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Abstract The breast cancer incidence has been increas-
ing in the south Indian women. A case (n = 250)—control
(n = 500) study was undertaken to investigate the role of
Single Nucleotide Polymorphisms (SNP’s) in GSTMI1
(Present/Null); GSTP1 (Ilel05Val), p53 (Arg72Pro),
TGFf1 (LeulOPro), c-erbB2 (Ile655Val), and GSTTI1
(Null/Present) in breast cancer. In addition, the value of the
SNP’s in predicting primary tumor’s pathologic response
following neo-adjuvant chemo-radiotherapy was assessed.
Genotyping was done using PCR (GSTMI1, GSTT1),
Tagman Allelic discrimination assay (GSTP1, c-erbB2)
and PCR-CTPP (p53 and TGFf1). None of the gene SNP’s
studied were associated with a statistically significant
increased risk for the breast cancer. However, combined
analysis of the SNP’s showed that p53 (Arg/Arg and Arg/
Pro) with TGFf1 (Pro/Pro and Leu/Pro) were associated
with greater than 2 fold increased risk for breast cancer in
Univariate (P = 0.01) and Multivariate (P = 0.003) anal-
ysis. There was no statistically significant association for
the GST family members with the breast cancer risk.
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TGFf1 (Pro/Pro) allele was found to predict complete
pathologic response in the primary tumour following neo-
adjuvant chemo-radiotherapy (OR = 6.53 and 10.53 in
Univariate and Multivariate analysis respectively)
(P = 0.004) and was independent of stage. This study
suggests that SNP’s can help predict breast cancer risk in
south Indian women and that TGFf1 (Pro/Pro) allele is
associated with a better pCR in the primary tumour.
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Introduction

The incidence of breast cancer has risen in the Madras
Metropolitan Tumour Registry (MMTR) by nearly 200%
since 1982. The age standardized rate (ASR) is 29/100,000
in 2002 in Chennai (formerly Madras) [1]. Risk factors
associated with breast cancer include family history, early
onset of menarche and late onset of menopause, nulliparous
or first childbirth after 30 years of age, post-menopausal
status and consanguineous marriage [2]. While 5-10% of
the breast cancers could have a hereditary background, the
vast majority are sporadic. Our own data on hereditary
breast cancers has shown that deleterious mutations in high
risk genes, BRCA1 and BRCAZ2, are seen in 15% of the
cases studied, which compares with other published data
[3, 4]. The risk for a carrier of a deleterious mutation for
breast cancer ranges from 50 to 80% by 70 years of age,
indicating that other factors/genes may modulate this risk.

In sporadic cancers, such gene-environment and gene-
gene interactions also play a role. Dunning et al. [5] had
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examined the effect of common alleles of 18 genes on
breast cancer risk in a meta-analysis. Their study found
CYP19 (TTTA)n polymorphism, GSTP1 (Ilel05Val)
polymorphism, p53 (Arg72Pro) polymorphism and
GSTMI deletion to be statistically significantly associated
with increased risk of breast cancer. Rad51 (135g to c)
has been associated with increased risk of breast cancer
and a lower risk of ovarian cancer in BRCA2 mutation
carriers [6]. The Ile655Val polymorphism in c-erbB2
gene was associated with increased risk of breast cancer,
particularly among young women [7]. The Pro allele of
TGFp1 (LeulOPro) has been associated with increased
secretion of TGFf1 and an increased risk of breast
cancer [8].

Attempts are being made to identify the low risk genes,
which although associated with a small individual risk,
cumulatively could increase the risk substantially. Gen-
ome wide association studies have started to provide
information on the role of these “low-risk genes” in
several chronic diseases including cancer [9-11]. We had
conducted a case—control study to identify the role of
Single Nucleotide Polymorphism’s (SNP’s) in breast
cancer risk. The data with GSTM1, GSTP1 and p53 was
published earlier [2]. This paper presents the data from
three additional SNP’s in TGFf1 (LeulOPro), c-erbB2
(Ile655Val), and GSTT1 (Null/Present) and looks at their
association with regard to breast cancer risk. In addition,
the study also provides results on the association of
the SNP’s with treatment results, particularly with the
pathologic response to neo-adjuvant concurrent chemo-
radiotherapy.

Materials and methods
Patients

The detail of the case control study has been published [2].
The study was approved by the Institutional Ethical
Committee. Briefly, 250 breast cancer cases and 500
healthy controls were matched on 5-year age category in
the ratio of 1:2. The Inclusion criteria for the healthy
controls were, no prior diagnosis of benign breast diseases;
no history of hysterectomy or mastectomy or oophorec-
tomy; no relatives with breast or ovarian or endometrial or
prostate cancer; no physical or mental disability which
would preclude their participation in the study. Inclusion
criteria for the cases were histological confirmation of
breast cancer; no previous cancer treatment. Informed
consent was mandatory for both groups.

A detailed questionnaire on their personal history and
food habits and 15 ml of heparinized blood were collected
from the cases and the controls.
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Treatment protocol

Patients with stage I, ITA and IIB with tumours <3 cm and
who were clinically node negative were taken up for breast
conserving surgery (BCS) or modified radical mastectomy
(MRM) followed by adjuvant therapy based on the histo-
pathological examination and estrogen receptor (ER) and
progesterone receptor (PR) status. In the pre-menopausal
women, whose tumour was ER/PR positive, bilateral
salphingo-oopherectomy (BSO) was done.

In patients with stage IIA or IIB, with tumours >3 cm
and in those with N1 disease, or in stage IIIA and IIIB
initial neo-adjuvant chemo-radiotherapy followed by BCS/
MRM was done. This was followed by further post-oper-
ative chemotherapy & hormonal therapy based on the ER/
PR status. In the pre-menopausal women, with ER/PR
positivity, BSO was done.

Chemotherapy consisted of either Flurouracil-
Adriamycin-Cyclophosphamide (FAC) or Cyclophospha-
mide, Methotrexate and 5-Flurouracil (CMF) regimen.
Of the 250 cases, 101 underwent neo-adjuvant chemo-
radiotherapy followed by surgery. Chemotherapy regimen
consisted of either CMF or FAC given concurrently on
daysl, 22 and 43 with radiotherapy. Radiotherapy to the
breast was delivered using the Theratron Cobalt beam unit to
a total dose of 40 Gy. Surgery (Patey’s mastectomy) was
done 3—4 weeks after the third cycle of chemotherapy. BSO
was done if the patient was pre-menopausal and her tumour
was ER and PR positive. Patients were continued on further
chemotherapy (three more cycles) and Tamoxifen was added
on completion of chemotherapy in ER+ tumour patients.

Genotyping

DNA extraction and processing was done as described
earlier [2]. Genotyping was done for TGFf1 (LeulOPro) by
Polymerase Chain Reaction with Confronting Two-Pair
Primers (PCR-CTPP) [12]. c-erbB2 (Ile655Val) genotyp-
ing analysis was performed by the Tagman Allelic
Discrimination method (Applied Biosystems, Foster City,
CA). Primers and probes mix were obtained directly from
Applied Biosystems Assays-on-Demand™. Genotyping
for GSTT1 was performed by PCR using exon specific
primers (Forward 5'-GCCCTGGCTAGTTGCTGAAG-3'
and Reverse 5-GCATCTGATTTGGGGACCACA-3') [13]
with modifications. PCR reaction were carried out in 25 pl
aliquots containing 50 ng of genomic DNA, 10 pico-moles
of each primer, 100 mM of d-NTPs, 10x reaction buffer
(GE Healthcare, Hong Kong) and 0.5 unit of Taq poly-
merase (GE Healthcare, Hong Kong). Amplification was
done for 30 cycles with initial denaturation at 94°C for
10 min, and denaturation, annealing, extension at 94°C for
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15 s, 59°C for 30 s, 72°C for 45 s and final extension at
72°C for 7 min. The presence of the gene was determined
by the presence of 110 bp band, while the null genotype
lacks the band when the PCR products were run on the 2%
agarose gel electrophoresis stained with ethidium bromide.

Statistical analysis

Descriptive statistics was used to present the distribution of
case and control subjects with respect to the factors stud-
ied. Chi-squared test was used to test for statistical
significance in the difference in the proportion of subjects
between cases and control groups, for the factors measured
on a nominal scale. Analysis was conducted as a matched
case control study. Univariate conditional logistic regres-
sion was performed to calculate the odd ratios (OR) always
accompanied by 95% Confidence Interval and P values.
Pathological tumor remission was the intermediate out-
come studied among the cases and the OR was estimated
using logistic regression analysis [14]. Disease free sur-
vival was estimated using Kaplan Meier method [15].

Results

The distribution of the demographic characteristics, known
major risk factors for breast cancer and the distribution of

GSTMI1, GSTP1 and p53 have been published [2]. The
allelic frequencies for the genes and the risk for breast
cancer by cases and controls are given in Tables 1 and 2.
Gene groups were combined on their basic characteristics
and combined analysis was carried out separately for all the
permutations of the allele in the group.

Group 1: p53, TGFf1 and c-erbB2
Group 2: GST family—GSTM1, GSTT1 and GSTP1.

The GSTM1 (Present), GSTP1 (Ile/Ile), GSTT1 (Present),
p53 (Pro/Pro), TGFf1 (Leu/Leu) and c-erbB2 (Ile/Ile) were
taken as the reference category. With regard to the Group
1, Univariate analysis showed p53 (Arg/Arg and Arg/
Pro) + TGFf1 (Pro/Pro and Pro/Leu) + c-erbB2 (any
form) to be statistically significantly associated with
increased breast cancer risk (Odds ratio 2.22 (c-erbB2
reference category) and 2.32 (c-erbB2 Val/Val and Val/
Ile), with a P = 0.03 and 0.04, respectively) (Table 3A). In
addition, TGFf1 (Pro/Pro and Pro/Leu) with p53 and
c-erbB2 reference category was also statistically significant
with an Odds ratio of 2.44 (P = 0.03). In multivariate
analysis, a similar picture was seen with increased Odds
Ratio. In addition, variant p53 alone seemed to increase the
risk, in multivariate analysis, after adjusting for religion,
age at menarche, age at first child birth, menopausal status
and consanguineous marriage. We then analyzed the data
for two genes at a time—p53 and c-erbB2, p53 and TGFf1
and c-erbB2 and TGFf1. The combination of TGFf1

Table 1 Distribution of allelic

frequencies of GSTMI, GSTPI, Polymorphism Group Numbf.:r Genotypes
GSTTI, P53, TGE f1 and of subjects
c-erbB2 polymorphism in breast  GgTM| (Null/Present) Null Present
cancer cases and controls
Cases 250 65 (26.0%) 185 (74.0%)
Controls 500 110 (22.0%) 390 (78.0%)
GSTPI1 (Ilel05Val) Ile/lle Tle/Val Val/Val
Cases 250 118 (47.2%) 103 (41.2%) 29 (11.6%)
Controls 500 230 (46%) 219 (43.8%) 51 (10.2%)
GSTT1 (Null/Present) Null Present
Cases 250 44 (17.6%) 206 (82.4%)
Controls 500 84 (16.8%) 416 (83.2%)
P53 (Arg72Pro) Arg/Arg Arg/Pro Pro/Pro
Cases 250 66 (26.4%) 125 (50.0%) 59 (23.6%)
Controls 500 135 (27.0%) 224 (44.8%) 141 (28.2%)
TGF f1 (LeulOPro) Leu/Leu Leu/Pro Pro/Pro
Cases 250 80 (32.0%) 44 (17.6%) 126 (50.4%)
Controls 500 190 (38.0%) 76 (15.2%) 234 (46.8%)
c-erbB2 (Ile655Val) Tle/Tle Ile/Val Val/Val
Cases 250 181 (72.4%) 62 (24.8%) 7 (2.8%)
Controls 500 363 (72.6%) 119 (23.8%) 18 (3.6%)
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Table 2 Effect of gene factors on breast cancer risk by Univariate
and Multivariate conditional logistic regression analysis

Variables® Cases Controls Odds ratio (95% CI)
Univariate Multivariate

pS3

Pro/Pro 59 141 1.00* 1.00*

Arg/Arg 66 135
Pro/Arg 125 224

1.18 (0.77-1.81)
1.34 (0.92-1.95)

1.23 (0.78-1.95)
1.46 (0.97-2.20)

TGF_p

Leu/Leu 80 190 1.00% 1.00%

Pro/Pro 44 76 1.38 (0.87-2.17) 1.47 (0.88-2.46)
Leu/Pro 126 234 1.28 (0.91-1.80) 1.22 (0.84-1.77)
c-erbB2

Tle/lle 181 363 1.00* 1.00*

Val/Val 7 18 0.77 (0.32-1.89)  0.89 (0.35-2.30)
Ile/Val 62 119 1.01 (0.74-1.50) 1.16 (0.79-1.70)
GSTM1

Present 185 390 1.00% 1.00%

Null 65 110 1.26 (0.88-1.80) 1.22 (0.83-1.82)
GSTT1

Present 207 415 1.00* 1.00*

Null 43 85 1.01 (0.68-1.52) 1.08 (0.70-1.68)
GSTP1

Tle/Tle 118 230 1.00% 1.00%

Val/Val 29 51 1.11 (0.67-1.83) 1.16 (0.68-1.98)
Ile/Val 106 219 0.92 (0.67-1.26) 0.92 (0.65-1.30)

* Reference category

® Adjusted for religion, age at menarche, age at first child birth,
menopausal status and consanguineous marriage

(Pro/Pro and Leu/Pro) and p53 (Arg/Arg and Arg/Pro) was
associated with more than 2 fold increased risk for breast
cancer in Univariate (P = 0.01) and Multivariate
(P = 0.003) analysis (Table 3A). The other gene interac-
tions (pS3 and c-erbB2 and TGFfj1 and c-erbB2) were not
associated with any significant risk of breast cancer. There
was no statistically significant association for the GST
family members with the breast cancer risk (Table 3B).
One hundred and one patients underwent neo-adjuvant
chemo-radiotherapy followed by surgery. Post surgical
histo-pathological evaluation of the primary tumour
revealed that 25/101 (25%) primary tumours did not have
any residual disease after the neo-adjuvant therapy. The
pathologic complete response (pCR) in the primary tumour
was 47% (9/19) for the TGFf1 Pro/Pro allele, 25% (12/49)
for the Pro/Leu and 12% (4/33) for the Leu/Leu, indicating
that the individuals with the Pro/Pro allele were 10 fold
likely to achieve a pathologic CR in the primary tumour
(P = 0.004), (Table 4), emerging as an independent pre-
dictive factor after adjustment of stage of the disease and
other factors. We further analyzed to see if the genotype
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influenced the response to the chemo-therapeutic regimens
used. While the TGFf1 Pro/Pro allele was associated with
a better pCR rate in the primary with the FAC regimen
(P = 0.04), the numbers were too few in the CMF group
(data not shown). There was no significant association
between the other gene alleles and the primary tumour pCR
rates.

The duration of follow up is only 30 months and hence
it would be premature to comment on the impact of the
gene factors on DFS and OS.

Discussion

This manuscript presents information on three additional
genes (TGFf1, c-erbB2 and GSTT1) in the case control
study done [2]. Individually, none of the genes were found
to increase the risk for breast cancer.

Cox et al. [16] have demonstrated a weak association
for TGFf1 LeulOPro (OR1.07 and 1.16 for heterozygotes
and Pro/Pro homozygotes, respectively) in their study
comprising 11,391-18,290 cases and 14,753-22,670 con-
trols. Studies have also shown that the Pro/Pro genotype is
associated with a 2.8 fold increased TGFf1 secretion
compared to the Leu/Leu genotype and therefore an
increased risk for breast cancer [8]. Dunning et al. [5] had
shown a positive association for Cypl9 (TTTA)n poly-
morphism [(TTTA)I0 carrier OR 2.33)], GSTPI1
(Ile105Val—Val carrier OR 1.33), p53 (Arg72Pro—Pro
carrier OR 1.27) and GSTM1 (Null—OR 1.33) in their
metanalysis of 46 studies on 18 different genes.

The Her2 (Ile655Val) SNP has been studied in the past and
the variant Val allele was found to be associated with an
increased risk for familial breast cancer [17-19]. A case
control study involving 2,192 cases and 2,257 controls in
white British population did not find any significant associ-
ation for c-erbB2 (Ile655Val) polymorphism and breast
cancer risk [20]. A Korean study also did not find any sig-
nificant association between c-erbB2 (Ile655Val) and risk for
breast cancer [21]. Two studies have also reported an inverse
statistically significant association between Val/Val geno-
type and breast cancer risk, with OR of 0.63 and 0.68 [22, 23].

Variable results have been obtained with regard to the
GST genes (GSTM1, GSTPland GSTT1). Some studies
[24, 25] did not find any significant association for the
polymorphisms in these genes with breast cancer risk.
However, other studies [26, 27] have found significant
association. Studies looking for gene interactions among
the GST family and other genes, have also shown a greater
risk for women carrying deletions of both GSTMI1 and
GSTT1 genes [26, 28]. Our study, did not find any sig-
nificant associations for the SNP’s studied in the GST
family with breast cancer risk.
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Table 3 Effect of gene combinations on breast cancer risk by univariate and multivariate conditional logistic regression analysis
Variables® Cases Controls Odds ratio (95% CI) P value QOdds ratio (95% CI) P value

Univariate Multivariate
A
p53 TGFf1
Pro/Pro Leu/Leu 16 60 1.00* 1.00?
Pro/Pro VAR 43 81 2.02 (1.03-3.94) 0.04 2.82 (1.33-5.98) 0.007
VAR Leu/Leu 64 130 1.89 (1.00-3.59) 0.05 2.83 (1.38-5.80) 0.005
VAR VAR 127 229 2.11 (1.16-3.84) 0.01 2.76 (1.41-5.41) 0.003
p53 TGFf1 c- erbB2
Pro/Pro Leu/Leu Tle/lle 11 43 1.00* 1.00?
VAR Leu/Leu Tle/lle 46 100 1.89 (0.87-4.11) 0.11 3.10 (1.28-7.27) 0.01
VAR VAR Tle/lle 89 162 2.22 (1.07-4.57) 0.03 3.14 (1.38-7.13) 0.006
Pro/Pro VAR Tle/Ile 35 58 2.44 (1.09-5.44) 0.03 3.99 (1.61-9.89) 0.003
Pro/Pro Leu/Leu VAR 5 17 1.21 (0.354.04) 0.75 1.75 (0.48-6.45) 0.4
Pro/Pro VAR VAR 8 23 1.39 (0.49-3.95) 0.53 1.99 (0.65-6.14) 0.22
VAR Leu/Leu VAR 18 30 2.42 (0.98-5.98) 0.06 4.53 (1.66-12.34) 0.003
VAR VAR VAR 38 67 2.32 (1.06-5.09) 0.04 3.58 (1.50-8.56) 0.004
Variables® Cases Controls Odds ratio (95% CI)

Univariate Multivariate®

B
GSTM1 GSTT1 GSTP1
Pres Pres Tle/Tle 78 144 1.00* 1.00*
Null Pres Tle/lle 23 41 1.08 (0.59-1.96) 1.07 (0.56-2.05)
Null Null Tle/lle 0 9 0 0
Pres Null Tle/lle 17 36 0.84 (0.44-1.62) 0.88 (0.43-1.78)
Pres Pres VAR 74 180 0.77 (0.53-1.13) 0.75 (0.49-1.13)
Pres Null VAR 16 30 1.01 (0.52-1.96) 1.24 (0.6-2.54)
Null Pres VAR 32 50 1.18 (0.7-1.98) 1.23 (0.7-2.17)
Null Null VAR 10 10 1.91 (0.77-4.74) 1.86 (0.67-5.13)

* Reference category; VAR, Variant and Heterozygous

° Adjusted for religion, age at menarche, age at first child birth, menopausal status and consanguineous marriage

In contrast, gene interactions between p53, TGFf1 and
c-erbB2, showed a statistically significant association with
breast cancer risk. This was also seen with p53 (Arg/Arg
and Arg/Pro) and TGFfS1 (Pro/Pro and Leu/Pro) gene
interaction. We are unable to find studies which have done
combined genotype analysis for TGFf1, p53 and c-erbB2,
for us to compare our results with.

We then analyzed the role of the SNP’s studied in the
response to neo-adjuvant chemo-radiotherapy, wherein
concurrent FAC or CMF chemotherapy was given with
radiotherapy to breast and axilla. These patients underwent
surgery after this and the specimen was histo-pathologi-
cally assessed for residue in the primary and the axillary
nodes. TGFf1 (Pro/Pro) followed by the (Leu/Pro) alleles
were more likely to achieve a pathological complete
response in the primary. TGFf1 (Pro/Pro) has been shown

earlier to be associated with greater radiation toxicity
response in the breast [29]. Ours is the first study to
demonstrate the association of the TGFf1 (Lue10Pro) with
pathological primary tumour response in breast cancer,
following neo-adjuvant chemo-radiotherapy. None of the
other genes studied were found to have any significant
association with pathological response in the primary
tumour. This effect was independent of stage, reproductive
factors and socio-economic factors.

Other studies have shown that patients with null geno-
type for GSTMI1 and GSTT1 have a better response to
chemotherapy [30]. Edvardsen et al. [25] had shown that
the GSTP1 (Ile105Val) was associated with greater radia-
tion toxicity following radiotherapy to the breast. The
GSTP1 105Val genotype was found to confer a better
survival following treatment with chemotherapy compared
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Table 4 Univariate and Multivariate logistic regression analysis to study the effect of TGFf1 and stage of disease on primary tumour response

following neo-adjuvant chemo-radiotherapy

Variables® pCR in primary tumour Odds ratio (95% CI)
Not achieved Achieved Univariate Multivariate
TGFf1
Leu/Leu 29 1.00% 1.00%
Pro/Pro 10 6.53 (1.64-25.93)* 10.53 (2.11-51.48)*
Leu/Pro 37 12 2.35 (0.68-8.06) 2.82 (0.74-10.7)
STAGE
IIAand II B 23 6 1.00% 1.00%
IIT A and IIIB 53 19 1.37 (0.49-3.89) 2.03 (0.57-7.28)

? Reference category; *P = 0.004

b Adjusted for religion, age at menarche, age at first child birth, menopausal status and consanguineous marriage

with the 105Ile genotype [31]. These results suggest that
while toxicity may be greater with these alleles, they could
also enhance the response/survival rate.

The duration of follow up is 30 months in our series of
patients and hence may be premature to comment on the
DFS and OS rates.

In conclusion, our study has shown that TGFf1, p53
polymorphisms are associated with increased breast cancer
risk and that TGFf1 10Pro allele can predict response to
neo-adjuvant chemo-radiotherapy.

Acknowledgements We would like to thank the Chennai Willingdon
Corporate Foundation for providing financial support for this project.
We also thank the patients and subjects who participated as controls, in
the study.

Reference

1. Shanta V, Swaminathan R, Kavitha M (2005) Cancer incidence
and mortality in Chennai, India, Year 2002. Madras Metropolitan
Tumor Registry, National Cancer Registry Program, Cancer
Institute (WIA), Chennai

2. Samson M, Swaminathan R, Rama R, Sridevi V, Nancy KN,
Rajkumar T (2007) Role of GSTMI1 (Null/Present), GSTP1
(Ile105Val) and P53 (Arg72Pro) Genetic polymorphisms and the
risk of breast cancer - A case control study from south India.
Asian Pac J Cancer Prev 8:253-257

3. Wagner TM, Moslinger RA, Muhr D, Langbauer G, Hirtenlehner
K et al (1998) BRCAIl-related breast cancer in Austrian breast
and ovarian cancer families: specific BRCAl mutations and
pathological characteristics. Int J Cancer 77:354-360

4. Couch FJ, Wang XY, Wu GJ, Qian J, Jenkins RB, James CD
(1999) Localization of PS6K to chromosomal region 17q23 and
determination of its amplification in breast cancer. Cancer Res
59:1408-1411

5. Dunning AM, Healey CS, Pharoah PD, Teare MD, Ponder BA,
Easton DF (1999) A systematic review of genetic polymorphisms
and breast cancer risk. Cancer Epidemiol Biomarkers Prev
8:843-854

6. Wang H, Zeng ZC, Bui TA, DiBiase SJ, Qin W, Xia F, Powell
SN, Iliakis G et al (2001) Non-homologous end-joining of

@ Springer

10.

11.

12.

13.

15.

16.

17.

18.

19.

ionizing radiation-induced DNA double-stranded breaks in
human tumor cells deficient in BRCA1 or BRCA21. Cancer Res
61:270-277

. Ameyaw MM, Tayeb M, Thornton N, Folayan G, Tariq M,

Mobarek A et al (2002) Ethnic variation in the HER-2 codon 655
genetic polymorphism previously associated with breast cancer.
J Hum Genet 47:172-175

. Dunning AM, Ellis PD, McBride S, Kirschenlohr HL, Healey CS

et al (2003) A transforming growth factorbetal signal peptide
variant increases secretion in vitro and is associated with
increased incidence of invasive breast cancer. Cancer Res
63(10):2610-2615

. Easton DF, Pooley KA, Dunning AM, Pharoah PD, Thompson D

et al (2007) Genome-wide association study identifies novel
breast cancer susceptibility loci. Nature 447:1087-1094

Hunter DJ, Kraft P, Jacobs KB, Cox DG, Yeager M et al (2007)
A genome-wide association study identifies alleles in FGFR2
associated with risk of sporadic postmenopausal breast cancer.
Nat Genet 39:870-874

Pharoah PD, Tyrer J, Dunning AM, Easton DF, Ponder BA
(2007) Association between common variation in 120 candidate
genes and breast cancer risk. PLoS Genet 3(3):e42

Lee KM, Park SK, Hamajima N, Tajima K, Yoo KY, Shin A et al
(2005) Genetic polymorphisms of TGFf11 & TNF-f and breast
cancer risk. Breast Cancer Res Treat 90:149-155

Krajinovic M, Labuda D, Richer C, Karimi S, Sinnett D (1999) A
susceptibility to childhood acute lymphoblastic leukemia: influ-
ence of CYPlAl, CYP2D6, GSTMI, and GSTTI genetic
polymorphisms. Blood 93:1496-1501

. Beslow NE, Day NE (1980) Statistical methods in cancer

research. Vol 1. The analysis of cases-control studies. IARC
Scientific Publications No 32, IARC, Lyon

Kaplan EL, Meier P (1958) Non parametric estimation from
incomplete observations. J Am Stat Assoc 53:457-481

Cox A, Dunning AM, Garcia-Closas M, Balasubramanian S,
Reed MW, Pooley KA, Scollen S et al (2007) A common coding
variant in CASPS is associated with breast cancer risk. Nat Genet
39(5):688

Xie D, Shu XO, Deng Z, Wen WQ, Creek KE, Dai Q et al (2000)
Population-based, case-control study of HER2 genetic polymor-
phism and breast cancer risk. J Natl Cancer Inst 92:412-417
Pinto D, Vasconcelos A, Costa S, Pereira D, Rodrigues H et al
(2004) HER2 polymorphism and breast cancer risk in Portugal.
Eur J Cancer Prev 13:177-181

Tommasi S, Fedele V, Lacalamita R, Bruno M, Schittulli F,
Ginzinger D et al (2007) 655Val and 1170Pro ERBB2 SNPs in



Breast Cancer Res Treat (2008) 112:81-87

87

20.

21.

22.

23.

24.

25.

familial breast cancer risk and BRCA1 alterations. Cell Oncol
29:241-248

Benusiglio PR, Lesueur F, Luccarini C, Conroy DM, Shah M
et al (2005) Common ERBB2 polymorphisms and risk of breast
cancer in a white British population: a case-control study. Breast
Cancer Res 7:204-209

Han W, Kang D, Lee JE, Park IA, Choi JY, Lee KM et al (2005)
A haplotype analysis of HER-2 gene polymorphisms: association
with breast cancer risk, HER-2 protein expression in the tumor,
and disease recurrence in Korea. Clin Cancer Res 11:4775-4778
Nelson SE, Gould MN, Hampton JM, Trentham-Dietz A (2005)
A case-control study of the HER2 Ile655Val polymorphism in
relation to risk of invasive breast cancer. Breast Cancer Res
7:357-364

Cox DG, Hankinson SE, Hunter DJ (2005) The erbB2/HER2/neu
receptor polymorphism Ile655Val and breast cancer risk. Phar-
macogenet Genomics 15:447-450

Vogl FD, Taioli E, Maugard C, Zheng W, Pinto LF et al (2004)
Glutathione S-transferases M1, T1, and P1 and breast cancer: a
pooled analysis. Cancer Epidemiol Biomarkers Prev 9:1473—
1479

Edvardsen H, Kristensen VN, Grenaker Alnaes GI, Bshn M,
Erikstein B et al (2007) Germline glutathione S-transferase
variants in breast cancer: relation to diagnosis and cutaneous
long-term adverse effects after two fractionation patterns of
radiotherapy. Int J Radiat Oncol Biol Phys 67:163-171

26.

217.

28.

29.

30.

31.

Park SK, Yim DS, Yoon KS, Choi IM, Choi JY, Yoo KY et al
(2004) Combined effect of GSTM1, GSTT1, and COMT geno-
types in individual breast cancer risk. Breast Cancer Res Treat
88:55-62

Steck SE, Gaudet MM, Britton JA, Teitelbaum SL, Terry MB
et al (2007) Interactions among GSTMI1, GSTT1 and GSTP1
polymorphisms, cruciferous vegetable intake and breast cancer
risk. Carcinogenesis 128:1954-1959

Spurdle AB, Chang JH, Byrnes GB, Chen X, Dite GS et al (2007)
A systematic approach to analyzing gene-gene interactions:
polymorphisms at the microsomal epoxide hydrolase EPHX and
glutathione S-transferase GSTM1, GSTT1, and GSTP1 loci and
breast cancer risk. Cancer Epidemiol Biomarkers Prev 16:769—
774

Andreassen CN, Alsner J, Overgaard J, Herskind C, Haviland J
et al (2005) TGFB1 polymorphisms are associated with risk of
late normal tissue complications in the breast after radiotherapy
for early breast cancer. Radiother Oncol 75:18-21

DeMichele A, Aplenc R, Botbyl J, Colligan T, Wray L et al
(2005) Drug-metabolizing enzyme polymorphisms predict clini-
cal outcome in a node-positive breast cancer cohort. J Clin Oncol
23:5552-5559

Yang G, Shu XO, Ruan ZX, Cai QY, Jin F et al (2005) Genetic
polymorphisms in glutathione-S-transferase genes (GSTMI,
GSTTI1, GSTP1) and survival after chemotherapy for invasive
breast carcinoma. Cancer 103:52-58

@ Springer



	TGF&bgr;1 (Leu10Pro), p53 (Arg72Pro) can predict for increased risk for breast cancer in south Indian women and TGF&bgr;1 Pro (Leu10Pro) allele predicts response to neo-adjuvant �chemo-radiotherapy
	Abstract
	Introduction
	Materials and methods
	Patients
	Treatment protocol
	Genotyping
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	Reference



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


