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Introduction
The incidences of malignant tumours increase progressively with 

age, in both animals and humans. Three major hypotheses have been 
proposed to explain the association of cancer and age [1-6]. The first 
hypothesis holds that this association is a consequence of the duration 
of carcinogenesis which means the high prevalence of cancer in older 
individuals simply reflects a more prolonged exposure to carcinogens 
[7]. The second hypothesis proposes the age related progression 
providing an increasingly favourable environment for the induction of 
the growth of already existent but latent malignant cells [1,2,8-11]. These 
mechanisms may also include proliferative senescence, as the senescent 
cells lose their ability to undergo apoptosis and produce some factors 
that stimulate epithelial cells with oncogenic mutations [12]. The third 
hypothesis, which practically joins these two hypotheses, proposes 
that the cancer prone phenotype of older humans might reflect the 
combined effects of cumulative mutation load, increased epigenetic 
gene silencing, telomere dysfunction, and altered stromal milieu [13].

Age is one of the most important risk factors for human 
malignancies, including breast cancer [14]; in addition, age at diagnosis 
has been shown to be an independent indicator of breast cancer 
prognosis. About 80% of all breast cancers occur in women older than 
age 50. The 10 years probability of developing invasive breast cancer 
increases from <1.5% at age 40, to about 3% at age 50 and to >4% by age 
70, resulting in a cumulative life time risk of 13.2% and a near nine fold 
higher incidence in women older than age 50 as compared with their 
younger counter parts [15,16]. ER +ve breast cancers with more general 
cancer aging postulate that the breast cancer prone phenotype of an 
older women results from genomic instability and age accumulated 
mutational loads secondary to telomeric dysfunction and or progressive 
DNA damage [13]. More consistent with the present evidence is the 
likelihood that ER +ve breast cancer arising in older women relative 
to younger women occur by a fundamentally different tumorigenic 
process manifested more by epigenetic transcriptome differences. More 
pronounced expression of cell cycle and proliferation associated genes 
emerged as a strong defining feature of ER +ve breast cancers arising in 
younger women, perhaps even driving their earlier clinical appearance 
which an observation consistent with the more aggressive clinical 
nature of early age-onset breast cancer.

Despite of awareness that breast cancer and other cancers are 
primarily age-related diseases, molecular and cellular hypothesis 
explaining the cancer-aging relationship being only recently emerged, 
remain clinically unproven [17]. In this study, we will provide a 
molecular framework for understanding the role of cellular aging in 
breast cancer.

Impact of Aging on Genomic Abnormalities and 
Transcriptomes in Breast Cancer

It is already shown that in addition to increasing breast cancer 
incidences, aging can significantly alter breast cancer biology as defined 
by validated prognostic and predictive biomarkers. In particular, 
biomarkers thought to reflect breast cancer genomic instability (e.g. 
high nuclear grade, aneuploidy, p53 immunoreactivity) show strong 
inverse correlations with patient age-at-diagnosis. Genomic instability 
is a hallmark of most cancers; it is not too surprising that many of the 
factors that have been implicated sensing and responding to DNA 
damage are altered in human tumours. Genomic instability is also a 
hallmark of aging. A similar age-dependent increase in chromosomal 
instability has been known to occur in mammals for many years [18]. 
Recent evidences indicates that the age-dependent accumulation of 
somatic mutations might vary significantly between different tissues of 
the same organism and that these genetic alterations might contribute 
to the stochastic variation in gene expression that is often seen in 
mammalian aging [19]. 

On the other hand, six transcriptome subtypes with an apparent age 
bias (P<0.05) were identified in a hierarchical clustering [20] of 5.1K 
genes variably expressed in 101 ER-positive RNA samples containing 
53 younger women and 48 older women. Samples with poor-outcome 
associated proliferation signatures were 65% of younger cases. These 
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Abstract
Age is one of the most important risk factors for human malignancies, including breast cancer. In relation to 

increase in breast cancer incidences, aging can significantly alter breast cancer biology as defined by validated 
prognostic and predictive biomarkers. Despite awareness that breast cancer and other cancers are primarily age-
related diseases, molecular and cellular hypothesis explaining the cancer-aging relationship have only recently 
emerged and remains clinically unproven. Here we review the series of key observations that has led to complex 
but growing convergence between our understanding of the biology of aging and the mechanisms underlying breast 
cancer occurrence. 
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cases involve higher levels of cell cycle associated genes and growth 
factor amphiregulin (AREG), while older cases involved high level of 
four different Homeobox Genes (HOX) genes in addition to ER (ESR1).
AREG and ESR1 has been proved to be ~80% accurate in differentiating 
younger cases from older ones confirming age-associated deregulation 
of ESR1 gene and AREG gene. The molecular analysis of human 
inherited cancer syndromes such as Li-Fraumeni syndrome, Ataxia-
Telangiectasia (AT) and common forms of familial breast and ovarian 
cancer have strengthened the link between the maintenance of genome 
integrity and cancer susceptibility. These conditions can be caused by 
germline mutations in the genes for P53, the Ataxia-Telangiectasia 
Mutated (ATM) kinase and breast cancer 1 (BRCA1), respectively—
three proteins that are essential in the surveillance of DNA damage.

p53

 p53 is a quintessential tumour suppressor, the activity of which is 
lost in nearly half of all human cancer. p53 mutations (exon 5-8) and 
whole genome aberrations by array comparative genomic hybridization 
[21,22] show the frequency of wild type p53 vsmut p53 found in 
ER+ve and ER-ve subsets of early onset and late onset of breast cancer, 
regardless of tumour stage. The most significant differences to be noted 
are that late onset breast cancers are 1.5fold more likely to be ER+ve/
p53wt and 0.45 fold as likely to be ER-ve/p53wt as compared to early 
onset breast cancers. While p53 mutations are much less frequently 
found in ER+ve as compared to ER-ve breast cancers, it is surprising 
to discover that when ER status is controlled for, p53 mutations are not 
significantly more frequent in early onset breast cancers relative to late 
onset breast cancers [23,24].

Human p53 has a Pro/Arg polymorphism at amino acid residue 
72 [25]. Humans carrying Pro/Pro genotype had a higher risk of 
developing cancer compared to the Arg/Arg genotype [26]. In older 
survivor, p53 Arg protects against cancer more efficiently than p53 Pro 
but at the cost of a diminished life span [26,27].

BRCA1 and BRCA2 mutation

 BRCA1 is a tumour suppressor protein that acts both as a 
checkpoint protein and DNA damage repair protein [28]. Genomic 
instability and DNA damage due to BRCA1 deficiency lead to rapid 
cancer phenotypes in female. Recent findings show that indeed, the 
ATM or Chk2/p53 DDR pathway is activated upon BRCA1 deficiency 
in mice. BRCA1 and BRCA2 mutations occur in an early age of breast 
cancer onset [29].

BRCA1 associated cancers are diagnosed at younger age and are 
more ER- and PR-, more p53+, and of higher grade than unselected 
breast tumours or tumours from non BRCA1/2 breast cancer females. 
However tumours of BRCA2 carrier patients diagnosed at 50yrs or 
older have more distinctive features and are more ER- and PR-, than 
tumours of younger patients or tumours of the same age group of 
BRCA1 patients or non BRCA1/2 patients.

Telomerase dysfunction

Telomeres consist of a tandem repeats of the sequence TTAGGG 
at the ends of chromosomes and play a key role in the maintenance of 
chromosomal stability. Telomeres are lost with each cell division cycle 
due to the incapacity of the replication machinery to copy the terminal 
sequences of linear templates [30], a problem that is conceivably 
aggravated by DNA-degrading activities that may operate on telomeres 
[31,32]. Telomere loss is compensated by telomerase, a reverse 
transcriptase that adds telomeric repeats de novo after each cell division 

[33]. However adult somatic tissues, including stem cells, do not have 
sufficient telomerase activity to counteract telomere shortening with 
aging [30] and consequently, aged organisms accumulate telomere 
derived chromosomal damage [34,35].

Short telomeres are associated with increased risk of breast cancer 
[36]. Tumour cells have extremely short and stable telomeres, and their 
stability is achieved by the activation of telomerase [37,38]. Estrogen 
may be linked to telomere dynamics through its anti-inflammatory and 
antioxidant attributes and its ability to stimulate telomerase, a reverse 
transcriptase that elongates telomere ends [39]. 

Telomerase is a ribonucleoprotein enzyme that synthesises 
telomeres in human germ cells, embryogenesis and cancer, 
maintaining chromosomal length, stability and cellular immortality. 
Its reactivation appears to constitute a relatively early event in invasive 
breast carcinogenesis [40-42]. Telomerase activity is associated with 
high tumour grade, tumour type, nodal metastasis, high cellular 
proliferation [43], larger tumour size, and lymphovascular invasion in 
invasive breast cancer [43-47]. However telomerase activity seems to be 
independent of hormonal receptor status and p53 expression [46] in the 
above studies. The presence of telomerase RNA template (hTR) and its 
catalytic component, telomerase reverse transcriptase protein (hTERT) 
in the serum of breast cancer patients are more evident than in normal 
breast tissues [48].

Another family of genes that has been intensely studied for its 
role in aging also seems to have an important function in maintaining 
genomic stability. This family of proteins is termed the Sirtuins, a 
name based on the family’s founding member, the yeast protein Silent 
Information Regulator 2.

SIRT

Genes involved in NAD+- dependent protein deacetylation 
may have a role to play in cancer pathogenesis [49-51]. These genes 
comprise of the sirtuins, orthologues of the yeast Silent Information 
Regulator 2 (SIRT2) families of genes. Sirtuins are a highly conserved 
set of genes found in organisms ranging from bacteria to man [52,53], 
involved in a variety of essential cell processes, including aging, 
preventing differentiation, apoptosis and resistance to metabolic stress 
[54,55]. Sirtuins, which link the functions of mitochondria, telomere 
nucleoprotein complex and ribosome production (the MTR), may 
be important contributors to a wide range of aging related diseases 
including cancer [56]. Seven Sirtuins (SIRT1-7) have so far been 
reported in humans. SIRT3 and SIRT7 expressions are increased as 
primary mammary epithelial cells approach senescence and are also 
increased in node positive breast cancer in consistence with the MTR 
hypothesis. Indeed, SIRT7 has recently been shown to activate Pol I 
encouraging growth and proliferation [57]. The association of elevated 
SIRT7 expression in node +ve tumours, which have a greater recurrence 
and poorer survival, suggests that this gene may prove to be a good 
marker of disease progression and tumour behaviour.

SIRT3 expression; like that of SIRT7, was greater in node +ve breast 
cancer compared to normal breast tissue. SIRT3 has been shown to 
be specifically targeted and converted into its active form within the 
mitochondria [55,57]. Cumulative mitochondrial damage contributes 
to a fall in relative nicotinamide adenine dinucleotide (NAD) levels and 
concomitant fall in SIRT3 activity, and is associated with growth arrest, 
senescence and apoptosis [58]. Analogous to SIRT1 and SIRT2, SIRT3 
may also function to provide a growth and survival advantage. Indeed 
variability of the SIRT3 gene has been linked to survival in the elderly 
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[59]. Increased expression of SIRT3 seen in lymph node +ve tumours 
probably contribute to survival of these more aggressive tumours. This 
indicates the potential utility of sirtuins as prognostic markers in node 
positive breast cancer.

FOXO

In mammals, ability of FOXO factors to induce cell cycle arrest 
[60-62], DNA repair [63], and apoptosis [64,65] make them attractive 
candidates as tumour suppressors [66-68]. Loss of FOXO function 
may lead to decreased ability to induce cell cycle arrest, leading to 
tumour development. FOXO3 is deregulated in breast cancer. The 
presence of cytoplasmic FOXO3 in breast cancer sections correlate 
with poor survival of breast cancer patients. Similarly, the expression 
of a constitutively active form of FOXO4 reduces the tumour onset as 
well as tumour size and progression in nude mice transplanted with 
cells expressing the HER2 oncogene [68] activation of which triggers 
the activation of the PI3K-AKT pathway.

FOXO3a plays a critical role in suppressing estrogen dependent 
breast cancer cell growth and tumourigenesis in vivo [69]. FOXO3a 
inhibits ER-mediated signaling through non-genomic pathway and 
upregulates the expression of three CDK inhibitors that may result 
in suppression of tumour growth and tumourigenesis in estrogen-
dependent breast cancer cells in vivo.

Thus FOXO1, FOXO3, and FOXO4 can prevent tumour progression 
[66-68]. On the other hand, deregulation of these genes may induce 
tumourgenesis.

KLOTHO

Klotho has been recently identified as a potent tumour suppressor 
gene in breast cancer [70]. Klotho is a transmembrane protein that 
can be shed, acts as a circulating hormone and is a putative tumour 
suppressor in breast cancer. A functional variant of KLOTHO (KL-
VS) contains two aminoacid substitutions F352V and C370S and 
shows reduced activity. Germline mutations in BRCA1 and BRCA2 
substantially increase lifetime risk of breast and ovarian cancers. Yet, 
penetration of deleterious BRCA1 and BRCA2 mutations is incomplete 
even among carriers of identical mutations. Among BRCA1 carriers, 
heterozygosity for the KL-VS allele was associated with increased breast 
and ovarian cancer risk. Studies in breast cancer cells showed reduced 
growth inhibitory activity and reduced secretion of Klotho F352V 
compared with wild type Klotho. These data suggest KL-VS as a breast 
and ovarian cancer risk modifier among BRCA1 mutation carriers [71]. 
The presence of KL-VS may serve as a predictor of cancer risk among 
BRCA1 mutation carriers.

Melatonin

 Melatonin is a free radical scavenger which has been reported to be 
declined over age [72]. According to oxidative stress theory senescent 
phenotypes occur due to accumulation of oxidative damage to cellular 
components [73] which make an individual susceptible to develop 
breast cancer. In fact, breast cancer cells have been reported to develop 
antioxidant properties for redox regulation in vivo [74]. However the 
curative effect of melatonin on the growth of breast adenocarcinoma 
has also been reported in female Sprague-Dawley rat [75] suggesting 
link between aging associated oxidative stress and breast cancer 
development. Melatonin associated redox regulation can have potential 
therapeutic importance against development of breast cancer.

P16

The tumour suppressing proteins p16INK4a (product of the INK4a/
ARF locus) have been linked to both aging and tumourigenesis 
in animal models. Derepression of INK4a/ARF, producing 
p16INK4a  overexpression mainly inhibits proliferative property of the 
cell thereby actually promoting aging due to decrease in regenerative 
potential of stem cells [76].

ATM

Genetic predisposition, which accounts for ~5-10% of breast 
cancers, may be a factor during aging. One of the mutagenic events 
that may result in early-onset of mammary epithelium transformation 
in form of ionizing radiation is mutation in ataxia-telangiectasia (A-T) 
gene. The A-T heterozygotes have more cellular radiosensitivity than 
their wild type counterparts. High dosage of ionizing radiation before 
puberty has been shown to be associated with development of breast 
cancer [77]. It has been also reported that A-T gene predisposes for 
development of breast cancer [78].

SMP30

Senescence Marker Protein 30 (SMP30), also known as Regucalcin, 
belongs to a novel class of Ca++ binding proteins that does not have 
EF-hand motif. As the name demotes, the protein acts as a significant 
aging marker, which decreases with age [79]. The protein regulates 
intracellular calcium homeostasis by enhancing Ca++ pumping abilities 
of plasma membrane. In our recent report [80], we have predicted 
the association of SMP30 regulation with p53-mediated tumour 
suppression. Age associated downregulation of SMP30 results in high 
intracellular calcium as evident from senescent cells. Since SMP30 has 
been already reported to induce p53 induction [81], this age-mediated 
downregulation of SMP30 may partially reduce p53-mediated Bax 
expression under high intracellular Ca++ leading to failure of apoptotic 
induction under any kind of DNA damage. 

Differentially Expressed Genes between Early Onset 
and Late Onset Breast Cancer

To more directly assess the relationship between aging and breast 
cancer gene copy number abnormalities, comparative genomic 
hybridization array (aCGH, a 1MB resolution) analyses were performed 
on tumour DNA samples from two age-based cohorts of breast cancer 
cases collected from a single geographic region (Bari) and characterized 
by stage and hormone receptor status (ER, PR). A search for annotated 
enrichment of the differentially expressed genes for specific biological 
processes (GO Biological Processes, Expression analysis Systematic 
Explorer score <0.05) indicated that development and cell cycle/M phase 
were the most overrepresented functional gene categories. Enrichment 
of cell cycle associated genes was observed in earlier onset breast cancer 
while differentially expressed cell cycle/M phase genes represented 20% 
of all genes overexpressed in the late onset breast cancer. In contrast, the 
late onset cases showed differentially increased expression of negative 
cell cycle regulators and four developmentally essential homeobox 
genes. Two of the overexpressed HOXB genes have been specifically 
linked to mammary gland development and are known to be expressed 
in ER+ve breast cancer cells [82,83].

Age-Specific Incidence Rates for All ER/PR Subsets of 
Breast Cancers

ER-positive/PR-positive, ER-positive/PR-negative breast cancer 
subtypes increase in rate in postmenopausal years while ER-negative/
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PR-negative, ER-negative/PR-positive subtypes decline in incidence 
rates after age 50 [76]. This data indicates association of ESR1 gene 
silencing cases with early onset breast cancers which may involve 
hypermethylation. Interestingly, ESR1 hypermethylation has been 
shown to be associated with aging of human vascular system [84].

Chromatin Remodeling in Aging May Possibly Lead to 
Breast Cancer

Aberrant epigenetic gene regulation in aging collaborates with 
genetic alterations in cancer development [85,86]. Some epigenetic 
alterations during cancer development include: global DNA 
hypomethylation linked to genomic instability and the activation 
of metastasis related genes; DNA hypermethylation in regulatory 
sequences of DNA repair enzyme genes, tumour suppressor genes, 
hormone receptors or metastasis inhibitors; alteration in histone 
acetylation/deacetylation balance that activates genes normally 
repressed or silences tumoursupressor genes respectively; increased 
or decreased poly-ADP-ribosylation that affect chromatin structure, 
cell proliferation, genomic instability, telomere maintenance and ATP 
dependent chromatin remodelling complexes changes that alter cell 
cycle control, cell differentiation, and tumour progression. However, 
modifications in histone methylation, phosporylation, ubiquitinylation 
and sumoylation also play a role in gene regulation.

The possibility of reversing epigenetic defects provides new targets 
for therapeutic intervention. Studies on chromatin remodelling in the 
modification of DNA repair and gene expression are increasing rapidly 
to design new diagnostic and therapeutic possibilities for cancer. In the 
respect, it will be of utmost interest to identify those key steps by which 
it will be possible to reprogram a cancer cell to terminally differentiate 
or to undergo apoptosis [85-87].

Conclusion
Many striking links exists between advanced age and increased 

incidence of cancer. Hence we review how several of the age related 
molecular changes and in particular epithelial carcinogenesis might act 

in concert to promote cancer. Experimental data indicate that the aged, 
cancer prone phenotype might represent the combined pathogenic 
effects of mutation load, epigenetic regulation, telomere dysfunction 
and altered stromal milieu. Further verification of the role of these 
effects should in turn lead to the design of effective therapeutics for the 
treatment and prevention of cancer in the aged.

The challenge for the future will be to manipulate these mechanisms 
so that the ongoing enterprise of a longer and healthier life can be 
continued. In nutshell (Figure 1) FOXO3a may be novel therapeutics 
for inhibition of tumour proliferation and development in breast 
cancer. Specifically, molecular changes in SIRT3 and SIRT7 expression 
may contribute to tumour development and disease progression. Study 
of sirtuins has a potential application in breast cancer diagnosis and 
prognosis, as well as in understanding disease biology. Telomerase RNA 
may serve as a useful cancer marker in future. Klotho status may serve as 
an identifier of carriers who are at increased risk of cancer development. 
BRCA1 and BRCA2 mutations are found in early age of breast cancer 
on set. p53 mutations are much less frequently found in ER+ve as 
compared to ER-ve breast cancer, p53 mutations are significantly found 
in late onset breast cancer as compared to early. Melatonin may be useful 
as a potential free radical scavenger with progressive aging in order to 
inhibit development of breast cancers.p16 may prove to be an effective 
tumour suppressor.ATM may serve as a marker gene for predicting 
susceptibility of the breast tumour towards ionizing radiation. Klotho is 
an age associated gene, its functional variant status acts as an identifier 
of carriers who are at increased risk of breast cancer. Likewise, status 
of SMP30 in breast cancer may also predict involvement of p53 and 
calcium homeostasis and thus have prognostic value. Further research 
is needed to identify other age associated genes which will help us study 
the prognosis of breast cancer.

One of the risk factors for developing cancer is age. The 
exponential rise in cancer incidence with age has been explained by 
the accumulation of a critical number of mutations, primarily in the 
epithelial cells that give rise to the majority of malignant tumours in 
adults. Therefore we should encourage aging research, to identify new 
genes that are differentially expressed in cancer as well as in aging and 
broadly study their molecular mechanisms to develop new therapeutic 
approaches to cancer.

Acknowledgements

This study was supported by funds from Department of Biotechnology, 
Government of India. DS and PS are supported by research fellowship from 
University Grant Commission, Government of India.

References

1. Anisimov VN (1983) Carcinogenesis and aging. Adv Cancer Res 40: 365-424.

2. Anisimov VN (1987) Carcinogenesis and Aging. Boca Raton, Fla. CRC Press 
Vol 1 & 2. 

3. Dix D, Cohen P (1999) On the role of aging in carcinogenesis. Anticancer Res 
19: 723-726.

4. Parkin DM, Bray FI, Devesa SS (2001) Cancer burden in the year 2000. The 
global picture. Eur J Cancer 8: S4-66.

5. Balducci L, Ershler WB (2005) Cancer and ageing: a nexus at several levels. 
Nat Rev Cancer 5: 655-662.

6. Anisimov VN, Ukraintseva SV, Yashin AI (2005) Cancer in rodents: does it tell 
us about cancer in humans? Nat Rev Cancer 5: 807-819.

7. Peto R, Parish SE, Gray RG (1985) There is no such thing as ageing, and 
cancer is not related to it. IARC Sci Publ : 43-53.

8. Anisimov VN (2003) The relationship between aging and carcinogenesis: a 
critical appraisal. Crit Rev Oncol Hematol 45: 277-304.

Calorie Restriction SMP30

P53(exon 5-8 mut); KLOTHO (KL-VS);
deregulated SIRT1; FOXO3a;
BRCA1 &  BRCA2 (mut);
Telomerase Reactivation;    A-T
heterozygotes 

P53, KLOTHO,
SIRT1, FOX O3a
p16

Anti Oxidant
e.g. Melatonin

(tumor suppressors)

Tissue Dysfunction Oncogenic Proliferation

Damaged Cells

Breast CancerAging

Fig.1. Biology of ageing ageing and Cancer

ROS

Figure 1: The incidence of cancer increases with aging. A main source of 
damage for cells originates from the cellular metabolism through the production of 
reactive oxygen species, ROS, which ultimately cause macromolecular damage, 
including DNA damage. This endogenous damage is thought to fuel aging 
as well as cancer. Those mechanisms that diminish to generate endogenous 
damage are calorie restriction, antioxidant mechanism, p53, SIRT1 and FOXO3a 
downstream signalling and KLOTHO hormone secretion protect cells from aging 
and cancer, in the other way their deregulation promote cells to aging and cancer.

http://www.ncbi.nlm.nih.gov/pubmed/6419551
http://www.ncbi.nlm.nih.gov/pubmed/10216483
http://www.ncbi.nlm.nih.gov/pubmed/10216483
http://www.ncbi.nlm.nih.gov/pubmed/11602373
http://www.ncbi.nlm.nih.gov/pubmed/11602373
http://www.ncbi.nlm.nih.gov/pubmed/16056261
http://www.ncbi.nlm.nih.gov/pubmed/16056261
http://www.ncbi.nlm.nih.gov/pubmed/16195752
http://www.ncbi.nlm.nih.gov/pubmed/16195752
http://www.ncbi.nlm.nih.gov/pubmed/3830884
http://www.ncbi.nlm.nih.gov/pubmed/3830884
http://www.ncbi.nlm.nih.gov/pubmed/12633840
http://www.ncbi.nlm.nih.gov/pubmed/12633840


Citation: Mishra SK, Sengupta D, Sar P, Bhargava DK (2013) Molecular Basis of Aging and Breast Cancer. J Cancer Sci Ther 5: 069-074. 
doi:10.4172/1948-5956.1000187

Volume 5(2) 069-074 (2013) - 073 
J Cancer Sci Ther 
ISSN:1948-5956 JCST, an open access journal

9. Miller RA (1991) Gerontology as oncology. Research on aging as the key to the 
understanding of cancer. Cancer 68: 2496-2501.

10. Dilman VM (1994) Development, Aging, and Disease: A New Rationale for and 
Intervention Strategy. Chur, Harwood Acad Publ. Switzerland

11. Simpson AJ (1997) The natural somatic mutation frequency and human 
carcinogenesis. Adv Cancer Res 71: 209-240.

12. Campisi J (2005) Senescent cells, tumor suppression, and organismal aging: 
good citizens, bad neighbors. Cell 120: 513-522.

13. DePinho RA (2000) The age of cancer. Nature 408: 248-254.

14. Edwards BK, Howe HL, Ries LA, Thun MJ, Rosenberg HM, et al. (2002) Annual 
report to the nation on the status of cancer, 1973-1999, featuring implications of 
age and aging on U.S. cancer burden. Cancer 94: 2766-2792.

15. Smigal C, Jemal A, Ward E, Cokkinides V, Smith R, et al. (2006) Trends in 
breast cancer by race and ethnicity: update 2006. CA Cancer J Clin 56: 168-
183.

16. http://www.srab.cancer.gov/devcan

17. Benz CC, Campisi J, Cohen HJ, Ershler WB, Irminger-Finger I (2007) Meeting 
report: Translational Research at the Aging and Cancer Interface. Cancer Res 
67: 4560-4563.

18. CURTIS HJ (1963) Biological mechanisms underlying the aging process. 
Science 141: 686-694.

19. Bahar R, Hartmann CH, Rodriguez KA, Denny AD, Busuttil RA, et al. (2006) 
Increased cell-to-cell variation in gene expression in ageing mouse heart. 
Nature 441: 1011-1014.

20. Yau C, Fedele V, Roydasgupta R, Fridlyand J, Hubbard A, et al. (2007) Aging 
impacts transcriptomes but not genomes of hormone-dependent breast 
cancers. Breast Cancer Res 9: R59.

21. Fridlyand J, Snijders AM, Ylstra B, Li H, Olshen A, et al. (2006) Breast tumor 
copy number aberration phenotypes and genomic instability. BMC Cancer 6: 
96.

22. Chin K, DeVries S, Fridlyand J, Spellman PT, Roydasgupta R, et al. 
(2006) Genomic and transcriptional aberrations linked to breast cancer 
pathophysiologies. Cancer Cell 10: 529-541.

23. Fedele V, Fridlyand J, Roydasgupta R (2007) Mutations in TP53 and associated 
genomic abnormalities are dependent on breast cancer estrogen receptor 
status and patient age. Proc. Am. Assoc. Cancer Res. 48a:2962. 

24. Lavin MF, Gueven N (2006) The complexity of p53 stabilization and activation. 
Cell Death Differ 13: 941-950.

25. Matlashewski GJ, Tuck S, Pim D, Lamb P, Schneider J, et al. (1987) Primary 
structure polymorphism at amino acid residue 72 of human p53. Mol Cell Biol 
7: 961-963.

26. Bonafé M, Salvioli S, Barbi C, Trapassi C, Tocco F, et al. (2004) The different 
apoptotic potential of the p53 codon 72 alleles increases with age and 
modulates in vivo ischaemia-induced cell death. Cell Death Differ 11: 962-973.

27. Rodier F, Campisi J, Bhaumik D (2007) Two faces of p53: aging and tumor 
suppression. Nucleic Acids Res 35: 7475-7484.

28. Zhang J, Powell SN (2005) The role of the BRCA1 tumor suppressor in DNA 
double-strand break repair. Mol Cancer Res 3: 531-539.

29. Cao L, Kim S, Xiao C, Wang RH, Coumoul X, et al. (2006) ATM-Chk2-p53 
activation prevents tumorigenesis at an expense of organ homeostasis upon 
Brca1 deficiency. EMBO J 25: 2167-2177.

30. Collins K, Mitchell JR (2002) Telomerase in the human organism. Oncogene 
21: 564-579.

31. Wang RC, Smogorzewska A, de Lange T (2004) Homologous recombination 
generates T-loop-sized deletions at human telomeres. Cell 119: 355-368.

32. Muñoz P, Blanco R, Flores JM, Blasco MA (2005) XPF nuclease-dependent 
telomere loss and increased DNA damage in mice overexpressing TRF2 result 
in premature aging and cancer. Nat Genet 37: 1063-1071.

33. Blackburn EH, Greider CW, Szostak JW (2006) Telomeres and telomerase: 
the path from maize, Tetrahymena and yeast to human cancer and aging. Nat 
Med 12: 1133-1138.

34. Herbig U, Ferreira M, Condel L, Carey D, Sedivy JM (2006) Cellular senescence 
in aging primates. Science 311: 1257.

35. Serrano M, Blasco MA (2007) Cancer and ageing: convergent and divergent 
mechanisms. Nat Rev Mol Cell Biol 8: 715-722.

36. Shen J, Terry MB, Gurvich I, Liao Y, Senie RT, et al. (2007) Short telomere 
length and breast cancer risk: a study in sister sets. Cancer Res 67: 5538-5544.

37. Blackburn EH (2005) Telomeres and telomerase: their mechanisms of action 
and the effects of altering their functions. FEBS Lett 579: 859-862.

38. Kim NW, Piatyszek MA, Prowse KR, Harley CB, West MD, et al. (1994) Specific 
association of human telomerase activity with immortal cells and cancer. 
Science 266: 2011-2015.

39. Shay JW, Bacchetti S (1997) A survey of telomerase activity in human cancer. 
Eur J Cancer 33: 787-791.

40. Bednarek AK, Sahin A, Brenner AJ, Johnston DA, Aldaz CM (1997) Analysis 
of telomerase activity levels in breast cancer: positive detection at the in situ 
breast carcinoma stage. Clin Cancer Res 3: 11-16.

41. Shpitz B, Zimlichman S, Zemer R, Bomstein Y, Zehavi T, et al. (1999) 
Telomerase activity in ductal carcinoma in situ of the breast. Breast Cancer 
Res Treat 58: 65-69.

42. Mokbell K, Parris CN, Ghilchik M, Newbold RF (1999) Telomerase activity in the 
human breast. Breast 8: 208-211.

43. Mokbel K, Parris CN, Radbourne R, Ghilchik M, Newbold RF (1999) Telomerase 
activity and prognosis in breast cancer. Eur J Surg Oncol 25: 269-272.

44. Mokbel K, Parris CN, Ghilchik M, Williams G, Newbold RF (1999) The 
association between telomerase, histopathological parameters, and KI-67 
expression in breast cancer. Am J Surg 178: 69-72.

45. Clark GM, Osborne CK, Levitt D, Wu F, Kim NW (1997) Telomerase activity 
and survival of patients with node-positive breast cancer. J Natl Cancer Inst 
89: 1874-1881.

46. Mokbel K, Ghilchik M, Williams G, Akbar N, Parris C, et al. (2000) The 
association between telomerase activity and hormone receptor status and p53 
expression in breast cancer. Int J Surg Investig 1: 509-516.

47. Mokbel KM, Parris CN, Ghilchik M, Amerasinghe CN, Newbold RF (2000) 
Telomerase activity and lymphovascular invasion in breast cancer. Eur J Surg 
Oncol 26: 30-33.

48. Salhab M, Jiang WG, Newbold RF, Mokbel K (2008) The expression of gene 
transcripts of telomere-associated genes in human breast cancer: correlation 
with clinico-pathological parameters and clinical outcome. Breast Cancer Res. 
Treat. 109: 35-46. 

49. Marks P, Rifkind RA, Richon VM, Breslow R, Miller T, et al. (2001) Histone 
deacetylases and cancer: causes and therapies. Nat Rev Cancer 1: 194-202.

50. Johnstone RW (2002) Histone-deacetylase inhibitors: novel drugs for the 
treatment of cancer. Nat Rev Drug Discov 1: 287-299.

51. Neumeister P, Albanese C, Balent B, Greally J, Pestell RG (2002) Senescence 
and epigenetic dysregulation in cancer. Int J Biochem Cell Biol 34: 1475-1490.

52. Brachmann CB, Sherman JM, Devine SE, Cameron EE, Pillus L, et al. 
(1995) The SIR2 gene family, conserved from bacteria to humans, functions 
in silencing, cell cycle progression, and chromosome stability. Genes Dev 9: 
2888-2902.

53. Frye RA (2000) Phylogenetic classification of prokaryotic and eukaryotic Sir2-
like proteins. Biochem Biophys Res Commun 273: 793-798.

54. Vaziri H, Dessain SK, Ng Eaton E, Imai SI, Frye RA, et al. (2001) hSIR2(SIRT1) 
functions as an NAD-dependent p53 deacetylase. Cell 107: 149-159.

55. Dryden SC, Nahhas FA, Nowak JE, Goustin AS, Tainsky MA (2003) Role for 
human SIRT2 NAD-dependent deacetylase activity in control of mitotic exit in 
the cell cycle. Mol Cell Biol 23: 3173-3185.

56. Shiels PG, Davies RW (2003) Aging and Death in Neurons. The Molecular 
Biology of the Neurone. (2nd edn) 435-464. 

57. Ford E, Voit R, Liszt G, Magin C, Grummt I, et al. (2006) Mammalian Sir2 
homolog SIRT7 is an activator of RNA polymerase I transcription. Genes Dev 
20: 1075-1080.

58. North BJ, Marshall BL, Borra MT, Denu JM, Verdin E (2003) The human Sir2 

http://www.ncbi.nlm.nih.gov/pubmed/1933792
http://www.ncbi.nlm.nih.gov/pubmed/1933792
http://www.ncbi.nlm.nih.gov/pubmed/9111867
http://www.ncbi.nlm.nih.gov/pubmed/9111867
http://www.ncbi.nlm.nih.gov/pubmed/15734683
http://www.ncbi.nlm.nih.gov/pubmed/15734683
http://www.ncbi.nlm.nih.gov/pubmed/11089982
http://www.ncbi.nlm.nih.gov/pubmed/12173348
http://www.ncbi.nlm.nih.gov/pubmed/12173348
http://www.ncbi.nlm.nih.gov/pubmed/12173348
http://www.ncbi.nlm.nih.gov/pubmed/16737949
http://www.ncbi.nlm.nih.gov/pubmed/16737949
http://www.ncbi.nlm.nih.gov/pubmed/16737949
http://www.srab.cancer.gov/devcan
http://www.ncbi.nlm.nih.gov/pubmed/17510382
http://www.ncbi.nlm.nih.gov/pubmed/17510382
http://www.ncbi.nlm.nih.gov/pubmed/17510382
http://www.ncbi.nlm.nih.gov/pubmed/14024359
http://www.ncbi.nlm.nih.gov/pubmed/14024359
http://www.ncbi.nlm.nih.gov/pubmed/16791200
http://www.ncbi.nlm.nih.gov/pubmed/16791200
http://www.ncbi.nlm.nih.gov/pubmed/16791200
http://www.ncbi.nlm.nih.gov/pubmed/17850661
http://www.ncbi.nlm.nih.gov/pubmed/17850661
http://www.ncbi.nlm.nih.gov/pubmed/17850661
http://www.ncbi.nlm.nih.gov/pubmed/16620391
http://www.ncbi.nlm.nih.gov/pubmed/16620391
http://www.ncbi.nlm.nih.gov/pubmed/16620391
http://www.ncbi.nlm.nih.gov/pubmed/17157792
http://www.ncbi.nlm.nih.gov/pubmed/17157792
http://www.ncbi.nlm.nih.gov/pubmed/17157792
http://www.ncbi.nlm.nih.gov/pubmed/16601750
http://www.ncbi.nlm.nih.gov/pubmed/16601750
http://www.ncbi.nlm.nih.gov/pubmed/3547088
http://www.ncbi.nlm.nih.gov/pubmed/3547088
http://www.ncbi.nlm.nih.gov/pubmed/3547088
http://www.ncbi.nlm.nih.gov/pubmed/15131588
http://www.ncbi.nlm.nih.gov/pubmed/15131588
http://www.ncbi.nlm.nih.gov/pubmed/15131588
http://www.ncbi.nlm.nih.gov/pubmed/17942417
http://www.ncbi.nlm.nih.gov/pubmed/17942417
http://www.ncbi.nlm.nih.gov/pubmed/16254187
http://www.ncbi.nlm.nih.gov/pubmed/16254187
http://www.ncbi.nlm.nih.gov/pubmed/16675955
http://www.ncbi.nlm.nih.gov/pubmed/16675955
http://www.ncbi.nlm.nih.gov/pubmed/16675955
http://www.ncbi.nlm.nih.gov/pubmed/11850781
http://www.ncbi.nlm.nih.gov/pubmed/11850781
http://www.ncbi.nlm.nih.gov/pubmed/15507207
http://www.ncbi.nlm.nih.gov/pubmed/15507207
http://www.ncbi.nlm.nih.gov/pubmed/16142233
http://www.ncbi.nlm.nih.gov/pubmed/16142233
http://www.ncbi.nlm.nih.gov/pubmed/16142233
http://www.ncbi.nlm.nih.gov/pubmed/17024208
http://www.ncbi.nlm.nih.gov/pubmed/17024208
http://www.ncbi.nlm.nih.gov/pubmed/17024208
http://www.ncbi.nlm.nih.gov/pubmed/16456035
http://www.ncbi.nlm.nih.gov/pubmed/16456035
http://www.ncbi.nlm.nih.gov/pubmed/17717516
http://www.ncbi.nlm.nih.gov/pubmed/17717516
http://www.ncbi.nlm.nih.gov/pubmed/17545637
http://www.ncbi.nlm.nih.gov/pubmed/17545637
http://www.ncbi.nlm.nih.gov/pubmed/15680963
http://www.ncbi.nlm.nih.gov/pubmed/15680963
http://www.ncbi.nlm.nih.gov/pubmed/7605428
http://www.ncbi.nlm.nih.gov/pubmed/7605428
http://www.ncbi.nlm.nih.gov/pubmed/7605428
http://www.ncbi.nlm.nih.gov/pubmed/9282118
http://www.ncbi.nlm.nih.gov/pubmed/9282118
http://www.ncbi.nlm.nih.gov/pubmed/9815531
http://www.ncbi.nlm.nih.gov/pubmed/9815531
http://www.ncbi.nlm.nih.gov/pubmed/9815531
http://www.ncbi.nlm.nih.gov/pubmed/10634519
http://www.ncbi.nlm.nih.gov/pubmed/10634519
http://www.ncbi.nlm.nih.gov/pubmed/10634519
http://www.ncbi.nlm.nih.gov/pubmed/14731443
http://www.ncbi.nlm.nih.gov/pubmed/14731443
http://www.ncbi.nlm.nih.gov/pubmed/10336806
http://www.ncbi.nlm.nih.gov/pubmed/10336806
http://www.ncbi.nlm.nih.gov/pubmed/10456708
http://www.ncbi.nlm.nih.gov/pubmed/10456708
http://www.ncbi.nlm.nih.gov/pubmed/10456708
http://www.ncbi.nlm.nih.gov/pubmed/9414175
http://www.ncbi.nlm.nih.gov/pubmed/9414175
http://www.ncbi.nlm.nih.gov/pubmed/9414175
http://www.ncbi.nlm.nih.gov/pubmed/11729859
http://www.ncbi.nlm.nih.gov/pubmed/11729859
http://www.ncbi.nlm.nih.gov/pubmed/11729859
http://www.ncbi.nlm.nih.gov/pubmed/10718176
http://www.ncbi.nlm.nih.gov/pubmed/10718176
http://www.ncbi.nlm.nih.gov/pubmed/10718176
http://www.ncbi.nlm.nih.gov/pubmed/17616810
http://www.ncbi.nlm.nih.gov/pubmed/17616810
http://www.ncbi.nlm.nih.gov/pubmed/17616810
http://www.ncbi.nlm.nih.gov/pubmed/17616810
http://www.ncbi.nlm.nih.gov/pubmed/11902574
http://www.ncbi.nlm.nih.gov/pubmed/11902574
http://www.ncbi.nlm.nih.gov/pubmed/12120280
http://www.ncbi.nlm.nih.gov/pubmed/12120280
http://www.ncbi.nlm.nih.gov/pubmed/12200040
http://www.ncbi.nlm.nih.gov/pubmed/12200040
http://www.ncbi.nlm.nih.gov/pubmed/7498786
http://www.ncbi.nlm.nih.gov/pubmed/7498786
http://www.ncbi.nlm.nih.gov/pubmed/7498786
http://www.ncbi.nlm.nih.gov/pubmed/7498786
http://www.ncbi.nlm.nih.gov/pubmed/10873683
http://www.ncbi.nlm.nih.gov/pubmed/10873683
http://www.ncbi.nlm.nih.gov/pubmed/11672523
http://www.ncbi.nlm.nih.gov/pubmed/11672523
http://www.ncbi.nlm.nih.gov/pubmed/12697818
http://www.ncbi.nlm.nih.gov/pubmed/12697818
http://www.ncbi.nlm.nih.gov/pubmed/12697818
http://oxfordindex.oup.com/view/10.1093/acprof:oso/9780198509981.003.0016
http://oxfordindex.oup.com/view/10.1093/acprof:oso/9780198509981.003.0016
http://www.ncbi.nlm.nih.gov/pubmed/16618798
http://www.ncbi.nlm.nih.gov/pubmed/16618798
http://www.ncbi.nlm.nih.gov/pubmed/16618798
http://www.ncbi.nlm.nih.gov/pubmed/12620231


Citation: Mishra SK, Sengupta D, Sar P, Bhargava DK (2013) Molecular Basis of Aging and Breast Cancer. J Cancer Sci Ther 5: 069-074. 
doi:10.4172/1948-5956.1000187

Volume 5(2) 069-074 (2013) - 074 
J Cancer Sci Ther 
ISSN:1948-5956 JCST, an open access journal

ortholog, SIRT2, is an NAD+-dependent tubulin deacetylase. Mol Cell 11: 437-
444.

59. Rose G, Dato S, Altomare K, Bellizzi D, Garasto S, et al. (2003) Variability 
of the SIRT3 gene, human silent information regulator Sir2 homologue, and 
survivorship in the elderly. Exp Gerontol 38: 1065-1070.

60. Ashraf N, Zino S, Macintyre A, Kingsmore D, Payne AP, et al. (2006) Altered 
sirtuin expression is associated with node-positive breast cancer. Br J Cancer 
95: 1056-1061.

61. Medema RH, Kops GJ, Bos JL, Burgering BM (2000) AFX-like Forkhead 
transcription factors mediate cell-cycle regulation by Ras and PKB through 
p27kip1. Nature 404: 782-787.

62. Schmidt M, Fernandez de Mattos S, van der Horst A, Klompmaker R, Kops 
GJ, et al. (2002) Cell cycle inhibition by FoxO forkhead transcription factors 
involves downregulation of cyclin D. Mol Cell Biol 22: 7842-7852.

63. Tran H, Brunet A, Grenier JM, Datta SR, Fornace AJ Jr, et al. (2002) DNA repair 
pathway stimulated by the forkhead transcription factor FOXO3a through the 
Gadd45 protein. Science 296: 530-534.

64. Modur V, Nagarajan R, Evers BM, Milbrandt J (2002) FOXO proteins regulate 
tumor necrosis factor-related apoptosis inducing ligand expression. Implications 
for PTEN mutation in prostate cancer. J Biol Chem 277: 47928-47937.

65. Gilley J, Coffer PJ, Ham J (2003) FOXO transcription factors directly activate 
bim gene expression and promote apoptosis in sympathetic neurons. J Cell 
Biol 162: 613-622.

66. Yang H, Zhao R, Yang HY, Lee MH (2005) Constitutively active FOXO4 inhibits 
Akt activity, regulates p27 Kip1 stability, and suppresses HER2-mediated 
tumorigenicity. Oncogene 24: 1924-1935.

67. Hu MC, Lee DF, Xia W, Golfman LS, Ou-Yang F, et al. (2004) Nuclear exclusion 
of FOXO3 in primary breast tumours correlates with PI3K activation and poor 
survival of the patients. Cell 115: 225-237. 

68. Ramaswamy S, Nakamura N, Sansal I, Bergeron L, Sellers WR (2002) A novel 
mechanism of gene regulation and tumor suppression by the transcription 
factor FKHR. Cancer Cell 2: 81-91.

69. Zou Y, Tsai WB, Cheng CJ, Hsu C, Chung YM, et al. (2008) Forkhead box 
transcription factor FOXO3a suppresses estrogen-dependent breast cancer 
cell proliferation and tumorigenesis. Breast Cancer Res 10: R21.

70. Wolf I, Levanon-Cohen S, Bose S, Ligumsky H, Sredni B, et al. (2008) Klotho: 
a tumor suppressor and a modulator of the IGF-1 and FGF pathways in human 
breast cancer. Oncogene 27: 7094-7105.

71. Wolf I, Laitman Y, Rubinek T, Abramovitz L, Novikov I, et al. (2010) Functional 
variant of KLOTHO: a breast cancer risk modifier among BRCA1 mutation 
carriers of Ashkenazi origin. Oncogene 29: 26-33.

72. Karasek M (2004) Melatonin, human aging, and age-related diseases. Exp 
Gerontol 39: 1723-1729.

73. Radák Z, Chung HY, Naito H, Takahashi R, Jung KJ, et al. (2004) Age-
associated increase in oxidative stress and nuclear factor kappaB activation 
are attenuated in rat liver by regular exercise. FASEB J 18: 749-750.

74. Vera-Ramirez L, Sanchez-Rovira P, Ramirez-Tortosa MC, Ramirez-Tortosa 
CL, Granados-Principal S et al. (2011) Free radicals in breast carcinogenesis, 
breast cancer progression and cancer stem cells. Biological bases to develop 
oxidative-based therapies. Crit Rev OncolHematol.80: 347-68. 

75. Lenoir V, de Jonage-Canonico MB, Perrin MH, Martin A, Scholler R, et al. 
(2005) Preventive and curative effect of melatonin on mammary carcinogenesis 
induced by dimethylbenz[a]anthracene in the female Sprague-Dawley rat. 
Breast Cancer Res 7: R470-476.

76. Benz CC (2008) Impact of aging on the biology of breast cancer. Crit Rev Oncol 
Hematol 66: 65-74.

77. Lavin M (1998) Role of the ataxia-telangiectasia gene (ATM) in breast cancer. 
A-T heterozygotes seem to have an increased risk but its size is unknown. BMJ 
317: 486-487.

78. Athma P, Rappaport R, Swift M (1996) Molecular genotyping shows that ataxia-
telangiectasia heterozygotes are predisposed to breast cancer. Cancer Genet 
Cytogenet 92: 130-134.

79. Jung KJ, Ishigami A, Maruyama N, Takahashi R, Goto S, et al. (2004) 
Modulation of gene expression of SMP-30 by LPS and calorie restriction during 
aging process. Exp Gerontol 39: 1169-1177.

80. Sar P, Bhargava DK, Sengupta D, Rath B, Chaudhary S, et al. (2012) In Human 
Breast Cancer Cells TRß Competes with ERa for Altering BCl2/Bax Ratio 
through SMP30-Mediated p53 Induction. J Cancer Sci Ther. 

81. Tsurusaki Y, Yamaguchi M (2004) Role of regucalcin in liver nuclear function: 
binding of regucalcin to nuclear protein or DNA and modulation of tumor-related 
gene expression. Int J Mol Med 14: 277-281.

82. Chen H, Sukumar S (2003) Role of homeobox genes in normal mammary gland 
development and breast tumorigenesis. J Mammary Gland Biol Neoplasia 8: 
159-175.

83. Yau C, Fedele V, Roydasgupta R, Fridlyand J, Hubbard A, et al. (2007) Aging 
impacts transcriptomes but not genomes of hormone-dependent breast 
cancers. Breast Cancer Res 9: R59.

84. Post WS, Goldschmidt-Clermont PJ, Wilhide CC, Heldman AW, Sussman MS, 
et al. (1999) Methylation of the estrogen receptor gene is associated with aging 
and atherosclerosis in the cardiovascular system. Cardiovasc Res 43: 985-991.

85. Fog CK, Jensen KT, Lund AH (2007) Chromatin-modifying proteins in cancer. 
APMIS 115: 1060-1089.

86. Grønbaek K, Hother C, Jones PA (2007) Epigenetic changes in cancer. APMIS 
115: 1039-1059.

87. Lafon-Hughes L, Di Tomaso MV, Méndez-Acuña L, Martínez-López W (2008) 
Chromatin-remodelling mechanisms in cancer. Mutat Res 658: 191-214.

http://www.ncbi.nlm.nih.gov/pubmed/12620231
http://www.ncbi.nlm.nih.gov/pubmed/12620231
http://www.ncbi.nlm.nih.gov/pubmed/14580859
http://www.ncbi.nlm.nih.gov/pubmed/14580859
http://www.ncbi.nlm.nih.gov/pubmed/14580859
http://www.ncbi.nlm.nih.gov/pubmed/17003781
http://www.ncbi.nlm.nih.gov/pubmed/17003781
http://www.ncbi.nlm.nih.gov/pubmed/17003781
http://www.ncbi.nlm.nih.gov/pubmed/10783894
http://www.ncbi.nlm.nih.gov/pubmed/10783894
http://www.ncbi.nlm.nih.gov/pubmed/10783894
http://www.ncbi.nlm.nih.gov/pubmed/12391153
http://www.ncbi.nlm.nih.gov/pubmed/12391153
http://www.ncbi.nlm.nih.gov/pubmed/12391153
http://www.ncbi.nlm.nih.gov/pubmed/11964479
http://www.ncbi.nlm.nih.gov/pubmed/11964479
http://www.ncbi.nlm.nih.gov/pubmed/11964479
http://www.ncbi.nlm.nih.gov/pubmed/12351634
http://www.ncbi.nlm.nih.gov/pubmed/12351634
http://www.ncbi.nlm.nih.gov/pubmed/12351634
http://www.ncbi.nlm.nih.gov/pubmed/12913110
http://www.ncbi.nlm.nih.gov/pubmed/12913110
http://www.ncbi.nlm.nih.gov/pubmed/12913110
http://www.ncbi.nlm.nih.gov/pubmed/15688030
http://www.ncbi.nlm.nih.gov/pubmed/15688030
http://www.ncbi.nlm.nih.gov/pubmed/15688030
http://www.ncbi.nlm.nih.gov/pubmed/12150827
http://www.ncbi.nlm.nih.gov/pubmed/12150827
http://www.ncbi.nlm.nih.gov/pubmed/12150827
http://www.ncbi.nlm.nih.gov/pubmed/18312651
http://www.ncbi.nlm.nih.gov/pubmed/18312651
http://www.ncbi.nlm.nih.gov/pubmed/18312651
http://www.ncbi.nlm.nih.gov/pubmed/18762812
http://www.ncbi.nlm.nih.gov/pubmed/18762812
http://www.ncbi.nlm.nih.gov/pubmed/18762812
http://www.ncbi.nlm.nih.gov/pubmed/19802015
http://www.ncbi.nlm.nih.gov/pubmed/19802015
http://www.ncbi.nlm.nih.gov/pubmed/19802015
http://www.ncbi.nlm.nih.gov/pubmed/15582288
http://www.ncbi.nlm.nih.gov/pubmed/15582288
http://www.ncbi.nlm.nih.gov/pubmed/14766800
http://www.ncbi.nlm.nih.gov/pubmed/14766800
http://www.ncbi.nlm.nih.gov/pubmed/14766800
http://www.ncbi.nlm.nih.gov/pubmed/21288735
http://www.ncbi.nlm.nih.gov/pubmed/21288735
http://www.ncbi.nlm.nih.gov/pubmed/21288735
http://www.ncbi.nlm.nih.gov/pubmed/21288735
http://www.ncbi.nlm.nih.gov/pubmed/15987452
http://www.ncbi.nlm.nih.gov/pubmed/15987452
http://www.ncbi.nlm.nih.gov/pubmed/15987452
http://www.ncbi.nlm.nih.gov/pubmed/15987452
http://www.ncbi.nlm.nih.gov/pubmed/17949989
http://www.ncbi.nlm.nih.gov/pubmed/17949989
http://www.ncbi.nlm.nih.gov/pubmed/9712591
http://www.ncbi.nlm.nih.gov/pubmed/9712591
http://www.ncbi.nlm.nih.gov/pubmed/9712591
http://www.ncbi.nlm.nih.gov/pubmed/8976369
http://www.ncbi.nlm.nih.gov/pubmed/8976369
http://www.ncbi.nlm.nih.gov/pubmed/8976369
http://www.ncbi.nlm.nih.gov/pubmed/15288691
http://www.ncbi.nlm.nih.gov/pubmed/15288691
http://www.ncbi.nlm.nih.gov/pubmed/15288691
http://www.ncbi.nlm.nih.gov/pubmed/15254778
http://www.ncbi.nlm.nih.gov/pubmed/15254778
http://www.ncbi.nlm.nih.gov/pubmed/15254778
http://www.ncbi.nlm.nih.gov/pubmed/14635792
http://www.ncbi.nlm.nih.gov/pubmed/14635792
http://www.ncbi.nlm.nih.gov/pubmed/14635792
http://www.ncbi.nlm.nih.gov/pubmed/17850661
http://www.ncbi.nlm.nih.gov/pubmed/17850661
http://www.ncbi.nlm.nih.gov/pubmed/17850661
http://www.ncbi.nlm.nih.gov/pubmed/10615426
http://www.ncbi.nlm.nih.gov/pubmed/10615426
http://www.ncbi.nlm.nih.gov/pubmed/10615426
http://www.ncbi.nlm.nih.gov/pubmed/18042144
http://www.ncbi.nlm.nih.gov/pubmed/18042144
http://www.ncbi.nlm.nih.gov/pubmed/18042143
http://www.ncbi.nlm.nih.gov/pubmed/18042143
http://www.ncbi.nlm.nih.gov/pubmed/18403253
http://www.ncbi.nlm.nih.gov/pubmed/18403253

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction
	Impact of Aging on Genomic Abnormalities and Transcriptomes in Breast Cancer 
	p53
	BRCA1 and BRCA2 mutation 
	Telomerase dysfunction 
	SIRT
	FOXO
	KLOTHO 
	Melatonin 
	P16
	ATM
	SMP30

	Differentially Expressed Genes between Early Onset and Late Onset Breast Cancer 
	Age-Specific Incidence Rates for All ER/PR Subsets of Breast Cancers 
	Chromatin Remodelling in Aging May Possibly Lead to Breast Cancer 
	Conclusion
	Acknowledgements
	Figure 1
	References



