0.41-4.61)
XPC.PAT
Py 0.81 (0.41-1.58)  1.14 (0.42-3.10)
" XPC exon LS
AC/CC 0.88 (0.45-1.71) 1,05 (0.38-2.38)
XPD ¢xon 6
CAJAA L12{0.56-2.22) 393(L.14-136"
XPD Lys151Gln i
Acjcc 0.82 (0.361.85)  0.58 (0.17-2.05)
MGMT LeuB4Phe o
CT/TT ‘122 (0.55-2.4) 0,78 (0.19-3.25)
* Adjusted OR- O adjusted for other penss. ’
*pvalue <0.01.
Prvalue <0,08.

non-smokers. This study provides support of the
concept' that DNA repair gene polymorphisms play
important roles in modifying individual susceptibility to

population on associatiot between DNA repair gene
polymorphisms and HNSCC (Tac et al., 2004). They
reported that XRCCT 194Trp but not XRCC/ 399GIn
affecied the risk for HNSCC in a Kortan population
(OR = 2.6, 95% CI = }.53—4.46).

Our observation of genetic susceptibility to OSCC has
good suppert from other studies. For example, YRCC3
241Met has been reported 1o be functionally deficient
in the tepair of X-ray but not UV-light induced
chromosome aberrations; indicating that the- variant
genotypc is defective in BER, but not NER (Au <t al.,
2003). Among the ning polymorphisms investigated,
this varant genotype it associated with the most
significant risk for OSCC (Table 4). In our study, the
risk was mainly found in males (Table 7) and among
thase with the smoking and drinking habits (Table 6)
although Shen ot al. (2002) reported significant risk
among females in a broader group of cancer patients
(HNSCC). In another broad category of cancers, upper
acrodigestive tract cancer, Benhamou et al. (2004) did
not observe any significant risk with the XRCC3I 241 Mct
variant.

We found that the OSCC risk from the homozygous
and heterozygous XRCCI 194Trp variant genotypes
was marginally significant (p = 0.09). However, the risk
was significantly increased in males and among smokers
and drinkers (Tablcs 6 and 7). In addition, the risk with
XRCCI 194Trp was enhanced in combmatlon with the
other two susceptibility genotypes, XPD exon 6 or
XRCC3 241Met compared with the effect of single
genes. Combination of the three susceptibility genotypes
clevated the risk significantly (Table 5). The data
indicate that there were synergistic interactions among
the susceptibility penotypes. Our findings have. support
from a functional study (Au et al,, 2003), in which
XRCC! 194Trp was demonstrated to have a reduced
repair capacity for X-ray- or UV light-induced chromo-
some aberrations. In HNSCC paticnts, the variant
genotype was associated with reduced risk: among
Caucasians (Sturgis ot al,, 1999) but increased risk for
Koreans (Tae et al,, 2004).

With respect-to the XPD exon 6 polymerphism, we
observed that the veriant genotype was associated with
borderline significant increase in risk (Table 4), cspe~
cially among the non-smokers and females (Tables 6 and
7). From previous repoits, no associated risk with the
variant genotype was found for HNSCC (Sturgis et al.,
2000) and a borderline risk for basal cell carcinoma
(Vogel et al., 2001). The variant genotype was reported
to have lower DNA repair capacity than the wild type
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(Wct et al., 1993) elthough the SNP does not result i in an
amino acid change at the codon 156.

In our study, the variant XRCCI 399GIn was
associated with reduced risk for OSCC although the
genotype has been reported lo be associated with
reduced BER but proficient NER activities (Au et al,,
2003}, Similarly, & marked reduction in risk was reported
for HNSCC among a US population (OR = 0.01, 95%
CI = 0.0004-0.3, Olshan et al, 2002) and among
Koreans (Tae et al., 2004),

Although genetic susceptibility analyses are expected
to provide novel and valuable information regarding the
induction and development of cancer, many of these
studics have not produced reproducible results (Au
ct al., 2004; Au and Salama, 2005), The major reason is
that many parameters. affect the outcome of such
investigations, e.g. specificity of the tumor sites, sample
size, ethnic differcnces in genotype distribution and life
style habits, and. interactions with other susceptibility
genes, The distributions of DNA repair genes are
remarkably different i different ethnic populations for

. some SNPs. For example, the distribution of the
XRCC! 194Trp variant genotypes (Arg/Trp and Trp/
Trp) were 40.9% and 12.2%, respectively, in our Thai
population (Table 3); 26.9% and 3.5%, respectively in a
Korean population (Tae ct al,, 2004); 6.2% and 0%
{Olshan et al, 2002) and 14.4% and 0% (Sturgis ef al,,
1999} in US. non-Hispanic white populations. For
XRCC3 Thr241Met, the distribution for the variant
Thr/Met and Met/Met genotypes were 14.0% and 0.6%,
respectively, -in -our popuiation (Table 3), 53.6% and
18.1% (Benhamou et al., 2004); 48.0% and [2.2% (Shen
et al., 2002); and 54% and 13% (Shcn et al., 2003) in US
Caucasian populations.

Besidés DNA' repair genes, a variety of other
polymorphic genes may contribute to susceptibility to
OSCC (Au and Salama, 2005). We have previously
reported that the GSTM! aull metabolizing gene is
associated -with risk for OSCC (Kietthubthew et al,
2001). The thymidylate synthase 5'- and 3'-untranslated
region’ polymorphism which is involved in folate
metabolism is associated with risk for HNSCC (Zhang
ct al., 2004). The heme oxygenase-! promoter poly-
motphism is related to risk for OSCC. among males
who chewed areca (Chang et al, 2004). Conse-
quently, unexpected results can be generated - and
these may not be indicative of wrong observations.
In our study, we observed gender effects in sus-
ceptibility. In addition, the variant XRCCI 399Gin,
which was associated with deféctive BER, was asso-
ciated with reduced risk for OSCC anid for HNSCC in
other studies. A possibility is that the susceptibility
genotype is in. linkage disequilibriom with other
genotypes that compensate the repair deficiency. There-
fore, comprehensive investigations involving major
contributing factors are needed to be conducted o have

a better understanding of the susceptibility phenomenon
to OSCC.

The present study shows that three polymorphisms in
DNA repair genes are involved in OSCC susceptibility
in 4 Thai population: XRCC/ 194Trp, XRCC3 24[Met
and XPD exon 6. The interesting point is that enzymes
from cach of the threc genes are known to participate in
different DNA repair pathways. This observation is
consistent with the induction of muliiple DNA lesions
by cigarette smoke and by other environmental agents
that require different pathways for repair. Therefore,
our study represents an important addition to pre-
viously published work on polymorphism of DNA
repair genes and susceptibility of cancer. Further studies
with a larger number of subjects and simuftaneous
measurement of different polymorphic genes are needed
to provide a better understanding of the susceptibility
phenomenon {Au and Salama, 2005). In the meantime,
we are evatuating the interactions between susceptibility
chemical metabolizing and DNA repair genes for risk in
OSCC. '
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The p53 Codon 72 Polymorphism and Risk of Oral Cancer in
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Abstract

The codoen 72 polymorphism of the p53 tumor suppressor gene has been investigated extensively for its association
with various cancers around the world. However, its influence has not been elucidated in the Thai population.
Therefore, a case-control study with 97 patients and 97 matched controls was conducted to elucidate the association
between the polymorphic p53 and oral cancer risk in a Southern Thai population. The frequencies of the Arg/Arg,
Arg/Pro, and Pro/Pro genotypes were 36%, 35%, and 29%, respectively in the controls and 33%, 45% and 22%,
respectively in the patients. This study shows that there was no significant association between the p53 codon 72
polymorphism and oral cancer risk. There was also no link with respect to smoking or drinking habits. However,
our data suggest that for individuals who were younger than 65 years oid, the Pro/Pro genotype may offer some
protection against oral cancer (OR =0.13, 95%CT 0.04-1.10). This is the first report on p53 polymorphism and oral

cancer in Thailand.

Key Words: p53 codon 72 polymorphism - oral cancer - tobacco smoking - alcohol consumption - betel chewing - genetic
susceptibility
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oral cancer is caused by the interactions between genetic

Introduction
and certain epigenic or environmental factors. The genetic

Oral cancer, mainly oral squamous cell carcinoma
(OSCC), is one of the ten most common cancers in the world
(Scully and Bedi, 2000) and the disease is predicted to
increase in prevalence during the next several decades
(Sciubba, 2001). In Thailand, the incidence for the disease
is the highest in the southern part of the country where it is
ranked the second in males and the sixth in females among
all cancers (Srivatanakul et al., 1999). While the major risk
factors for oral cancer are cigarette smoking and alcohol
consumption in Western countries, the risk factors in
Southern Thailand are alcohol drinking, tobacco smoking,
betel quid chewing and the use of smokeless tobacco
(Kerdpon et al., 2001). The latter practices are similar to
those reported in other Asian countries (Ko et al., 1995;
Balaram et al., 2002). Similar to many other malignancies,

component may influence an individual’s susceptibility to
cancer. This component includes polymorphic genes that
modulate chemical metabolism, DNA repair, and cell cycle
control (Sreelekha et al., 2001; Topcu et al., 2002). In our
investigation of genetic susceptibility to oral cancer in
Southern Thailand, we have reported that inheritance of the
GSTM1 null allele conferred an increased risk for oral cancer.
The increased risk is particularly obvious among those who
have had life-style risk habits such as alcohol drinking,
tobacco smoking and betel chewing (Kietthubthew et al.,
2001).

The p33 tumor suppressor gene contributes to the
maintenance of genomic stability by controlling cell cycle
and facilitating DNA repair in response to DNA damage
{Hollstein et al., 1991). It is a gatekeeper or guardian gene
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of cell division (Levine, 1997). Therefore, alterations in p53
function are critical events in carcinogenesis. In fact,
mutations of p53 are frequently found in a variety of human
cancers including oral cancer (Partridge et al., 2000; Oswald
et al., 2000; Hsieh et al., 2001).

The p53 gene was found to be polymorphic with a single
nucleotide polymorphism in the exon 4 in codon 72
(Matlashewski et al., 1987). The substitution of G to C
changes the amino acid from arginine to proline. It gives
rise to three genotypes, Arg/Arg, Arg/Pro and Pro/Pro. More
recently, the p53Arg and p53Pro proteins are reported to be
biologically and biochemically different from each other
(Thomas et al., 1999; Martin et al., 2000). For example,
Storey et al demonstrated that p53Arg was more readily
degraded by the E6 oncoprotein of the high-risk human
papilloma virus strains (HPV16 and 18) than the p53Pro
and the Arg/Arg genotype increased the risk of HP V-related
cervical cancer (Storey et al., 1998). Several other studies
in the association of the p53 polymorphism on cancer
susceptibility were reported recently, however, the results
have not been consistent (Kuroda et al., 2003; McWilliams
et al., 2000; Hamel et al., 2000; Summersgill et al., 2000;
Tandle et al., 2001; Connor et al., 2001; Tsai et al., 2002;
Lee et al, 2000; Guimaraes et al.,2001; Nagpal et al., 2002;
Shen et al., 2002). So far, there were only few reports on
the association of the p53 codon 72 polymorphism and oral
cancer (McWilliams et al., 2000; Hamel et al., 2000;
Summersgill et al., 2000; Tandle et al., 2001; Nagpal et al.,
2002; Shen et al., 2002). Summersgill et al (2000) reported
that there was no association between the p53 codon 72
polymorphism and the risk for oral cancer among
Caucasians. Nagpal et al (2002) observed that the Arg/Arg
genotype conferred susceptibility to HPV infection and oral
carcinogenesis among an Eastern Indian population. Shen
et al (2002) reported that although the p53 polymorphism
was not associated with head and neck cancer among a group
of non-Hispanic white population; the Pro allele was
associated with an early age of onset of the cancers,
particularly oral cancer. The controversy could be due to
differences in ethnic composition of the studied populations
and to their associated risk factors as mentioned earlier.
Since such an investigation has not been reported in
Thailand, we have studied the p53 codon 72 polymorphism
and oral cancer with adjustment based on the presence of
other significant risk factors.

Materials and Methods

Recruitment of study participants

In this case - control study, the criteria for recruitment
of patients and controls were the same as those used in our
previous study (Kietthubthew et al., 2001). The two groups
were one-to-one matched by sex and by age ( £ 5 years),
smoking status and drinking status. The study subjects
included 97cases and 97 controls. Briefly, patients with
cancer in the oral cavity, histologically squamous cell
carcinoma, were sequentially recruited from August 1998
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to May 2001 from the Department of Radiology,
Songkhlanagarind Hospital, before they had chemo- and/or
radio-therapy. The controls were recruited from residents
living in the similar geographic area (Songkhla Province
and its vicinity). All individuals voluntarily participated in
the study after they had provided informed consent. Each
participant was personally interviewed with a questionnaire
that had been approved by the university ethic committee.
The information collected and used in this study were related
to past history of individual’s demographic background,
tobacco smoking, use of smokeless tobacco, betel chewing,
alcohol drinking, and other possible risk factors as
occupational exposure, nutrition, oral hygiene as well as
personal and family history of various cancers.

Blood collection and DNA extraction

Peripheral blood samples from the qualified participants
were collected. Each blood sample was centrifuged at 2,000
rpm, blood cells were kept frozen (-20°C) until whole blood
DNA extraction was performed. A non-organic DNA
extraction procedure was used to isolate DNA specimens
(Sambrook et al., 1989).

Analysis of the p53 codon 72 polymorphism

The exon 4 of the p53 gene was amplified by the PCR
procedure. The upper and the lower primer was 5’ -
CCCGGACGATATTGAACA- 28 and 5°-
AGAAGCCCAGACGGAAAC- 3, respectively. The
reaction conditions were: activation of polymerase at 95°C
for 9 min, then followed by 40 cycles of 94°C for 1 min;
61°C for 1 min; 72°C for 1 min. The PCR product was a
203 base pair DNA fragment. The fragment was then
digested for two hours by a restriction enzyme, using either
of these enzymes: ACCII (Takara, Japan), at 37°C or BstUI
(New England BioLabs, USA) at 60°C. The genotypes were
determined by electrophoresis on 3% agarose gel and
visualized with ethidium bromide under UV light. The
enzymes cut the PCR product of the Arg allele into two
fragments, 125 bp and 78 bp, while the PCR product of the
Pro allele remained uncut (Fig 1) .

Figure 1. p53 Polymorphism on 3% Agarose Gel
Evaluated by the Restriction Enzyme Analysis. The Arg
allele showing two small bands at 125 bp and 78 bp (lanes 6,7).
The Pro allele showing a single band of 203 bp (lane 3,4). The
heterozygous form has three bands at 203, 125 and 78 bp (lanes
1,2,5). M is the DNA 100 bp marker.



Statistical Analysis

The data were analysed by using Stata statistical software
(Stata version 7.0). Chi-squared test was used for the
comparison of proportion of categorical variables and t-test
was used to compare the age. Due to the skewness of the
data, the difference in alcohol consumption (gm-ethanol),
tobacco smoking (pack-yr), and betel quid chewing (quid-
yr) between cases and controls were tested by rank-sum
(Mann-Whitney} test. This study was a matched design case-
control, therefore, conditional logistic regression was applied
appropriately to obtain odd ratios (ORs) of the association
between oral cancer and the p33 polymorphism, crude and
adjusted for demographic and risk behavior variables and
their 95% confidence intervals. Stratified analysis by
smoking and drinking status with adjustment for levels of
exposure cigarette, alcohol and betel chewing gave the risk
of oral cancer for Arg/Pro and Pro/Pro genotypes of the p53,
using the Arg/Arg genotype as a reference.

Results

As shown in Table 1, the study subjects including 97cases
and 97 controls. They were well matched based on the
selection criteria (age and gender} and the following results
were obtained.

Tahle 2 shows the distribution of genotypes for the p33
codon 72 polymorphism. The genotype frequency for Arg/
Arg, Arg/Pro, and Pro/Pro were 33%, 45%, 22%,
respectively in the patients, and were 36%, 35% and 29% in
the controls, respectively. The distributions of genotype in
both groups were in Hardy-Weinberg cquilibrium.
Furthermore, there was no significant difference (p = 0.07)
in the allele frequencies between the control and case groups.
Smoking and alcohol drinking behavior did not alter the risk
for oral cancer based on the p33 polymorphism. In subjects
who consumed both tobacco and alcohol, the risk of oral
cancer for Arg/Pro and Pro/Pro genotypes of p33 was not
significant (OR = 1.69, 95%CI = 0.61-4.71 and OR = 1.40,
95%CI = 0.41-4.73, respectively) using the Arg/Arg

P53 Codon 72 Polymorphism and Oral Cancer in Thailand

Table 1. Characteristics of the Subjects

Case (97) Control (97)  p-value
Sex male 67 67 1.000!
female 30 30
Age mean 67.4 67.8 0.8122
SD 9.8 9.5
Alcohol Median 9.8 10.45 0.674°
(gm-ethanol) Q1,Q3  0,46.58 0,29.00
Smoking Median 200 164 0.622°
{pack-yr) Ql,Q3 0,440 0,410
Betel Quid Median 0 0 <0.001°

0,2880  0,2640

(quid-yr) Q1,Q3

Q1 = first quatile , Q3 = third quatile, 1 = Chi-squared, 2 = t-test,
3 = rank-sum test

genotype as the reference. In subjects who neither smoked
nor drank alcohol, the stratified analysis also demonstrated
no association of oral cancer and the Arg/Pro or Pro/Pro
genotypes (OR = 0.58, 95%CI = 0.09-3.81 and OR = 0.14,
95%CI = 0.01-2.17, respectively). Since there were few
individuals who had a smoking or drinking habit alone, these
two strata were excluded.

To assess the age-dependent development of oral cancer
and the influence of the p33 gene, we have subdivided the
patient population into three age categories, irrespective of
smoking and drinking habits; < 65, 66-75 and >75 years
old, respectively. The data, as shown in Table 3, confims
that the p53 variant genotype does not increase the risk for
oral cancer. The Pro/Pro genotype seems to protect against
oral cancer (using Arg/Arg as reference) in individuals
younger than 65 years but statistical significance is not
achieved (OR = 0.13, 95%CI = 0.02-1.10).

Discussion

The p53 codon 72 polymorphism has been extensively
investigated for its association in many diseases, including

Table 2. Association of p53 Codon 72 Polymorphism and Risk Behavior and Oral Cancer

p33 Case Control OR 95%CI Adj.OR* 95% CI

Arg/Arg(%) 32(33) 35(36) ref. ref.

Arg/Pro(%) 44(45) 34(35) 1.37 0.74-2.53 1.29 0.58-2.86

Pro/Pro(%) 21(22) 28(29) 0.81 0.40-1.66 0.93 0.37-2.36
both smoke and drink

Arg/Arg (%) 16(31) 20(39) ref. ref.

Arg/Pro (%) 25(48) 19(37) 1.48 0.65-3.37 1.69 0.61-4.71

Pro/Pro (%) 11(21) 12(24) 1.11 0.43-2.91 1.40 041-4.73
never smoke never drink

Arg/Arg (%) 11(37) 9(30) ref. ref.

Arg/Pro (%) 13(43) 11(37) 1.00 0.31-3.24 0.58 0.09-3.81

Pro/Pro (%) 6(20) 10 (33} 0.43 0.10-1.87 0.14 0.01-2.17

* adjusted for past exposure {10 years before) to amount of cigarctte smoking, ethanol consumption, and betel chewing.
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Table 3. Association of p53 and Age of Onset of Oral Cancer

p353 polymorphism Age group

<=65 66-75 >75
Arg/Arg ref ref ref
Arg/Pro 0.66 (0.17-2.58) 1.86 (0.48-7.33) 1.29(0.23-7.33)
Pro/Pro 0.13 (0.02-1.10) 3.59(0.67-19.17) 1.23 (0.26-5.92)

oral cancer (Kuroda et al., 2003; McWilliams et al., 2000;
Hamel et al., 2000; Summersgill et al., 2000; Tandle et al,
2001; Connor et al., 2001; Tsai et al., 2002; Lee et al, 2000,
Guimaraes et al.,2001; Nagpal et al., 2002; Shen et al., 2002),
however, the results are inconsistent. The discrepancy could
be caused by the different ethnic composition of the studied
populations (McWilliams et al., 2000; Hamel et al., 2000;
Summersgill et al., 2000; Tandle et al., 2001; Connor et al.,
2001; Tsai et al., 2002; Lee et al, 2000; Guimaraes et
al.,,2001; Nagpal et al., 2002; Shen et al., 2002) and by the
different risk habits in various regions (Summersgill et al.,
2000; Guimaraes et al.,2001; Nagpal et al., 2002; Shen et
al., 2002). The present study on oral cancer of the Southemn
Thai population indicates that there is no significant
association between the p53 codon 72 polymorphism and
oral cancer. The p33 polymorphism does not show evidence
of interaction with any frequently practiced risk habits on
oral cancer risk. This finding is concordant with some
previous reports (McWilliams et al., 2000; Hamel et al,,
2000; Summersgill et al., 2000; Tandle et al., 2001; Shen et
al., 2002). Although this is a negative study of p53
polymorphism and oral cancer, this is the first report in
Southeast Asian region, where the risks exposure and
modifying factors for oral carcinogenesis may be different
from the previous studies.

The information on the interaction of the p53 codon 72
polymorphism and oral cancer remains obscure. There were
six publications in the literature on the relationship between
the p53 polymorphism and oral cancer (McWilliams et al.,
2000; Hamel et al., 2000; Summersgill et al,, 2000; Tandle
et al., 2001; Nagpal et al., 2002; Shen et al., 2002).
McWilliam et al (2000), Hamel et al (2000) and more
recently Shen et al (2002) did not find that the p53 codon
72 polymorphism plays a role in the risk for squamous cell
carcinoma of the head and neck (SCCHN) among
Caucasians. Although, Shen et al {2002} suggested that the
Pro/Pro genotype was associated with an early onset in oral
cancer (p=0.046), they commented that the observation
needed to be confirmed by a larger sample size. In another
study in a Caucasian population, Summersgill et al (2000)
also failed to demonstrate the relationship between the p53
polymorphism and oral cancer either with or without HPV
infection. There were two reports concerning interaction of
the p53 polymorphism and oral cancer from Indian
population, Tandle et al (2001} did not observe an association
of the p53 genotype and oral cancer susceptibility whereas
Nagpal et al (2002) indicated that the Arg/Arg genotype
increased susceptibility to HPV infection and associated with
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oral carcinogenesis. The latter study was investigated in 110
patients who were highly addicted to tobacco and betel guid
chewing. As mentioned earlier, the major differences in the
prevalence of the variant alleles and the associated risk
factors may affect the risk association. The genotypes
frequency of the normal control in many studies showed that
there were significant differences in the prevalence of the
p53 codon 72 polymorphism among different ethnic
populations (Kuroda et al., 2003; McWilliams et al., 2000;
Harmel et al., 2000; Summersgill et al., 2000; Tandle et al,,
2001; Connor et al., 2001; Tsai et al., 2002; Lee et al, 2000,
Guimaraes et al.,2001; Nagpal et al., 2002; Shen et al., 2002).
Qur current analysis reveals that in the Southern Thai
population, the frequencies of the p53 codon 72
polymorphism (Arg/Arg, Arg/Pro, and Pro/Pro) are 36%,
35%, and 29%, respectively. The distribution pattern is
similar to those reported in most Asian populations [Japanese
36%, 44% and 20 % (Kuroda et al.,, 2003); Indian 14%,
65% and 20% (Tandle et al., 2001); Taiwanese 37.0%, 45.7%
and 17.3% (Lee et al, 2000)]. In one Chinese study
{Guimaraes et al.,2001), the frequency of the p53 Pro/Pro
genotypes was extremely high (42.1%) while a report of the
Eastern Indian (Nagpal et al., 2002), very low Pro/Pro
genotype was observed However, the sample sizes of these
two studies were very small, i.e. 57 and 26, respectively. In
Asian populations, the distribution of the heterozygous form
(Arg/Pro) was more common than the homozygous
genotypes. This distribution pattern was different from the
Caucasian populations which showed that the Arg/Arg was
the most commeon genotype, with frequencies ranging from
53% (Shen et al., 2002) to 79% (Connor et al., 2001) whereas
the frequencies of the homozygous Pro/Pro genotype were
very low 3.5% (Connor et al., 2001}, 7.2% (Shen et al., 2002).
Such major differences in the distribution of the variant
alleles in different ethnic populations may impact their
contribution to the susceptibility to environmental related
cancers, like oral cancer.

Infection with human papilloma virus (HPV), especially
the high risk types (HPV16/18), is involved in oral
carcinogenesis (Nagpal et al., 2002; Miller et al., 1989;
Schwart et al., 1998). This relationship has support from
mechanistic gbservation which indicated that the E6 protein
of the HPV16/18 binds to p33, thus facilitating the
development of cancer (Storey et al., 1998). Recently,
Nagpal et al (2002) revealed that the p53 polymorphism
increased the susceptibility of the HPV-related oral
carcinogenesis of Eastern Indians who were highly addicted
to chewing tobacco and betel quid. They indicated that Arg/



Arg genotype caused more susceptible to oral cancer than
Pro/Pro genotype. This data was contradictory to an earlier
published data from a Caucasian study (Summersgill et al.,
2000). In our study, we did not investigate the infection with
HPV in our patients and controls. However, the interaction
between the E6 and the p53 proteins may contribute to a
significant influence on the risk for oral cancer. Of particular
refevance is the observation that the p53 Arg protein is more
readily degraded by E6 than the p53Pro. Under this scenario,
inactivation of the Arg/Arg genotype by E6 becomes the
major risk factor, leaving the Arg/Pro and the Pro/Pro
genotypes to interact with other risk factors for their
contribution to oral cancer. With this consideration, our
observed interactions between smokers/drinkers and the Arg/
Pro and Pro/Pro genotypes for risk for oral cancer are
possible. Furthermore, the protective effect of the Pro/Pro
genotype is also possible.

In conclusion, the p53 codon 72 polymorphism is not
associated with oral cancer in Southern Thailand. The Pro/
Pro genotype may offer some protective effect on oral cancer.
The interactions between the HPV E6 protein and the p53
proteins from the different alleles need to be considered to
understand more precisely the risk factors for oral cancer.
Furthermore, the relationship between the p33
polymorphism and polymorphisms in xenobiotics
metabolizing genes will need to be considered when the
sample size is large enough for such interactive analysis.
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Genetic and Environmental Interactions on Oral Cancer
in Southern Thailand
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Many counfries are interested in understanding the
relationship between genefic susceptibility ond
their prevalent environmental cancers for disease
prevention. In Thailand we conducted a popula-
tionbased casecontrol study of 53 matched pairs
to assess the risk of oral cancer in relation to
genefic polymorphism of the glutathione-S+rans-
ferase genes [GSTM1 and GSTT1) in cigaretie
smokers, alcohol drinkers, and betel quid chewers.
Interaction of the genes with other potential risk
factors such as local bean consumption were also
elucidated. Homozygous deletion of GSTM1 has a
frequency of 56.6% [n = 30 over 53] among the
patients and 30.2% {16/53) among the controls.
This gene is associated with a 2.6fold higher risk
for development of oral cancer (95% Cl 1.04~
6.5]. Among the null G5TM1 individuals, those
who smoke, consume alcohol, and/or chew befel
quid have a significantly increased risk for oral
cancer with an odd rotio [OR} = 4.0 [95% C =

1.2-13.7}, OR = 7.2 {95% Cl = 1.5-33.8}, and
OR = 4.4 (95% CI = 1.1-17.8), respectively.
Interactions between any two of the lifestyle habits
for oral cancer risk, however, are not found. The
frequency of the GSTT1 null genotype is 34.0%
{18/53) among the patients and 47.2% {25/53)
among our confrols. There is no ossociation be-
tween the GSTT1 nulf allele and oral cancer risk. In
conclusion, our study provides data fo indicate that
individuals who have homazygous deletion of the
GSTMI1 gene have increased risk for oral cancer.
The risk increases further when these individuals
are exposed to environmental toxicants such as
chemicals in cigarette smoke, alcohol, and betel
quid. These baseline data can be applied to a
larger population-based study, both to verify the
observation and to conduct mechanistic investi-
gations. Environ. Mol. Mutagen. 37:111-116,
2001. © 2001 Wiley-iss, Inc.

Key words: genetic susceptibility; oral cancer; cigaretie smoking; metabolizing genes; GSTM1;

GSTT1; betel quid chewing

INTRODUCTION

Cancer of the oral cavity is a serious health problem in
Thailand. The age-standardized incidence rates (ASR)
range from 2.7 to 10.0 per 100,000 population in both sexes.
The incidence is highest in the southern region of the
country, where oral cancer is the second leading cancer in
males and the sixth in females. The ASR in the Songkhla
region are 9.8 and 3.5 per 100,000 population in males and
females, respectively [Deerasamee et al., 1999]. The current
understanding is that poor dental hygiene is a major risk
factor for oral cancer for both genders [Lamont et al., 1995;
Genco, 1996; Meyer et al., 1996]. The other major risk
factors are smoking and alcohol consumption that are com-
mon among males and betel chewing that is common among
fernales in this region [Kerdpon and Sriplung, 1997]. The
habit of betel chewing is different among individuals. Some
combine the betel quid with smokeless tobacco and others
add spices to their betel quid. The association of betel
chewing and oral cancer risk was previously documented in

© 2001 Wiley-Liss, Inc.

other Asian countries, for example, India and Taiwan [San-
karanarayanan et al., 1990; Ko et al., 1995]. In India, where
oral cancer is the most common malignancy, betel chewing
is very common among Indian males. The chewing habit is
also common among males in Taiwan but not in Thailand,
where most of the chewers are females.

A review of the literature indicates that the aforemen-
tioned environmental risk factors do not account for the
variations in risk for the development of oral cancer. Like
lung cancer, the variations can be contributed by the exis-
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tence of susceptible genetic factors that interact with envi-
ronmental factors for the development of disease [World
Health Organization, 1993; Lin et al., 1994; Au et al,, [998,
1999a,b]. Most environmental carcinogens are metabolized
by the phase I (activating) and phase II (detoxifying) en-
zymes [Guengerich et al., 1992; Hayes and Pulford, 1995;
Wormhoust et al., 1999] and the genes for some of these
enzymes are polymorphic. Therefore, inheritance of certain
variant alleles may impose susceptibility to environmental
cancer. The relationship between genetic and environmental
interactions for oral cancer was not previously investigated
in Thailand. Therefore, this is the focus of our investigation.

During the initial phase of the investigation, we targeted two
polymorphic glutathione-S-transferase genes (GSTM1 and
GSTTI) because the variant alleles of these two genes suppos-
edly have high prevalence in the normal population (approxi-
mately 50 and 30%, respectively). This high prevalence would
allow us to conduct reliable association studies using small
population sizes [Au et al,, 1998, 1999a]. GSTM1 and GSTT1
are involved in the detoxification of 2 wide range of environ-
mental and tobacco-specific carcinogens. Inheritance of the
null (homozygous deletion) GSTM1 and/or GSTT1 genotypes
were previously shown to be associated with the development
of cancer in many organ systems, particularly among cigarette
smokers. Examples are lung cancer [El-Zein et al,, 1997a—c],
bladder cancer [Bell, 1993; Anwar et al., 1996}, head and neck
cancer [Jourenkova et al., 1998; Matthias et al., 1998], and oral
cancer [Deakin et al., 1996; Hung etal., [997; Park et al., 1997,
Jourenkova-Mironova et al., 1999; Nair et al., 1999; Sato et al.,
1999]. It should also be emphasized that the reported positive
association between inheritance of susceptible genes and can-
cer is not universally substantiated [D’Errico et al., 1999].
Perhaps, geographical and ethnic differences in the distribution
of the variant alleles are responsible for the discrepant obser-
vations. Therefore, our investigation in Thailand is needed.
The evidence of positive association suggests that inheritance
of the null (susceptible) genotypes can cause cigarette smokers
to have increased body burden of reactive metabolites (carcin-
ogens) from cigarette smoke to increase the risk for cancer.
This suggestion is supported by the demonstration that the
susceptible individuals and/or their cells had more DNA dam-
age and chromosome aberrations than the nonsusceptible in-
dividuals [Ichiba et al., 1994; Ei-Zein et al., 1997; Salama et
al,, 1999].

Here we report, for the firsi tiee in a Thai population, the
effect of GSTM! and GSTT1 polymorphisms on the risk of
cancer of the oral cavity and their relationship with some
environmental risk factors.

MATERIALS AND METHODS

Study Population

Patients with cancer in the oral cavity were sequentially recruited before
they had chemo- and/or radiotherapy from the Department of Radiology,

Songkhlanagarind Hospital, from August 1998 to December 1999. All
individuals participated in the study voluntarily and provided informed
consent. Participants were personally interviewed with a questionnaire that
was approved by the university ethics committee. The collected informa-
tion was on each individual’s demographic background; cigarette smoking,
betel chewing, and alcohol consumption habits; occupational exposure;
nutritional behavior; oral hygiene; as well as personal and family history of
various cancers. Based on the collected information, the criteria for re-
cruitment of controls were determined. The controls were recruited from
sirnilar locations from which the patients came (i.e., residents living in the
Songkhla province and its vicinity). These locations were usually within a
1-hr drive by car from the hespital. The volunteer controls were selected
based on matching with the patients according to age (*5 years), gender,
and smoking or betel-chewing habits. In addition, the controls were
healthy. They also lacked the following specific problems with respect to
the oral cavity: (1) no oral cancer, (2) no oral ulcer, (3) no difficalties in
swallowing, and (4) no orat discomfort. They were also matched with the
patients based on sociceconomic conditions, that is, all of them worked on
the farm (e.g., orchid workers),

Collection and Preparafion of Specimens

Peripheral blood samples from the qualified participants were collected
into syringes and immediately transferred into polyethylene tubes that
contained sodium heparin as an anticoagulant. The collected samples were
coded and maintained in cool containers for transportation to the labora-
tory. The time taken for the collection and delivery of blood samples to the
laboratory was usually less than 3 hr. In the laboratory, each blood sample
was centrifuged at 2000 tpm for 5 min to pack cells in the centrifuge tubes.
The layer of white cells on top of the red blood cells was removed using
a pipette and then stored frozen at —20°C. These white blood cells were
used for extraction of DNA.

GSTM1 and GSTT1 Genotyping

DNA used for genetic analysis was isolated from 10 ml of frozen
heparinized blood using a nonorganic DNA extraction procedure [Sam-
brook et al., 1989]. Amplifications of the GSTM1 and GSTT1 genotypes
were obtained simultaneously in a single assay approach using a multiplex
PCR method [Abdel-Rahman et al,, 1996]. Briefly, each 50-ul reaction
mixture contained 200 uM dNTPs, 5 pl 10X PCR buffer (10X 500 mM
KCl, 100 mM Tris-HCl, pH 9.0), 1.5 mM MgCl,, and 2 U Amplitag DNA
polymerase (Perkin—Elmer/Applied Biosystems, Piscataway, NJF). DNA
(50 ng) was amplified together with 3¢ pmol of each pair of the foliowing
primers: GSTMI primers (5’ GAA CTC CCT GAA AAG CTA AAGC 3’
and 5' GTT GGG CTC AAA TAT ACG GTG G 3') and GSTTI primers
(5' TTC CTT ACT GGT CCT CAC ATC TC 3' and 5' TCA CCG GAT
CAT GGC CAG CA ¥'). CYP1A] primers (5° GAA CTG CCACTT CAG
C TG TCT 3' and 5' CAG CTG CAT TTG GAA GTG CTC 3') were
coamplified as an internal control. The PCR was performed in a Perkin-
Elmer GencAmp PCR System 2400 (Perkin—Elmer Cetus [nstruments,
Norwalk, CT). The reaction conditions were: initial denaturation (at 95°C,
9 min), followed by 35 cycles of melting (94°C, 1 min), annealing (59°C,
1 min), and extension {72°C, 1 min). A final elongation step (72°C, 10 min}
terminated the process. The amplified products were determined by elec-
trophoresis on ethidium bromide-stained 2% agarose gel. The presence of
a band at 312 bp (corresponding to CYP1Al) indicated a successful
amplification. The presence ot absence of a band at 215 bp and a band at
480 bp determined normal or deletion genotypes of GSTM] and GSTT],

respectively.



TABLE I. Characteristics of Cases and Controls

Cases (53) Controls (53) P value
Sex 1.000
Male 35 35
Female 18 18
Religion 0.079
Buddhist 50 53
Muslim 3 [4]
Age 0.857
Mean 67.0 67.3
sSD 10.1 10.3
Smoking 0.677
Yes 35 37
No 18 16
Alcohol 0.696
Yes 30 28
No 23 25
Betel 0.698
Yes 25 27
No 28 26
Smokeless tobacco 0.567
Yes 5 11
No 38 42

Statistical Analysis

The data were analyzed by using a statistical analysis software (Stata
version 6,0; Stata, College Station, TX). The chi-square test was used for
the comparison of proportion of characteristic variables and the Students’
t-test was used to measure for the comparison of age. Stratified analysis and
Togistic regression methods were applied appropriately to obtain odd ratios
(ORs) and their 95% confidence intervals.

RESULTS

The case-control study consisted of 33 cases of primary
oral cancer (base of tongue 15, tongue 6, floor of mouth 9,
palate 7, buccal 7, gum 7, and lip 2). All cases were
confirmed by pathologists to be oral squamous cell carci-
nomas. From our studied population, there is a significant
gender-specific distribution of oral cancers and our obser-
vation is consistent with that reported earlier by Kerdpon et
al, {1997]: palate and tongue cancers are prevalent in male
and buccal mucosal cancers are prevalent in females. The 35
male and 18 female patients (n = 53) were strictly pair-
matched by age (5 years) and gender with 53 of the 60
recruited controls without the knowledge of other informa-
tion. Smoking, alcohol drinking, and betel-chewing habits
were frequency matched. The mean age of the cases and
controls are 67.0 = 10.1 (SD) and 67.3 * 103 (SD),
respectively. A summary of the characteristics of the studied
population is shown in Table 1. As shown in the Table, there
is no significant difference between the case and the control
groups with respect to ethnicity and that based on the
comparison parameters. The proportion of Muslims was
marginally different (# = 0.079} between the two groups.
However, Muslims are represented by only three individu-
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TABLE ll. Crude Odds Ratio (¢cOR) of GSTs
and Oral Cancer

Case no. Control
(%) no. (%) ¢OR  95% Cl P value

GSTM!I

Wild type 23 (43.4) 37 (69.8)

Null 30 (56.6) 16 (30.2) 3.0 1.4-6.7 0.006
GSTTI

Wild type ~ 35(66.0) 28 (52.8)

Null 18 (34.0) 25(47.2) 0.6 0.3-13 0.166

TABLE Ill. Risk of GSTM1 and GSTT1 Genes on Oral
Cancer, Adjusted for Exposure Variables

GSTM1 GSTTI aOR* 95% CI P value
Wild type Wildtype 1.0

wild type Nall 0.7 02-23 0.508
Nuli Wildtype 36 1.0-12.9 0.045
Null Null 2.0 0.5-7.8 0.313
GSTMI null or GSTT1 nult 1.6 0.6-4.4 0.328
GSTMI nuli and GSTT1 null 20 0.5-7.8 0.313

"a0R = adjusted odds ratio.

als; therefore their inclusion probably had no influence on
the resalt of the analysis.

A summary of the association of the GSTM1 and GSTT]1
genotypes and oral cancer is shown in Table II. The GSTM1
null genotype has a significant effect on oral cancer risk
(OR = 3.0, 95% CI = 1.4-6.7), whereas the GSTT!
revealed no association (OR = 0.6, 95% CI = 0.3-1.3).
Adjusted for exposure variables, the GSTMI null genotype
significantly increases the risk for oral cancer (adjusted
OR = 2.6, 95% CI = 1.04-6.5), whereas the GSTT1 null
genotype is not independently associated with oral cancer
risk (adjusted OR = 0.6, 95% CI = 0.2-1.5) (data not
shown)., As shown in Table III, the effect of the GST-
susceptible genotypes on oral cancer risk is not increased
with the combined deletion of GSTM1 and GSTT1 (OR =
2.0, 95% CI = 0.5-7.8).

The association between genetic susceptibility and envi-
ronmental risk factors for oral cancer was also investigated.
Table IV shows that, with respect to the tobacco smoking
habit, the GSTM1 wild type and GSTMI null genctypes
have no influence on oral cancer among the nonsmokers and
the occasional smokers. However, frequent smokers with
the GSTM1 null have a significantly increased risk for oral
cancer (OR = 4.1; 95% CI = 1.5-11.3). The GSTM1 null
genotype shows a significantly increased risk among fre-
quent alcohol drinkers (OR = 4.3; 95% CI = 1.4-13.2), but
not among nondrinkers and minimal drinkers. With respect
to the betel-chewing habit, the GSTM1 null demonstrates an
increased risk among frequent chewers (OR = 4.0; 95%
CI = 1,3-12.9). Interestingly, for individuals who chew
betel without smokeless tobacco, the risk is raised to 22-fold
{95% C.I = 2.2-222.0). No specific association is found
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TABLE IV. Risk of GSTM1 Null Genotype for Oral Cancer by

Cigarette Smoking, Alcohol Consumption, and Betel Chewing

Case Control
Null Normal Null Normal <OR* 95% CI aOR™ 95% CI

Tobacco smoking

No or minimal 11 9 7 10 I.7 0.5-6.4 20 0.4-10.2

Frequent 19 14 9 27 4.1 1.5-11.3 4.0 1.2-13.7*
Alcohol

No or minimal 13 13 8 17 21 0.7-6.6 1.5 0462

Frequent 15 10 8 20 4.3 1.4-£3.2 1.2 1.5-33.8*
Betel chewing

No or minimal i3 15 7 20 25 08717 2.6 6-11.9

Frequent 17 8 9 17 4.0 1.3-12,9 44 1.1-17.8*

With ST* 6 ki 4 7 1.5 0.3-7.8 23 0.2-234

Without 8T 13 1 5 io 220 222220 269 2.0-339.8*

3%OR and aOR = crude and adjusted odd ratios, respectively; ST = smokeless tobacco.

*P < 0.05.

TABLE V. Risk of GSTT1 Null Genotype for Oral Cancer by Cigarette Smoking, Alcohol Consumption, 2nd Betel Chewing

Case Control
Null Normal Null Normal cOR* 95% Cl aQR* 95% CI

Tobacco smoking

No or minimal 7 13 8 9 0.6 0.2-23 0.5 0.1-29

Frequent 11 22 17 19 0.6 0.2-1.5 0.8 0.2-2.8
Alcohol

No or minitnal 9 17 12 13 0.5 0.2-1.5 0.5 0.1-2.1

Frequent 9 18 12 16 0.7 0.2-2,0 13 0.3-5.3
Betel chewing

No or minimal 7 21 12 15 0.4 0.1-1.3 07 (.1-29

Frequent 11 14 13 13 08 03-24 0.7 02-29

With ST 4 9 6 5 0.4 0.1-2.0 0.4 0.0-4.1

Without ST 7 5 7 g 1.6 0.3-74 3.1 0.4-25.1

2%¢OR and aOR = crude and adjusted odd ratios, respectively; 8T = smokeless tobacco.

with the consumption of beans. After the adjustment for all
other variables (i.e., smoking, drinking, betel chewing, local
beans consumption), the effect of the GSTM1 null genotype
on oral cancer development is more prominent among
drinkers and chewers (OR = 7.2, 95% CI = 1.5-33.8;
OR = 4.4, 95% CI = 1.1--17.8, respectively). A strikingly
increased trend fs noted among chewers, who inherited
susceptible GSTM1 genotype and those who do not use
smokeless tobacco (OR = 26.9, 95% CI = 2.1-339.8). Too
few individuals had all three exposure conditions (cigarette
smoke, alcohol, and betel) for us to investigate their inter-
actions for risk to develop oral cancer, with or without the
GSTM1 gene. From multivariate analyses, the interaction
between any of the two exposure conditions is not found.
This observation may be the result of a true lack of inter-
action or to the effect of too-small sample sizes.

The interaction of the GSTT1 genotype with cigarette
smoking, betel chewing, alcoho! consumption, and con-
sumption of three local beans for oral cancer is demon-
strated in Table V. There is no significant influence on the
GSTTI null allele and oral cancer among smokers and
nonsmokers, drinkers and nondrinkers, chewers and

nonchewers, and on bean consumption. This indicates there
is no association between the GSTT1 genotypes and the risk
for oral cancer development with respect to the major life-
style risk factors examined in this study.

DISCUSSION

Polymorphism of GSTM1 and GSTTI1 genes and their
effect on oral cancer were studied recently in several coun-
tries [Hung et al., 1997; Park et al, 1997; Jourenkova-
Mironova et al., 1999; Nair et al.,, 1999; Sato et al., 1999].
We report the first such investigation in a Thai population.
The frequencies of GSTMI1 and GSTT1 null among our
noncancer population are 30.2 and 47.2%, respectively (n =
53). The results show that individuals with a susceptible
version of GSTMI genotype (the null genotype) have a
2.6-fold increased risk for oral cancer independent of expo-
sure to environmental risks. There is no increased risk when
this genotype is combined with the GSTT1 null genotype.
However, the estimate of the risk in this latter case may not
be precise because of the limited sample sizes. In addition,



we could not find an association of GSTT1 null allele and
oral cancer risk.

This report supports the evidence found in India where
the null GSTM1 genotype had a 22-fold (95% CI = 9.2—
57.0) estimated risk for oral leukoplakia, a precancerous
lesion [Nair et al., 1999]. It also showed concordance with
a study in the Japanese, which showed that deletion of the
GSTMI gene increased oral cancer risk by 2.2-fold (95%
CI = 1.4-3.6) [Sato et al., 1999]. Our study did not support
the results from the study in English Caucasians [Deakin et
al,, 1996], which found no risk associated with GSTM1
null. Another study in Swiss Caucasians showed a 2.4-fold
increased risk with GSTT] null (5% CI = 1.0-5.5) but no
association with the GSTM 1 null [Jourenkova-Mironova et
al., 1999]. A study in the United States detected no associ-
ation of the GSTM1 and oral cancer risk [Park et al,, 1997].
One possible explanation for the disagreements is the ethnic
differences in allelic frequency of the GSTM1 and GSTT1
polymorphisms. In this regard, we carefully compared our
result with data from the previous reports, Interestingly, we
found that the baseline frequency of GSTMI null from
controls has a strong influence on oral cancer risk, that is,
when the frequencies were high (approaching or above
50%), their effect on oral cancer risk was low or minimal.
Examples can be found in the reports from Deakin et al.
[1996], Park et al. [1997], Jourenkova-Mironova et al.
[1999], and Hung et al. [1997}, in which the GSTM1 null
frequencies are 55, 51, 52, and 58%, respectively. In con-
trast, when the frequencies of the genotypes were low (17%
as observed by Nair et al. [1999] and 30.2% in our study),
their influence on the risk was strikingly high. Another
possible explanation of the discrepancy is the difference in
environmental and lifestyle risk factors. As described ear-
lier, the betel quid may have significantly different mixtures
from various countries. The higher cancer risk among betel
quid chewers without smokeless tobacco compared with
those who consumed both is very interesting and may
suggest some antagonistic effects between them. This ob-
servation requires further investigation.

Tobacco smoking, alcohol drinking, and betel chewing
are known risk factors of oral cancer in southern Thailand
[Kerdpo! and Sriplung, 1997]. When the interaction be-
tween GSTM1 null and the lifestyle risk factors is analyzed,
our data demonstrate that each of these environmental fac-
tors enhances the risk from GSTM1 nuit (OR = 4.0, 7.2, 4.4
for habitual tobacco smokers, alcohol drinkers, and betel
chewers, respectively). In multivariate analyses, interac-
tions between any two of the environmental risk factors are
not found. This may be the result of the true lack of
interactions or to the effect of too-small sample sizes. We
found no difference in the age of onset on the oral cancer,
whether the patients inherited susceptible or normal ver-
sions of the GSTs genes.

We compared our data with those from the study on the
Tatwanese [Hung et al., 1997], whose ethnicity and expo-
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sures are similar to ours. The influence of the GSTMI null
on oral cancer is stronger based on our study when the
association is conducted separately for GSTMI1 and GSTT1
(OR = 3.6 to 1.3). However, when the two genes were
combined in the analysis, we could not detect the associa-
tion (OR = 2.0; 95% CI = 0.5-7.8), whereas the Taiwanese
detected an increased risk (OR = 4.9). The age of onset for
our patients was 67 years old; for the Taiwanese cases, 54.1
years old. The observed discrepancies can possibly be ex-
plained by the difference in tobacco smoking and betel-
chewing habits. Our oral cancer patients who smoked also
drank alcohol, but rarely chewed betel, whereas most of the
Taiwanese chewers in the study by Hung et al. [1997] were
smokers. In addition, betel-chewing style and ingredients
may also be different.

Although we collected oral hygiene information from our
patient and control groups, the information is not adequate
for us to conduct an association analysis. This is because the
majority of them had many types of oral problems and about
half of the patients lost all their teeth.

In conclusion, we found that there is a gene—environment
interaction for the risk of oral cancer in Thailand: GSTM1
null with cigarette smoking, alcohol consumption, and betel
chewing. In that the development of oral cancer, like other
cancers, is based on multifactorial contributions, additional
environmental and genetic factors should be explored. For
this reason, a study with a larger sample size is ongoing in
our laboratory for further exploration of gene—gene and
gene—environment interactions on the development of oral

cancer.
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