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ABSTRACT
Breast cancer (BC) is the most common cancer in females globally whereas in India BC is the
second most common cancer in females. Population based cancer registries in North Eastern (NE)
region of India show clear heterogeneity in the incidence rates of BC. Clinical and epidemiological
studies have shown that anthropogenic measures, female reproductive status, circulatory steroid
hormones, hormone receptor status, use of birth control pills, food habits are significantly
associated with the increased risk of BC globally along with genetic heterogeneity and epigenetic
alternations in females. In the present review we aim to explore various risk factors of BC in
Indian females across different ethnic groups. Early onset of menarche, late age of marriage,
late age at first full term pregnancy, low parity status, short span of lifetime duration of lactation,
late age of menopause are significantly associated with the increased risk of BC in Indian females
which strongly follow ethnic variations. Moreover, it has been found that betel nut chewing with
or without tobacco, alcohol consumption habit and tobacco smoking are significantly associated
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with the increased risk of BC in females from India. Genetic heterogeneity in mutation patterns
and/or methylation status of tumour suppressor, DNA repairs mechanism and immune pathway
genes have been found to be ethnically variable. Our study has revealed that high prevalence
of invasive ductal carcinoma (IDC) and hormone receptor negative subtypes of BC in young
premenopausal females in NE region of India. Future, studies with large sample size and genomewide association studies (GWAS), transcriptome profiling and genetic and environmental risk
factor analysis in different ethnic groups will give deeper insight into the epidemiology of BC in
India.
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INTRODUCTION

Breast cancer (BC) is the most common cancer in women worldwide [1]. Epidemiological

studies have shown that global burden of BC is expected to cross almost 2 million by the year

2030 [2]. Clinical and epidemiological studies have shown that anthropogenic measures,
female reproductive status, circulatory steroid hormones, hormone receptor status, use of birth

control pills are significantly associated with the increased risk of BC in females [3]. Moreover,
studies have revealed that food habits are also significant effect modifiers in the risk of BC [4].
Molecular epidemiological studies have revealed that genetic and epigenetic alternations are

also significantly associated with the risk of BC globally [5]. However, studies have shown that
genetic and epigenetic alternations along with putative risk factors in reproductive status and
dietary habits associated with BC also vary with ethnicity in different geographical regions [6].

For past two decades ethnic variations in the risk of BC have been studied extensively by several
researchers globally [7].

In India, BC is the second most common cancer in females [8]. Population-based cancer

registry (PBCR) data has shown that in India every year average 80,000 females are diagnosed
with BC in which 40,000 die annually [9]. Epidemiological studies have revealed that incidence
of BC has emerged as leading cancer in most urban populations in India marked by late marriage,

bearing children later in their life and short span of lactation [10]. PBCR data from India have
revealed that BC incidence significantly varies with ethnicity and the highest incidence of BC

has been reported in North Eastern Region (NER) of India (Age Adjusted incidence Rate or AAR

per 100,000 population is 19 in Dibrugarh district, Assam, 17.5 in Kamrup district, Assam, 14.5
in Aizawl district, Mizoram) and in major metropolitan cities, like Bangalore (AAR per 100,000
population is 27.5), Mumbai (AAR per 100,000 population is 28.6) and New Delhi (AAR per

100,000 population is 28.6) [11]. Epidemiological studies have revealed that high incidence of
BC in India is in premenopausal females [9]. Moreover, epidemiological studies have suggested
that socio-demographic factors like reproductive status and lifestyle habits play a crucial role in
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the genetic susceptibility to BC in India [12]. PBCR data have suggested that family history of BC

is most important factor for the early onset of BC in Indian females [12], whereas reproductive
status and lifestyle habits are the crucial factors associated with increased or decreased risk of BC
in females from India [13].

Figure 1: Comparison of Age adjusted Incidence Rates (AARs per 100,000 population) of breast
cancer (BC) in females of all Population Based Cancer Registries (PBCRs), 2012-2014, published
by Indian Council of Medical Research (ICMR) on 2016.

CLASSIFICATION OF BREAST CANCER TYPES
Histopathological Classification of BC

Histopathologically BC is classified into two broad categories, namely invasive carcinoma and
carcinoma insitu [14]. Hospital-based studies have shown that invasive carcinoma is the most
prevalent type of BC in India [15]. Pathological studies have revealed that invasive carcinoma
of the breast is distinctly divided into further subtypes, like infiltrating, lobular, colloid, tubular,
medullary and papillary invasive carcinoma in which infiltrating ductal carcinoma (IDC) is most
common, accounting for 70-80% of total BC cases globally [15]. Similar to invasive carcinoma of
the breast, insitu carcinoma is also subdivided into ductal carcinoma in situ (DCIS) and lobular
carcinoma in situ (LCIS) subtypes [15]. Clinical studies have revealed that DCIS is more prevalent
than LCIS and DCIS type is further subdivided into comedo, cribiform, micropapillary, papillary
and solid subtypes of BC [15]. PBCR data have shown that IDC subtype of BC is the most prevalent
type of BC in India [16].
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Figure 2: Relative proportion (%) of different histological types of breast cancer (BC) in India
by consolidated report of the Hospital Based Cancer Registries (HBCRs): 2012-2014, published
by Indian Council of Medical Research (ICMR) on 2016.

Immunological classification of BC

Current classification of BC is based on the presence of hormone receptors, especially estrogen
receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor (Her2)
on breast tissue by Immunohistochemistry (IHC) and has gained much attention [15]. ER and
PR are nuclear receptors, present on breast epithelial cells to regulate breast development by
endocrine stimuli during puberty and pregnancy [17]. The presence or absence of ER, PR and
Her2/neu is considered to be crucial for the determination of BC prognosis and therapeutic
decision making [18]. Clinical studies have shown that ER+ BC subtypes can be treated with
specific endocrine therapies more effectively than ER- subtype [19] whereas studies have shown
that Her2 status could antagonize the expression of ER and PR as evidenced in several BC tissue
samples where high expression of Her2 have been found to inhibit the expression of PR status
[20]. PBCR data from India have shown that ER+/ PR+ tumours include 20-45% of total BC
cases for which hormone receptor status was tested in which almost 50% patients exhibit Her2
negative [21].
The breast tissue samples which fail to express ER, PR, Her2 positivity by IHC are termed as
triple negative breast cancer (TNBC) [22]. Epidemiological studies have revealed that TNBC cases
exhibit a distinct feature in disease aetiology by following the significantly high rate of metastasis,
tissue invasion, relapse and resistance to conventional anti-neoplastic therapies like radio or
chemotherapy and hormone withdrawal therapy than hormone receptor-positive subtypes of BC
[23]. Epidemiological studies from different ethnic groups in India have shown a significantly
high prevalence of TNBC in both premenopausal and postmenopausal females [24-28]. A study
from NER of India has shown a high number of IDC and TNBC subtypes of BC in females [29].
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Classification of BC based on gene expression profiling
In recent years protein expression and gene sequencing studies have distinctly classified
BC into several subtypes [30]. Molecular profiling of different subtypes of BC has revealed that
TNBC subtype is significantly associated with basal-like features by expressing basal cytokeratin
markers like CK-5, 14 and 17 [24,31,32]. Moreover, next-generation sequencing studies have
shown that significantly high mutational rate in both BRCA1 and BRCA2 genes and a defective
DNA repair mechanisms are hallmarks of TNBC subtype of BC [33-36]. Transcriptome studies
have classified TNBC into two distinct basal-like subtypes, BL1 and BL2 in which BL1 subtype
of TNBC is significantly associated with expressional alternations in cell cycle and DNA damage
repairing pathway genes whereas BL2 subtype is marked with growth factor signalling pathways
[37]. Clinical studies have shown that BL1 subtype of TNBC is significantly resistant to cisplastin
whereas mesenchymal and luminal subtypes are more prone to PI3K pathway inhibitors along
with the SRC inhibitor dasatinib [37]. Till date no high throughput transcriptome profiling studies
has been performed to further classify BC in Indian females.

Association of reproductive status with the risk of BC in females

PBCR data has revealed that premenopausal females constitute almost 50% of total BC cases in
India [38]. PBCR studies from India have shown that age-adjusted incidence of BC is significantly
associated with the ethnicity [39]. Hospital-based cancer registry studies have revealed that a
significant proportion of BC patients in India are under 35 years of age [39]. Hospital-based clinical
studies have also shown that endocrinological alternations like shifting from male to female sex
hormone ratio i.e. from androgen to oestrogen conversion, high rate of androgen biosynthesis in
the ovary and low circulatory oestrogen level are significantly associated with the increased risk
of BC in females [40]. However, clinical studies have revealed that BC cases with comparatively
older age, especially in postmenopausal females are significantly associated with the increased
positivity to respond against the adjuvant chemotherapeutic agents in comparison to the younger
premenopausal females [41].

Epidemiological studies have shown that anthropogenic measures, like waist size and body
mass index, female reproductive status like early onset of menarche, delayed first birth, decreased
parity or null parity, short duration of lactation, use of birth control pills are significantly
associated with the increased risk of BC in females [42,43]. Studies have revealed that BC
incidence rate in Mumbai is highest in Parsis and Christians whereas lowest incidence rate has
been reported in Jains and Buddhists [44] possibly due to late marriage, delayed first full term
pregnancy and consanguineous marriage in Parsi communities [45]. Epidemiological studies
conducted on females from Dravidian ethnicity in South India have shown nulliparous females
have significantly high risk of BC in comparison to females having a child [43]. Epidemiological
studies have demonstrated that lifetime duration of breastfeeding habit is inversely associated
with the risk of BC in premenopausal females in India [42,43].
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Association of dietary habits with the risk of BC in females
Molecular epidemiological studies have revealed that dietary pattern can alter cellular
oxidative stress levels by interacting with the DNA repair pathway and tumour suppressor
pathway associated genes in the tumour microenvironment in breast epithelial cells [46]. India
being a diverse country with respect to ethnic and socio-demographic variations, food habits
plays a crucial role in the risk of BC [47,48]. Epidemiological studies have shown that betel nut
chewing, tobacco smoking and alcohol consumption habits are significantly associated with the
increased risk of BC in females from India [49].
Epidemiological studies have shown a significant association of betel nut consumption with
the increased risk of BC in females from NER of India [50]. Betel nuts are composed of various
alkaloids, like arecoline, arecaidine, guvacine and guvacoline in which nitrated arecoline
effectively binds with the DNA [51]. Studies have shown that such binding causes DNA adduct
which are responsible for oncogenesis in the breast [13,52].

For last three decades, several epidemiological studies have been performed by different
group of researchers to elucidate the association of ethanol consumption habit with the risk of
BC [53,54] though the results are inconsistent and contradictory [55]. Experimental studies have
shown that dietary consumed ethanol significantly alter the cell proliferation rate by modulating
the expression of transcription factors associated with the ER signalling pathway [56,57].
Epidemiological studies have shown that alcohol consumption habit is significantly associated
with the increased risk of BC in females from India [58].
Moreover, epidemiological studies have revealed that several dietary habits like regular
consumption of fresh vegetables and fruits are significantly protective lowering the risk of
BC in females in India irrespective of their ethnicity [59,60]. Studies have shown that regular
consumption of leafy vegetables, beta carotene and isoflavonoid rich food are protective and
significantly reduce the risk of BC in females [61].

Genetic hetero geneity with the increased risk of BC in India

Molecular epidemiological studies have shown that mutation and/or polymorphism in
tumour suppressor genes, DNA repair mechanism genes, innate immune genes, metabolic genes
and cytokine genes are significantly associated with the increased risk of BC in females based
on their ethnic variations [62]. For last two decades several molecular epidemiological studies
have been performed to investigate the genetic heterogeneity of BC in different ethnic groups of
females from India [63].

Association of tumour suppressor genes with the risk of BC in females

Tumour suppressor genes are responsible for the cellular inbuilt defence mechanism by
arresting cell cycle at specific checkpoints at the time of DNA replication [64]. Thus called as
“guardian of the genome” [65]. Studies have revealed that mutated TP53 is significantly associated

Population Genetics | www.smgebooks.com

6

Copyright  Devi KR.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited.

with the chemotherapy and radiotherapy resistance pattern in clinical outcome [66]. In vitro
studies have shown that siRNA-mediated targeting of TP53 gene is significantly associated with
the activation of pro apoptotic genes [67]. TP53 knockout animal models have shown a significant
association of G1 checkpoint kinase 1 (CHK1) gene with the tumorigenesis in the breast [68].

Molecular epidemiological studies have revealed that proline allele at codon 72 of TP53 gene is
significantly associated with the increased risk of BC in females from North India [69] whereas no
direct association of TP53 codon 72 polymorphism with the increased risk of BC has been found
in females from NER of India [70]. However, our study has revealed that 22bp deletion in the
promoter region of TLR2 gene is significantly associated with the increased risk of BC in females
from NER of India who carry proline allele at codon 72 of their TP53 gene [70].

Genetic and molecular studies have shown that BRCA1 and BRCA2 proteins play a crucial
role in the maintenance of genomic stability, DNA repair mechanism and cell cycle regulation
[71,72]. Molecular epidemiological studies have shown that mutation in BRCA1 and BRCA2 genes
are significantly associated with the increased risk of BC in females from India [12]. Moreover,
it has found that mutation in BRCA1 gene is significantly associated with the early onset of BC in
females [73]. Molecular epidemiological studies from India have shown that several variants of
BRCA1 and BRCA2 gene are significantly associated with the increased risk of BC [9,74] following
a strong ethnic variation in which few variants are novel in nature [75].

Association of DNA-repair pathway genes with the risk of BC in females

Studies have shown that defect in DNA repair mechanism is significantly associated with the
increased risk of BC [22]. Molecular epidemiological studies have revealed that polymorphisms
in DNA-repair pathway genes can alter the nature of their protein products and thus either
increase or decrease the risk of BC in females [76,77]. Among different types of DNA repair genes,
Xeroderma Pigmentosum Group D (XPD) and X-ray Repair Cross Complementing gene (XRCC) have
been studied globally in context to BC epidemiology in females [78].

XRCC genes are commonly known for their involvement in base excision repair (BER)
mechanisms in small DNA lesions generally induced by oxidative stress [79]. XRCC genes produce
multidomain protein product which is basically devoid of any catalytic activity but capable of
influencing the binding of DNA polymerase β, DNA ligase and poly ADP-ribose polymerase
(PARP) at the site of damaged DNA segment [80,81]. Epidemiological studies have revealed that
polymorphism in XRCC gene is significantly associated with the increased risk of BC in females
[22,82,83], though the results are inconsistent and ethnic variations persist [84].

Molecular epidemiological studies have revealed that polymorphism in XRCC1A (Arg194Trp)
gene is significantly associated with the increased risk of BC in pre menopausal females in North
India [85-87]. Studies have shown that polymorphism in XRCC3 (Thr241Met) gene is significantly
associated with the increased risk of BC [88]. One meta-analysis has shown that RAD51
polymorphism (135G/C) is significantly associated with the increased risk of BC following strong
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ethnic variations [89]. Molecular epidemiological studies have also revealed that polymorphisms
in ERCC2 gene and APEX1 genes are significantly associated with the increased risk of BC in
females from North India but till date, as far our current knowledge, no molecular epidemiological
studies have been performed to investigate these polymorphisms in different ethnic populations
from India [87,90].

Association of immune genes with the risk of BC in females

Toll-like receptors (TLRs) form a major component of the innate defence system against
invading organisms and recognise damage-associated molecular patterns (DAMPs) in host
immune system [91,92]. Molecular epidemiological studies have revealed that the activation
of TLRs on tumour cells initiate signalling cascades that mediate the release of cytokines and
chemokines from the tumour cells in an autocrine and paracrine manner [93]. In vitro studies
have shown that significantly high expression of TLRs on BC biopsy samples than normal healthy
control groups [94, 95]. Epidemiological studies have revealed that 22bp deletion (-196-174 del)
in TLR2 promoter region is significantly associated with the increased risk of BC in females from
NER of India [70].

Molecular epidemiological studies have shown that polymorphism in TNF-α gene (-308G/A)
is significantly associated with the increased risk of BC in females from South India whereas
no significant association has found in females from North India [96,97]. Another molecular
epidemiological study has revealed that polymorphism in TGF-β gene is significantly associated
with the increased risk of BC in India following strong ethnic variations [98]. Pooja et al have
shown that -29C/T substitution in TGF-β gene is significantly increase the risk of BC in both
premenopausal and postmenopausal females irrespective of their ethnicity whereas -74G/C
substitution in TGF-β gene is significantly protective with the risk of BC in females from North
India [98]. Moreover, studies have shown that polymorphism in IL-1β (-3954C/T) and IL6 (-174G/
C) genes are significantly associated with the increased risk of BC in Indian females [99].

Other genes studied in association with increased risk of BC in females

Molecular epidemiological studies have shown that polymorphisms in ER-α and ER-β genes
are significantly associated with the increased risk of BC in females from India [100,101].
Chakraborty et al have shown that poly-A microsatellite repeats in vitamin D receptor (VDR) gene
is significantly associated with the increased risk of BC in Indo-European females from North India
[102]. Studies have revealed that A2454G polymorphism in Cytochrome P450 enzyme Superfamily
(CYP) gene is significantly associated with the increased risk of BC in females from North India
whereas no significant association of T3698C polymorphism with the increased risk of BC has
found in the studied population of the same ethnicity [103,104]. Molecular epidemiological studies
from NER of India have shown that the polymorphism in GSTT1, GSTM1, GSTP1 and CYP17 genes
are significantly associated with the risk of BC where betel nut chewing habit is an important
effect modifier [50].
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Future Directions
In future, molecular epidemiological studies with large sample size to investigate the association
of genetic heterogeneity in the genome of Indian females belonging from different ethnic groups
by genome-wide association study (GWAS) may be helpful [105]. Moreover transcriptome study
of the candidate biomarker genes by microarray or next generation sequencing (NGS) may be
fruitful to identify novel drug targets for therapeutic purposes [63, 106].

CONCLUSION

Breast cancer is a heterogeneous disease comprising of distinct variations in risk factors,
hormone receptor status and genetic heterogeneity [107]. India being ethnically and socioeconomic-culturally diverse country, incidence of BC and associated risk factors are significantly
variable in this vast region [107]. For future drug targeting, identification of epidemiological and
genetic heterogeneity of BC in different ethnic populations in India is an utmost need for public
health concerns [108]. PBCR data, hospital-based clinical studies and institutional case-control
studies on different ethnic groups from India have revealed ample valuable information regarding
the high prevalence of BC in India. In summary,

• Incidence of BC in India is significantly high in urban populations than rural females probably
due to changes in their lifestyle habits with urbanisation,

• Studies have shown that early onset of menarche, late age of marriage, late age of first full
term pregnancy, small lifetime duration of lactation, late age of menopause are significantly
associated with the increased risk of BC in females from India irrespective their ethnicity.

• Population-based cancer registry (PBCR) data have shown that most of the BC cases in India
are comparatively younger females. Thus early onset of BC in premenopausal females is an
important concern.
• Epidemiological studies have shown that food habits are significantly associated with the
increased risk of BC in females from India which show strong ethnic variations. It has been
found that risk factors like betel nut chewing with or without tobacco, consumption of alcohol
and tobacco smoking are important effect modifier in BC.

• Studies have revealed that regular consumption of fresh leafy vegetable, fresh fruit and fresh
fish are significantly protective with the risk of BC in females from India.

• Molecular epidemiological studies have shown that mutation or polymorphism in tumour
suppressor genes, DNA repair mechanism genes, immune pathway genes and detoxification
genes are significantly associated with the increased risk of BC in Indian females following
strong ethnic variations.
• Histopathological and Immunohistochemical studies have revealed that high prevalence of
BC in Indian females is significantly associated with IDC type which is significantly correlating
with TNBC subtype.
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• Identification of candidate genes for identification of high risk group by high-throughput
sequencing technologies and GWAS studies in Indian females belonging to different ethnic
groups is an utmost need for early detection of BC.

ACKNOWLEDGEMENT

This study was supported by Indian Council of Medical Research (ICMR).

CONFLICT OF INTEREST
None declared.

References
1.

Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JW, et al. Cancer incidence and mortality patterns in
Europe: estimates for 40 countries in 2012. Eur J Cancer. 2013; 49: 1374-1403.

2.

DeSantis C, Siegel R, Bandi P, Jemal A. Breast cancer statistics, 2011. CA Cancer J Clin. 2011; 61: 409-418.

3.

John EM, Phipps AI, Sangaramoorthy M. Body size, modifying factors, and postmenopausal breast cancer risk in a multiethnic
population: the San Francisco Bay Area Breast Cancer Study. Springerplus. 2013; 2: 239.

4.

Moorman PG, Terry PD. Consumption of dairy products and the risk of breast cancer: a review of the literature. Am J Clin Nutr.
2004; 80: 5-14.

5.

Kukafka R, Yi H, Xiao T, Thomas P, Aguirre A, et al. Why Breast Cancer Risk by the Numbers Is Not Enough: Evaluation of a
Decision Aid in Multi-Ethnic, Low-Numerate Women. J Med Internet Res. 2015; 17: e165.

6.

Jagsi R, Griffith KA, Kurian AW, Morrow M, Hamilton AS, et al. Concerns About Cancer Risk and Experiences With Genetic
Testing in a Diverse Population of Patients With Breast Cancer. Journal of Clinical Oncology. 2015; 33: 1584-1591.

7.

Januszewski A, Tanna N, Stebbing J. Ethnic variation in breast cancer incidence and outcomes-the debate continues. Br J
Cancer. 2014; 110: 4-6.

8.

Mathew A, George PS, Arjunan A, Augustine P, Kalavathy M, et al. Temporal Trends and Future Prediction of Breast Cancer
Incidence Across Age Groups in Trivandrum, South India. Asian Pac J Cancer Prev. 2016; 17: 2895-2899.

9.

Saxena S, Chakraborty A, Kaushal M, Kotwal S, Bhatanager D, et al. Contribution of germline BRCA1 and BRCA2 sequence
alterations to breast cancer in Northern India. BMC Med Genet. 2006; 7: 75.

10. Kumar N, Pandey AN, Kumari S, Kishore S. Breast Cancer Associated with Von Recklinghausen’s Disease: Case Report and
Review of Literature. Indian J Surg Oncol. 2014; 5: 205-207.
11. Murthy NS, Rajaram D, Gautham MS, Shivaraj NS, Nandakumar BS, et al. Risk of cancer development in India. Asian Pac J
Cancer Prev. 2011; 12: 387-391.
12. Valarmathi MT, Sawhney M, Deo SS, Shukla NK, Das SN. Novel germline mutations in the BRCA1 and BRCA2 genes in Indian
breast and breast-ovarian cancer families. Hum Mutat. 2004; 23: 205.
13. Wasson MK, Chauhan PS, Singh LC, Katara D, Dev Sharma J, et al. Association of DNA repair and cell cycle gene variations with
breast cancer risk in Northeast Indian population: a multiple interaction analysis. Tumour Biol. 2014; 35: 5885-5894.
14. Dieci MV, Orvieto E, Dominici M, Conte P, Guarneri V. Rare breast cancer subtypes: histological, molecular, and clinical
peculiarities. Oncologist. 2014; 19: 805-813.
15. Malhotra GK, Zhao X, Band H, Band V. Histological, molecular and functional subtypes of breast cancers. Cancer Biol Ther. 2010;
10: 955-960.
16. Verma S, Bal A, Joshi K, Arora S, Singh G. Immunohistochemical characterization of molecular subtypes of invasive breast
cancer: a study from North India. APMIS. 2012; 120: 1008-1019.
17. Chen YT, Ross DS, Chiu R, Zhou XK, Chen YY, et al. Multiple cancer/testis antigens are preferentially expressed in hormonereceptor negative and high-grade breast cancers. PLoS one. 2011; 6: e17876.
18. Penault-Llorca F, Viale G. Pathological and molecular diagnosis of triple-negative breast cancer: a clinical perspective. Ann Oncol.
2012; 23: vi19-22.
19. Wang DY, Done SJ, McCready DR, Boerner S, Kulkarni S, et al. A new gene expression signature, the ClinicoMolecular Triad

Population Genetics | www.smgebooks.com

10

Copyright  Devi KR.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited.

Classification, may improve prediction and prognostication of breast cancer at the time of diagnosis. Breast Cancer Res. 2011;
13: R92.
20. Ma H, Lu Y, Marchbanks PA, Folger SG, Strom BL, McDonald JA, et al. Quantitative measures of estrogen receptor expression
in relation to breast cancer-specific mortality risk among white women and black women. Breast Cancer Res. 2013; 15: R90.
21. Ghosh J, Gupta S, Desai S, Shet T, Radhakrishnan S, Suryavanshi P, et al. Estrogen, progesterone and HER2 receptor expression
in breast tumors of patients, and their usage of HER2-targeted therapy, in a tertiary care centre in India. Indian J Cancer. 2011;
48: 391-396.
22. Smolarz B, Makowska M, Samulak D, Michalska MM, Mojs E, Wilczak M, et al. Single nucleotide polymorphisms (SNPs) of
ERCC2, hOGG1, and XRCC1 DNA repair genes and the risk of triple-negative breast cancer in Polish women. Tumour Biol.
2014; 35: 3495-3502.
23. Ryu DW, Lee CH. Outcome of triple-negative breast cancer in patients with or without markers regulating cell cycle and cell death.
J Korean Surg Soc. 2012; 83: 187-95.
24. Choccalingam C, Rao L, Rao S. Clinico-Pathological Characteristics of Triple Negative and Non Triple Negative High Grade
Breast Carcinomas with and Without Basal Marker (CK5/6 and EGFR) Expression at a Rural Tertiary Hospital in India. Breast
Cancer (Auckl). 2012; 6: 21-29.
25. Shah SP, Roth A, Goya R, Oloumi A, Ha G, Zhao Y, et al. The clonal and mutational evolution spectrum of primary triple-negative
breast cancers. Nature. 2012; 486: 395-399.
26. Patnayak R, Jena A, Rukmangadha N, Chowhan AK, Sambasivaiah K, Phaneendra BV, et al. Hormone receptor status (estrogen
receptor, progesterone receptor), human epidermal growth factor-2 and p53 in South Indian breast cancer patients: A tertiary care
center experience. Indian J Med Paediatr. 2015; 36: 117-122.
27. Singh R, Gupta S, Pawar SB, Pawar RS, Gandham SV, et al. Evaluation of ER, PR and HER-2 receptor expression in breast
cancer patients presenting to a semi urban cancer centre in Western India. J Cancer Res Ther. 2014; 10: 26-28.
28. Akhtar M, Dasgupta S, Rangwala M. Triple negative breast cancer: an Indian perspective. Breast Cancer (Dove Med Press).
2015; 7: 239-243.
29. Sharma M, Sharma JD, Sarma A, Ahmed S, Kataki AC, et al. Triple negative breast cancer in people of North East India: critical
insights gained at a regional cancer centre. Asian Pa J Cancer Prev. 2014; 15: 4507-4511.
30. Curigliano G, Goldhirsch A. The triple-negative subtype: new ideas for the poorest prognosis breast cancer. J Natl Cancer Inst
Monogr. 2011; 2011: 108-110.
31. Craig DW, O’Shaughnessy JA, Kiefer JA, Aldrich J, Sinari S, Moses TM, et al. Genome and transcriptome sequencing in
prospective metastatic triple-negative breast cancer uncovers therapeutic vulnerabilities. Mol Cancer Ther. 2013; 12: 104-116.
32. Xu H, Eirew P, Mullaly SC, Aparicio S. The omics of triple-negative breast cancers. Clin Chem. 2014; 60: 122-133.
33. Stefansson OA, Jonasson JG, Olafsdottir K, Bjarnason H, Th Johannsson O, et al. Genomic and phenotypic analysis of BRCA2
mutated breast cancers reveals co-occurring changes linked to progression. Breast Cancer Res. 2011; 13: R95.
34. Vincent-Salomon A, Macgrogan G, Charaffe-Jauffret E, Jacquemier J, Arnould L. [Identification of basal-like carcinomas in clinical
practice: “triple zero/BRCA1-like” carcinomas]. Bull Cancer. 2010; 97: 357-363.
35. van Verschuer VM, Hooning MJ, van Baare-Georgieva RD, Hollestelle A, Timmermans AM, et al. Tumor-associated inflammation
as a potential prognostic tool in BRCA1/2-associated breast cancer. Hum Pathol. 2015; 46: 182-190.
36. Muendlein A, Rohde BH, Gasser K, Haid A, Rauch S, et al. Evaluation of BRCA1/2 mutational status among German and Austrian
women with triple-negative breast cancer. J Cancer Res Clin Oncol. 2015; 141: 2005-2012.
37. Abramson VG, Lehmann BD, Ballinger TJ, Pietenpol JA. Subtyping of Triple-Negative Breast Cancer: Implications for Therapy.
Cancer. 2015; 121: 8-16.
38. Agarwal G, Pradeep PV, Aggarwal V, Yip CH, Cheung PS. Spectrum of breast cancer in Asian women. World J Surg. 2007; 31:
1031-1040.
39. Murthy NS, Agarwal UK, Chaudhry K, Saxena S. A study on time trends in incidence of breast cancer - Indian scenario. Eur J
Cancer Care (Engl). 2007; 16: 185-186.
40. Suba Z. Triple-negative breast cancer risk in women is defined by the defect of estrogen signaling: preventive and therapeutic
implications. OncoTargets Ther. 2014; 7: 147-164.
41. Aapro M, Wildiers H. Triple-negative breast cancer in the older population. Ann Oncol. 2012; 23: vi52-55.
42. Mathew A, Gajalakshmi V, Rajan B, Kanimozhi V, Brennan P, et al. Anthropometric factors and breast cancer risk among urban
and rural women in South India: a multicentric case-control study. Br J Cancer. 2008; 99: 207-213.

Population Genetics | www.smgebooks.com

11

Copyright  Devi KR.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited.

43. Gajalakshmi V, Mathew A, Brennan P, Rajan B, Kanimozhi VC, et al. Breastfeeding and breast cancer risk in India: a multicenter
case-control study. Int J Cancer. 2009; 125: 662-665.
44. Khokhar A. Breast cancer in India: where do we stand and where do we go? Asian Pac J Cancer Prev. 2012; 13: 4861-4866.
45. Paymaster JC, Gangadharan P. Some observations on the epidemiology of cancer of the breast in women of Western india. Int
J Cancer. 1972; 10: 443-450.
46. Shen J, Gammon MD, Terry MB, Wang L, Wang Q, et al. Polymorphisms in XRCC1 modify the association between polycyclic
aromatic hydrocarbon-DNA adducts, cigarette smoking, dietary antioxidants, and breast cancer risk. Cancer Epidemiol Biomarkers
Prev. 2005; 14: 336-342.
47. Pal D, Banerjee S, Ghosh AK. Dietary-induced cancer prevention: An expanding research arena of emerging diet related to
healthcare system. J Adv Pharm Technol Res. 2012; 3: 16-24.
48. Shridhar K, Dey S, Bhan CM, Bumb D, Govil J, et al. Cancer detection rates in a population-based, opportunistic screening model,
New Delhi, India. Asian Pac J Cancer Prev. 2015; 16: 1953-1958.
49. Chandirasekar R, Kumar BL, Sasikala K, Jayakumar R, Suresh K, et al. Assessment of genotoxic and molecular mechanisms of
cancer risk in smoking and smokeless tobacco users. Mutat Res Genet Toxicol Environ Mutagen. 2014; 767: 21-27.
50. Kaushal M, Mishra AK, Raju BS, Ihsan R, Chakraborty A, et al. Betel quid chewing as an environmental risk factor for breast
cancer. Mutat Res. 2010; 703: 143-148.
51. Bhattacharjee C, Sharan RN. Aqueous extract of betel nut-induced adducts on pMTa4 DNA acquires stability in the presence of
Na+ and K+ ions. Mol Med Rep. 2008; 1: 435-441.
52. Synowiec E, Stefanska J, Morawiec Z, Blasiak J, Wozniak K. Association between DNA damage, DNA repair genes variability and
clinical characteristics in breast cancer patients. Mutat Res. 2008; 648: 65-72.
53. Quandt Z, Flom JD, Tehranifar P, Reynolds D, Terry MB, et al. The association of alcohol consumption with mammographic
density in a multiethnic urban population. BMC cancer. 2015; 15: 1094.
54. Liu Y, Nguyen N, Colditz GA. Links between alcohol consumption and breast cancer: a look at the evidence. Womens Health
(Lond). 2015; 11: 65-77.
55. Zakhari S, Hoek JB. Alcohol and breast cancer: reconciling epidemiological and molecular data. Adv Exp Med Biol. 2015; 815:
7-39.
56. Frydenberg H, Flote VG, Larsson IM, Barrett ES, Furberg AS, et al. Alcohol consumption, endogenous estrogen and mammographic
density among premenopausal women. Breast Cancer Res. 2015; 17: 103.
57. Slattery ML, Lundgreen A, John EM, Torres-Mejia G, Hines L, et al. MAPK genes interact with diet and lifestyle factors to alter risk
of breast cancer: the Breast Cancer Health Disparities Study. Nutr Cancer. 2015; 67: 292-304.
58. Sahoo S, Suvarna S, Chandra A, Wahi S, Kumar P, et al. Prevalence based epidemiological cancer statistics: a brief assessment
from different populations in India. Oral Health Dent Manag. 2013; 12: 132-137.
59. Masala G, Assedi M, Bendinelli B, Ermini I, Sieri S, et al. Fruit and vegetables consumption and breast cancer risk: the EPIC Italy
study. Breast Cancer Res Treat. 2012; 132: 1127-1136.
60. Ito Y, Gajalakshmi KC, Sasaki R, Suzuki K, Shanta V. A study on serum carotenoid levels in breast cancer patients of Indian
women in Chennai (Madras), India. J Epidemiol. 1999; 9: 306-314.
61. Bala DV, Patel DD, Duffy SW, Cherman S, Patel PS, et al. Role of Dietary Intake and Biomarkers in Risk of Breast Cancer: A Case
Control Study. Asian Pac J Cancer Prev. 2001; 2: 123-130.
62. Krishnamurthy A, Soundara V, Ramshankar V. Preventive and Risk Reduction Strategies for Women at High Risk of Developing
Breast Cancer: a Review. Asian Pac J Cancer Prev. 2016; 17: 895-904.
63. Mannan AU, Singh J, Lakshmikeshava R, Thota N, Singh S, et al. Detection of high frequency of mutations in a breast and/or
ovarian cancer cohort: implications of embracing a multi-gene panel in molecular diagnosis in India. J Hum Genet. 2016; 61:
515-522.
64. Yoon CH, Lee ES, Lim DS, Bae YS. PKR, a p53 target gene, plays a crucial role in the tumor-suppressor function of p53.
Proceedings of the National Academy of Sciences of the United States of America. 2009; 106: 7852-7857.
65. Lane DP. Cancer. p53, guardian of the genome. Nature. 1992; 358: 15-16.
66. Millis SZ, Gatalica Z, Winkler J, Vranic S, Kimbrough J, et al. Predictive Biomarker Profiling of > 6000 Breast Cancer Patients
Shows Heterogeneity in TNBC, With Treatment Implications. Clin Breast Cancer. 2015; 15: 473-481.

Population Genetics | www.smgebooks.com

12

Copyright  Devi KR.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited.

67. Braicu C, Pileczki V, Pop L, Petric RC, Chira S, et al. Dual Targeted Therapy with p53 siRNA and Epigallocatechingallate in a
Triple Negative Breast Cancer Cell Model. PLoS One. 2015; 10: e0120936.
68. Ma CX, Cai S, Li S, Ryan CE, Guo Z, et al. Targeting Chk1 in p53-deficient triple-negative breast cancer is therapeutically
beneficial in human-in-mouse tumor models. J Clin Invest. 2012; 122: 1541-1552.
69. Singh V, Rastogi N, Mathur N, Singh K, Singh MP. Association of polymorphism in MDM-2 and p53 genes with breast cancer risk
in Indian women. Ann Epidemiol. 2008; 18: 48-57.
70. Devi KR, Chenkual S, Majumdar G, Ahmed J, Kaur T, et al. TLR222 (-196-174) significantly increases the risk of breast cancer in
females carrying proline allele at codon 72 of TP53 gene: a case-control study from four ethnic groups of North Eastern region of
India. Tumour Biol. 2015; 36: 9995-10002.
71. Hofmann W, Gorgens H, John A, Horn D, Huttner C, et al. Screening for large rearrangements of the BRCA1 gene in German
breast or ovarian cancer families using semi-quantitative multiplex PCR method. Hum Mutat. 2003; 22: 103-104.
72. Berzina D, Nakazawa M, Zestkova J, Aksenoka K, Irmejs A, et al. BRCA1/2 mutation screening in high-risk breast/ovarian cancer
families and sporadic cancer patient surveilling for hidden high-risk families. BMC Medical Genetics. 2013; 14: 61.
73. Valarmathi MT, A A, Deo SS, Shukla NK, Das SN. BRCA1 germline mutations in Indian familial breast cancer. Hum Mutat. 2003;
21: 98-99.
74. Gajalakshmi P, Natarajan TG, Selvi Rani D, Thangaraj K. A novel BRCA1 mutation in an Indian family with hereditary breast/
ovarian cancer. Breast Cancer Res Treat. 2007; 101: 3-6.
75. Vaidyanathan K, Lakhotia S, Ravishankar HM, Tabassum U, Mukherjee G, et al. BRCA1 and BRCA2 germline mutation analysis
among Indian women from south India: identification of four novel mutations and high-frequency occurrence of 185delAG mutation.
J Biosci. 2009; 34: 415-422.
76. Chang-Claude J, Popanda O, Tan XL, Kropp S, Helmbold I, et al. Association between polymorphisms in the DNA repair genes,
XRCC1, APE1, and XPD and acute side effects of radiotherapy in breast cancer patients. Clin Cancer Res. 2005; 11: 4802-4809.
77. Smith TR, Liu-Mares W, Van Emburgh BO, Levine EA, Allen GO, et al. Genetic polymorphisms of multiple DNA repair pathways
impact age at diagnosis and TP53 mutations in breast cancer. Carcinogenesis. 2011; 32: 1354-1360.
78. Syamala VS, Syamala V, Sreedharan H, Raveendran PB, Kuttan R, et al. Contribution of XPD (Lys751Gln) and XRCC1
(Arg399Gln) polymorphisms in familial and sporadic breast cancer predisposition and survival: an Indian report. Pathol Oncol
Res. 2009; 15: 389-397.
79. Kuschel B, Auranen A, McBride S, Novik KL, Antoniou A, et al. Variants in DNA double-strand break repair genes and breast
cancer susceptibility. Human Mol Genet. 2002; 11: 1399-1407.
80. Orta ML, Hoglund A, Calderon-Montano JM, Dominguez I, Burgos-Moron E, et al. The PARP inhibitor Olaparib disrupts base
excision repair of 5-aza-2’-deoxycytidine lesions. Nucleic Acids Res. 2014; 42: 9108-9120.
81. Horton JK, Stefanick DF, Prasad R, Gassman NR, Kedar PS, et al. Base excision repair defects invoke hypersensitivity to PARP
inhibition. Mol Cancer Res. 2014; 12: 1128-1139.
82. Patel AV, Calle EE, Pavluck AL, Feigelson HS, Thun MJ, et al. A prospective study of XRCC1 (X-ray cross-complementing group
1) polymorphisms and breast cancer risk. Breast Cancer Res. 2005; 7: R1168-R1173.
83. Macias-Gomez NM, Peralta-Leal V, Meza-Espinoza JP, Gutierrez-Angulo M, Duran-Gonzalez J, et al. Polymorphisms of the
XRCC1 gene and breast cancer risk in the Mexican population. Fam Cancer. 2015; 14: 349-354.
84. Rao KS, Paul A, Kumar AS, Umamaheswaran G, Dubashi B, Gunaseelan K, et al. Allele and genotype distributions of DNA repair
gene polymorphisms in South Indian healthy population. Biomark Cancer. 2014; 6: 29-35.
85. Silva SN, Moita R, Azevedo AP, Gouveia R, Manita I, et al. Menopausal age and XRCC1 gene polymorphisms: role in breast
cancer risk. Cancer Detect Prev. 2007; 31: 303-309.
86. Chacko P, Rajan B, Joseph T, Mathew BS, Pillai MR. Polymorphisms in DNA repair gene XRCC1 and increased genetic
susceptibility to breast cancer. Breast Cancer Res Treat. 2005; 89: 15-21.
87. Mitra AK, Singh N, Singh A, Garg VK, Agarwal A, et al. Association of polymorphisms in base excision repair genes with the risk
of breast cancer: a case-control study in North Indian women. Oncol Res. 2008; 17: 127-135.
88. Pramanik S, Devi S, Chowdhary S, Surendran ST, Krishnamurthi K, et al. DNA repair gene polymorphisms at XRCC1, XRCC3,
XPD, and OGG1 loci in Maharashtrian population of central India. Chemosphere. 2011; 82: 941-946.
89. Sekhar D, Pooja S, Kumar S, Rajender S. RAD51 135G>C substitution increases breast cancer risk in an ethnic-specific manner:
a meta-analysis on 21,236 cases and 19,407 controls. Sci Rep. 2015; 5: 11588.

Population Genetics | www.smgebooks.com

13

Copyright  Devi KR.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited.

90. Mitra AK, Singh N, Garg VK, Chaturvedi R, Sharma M, et al. Statistically significant association of the single nucleotide
polymorphism (SNP) rs13181 (ERCC2) with predisposition to Squamous Cell Carcinomas of the Head and Neck (SCCHN) and
Breast cancer in the north Indian population. J Exp Clin Cancer Res. 2009; 28: 104.
91. Sato Y, Kurose A, Ogawa A, Ogasawara K, Traganos F, et al. Diversity of DNA damage response of astrocytes and glioblastoma
cell lines with various p53 status to treatment with etoposide and temozolomide. Cancer Biol Ther. 2009; 8: 452-457.
92. Sato Y, Shirata N, Kudoh A, Iwahori S, Nakayama S, et al. Expression of Epstein-Barr virus BZLF1 immediate-early protein
induces p53 degradation independent of MDM2, leading to repression of p53-mediated transcription. Virology. 2009; 388: 204211.
93. Huang B, Zhao J, Li H, He KL, Chen Y, et al. Toll-like receptors on tumor cells facilitate evasion of immune surveillance. Cancer
Res. 2005; 65: 5009-5014.
94. Merrell MA, Ilvesaro JM, Lehtonen N, Sorsa T, Gehrs B, et al. Toll-like receptor 9 agonists promote cellular invasion by increasing
matrix metalloproteinase activity. Mol Cancer Res. 2006; 4: 437-447.
95. Yang H, Zhou H, Feng P, Zhou X, Wen H, et al. Reduced expression of Toll-like receptor 4 inhibits human breast cancer cells
proliferation and inflammatory cytokines secretion. J Exp Clin Cancer Res. 2010; 29: 92.
96. Pooja S, Francis A, Bid HK, Kumar S, Rajender S, et al. Role of ethnic variations in TNF-alpha and TNF-beta polymorphisms and
risk of breast cancer in India. Breast Cancer Res Treat. 2011; 126: 739-747.
97. Kohaar I, Tiwari P, Kumar R, Nasare V, Thakur N, et al. Association of single nucleotide polymorphisms (SNPs) in TNF-LTA locus
with breast cancer risk in Indian population. Breast Cancer Res Treat. 2009; 114: 347-355.
98. Pooja S, Francis A, Rajender S, Tamang R, Rajkumar R, et al. Strong impact of TGF-beta1 gene polymorphisms on breast cancer
risk in Indian women: a case-control and population-based study. PLoS One. 2013; 8: e75979.
99. Pooja S, Chaudhary P, Nayak LV, Rajender S, Saini KS, et al. Polymorphic variations in IL-1beta, IL-6 and IL-10 genes, their
circulating serum levels and breast cancer risk in Indian women. Cytokine. 2012; 60: 122-128.
100. Surekha D, Sailaja K, Rao DN, Raghunadharao D, Vishnupriya S. Oestrogen receptor beta (ERbeta) polymorphism and its
influence on breast cancer risk. J Genet. 2009; 88: 261-266.
101. Surekha D, Vishnupriya S, Rao DN, Sailaja K, Raghunadharao D. PvuII polymorphism of estrogen receptor-alpha gene in breast
cancer. Indian J Hum Genet. 2007; 13: 97-101.
102. Chakraborty A, Mishra AK, Soni A, Regina T, Mohil R, Bhatnagar D, et al. Vitamin D receptor gene polymorphism(s) and breast
cancer risk in north Indians. Cancer Detect Prev. 2009; 32: 386-394.
103. Singh N, Mitra AK, Garg VK, Agarwal A, Sharma M, et al. Association of CYP1A1 polymorphisms with breast cancer in North
Indian women. Oncol Res. 2007; 16: 587-597.
104. Surekha D, Sailaja K, Rao DN, Padma T, Raghunadharao D, et al. Association of CYP1A1*2 polymorphisms with breast cancer
risk: a case control study. Indian J Med Sci. 2009; 63: 13-20.
105. Kar SP, Beesley J, Amin Al Olama A, Michailidou K, Tyrer J, et al. Genome-Wide Meta-Analyses of Breast, Ovarian, and Prostate
Cancer Association Studies Identify Multiple New Susceptibility Loci Shared by at Least Two Cancer Types. Cancer Discov. 2016.
106. Thangam M, Gopal RK. CRCDA--Comprehensive resources for cancer NGS data analysis. Database (Oxford). 2015; 2015.
107. Chaturvedi M, Vaitheeswaran K, Satishkumar K, Das P, Stephen S, et al. Time Trends in Breast Cancer Among Indian Women
Population: An Analysis of Population Based Cancer Registry Data. Indian J Surg Oncol. 2015; 6: 427-434.
108. Cherian T, Mahadevan P, Chandramathi S, Govindan J, Mathew IL. Increasing cancer incidence in a tertiary care hospital in a
developing country, India. Indian J Cancer. 2015; 52: 133-138.

Population Genetics | www.smgebooks.com

14

Copyright  Devi KR.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited.

