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Abstract

Thepresent study wasundertaken to examinethefrequenciesof GSTM 1 (Null/Present), GSTP1 (l11e105Val)
and p53 (Arg72Pro) genotypes and their relationsto breast cancer susceptibility in South Indian women. This
case - control study involved 250 consecutive breast cancer cases and 500 healthy controls matched in five-year
agecategoriesintheratioof 1:2. Genotyping wasper formed by PCR for GSTM 1, Real-TimeAllelicdiscrimination
assay for GSTP1 and PCR-CTPPfor p53. Oddsratios(ORs) and 95% confidenceintervals(Cls) werecalculated
using conditional logistic regression after adjusting for theknown risk factorsfor breast cancer. Thefrequencies
for the GSTM 1 Null genotype were 26% in the casesand 22% in the controls; for GSTP11le/lle, Ile/Val, Val/Val
thefrequencieswere 46.6%, 41.9% and 11.5%, respectively, in casesand 46.0%, 43.8% and 10.2% in controals;
for p5S3Arg/Arg,Arg/Pro& Pro/Prothefrequencieswere 26.4%, 50.0% and 23.6% in casesand 27.0%, 44.8%
and 28.2% in controls. A nonsignificant elevation in breast cancer risk was obser ved among women who had the
GSTM1 Null genotype (OR=1.24; 95% CI=0.83-1.84), the p53 Arg/Arg genotype (OR=1.28; 95% CI1=0.81-2.03)
and the Pro/Arg genotype (OR=1.49; 95% CI=0.99-2.25), and the GSTP1 Val/Val genotype (OR=1.1; 95%
C1=0.64-1.91).
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Introduction (Seidegard et al., 1998).
The GSTM1 gene is frequently associated with

Breast cancer is the second most common cancabsence of one or both of its allele resulting in a null
among Indian women and the commonest among womegenotype. About 50% of Caucasians and 30.4% of South
in urban India. Hereditary breast cancer may account fdndians lack the GSTM1 gene due to inherited
around 10% of the breast cancer risk, of these 5% at@mozygous deletion of both alleles (Rebbeck. 1997,
likely to be associated with mutation in high risk genesNaveen et al., 2004). GSTM1 null genotypes results in
like BRCA1/ 2 (Futreal et al., 1994). Human breast cancethe lack of enzyme activity and have been associated with
is a result of genetic and environmental interaction, anéhcreased risk of breast cancer in post-menopausal women
there are likely to be other low risk genes that ardAmbrosone et al., 1995). The null GSTM1 genotype is
distributed more frequently in the population, whichalso associated with high levels of DNA adducts,
interact with environment carcinogens or lifestyle factorssuggesting its role in carcinogenesis (Nazar et al., 1999).
It has been postulated that polymorphisms in geneshe GSTP1 Ile105Val polymorphisms reside at the
involved in DNA repair, carcinogen metabolism andsubstrate - binding site of the enzyme and the variant is
growth factor receptors increase the risk of cancer in som@mmmon in Caucasians. This substitution results in a lower
individuals (Dunning et al., 1999). enzymatic activity and is associated with higher

Glutathione S-transferase (GST) is a phase Il drugpydrophobic adduct levels and higher levels of polycyclic
metabolizing enzyme, which acts in coordination witharomatic hydrocarbon-DNA adducts in human
phase | metabolizing enzymes in carcinogen metabolisnlymphocytes (Zimniak et al.,1994; Butkiewicz et al.,
Members of the GST family are important candidates fo2000).
involvement in susceptibility to commonly occurring p53 tumor suppressor gene exhibits a common
forms of cancer because they may regulate an individualjgolymorphism (Birgander et al., 1996) at amino acid 72
ability to metabolize environmental carcinogensresulting in either Proline (“C” allele) or Arginine (“G”
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allele) form, whose functional significance in proposed by Stucker et al (1999) with modification, using
carcinogenesis is controversial. Significant associatioexon-specific primers, (Forward 5’-
between codon 72 and the risk of breast cancer has beei GCCCTACTTGATTGATGGG-3’and Reverse
reported in several studies but the results remai&’CTGGATTGTAGCAGATCATGC-3’). PCR reactions
inconclusive (Sjalander et al., 1996). It has been suggestedre carried out in 20ml volume containing 50ng of
that Arginine form of p53 has a 15 -fold enhanced abilitygenomic DNA, 10 pmoles of each primers, 100mm of
to induce apoptosis, compared with proline formdNTPs, 10x reaction buffer (GENECRAFT, Germany) and
Mutations in the p53 gene have also been associated wiltb unit of Tagq polymerase (GENECRAFT, Germany).
altered repair and enhanced cytotoxicity because of DNAmplification was done for 30 cycles with initial
damage by benzo(a)pyrene diol epoxide adducts (Wadenaturation at 36C for 10 min, followed by 1min each
et al., 2000) for denaturation, annealing, extension ab@564»C, 72

It has been postulated that the decrease in GST enzym€ and final extension at #Z for 5 min. The presence
activity could result in higher frequency and a specifioof the gene was determined by the amplification of 273-
pattern of mutation in cancer and p53 is the mosibp band, in 2% agarose gel electrophoresis stained with
frequently mutated gene in human cancer and Arg 72 Pathidium bromide. While the absence of the band denoted
is a common polymorphisms that exists in the populatiomull genotype.
In the present study, we investigated the presence of any Genotyping for GSTP1 lle105Val was carried out by
interaction between the genotypes of these three gendise Tagman Allelic Discrimination method using the ABI
This is the first study to our knowledge, to give the7000 Sequence Detection System (Applied Biosystems,
genotype frequency of GSTP1 and p53 genes and iEBoster City, CA).The primer and probe sequence for
association toward breast cancer in South Indian Womegenotyping was obtained from Cancer Genome Anatomy
There exits little knowledge about the etiology of sporadi®roject SNP500 Cancer Database and subsequently
breast cancer in South Indian Women. Hence the presestiecked by Primer express software (Applied Biosystems,
study was undertaken to determine the distributiofroster City,CA).
genotype frequencies for GSTM1 (Present/Null), GSTP1
(lle105Val) and p53 (Arg72Pro) polymorphisms amongTable 1. Distribution of Socio Demographic &
patients with breast cancer and age-matched controls, afR&productive Factor samong Breast Cancer Casesand
to look for association of the polymorphisms with the riskControls
of breast cancer.

Variables Cases % Controls % p value

Materials and M ethods geqi‘?‘“ age 46 years 47 years

eligion

Hindu 205 82.0 443 88.6 0.06
Samples _ _ Christian 26 104 35 70

This study included 250 breast cancer patients and 500\ sjim 18 79 19 38

healthy controls matched on five-year age category in the others 1 0.4 3 0.6
ratio of 1:2, who fulfilled the inclusion criteria. Inclusion Marital status
criteria for cases: (a) histological confirmation of breast Ever married 244  97.6 487 974 0.86
cancer, (b) no previous cancer treatment and (c) informed Unmarried 6 24 13 2.6

consent was mandatory. Inclusion criteria for controlsParity (@mong married women)
(a) no prior diagnosis of benign breast disease (b) no Party 228 934 461 947  0.65

. Nulliparity 15 6.6 26 5.3
history of hysterectomy or mastectomy or oophorectomyAge at menarche*

(c) no relatives with breast or ovarian or endometrial or °g_; 47 189 62 124 006
prostrate cancer (d) no physical or mental disability which 13 58 23.3 126 25.2
would preclude their participation in the study. About 14 49 197 127 25.4
15ml of heparanized blood samples and a brief 15-20 95  38.1 185 37.0
guestionnaire about their personnal history and food habitsge at first child birth (among parious women)
were collected from the cases and age-matched controls< = 20 95 417 212 460 0.02
subjects after obtaining informed consent. 20-29 116 50.9 235 510
30+ 17 7.4 14 3.0
. Menopause

Genotyping

DNA was extracted from buffy coat by QIAmp DNA gf;t 111,2 gg:é ig? gg:i <0.001
blood kit (QIAGEN Inc., Valencia, CA, USA) according aportions
to the manufacturer’s instructions. The quality and No 160  66.0 340 69.8 0.28
integrity of the DNA extracted were quantitated by Yes 8 340 147  30.2
spectrophotometer and checked for amplification for ABLConsanguineous marriage
gene by PCR. Apart from this, DNA was quantitated by No 191 783 416 854 0.01
real-time PCR for RnaseP gene (Applied Biosystems, Yes 3 217 71146
Foster City, CA), which is a single copy gene. Rnasef®esity

guantitation was done to know the exact quantity of ° 174 699 356 712 065
. Yes 76 30.6 144  28.8
amplifiable DNA.
Genotyping for GSTM1 was done by the PCR methodéxcludes one case which had not attained menarche
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Table2. Multifactorial Analysisof Socio-Demographic  paq|ts
& Reproductive Factorsto Elicit the Relative Risk of

Breast Cancer by Conditional L ogistic Regression The distribution of selected demographic
Factors Odds ratio 95% ClI characteristics and known major risk factors for breast
Reliai cancer are shown in Table 1. Median ages for cases and
eligion .
Hindu 1.00* ) cpnt_rolg were 46 and 47 years res_pectlvely. _The
Christian 211 1.00 - 4.43 distribution of women born of consanguineous marriage
Muslim 1.39 0.77-2.51 was higher in cases than controls (p=0.01). Women having
Others 0.89 0.08 - 9.29 their first child birth after 30 years of age, post-menopausal
Age at menarctie women and women attained menarche between 9 and 12
9-12 years 1.00* - years of age were significantly higher among cases than
13 0.56 0.34-094 controls.
14 0.50 0.29-0.86 Table 2 gives the relative risk of socio-demographic
15+ years 0.65 0.40 - 1.06 . .
. . and reproductive factors for getting breast cancer based
Age at first child birth (among parous women) . . .. . . .
* } on multifactorial conditional logistic regression analysis.
20 years 1.00 . 3 e
20-29 1.21 0.84-1.73 The effect of each factor is obtained after adjusting for
30+ years 2.98 1.35-6.58 the other factors in the table. A two-fold increase in odds
Menopausal status ratio among Christians compared to Hindus was observed.
Pre-menopausal 1.00* - The odds ratio increased with increasing age categories
Post-menopausal  5.18 2.87-9.34 at the first child birth: it was higher by 21% for 20-29
C°5a£gu'”eous marnagel 00 years and 3-folds for 30+ years compared to less than 20
(o] .00* -

years of age. A 66% elevated risk was forthcoming among
Yes 1.66 109-254 women who were born of consanguineous marriage while
*reference categoryexcludes one case not attained menarcheghe risk was five folds more for post-menopausal than
Confidence interval = . among those attained menarche at the age of 13 years
_ Genotyping analysis for p53 was carried out by PCR4495), 14 years (50%) and 15 years and more (35%)
with confronting two-paired primers (PCR-CTPP) ascompared to 9-12 years of age. The results were
described previously by Hamajima et al (2001) statistically significant.
Sequencing was done to confirm the presence of individual The distribution of GSTM1, GSTP1 and p53 alleles
gene polymorphisms and subsequently these samples wejied genotype frequency among the breast cancer cases

used as controls in all the runs. and controls are shown in Table 3. Among the cases,
o . GSTM1 null genotype was seen in 65 (26.0%) and in
Satistical Analysis controls it was seen in 110 (22.0%). There was an

The distribution of subjects with respect to the factorgncreased risk associated with the null genotype, but was
studied is presented using descriptive statistics. Thgot statistically significant. GSTP1 (lle105 Val) allelic
difference in the proportion of subjects between the casefstribution for cases was 118 (47.2%) for homozygous
and control groups, of factors measured on a nominal scajid type (lle/lle), 29 (11.6%) for homozygous variant
is tested for statistical significance using Chi-squared tespva|/val) and 103 (41.2%) for heterozygous; in controls
Odds ratios for exposure factors compared to appropriateso (46.0%), 51 (10.2%) and 219 (43.8%) respectively,
reference categories were calculated by conditionadyggesting GSTP1 Val/ Val genotype was associated with
logistic regression analysis to elicit the magnitude of riskan increased risk for breast cancer, but statistically not
of breast cancer, always accompanied by the 95%jgnificant.

confidence interval. Frequencies of Arg/Arg, Arg/Pro and Pro/Pro for p53

Table 3. Distribution of GSTM1, GSTP1 and P53 Genotypes and the Risk of Breast Cancer by Conditional
L ogistic Regression Analysis

Variables# Cases Controls Univariate Odds Ratio 95% CI MultiV@dds Ratio 95% CI
GSTM

++ /[ ++ 185 390 1.00* 1.00*

-/ - 65 110 1.26 (0.88 - 1.80) 1.24 (0.83-1.84)

P53

Pro / Pro 59 141 1.00* 1.00*

Arg / Arg 66 135 1.17 (0.77 - 1.81) 1.28 (0.81 - 2.03)

Pro / Arg 125 224 1.33 (0.92 - 1.95) 1.49 (0.99 - 2.25)
GSTP1

lle / lle 118 230 1.00* 1.00*

Val / Val 29 51 1.11 (0.67 - 1.83) 1.10 (0.64 -1.91)

lle / Val 106 219 0.92 (0.67 - 1.26) 0.90 (0.64 - 1.26)

*Reference categoryEach factor was adjusted for the other two factors in the table +factors like religion, age at menarche, age at
first child birth,menopausal status, consanguineous marriage ClI: Confidence interval
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among cases were 66(26.4%), 125 (50%) and 59 (23.6%) In our study the GSTM1, GSTP1, p53 polymorphisms
respectively; in controls it was 135 (27.0%), 224 (44.8%)id not show any association with the menopausal status
and 141 (28.2%) respectively. There was an increased rigRr breast cancer risk. Our results are very similar to those
associated with the p53 Arg/Arg and Arg/Pro genotypepy Garcia-Closas et al (1999); Bailey et al (1998); and
but statistically not significant. Milikan et al (2000) who reported no association for

To evaluate the interaction between the genotypes, w&STM1 null genotype in pre or postmenopausal women.
examined the combination effect of GSTM1, GSTP1 andSimilarly Egan et al (2004) reported no association of
p53 genotypes. GSTM1 (Present/Present), GSTP1 (IléfSTP1 lle105Val with pre-or postmenopausal status. As
lle) and p53 (Pro/Pro) were taken as reference categorfar as p53 Arg72Pro is concerned, Noma et al (2004)
Combination analysis was carried out using two markergevealed a significant association with ER positive breast
at a time and the odds ratio was calculated. The analys@gncer, especially, in post-menopausal women.
did not reveal any statistically significant difference among  In conclusion, our study has shown that women born
cases and controls in @) GSTM1 and GSTP1, b) GSTMef consanguineous marriage, post-menopausal women
and p53 and ¢) GSTP1 and p53 combinations. Combineand women who had their first child birth after 30 years
analysis of GSTM1, GSTP1 and p53 with menopausadf age, have a significantly high risk and women who
status revealed no statistically significant association. attained menarche after 12 years of age have decreased

risk for breast cancer. All the three polymorphisms studied
Discussion showed a nonsignificant increased elevation in breast
cancer risk.

Variation or deletion of GST enzyme activity in
individuals results in impaired removal of DNA damaging Acknowledgement
electrophiles, which leads to increased risk of somatic
mutation leading to tumor formation (Rebbeck.,1997).The We thank the Chennai Willingdon Corporate
results of our study indicate that the GSTM1 (Null/ Foundation for funding the study and Ms.Parimala for
Present), GSTP1 (lle105Val) and p53 (Arg72Pro) pose &er help in collecting samples and the administration of
non-significant elevation in breast cancer risk. the questionnaire.

Prevalence of GSTML1 null genotype differs among
different population; It is 22-35% in the Africans, 38-67%
in Caucasians, 33-63% in East Asian populatiorR€ferences
(Rebbeck., 1997) and 26% in Indian population (Buch et

[., 2001).However in our st the fr n A

ﬁor,no(z))(/)go)us (()jelzti(e)n Wa§;6°/i Zgz)ngecaseeg L:;] dczyz(;) in Cytoc_hrome P4501A1 and glutathione S-transferase (M1)
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bulky diol epoxides of PAH (Sundberg et al., 1998).gykiewicz D, Grzybowska E, Phillips DH, Hemminki K,

Helzlsouer et al (1998) observed a positive association Chorazy M (2000). Polymorphisms of the GSTP1 and

for GSTP1 Val/Val genotype in post-menopausal women, GSTM1 genes and PAH-DNA adducts in human

whereas studies conducted by Milkan et al (2000) and mononuclear white blood cell&nv Molec Mutagen, 35,

Zhao et al (2001) did not report any positive association 99-105.
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