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Therisk to develop esophageal cancer is associated with avariety of
environmental and genetic factors. Previously, we have found that individual



susceptibility to esophageal cancer in Taiwan was closely related to the consumption
of tobacco, alcohol and areca.  These factors exerted a synergistic effect on the risk
for esophageal cancer.  On the other hand, the genetic variation was also found
important in determining the individual susceptibility to esophageal cancer. Genetic
polymorphisms of the xenobiotic metabolizing enzymes, GSTP1, GSTT1, and
CYP1A1, tumor suppressor gene, p53, or DNA repair enzymes, XRCC1 or hOGG1,
can significantly influence the risk of esophageal cancer. Given that the DNA
damage is the common form induced by the environmental carcinogens and the main
contributor to esophageal carcinogenesis, the individual variation in the repairing
capacity for damaged DNA would play aimportant role in determine the tendency for
individual carcinogenesis of the esophagus. Therefore, the aim of this study was to
investigate whether the genetic alteration of the DNA repair genes, hOGG1, and
XRCC1 can modify the individual risk to esophageal cancer. Previousy, we have
devel oped the technique of laser capture microdissection (LCM) to obtain pure tumor
DNA for analysis. Using this technique, we have alleotyping the hOGG1 on intron 4
and exon 7, where the genetic polymorphisms locates. We aso genotyped the
patients of esophageal cancer for the hOGG1 Ser 326 Cys genetic polymorphism on
intron 7. The expression of the hOGGL1 in tumor was aso examined by
immunohistochemical staining. Totally, we evaluated the status of LOH in tumor
from 90 patients.  Sixty-seven of them further received immunohistochemical
staining for the hOGGL expression. 204 patients and 266 normal control received
genotyping for the hOGG1 polymorphisms.  We found that, the risk for the
esophageal cancer was enhanced by the presence of the hOGGL1 326 Cys alelein the
males who did not regularly consume tobacco, acohol, or areca nut, with ORs(95%
Cl) being 3.09 (1.22-7.81) for the non-smokers, 2.40 (1.08-5.31) for the non-alcohol
drinkers, and 1.86 (0.99-3.49) for the non-areca chewers. We also found the alelic
loss in genetic locus of NOGG1 is avery common episode with 62.2% of cases on the
intron 4 and 56.7% of casesontheexon 7. The expression of the hOGGL1 in the
tumor tissue were also reduced, with 82% of the patients having tumor without
expressing or expressing only avery low level of hOGGL1 (less than 10% of the tumor
cells). Thisimpliesthat repair of the oxidative damaged DNA, 8-0xoG, isan
important mechanism for prevention of neoplasm in the esophagus. Through the
genetic variation produced by the polymorphism, the function of the hOGG1 might
have afurther detriment once allele was lost under the continuous challenge of the
DNA damage. Therefore hOGGL1 is an important tumor suppressor gene for the
esophageal carcinogenesis.



B3P en

To investigate the role of the genetic alteration and expression of XRCC1 and
hOGGL1 in the esophageal carcinogenesis, we focused the genetic ateration of
hOGG1 and XRCC1 including alelic loss and genetic polymorphism in esophageal
cancer. We aso studied the expression of XRCC1 and hOGGL1 in the tumor tissue of
the esophageal cancer.
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Esophageal squamous cell carcinoma (EPC) is still an important disease
threatening public health throughout the world. Geographic variation in the incidence
of this cancer strongly suggests that environmental factors are involved in its etiology
and carcinogenesis. The annual incidence of EPC in Taiwan is 6.93 per 100,000 of
the population, very similar to that in most Western countries, and in sharp contrast to
certain high-risk areas in Northern China, such as Linxian in Henan Province, where
the annual incidence of EPC exceeds 100 per 100,000 of the population (Yang 1980;
Blot and McLaughlin, 1999). To explore possible differences in risk factors, we and
others have conducted epidemiological studies, the results of which indicated that the
risk of EPC in our population is very similar to that reported in the Western countries,
China and Indian and that the important risk factors are cigarette smoking, alcohol
consumption, and areca chewing (Wu et al., 2001; Lee et a., 2000; Brown et al.,
1994; Cheng et a., 1995; Franceschi et a., 1990; Gao et a., 1994; Garidou et al.,
1996; Launoy et a., 1997; Sankaranarayanan et al., 1991; Tavani et a., 1993).
Furthermore, the risk is positively correlated with the dosage of exposure and is
enhanced synergistically by combinations of these factors (Wu et al., 2000; Leeet d.,
2000).

Individuals exposed to the products of cigarette smoke have a higher
susceptibility of DNA damage as evidenced by the increased frequency of PAH-DNA
adduct formation and DNA strand breaks in the leukocytes of smokers (Van Schooten
et al ,1997). Excessive acohol consumption can also lead to DNA damage, mainly
through the production of reactive oxygen species, lipid peroxidation products, or
acetaldehyde (Brooks et a,1997). The frequency of single-strand breaks in DNA aso
increases after chronic alcohol exposure (Daiker et al,2000). Interestingly, this
mutagenic effect is synergetic with that of tobacco smoking and can be reversed by
abstinence (Castelli et al,1999), suggesting a causal link between acohol consumption
and DNA damage. Areca chewing is popular in Southeastern Asia, and is closely
related to the incidence of ora cancer in Taiwan (Ko et al,1995). Taiwanese areca
consumers usualy sandwich the betel nut between Piper betel inflorescence
(sometimes substituted by betel leaf) and lime paste, and do not use tobacco. Chewing



areca nut also provide the individual a higher genotoxic propensity. The high safrole
content (15 mg/gm) of the Piper betel of areca nut can lead to the formation of a
safrole-DNA adduct (Wang et al,1993; Miller et a,1983). Hydrogen peroxide in the
areca extract is aso able to induce oxidative DNA damage, resulting in DNA base
ateration and strand breaks (Liu et al,1996) Given the fact that DNA damage induced
by these carcinogens is the most important etiology in EPC tumorigenesis, the
capacity for DNA repair might play a vital role in preventing neoplastic
transformation of the esophagus and variation in the DNA repairing capacity induced
by the genetic polymorphism, deletion or mutation might contribute to the individual
carcinogenic susceptibility.

The protein X-Ray Repair Cross Complementing 1 (XRCC1) gene encodes a
scaffolding protein, which directly associates polymerase beta, DNA ligase |1l and
poly (ADP- ribose) polymerase (PARP) in a complex to facilitate the processesin base
excision repair (BER) or single-strands break repair (Caldecott et a., 1996; Kubota
et al, 1996; Cappdlli et a, 1997). The XRCC1 geneislocated at the chromosome 19
(913.2-q13.3) (Thompson et al, 1989). The XRCC1 protein interacts with DNA
polymerase beta on the N-terminal part (Kubota et a, 1996), while interacts with
DNA ligase Il isoenzyme in the C-terminal BRCT-11 (breast cancer susceptibility
protein-1 homology C-terminal) domain (Kubota et al, 1996; Nash et a, 1997). In
the centra BRCT-I domain, it aso interacts with poly (ADP- ribose) polymerase
(PARP) (Fig 1). XRCCL1 protein is indispensable for the viability in mammals.
Homozygous deletion of XRCC1 gene in mice could induce an an early arrest of
embryonic development (Tebbs et al, 1999). Transfection with XRCC1 cDNA could
reduce the sister chromatid exchange and increase resistance to the mutagenic toxicity
in the repair deficient cell line (Caldecott et a, 1992; Thompson et al, 1990;
Zdzeinicka et a, 1992). Three genetic variants at codons 194, 280 and 399 have been
found in XRCC1 (Shen et a., 1998). Codons 194 and 280 reside between the
binding domains of DNA polymerase beta and PARP, while residue 399 is located
within the PARP binding domain in BRCT-I. The genetic variantsin codon 399 were
found to influence The formation of aflatoxin B1-DNA adduct or glycophorin A
variant was found infuenced by the genetic variation in codon 399 (Lunn et al., 1999).
Cigarette smoke induced sister chromatid exchange in PBMCs can be increased by
the presence of the XRCC1 399 GIn adllele (Duell et a., 2000; Abdel-Rahman and
El-Zein, 2000). The genetic polymorphisms of XRCC1 aso influence the
individual susceptibility to cancers of the head and neck, colorectum , lung, or
gastric cardia (Sturgis et a., 1999; Abdel-Rahman et al., 2000; Shen et al, 2000;
Ratnasinghe et a., 2001).

The hOGG1 gene, localized on chromosome 3p25, encodes a glycosylase that



repair the DNA carrying the 8-oxoG base pair, an important product in oxdative DNA
damage and leading to the formation of GC to TA transversion during its replication
(Radicella JP et a, 1997) Chinese hamster ovary cell lines (AA8 and AS52) ,
transfected to overexpress hOggl protein, would have up to three-fold of increase in
repairing capacity for 8-oxoG, induced by either potassium bromate or photosensitizer
plus light (Hollenbach S et al., 1999) The OGG1 deficient cell generated from the
oggl -/- animals also demonstrated a complete abolishment of repairing the 8-OH-G
residues in the non-transcribed DNA. However, the transcription coupled repaire for
8-OH-G is largely spared, indicating that 8-OH-G in the actively transcribed gene is
repaired through a OGG1 independent pathway (Dhenaut A et al., 2001). Dueto a
genetic polymorphism at codon 326, hOGG1-Ser326 and hOGG1-Cys326 proteins
were produced in human cells. Activity in the repair of oh8Gua was greater in
hOGG1-Ser326 protein than in hOGG1-Cys326 protein in the complementation assay
of an E. coli mutant defective in the repair of oh8Gua. (Kohno T et al., 1998).
Individual genetic variation in codon 326 (Ser/Cys) of hOGG1 was also found
significant in affecting individual suspetibility to lung cancer or esophageal cancer in
Asian (Xing DY et al., 2001; Sugimura H et al., 1999). Loss of function due to
alelic imbalance were also found in cancers of the lung or head and neck (Fan CY et
al., 2001; Wikman H et al., 2000). These data suggested that the hOGG1 might play
an important role for the carcinogenesis in cancers of aerodigestive tract.

Loss-of-function mutation in tumor suppressor genes (TSGs) is important in the
development of hereditary and sporadic cancers. In the model proposed by Knudson,
loss of TGS function usually results from two independent mutagenic “hits” on the
TGS aleles(Knudson et al,1985). The first mutation is commonly a subtle change to
the TSG itself, whereas the second is more likely to involve major loss of the
remaining norma TSG allele by non-digunction (leading to the loss of a whole
chromosome), mitotic recombination, or interstitial deletion. Under such
circumstances, the loss of genetic markers near putative TGS detected by loss of
heterozygosity (LOH), would provide important clues about the sites of TSGs and
their involvement in tumorigenesis (Lasko et al,1991).

There is one methodological limitation , however, that always affects valid
assessment of LOH results.  Since detection of LOH is based on the comparison of
tumor cells and corresponding normal tissuesin order to identify genetic deletion that
occurs specifically in tumor tissues, it is essential to be able to obtain pure tumor cells
to provide the homogenous materials required for reliable analysis. However, the
infiltrating nature of most invasive solid tumors, including esophageal cancer, leads to
contamination of the surrounding normal tissue and creates technical problemsin
LOH analysis. To overcome this problem, the labor-intensive, inaccurate, and



time-consuming process of tissue microdissection must be used, which originally
involved manual or micromanipulator-guided scraping of the area of interest of athin
tissue section. The recently developed technique of laser capture microdissection
(LCM) has grestly facilitated this procedure, and now provides and efficient and
reliable one-step method for obtaining pure populations of cells from specific
microscopic regions of tissue sections under direct visualization. LCM was used in
this study to obtain pure tumor cells. From the perspective of etiology, more
importantly, many esophageal cancers display a high degree of intratumor
heterogeneity in terms of histologic appearance and phenotypic character, and do not
exhibit easily observable morphological manifestations to define sequential evolution.
By using LCM in the present study, the effects of heterogeneity within atumor was
minimized by ensuring that genetic and phenotypic examinations are carried out on
the same tumor cells, which allowed a more precise evaluation of specific association
between genetic alteration and pathological manifestation.

g

Sudy Population

This project was part of an ongoing cooperative study aimed at understanding the
causes esophageal cancer in Taiwan. It included incident cases of esophageal
squamous cell carcinoma diagnosed at National Taiwan University Hospital from
1996 to 2003. The patients was randomly selected from this esophagea cancer cohort.
Institutional review board-approved informed consent was obtained from each patient
prior to tissue acquisition. Their background of environmental exposure including
smoking, drinking and other possible risk factors for esophageal cancer was collected
by structured questionnaire. Normal control mastched with sex and age was selected
from the health examination ward. Peripheral blood of the patients was drawn
before surgery or chemoirradiation. All specimens collected from the patients was
maintained at -80°C until subsequent analysis. Blood a so was drawn from a control
group of normal healthy persons matched for age (with a difference of less than 5
years) and sex, who came to National Taiwan University Hospital for routine medical
examination.

DNA Extraction from the Blood

Genomic DNA was prepared from the leukocytes with serial extraction by phenol
and chloroform, and then ethanol precipitation. The content of DNA of each sample
was analyzed by spectrophotometry, and about 1 ug of DNA was taken from each
sample for PCR amplification.



Genotyping of XRCC1 and hOGG1

The genotype of XRCC1 and hOGGL1 was determined by PCR-RFLP
(polymerase chain reaction-restriction fragment length polymorphism) for XRCC1
and PCR-SSCP for hOGG1 with slight modification (Lunn et al., 1999, Sugimura et
a., 1999). The genomes of codons 194, 280 and 399 of XRCC1 was amplified in a
PCR using the primers as follows. 26240F: GTT CCG TGT GAA GGA GGA GGA
and 26377R: CGA GTC TAG GTC TCA ACC CTA CTCACT for codon 194; and
27405F: TTG ACC CCCAGT GGT GCT AA and 28265R GGC TGG GAC CAC
CTGTGT T for codons 280 and 399.  The PCR reaction was started with a
combination of the reagents: 100 ng of genomic DNA, 5 mM dNTPs, 5 pmol each
primer, and 1unit (in 50 ul) of Tag DNA polymerase (Amersham Pharmacia Biotech),
which was added into the PCR buffer containing 10mM Tris-HCI [pH 9.0], 1.5 mM
MgCl,, and 50 mM KCI. The reactions was carried out in the following thermocycle
conditions: denaturation at 94°C for 4 min., 35 cycles of 40 sec. at 94°C, 30 sec. at
55°C, and 40 sec. at 72 °C subsequently, followed by a 10-min. extension period at 72
°C. Following PCR, 10 pl aiquots was removed and subjected to restriction
digestion separately with 2 units of Pvull (for codon 194), Rsal (for codon 280), and
Mspl (for codon 399) (the restriction enzymes from B.M.). The products was
resolved on 2% agarose gels (FMC Bioproducts Rockland. ME). The PCR
amplification produced a Pvull restriction site for the Trp allele of codon 194.  After
digestion, the Arg allele of codon 194 gave a segment of 138-bp, while the Trp allele
give the products of 63-bp and 75-bp. For the PCR product of codon 280, a
restriction site of Rsal was created in the Arg alele and gave rise to products of 63,
201and 597-bp, while the His dlele give the products of 201and 660-bp .  For the
PCR product of codon 399, arestriction site of Mspl was created in the Arg allele and
give the products of 115, 285 and 461-bp, while the GIn alele give the products of
285 and 576-bp .
The primersof 5-TGAATTCGGAAGGTGCTTGGGGAAT-3' and
5-ACTGTCACTAGTC-TCACCAG-3 was used to identify the polymorphisms of
the Ser326Cys polymorphism in exon7. Primers without an EcoRl restriction site
(forward, 5-GGAAGGTGCTTGGGGAAT-3', backward,
5-ACTGTCACTAGTCTCACCAG-3) aso used for the same DNA. ThePCR
amplification was carried under conditions of: denatured with formamide at 95°C for
15min, quenched onice, and loaded to polyacrylamide gels under several conditions.
The product was visualized with a silver stain kit (Wako, Osaka, Japan). The two
alelic bands was differentiated by the unambiguous migration in electrophoresis
performed at room temperatureand 4°C with a glycerol concentration of 12%. In



addition, each allelic PCR product was cloned and sequenced to confirmthe
genotypes inferred from SSCP analysis. Sequencing involved a dye-primer cycle
sequence kit (Amersham, Cleveland, OH) and an ABI 301 automated sequencer
(Applied Biosystems, Foster City, CA).

Laser Capture Microdissection. (LCM) and alleotyping of XRCC1 and hOGG1

Laser capture microdissection, i.e. LCM was performed to ensure the purity of
tumor sample. Usually, more than 90% of purity of the tumor cells can be attained
with thistechnique. LCM was performed on the immunostained slides using a
PixCell laser capture microscope according to the technical quidance of the
manufacturer (Arcturus Engineering, Mountain View, CA). Briefly, the stained,
dehydrated tissue section was overlaid with a thermoplastic film mounted on an
optically transparent cap. The visually selected areas (tumor cells) were bound to the
membrane by short, low-energy laser pulses resulting in focal melting of the polymer,
The cellswas immersed in 50-100 ¢ | Tris buffer, pH 8.0, containing 0.5 mmol/L
EDTA and 400 | /ml proteinase K , and digested for 24 hours at 55°C. After
digestion, the enzyme was heat-inactivated and the extract was used directly for
aleotyping PCR (LOH detection). Multiple efforts was made to optimize LCM
conditions, including to improve capture efficiency by overnight pretreatment of slide
with xylene, and to ensure successful PCR amplification by avoiding fragmentation of
DNA in captured tissue using a modified protocol of tissue fixation. DNA of
microdissected tumor specimens and blood samples was used for alleotyping PCR
with fluorescently |abeled primers covering the polymorphic areas of hOGG1 from
Applied Biosystems PRISM Linage Mapping Set-M D10 (PE Biosystems, Foster City,
CA). Too reduced the effort in carrying out this arduous task of genome wide study;,
these markers was arranged in panels of compatible markers, which facilitates
concurrent. The primers used for amplifying the hOGG1 gene were:
5-GGCCACATGCTGCCCTTC-3, sense and 5'-CAGATGCAGTCAGCCACC-3,
antisense for intron 4 (Ser 326 Cys), and 5-CAGACTCCACCCTCCTAC-3, sense
and5-CGCTTTGCTGGTGGCTCC-3, antisense for the exon 7. [Fan et al, 2001]
PCRs were run in a GeneAmp PCR 9600 thermocycler (PE Biosystems, Foster City,
CA). Reaction conditions for some markers yielding unsatisfactory amplification
was modified, and, if necessary, these particular markerswasrun singly. PCR
products was el ectrophoresed on a 377 ABI PRISM sequencer, and the fluorescent
signal of different allelic size was recorded and analyzed by the GENOTY PER
version 2.1 and GENESCAN version 3.1softwares.

Definition of Allelic Loss (LOH).



For a given informative marker, it was considered to display LOH when a 2-fold
or greater differencein therelative allele intensity ratio between tumor DNA and
normal DNA was observed.

| mmunohistochemistry

Immunohistochemical staining was performed on the paraffin-embedded section
using the specific anti-hOGG1 and XRCC1 antibodies (Novus Biologicals, Littleton,
Colorado; Cat# NB 100-106). The binding antibodies was visualized with the
system of streptavidin-biotin peroxidase and an aminoethyl carbazole chromagen.
Negative control with tissue section incubated without the primary abtibodies was
also run for each sample.

Satistical analysis

Logistic regression was used to evaluate the effect of environmental exposure on
the frequency of genetic mutation. The data were analyzed using the SAS statistical
package. Chi sguare was used to evaluate the statistical significance. The
generalized additive model used to adjust for other confounding factors without
imposing arigid parametric assumption about the dependence of confounders on
esophageal cancer risk. Unconditional logistic regression was used to assess the
association between case/control status and substance use after adjusting for other
significant predictors found in aunivariate analysis. Odds ratios (OR) and 95%
confidence intervals (Cl) was used for the estimated risk of these potential factors for
developing esophageal cancer. The datawas analyzed using the SAS and S-plus
statistical packages.
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In the last year, we had evauated the genetic polymorphism, LOH and
immunohistochemical staining of hOGG1 in our series. The results were described
asfollowed.

hOGG1 Ser326Cys Polymor phisms with Esophageal Cancer Risk

We have recruited 204 cases of esophageal squamous cell carcinoma and 266
persons of heathy controls from National Taiwan University Hospital (NTUH) as
well as from Kaohsiung Medica University Hospita (KMUH) and Kaohsiung
Veterians General Hospital (KVGH) in this study. There was no significant difference
in distribution of these genotypes between the patients and controls. However,
among the males, the genotypes carrying the Cys allele was found to associate a



higher risk of esophageal cancer (OR: 1.87; 95% CI: 1.06-3.30). The difference was
mainly attributed to the effects on individuals who did not smoke cigarette (OR = 3.09;
95% Cl= 1.22-7.81), drink acohol (OR = 2.40; 95% Cl= 1.08-5.31), or chew areca
(OR = 1.86; 95% CI= 0.99-3.49)(Table 3). Our results reveded that the hOGG1
genetic polymorphism might modulate the risk of esophageal cancer of male in
Taiwan who have alower exposure to environmental toxin.
Allelic loss and immunohischemical staining of hOGGL1

Using the primers located on the intron4 and exon 7, we examined the tumor and
normal buffy coat DNA from 90 patients. There were 89 and 78 informative casesin
the intron 4 and exon 7 repectively.  Of the informative cases, LOH was found in 56
(62.2%) cases for the intron 4 and 51 (56.7%) cases for the exon 7. As for the
immunostaining, we had 67 patients with adequate specimen for examination of the
hOGGL1 protein expression (Table 2). We found the expression of hOGG1 was
found in the basal layer of the epitheium of the esophagus, while 55 (82%) of the
patients did not express or had less than 10% expressing the hOGG1 protein in the
tumor. Four patients (6%) expressed hOGG1in 10% to 50% of the tumor cells, and
8 patients (11.9%) expressed hOGGL1 in more than 50% in the tumor tissue (Table 2).
The datistical anaysis for their significance on the clinica outcome and
environmental toxin exposure isongoing at the present time.



Table 1. Joint effects of hOGG1 with cigarette smoking, acohol drinking, and areca
chewing in esophagea cancer in males.

Variables* hOGG1 Controls Patients ORs AORSs*
(%) (%) (95% CI) (95% CI)
All Ser/Ser 51(19.1) 19(11.2) Referent

Ser/Cys+ 215(80.8) 150 (88.8) 1.87

Cys/Cys (1.06-3.30)*

Non-smoker Ser/Ser  33(22.3) 7(9.)) Referent Referent
Ser/Cys+ 115(77.7) 70(90.9) 2.87 3.09
Cys/Cys (1.21-6.84)**  (1.22-7.81)**

Smoker Ser/Ser 18(15.3) 12(13.0) Referent Referent
Ser/Cys+ 100(84.7) 80 (87.0) 1. 2 0.97 (0.41-2.27)
Cys/Cys (0.54-2.64)

Non-Drinker Ser/Ser  32(18.7) 9(8.3) Referent Referent
Ser/Cys+ 139(81.3) 100(91.7) 2.56 2.40
Cys/Cys (2.27-5.59)**  (1.08-5.31)**

Drinker Ser/Ser 19(20) 10(16.7) Referent Referent

Ser/Cys+ 76(70) 50 (83.3) 1.25(0.54-2.91) 1.21 (0.47-3.13)
Cys/Cys

Non-areca Ser/Ser 49(20.1) 15(11.5) Referent Referent
chewer



Ser/Cys+ 194(79.8) 115(88.5) 1.94 (1.04-3.61) 1.86
Cys/Cys (0.99-3.49)"
Areca chewer Ser/Ser 2(8.7) 4(9.3) Referent Referent

Ser/Cys+ 21(91.3) 39(90.7) 0.83(0.14-4.95) 1.34
Cys/Cys (0.17-10.25)

Table 2.L OH and immunohistochemical staining of hOGG1

LOH variables  |LOH onexon 7|LOH on intron| IHC HOGG1 [HC
4 No (%) expression

Normal 27 33 55 (82.1%) <10%

LOH 51 56 4 (6.0%) 10%-50%

Non-informative (12 1 8 (11.9%) > 50%

Total 90 90 67 (100%) Total

LOH % 56.7% 62.2%

Discussion

Our data demonstrated that the presence of hOGG1 Cys allele will increased the
risk of esophagea cancer in males, especidly in those who did not regularly
consumed tobacco, alcohol, or arecanut. The tendency for the impact of the hOGG1
326 Cys allele is compatible with that found by Xing et al in the high-risk areas of
esophageal cancer in China (Xing DY et a., 2001). However, they did not find
interaction of cigarette smoke with the hOGG1 genotype on the esophageal cancer
risk. Noteworthy is that a more obvious effect of the hOGG1 326 Cys allele was
found in the males with lower environmental toxin exposure, indicating that the
genetic effect was evident only in the individual under low burden of damaged DNA.
High dose of environmental toxin exposure seemed to overwhelm the difference in
DNA repair arising from the polymorphic gene. It is aso obvious that the loss of
function of hOGG1 is a common event in esophagea cancer, as evidenced by the
alelic loss or downregulation of the protein expression. This means that repair of



the oxidative damaged DNA, 8-0x0G, is an important mechanism for prevention of
neoplasm in the esophagus. Through the genetic variation produced by the
polymorphism, the function of the hOGG1 might have a further detriment once alele
was lost under the continuous chalenge of the DNA damage. This is compatible
with the ‘two hit” hypothesis proposed by Knudson (Knudson et a,1985).
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