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TelomereStructureund Function(1)
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TelomereStructureund Function(2)

What We Lose With Age

Acting as buffers
to prevent loss of
geneticinformation

(o)
As cells divide . ‘

over time...
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Telomerase elongates telomeres
which are shortened after
eachreplication cycle

Journal of clinical oncologypl18, Issue 13{uly), 2000: 26262634



Telomerasestructureund Function(2)

Additional functions:

- Regulation ofjenexpressionia NFkBpathway orWnt/[3-
cateninWeg

- DNAdamagerepair

- Promotescell survivalunderoxidativestressor endoplasmic
reticulumstressconditions

- Protectsdevelopingneuronsfrom DNAdamagenducedcell
death

- Regulatesnitochondrialfunction and cellmetabolismus

Ghosh et al. 2012, Ding et al. 2013, Park et al. 2009
Zhou et al. 2013, Fu et al. 2000, Handeler et al. 2009,



Senescence
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Therapy (1)
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Int J Oncol. 2006 KMar;28(3):641-8.
Resveratrol down-regulates the growth and telomerase activity of breast cancer cells in vitro.
Lanzilli 3", Fuggetta MP, Tricarico M, Cottarelli A, Serafino &, Falchetti R, Ravagnan G, Turriziani M, Adamo R, Franzese O, Bonmassar E.

A Resveratrotreatment in MCF7 breast cancer cells down
regulated thetelomeraseactivity of target cells and the
nuclear levels chTERT

A Resveratroshowed directntiproliferativeand proapoptotic
effects

Chin Med J (Engli. 2011 Dec;124(24):4310-5.
Resveratrol-induced augmentation of telomerase activity delays senescence of endothelial progenitor cells.
Wang ¥B', Zhu L, Huang J, Yin YG, Kong X0, Rong OF, Shi AW, Cao KJ.

A Resveratrotosedependently inhibited the onset of EPC
senescence in culture and increadetbmerase activity and
the expression of the catalytic suburiifTERT

A Resveratrotielayed EPCs senescence in vitro, which may be
dependent ontelomeraseactivation!



Int J Oncel 2004 Mar;24(3):703-10.

EGCG down-regulates telomerase in human breast carcinoma MCF-7 cells, leading to suppression of cell viability
and induction of apoptosis.

Mittal A", Pate MS, Wylie RC, Tollefsbol TO, Kativar SK.

A EGCG dosdependently inhibited telomerase
activity (4055%) and inhibited the mRNA
expression (445%) olhTERTeading to the
suppression of cell viability and induction of
apoptosis

Life Sci. 2005 Feb 25;78(15):1735-46. Epub 2005 Jan 20.

Eplgallncatechln gallate induces telomere fragmentation in HeLa and 293 but not in MRC-5 cells.
we! LigH TanZ.

A EGCG causes telomere fragmentation and
therefor an apoptosianducing effect irHelLa
but not in normal cells (MREcells)o Th A
seems to work specifically in cancer cells)




Telomere length (kb)
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J Biomed Biotechnol. 2011;2011:506171. doi: 10.1155/2011/506171. Epub 2011 Mar 30.

Tocotrienol-rich fraction prevents cell cycle arrest and elongates telomere length in senescent human diploid
fibroblasts.

Makpol 87, Durani LW, Chua KH, Mohd Yusof YA Magah WZ.

1O

A In TRRreated senescent |

B00

HDFs, elongated telomere = -
length and restoration of -

telomerase activity were - | |l
observed

A preventing HDFs cellular
ageing by restoring = KMareatsd

telomere length and
telomerase activity,
reducing damaged DNA,
and reversing cell cycle
arrest associated with
senescence.



Therapy (2)

Telomere dysfunction by

I Inflammatory processes that lead to increased turnover of cells contribute to
attrition of telomericrepeats by increasing cell divisions

T oxidative stress

Influence of nutrients on telomerdenth via
- Influencing telomerase activity

- mechanisms that reflect their role in cellular functions including DNA repair an
chromosomemaintenance DNAmethylation inflammation oxidativestress and
activity of the enzyme telomerase

- antiinflammatoryand antioxidant properties

- Influencing regulation of telomere length: e.fplate via its role in epigenetic
status of DNA antistones andnicotinamidethrough its role as a substrate for
posttranslational modification delomere associategroteins

Telomere length is epigenetically regulated by DNA dnstonemethylation



Genomianstabilityand Cancer

Cancer has been described as a disease of genomic instability.

Cancer Initiation and progression driven by changes in expression of
multiple genes via genetic and epigenetic alterations.

Half of genedefectsthat occurin cancerthrough
epigeneticalterations.

Activation ofoncogenesand prometatstaicgenes or silencinggmour
suppressor genes and to genome rearrangements and instability



Dietary Epigeneticsn Cancerand
Ageing

Threeimportant epigeneticmechanismsie ‘=
in mammals
- DNAmethylation
- Histonemodification
- noncodingRNAs

The two main components

Feinberg and Tycko , 2004



DNAmethyIation

ADNMT1
ADNMT3A
ADNMT3B

In general the more methylateda gene
regulatory region becomes, the less
transcription will occur from thg@romotor.

Feinberg and Tycko , 2004



Histon modifications

A histoneacetylation |
methylatiorphosphorylation
ubiquitination, biotinylation, S,
sumoylation, ADPribosylation P d

A Largenumberof enzymesmost

interestingregardingagingand cancet -l
HAT, HDACs

In general the more acetylated the
histoneamino tails become, the more
likely it is that the gene promoter
region that contains thosénistoneswill
Increased transcriptional activity

Feinberg and Tycko , 2004
Clayton et al. 2006



Non codingRNA

ASinglestrandednoncoding ("
RNAS
A21-23 nucleotides in length f

Asuppress gene expression by- -
altering the stability of gene NS
transcripts and also by
targeting the transcripts for
degradation

AmiRNAmay also lead to an
increase in gen&ranscription

Histone modification

Feinberg and Tycko , 2004
(Mathers et al. 2010



Cancerpigenetics

Half of genedefectsthat occurin cancerthrough

epigeneticalterations:

A Generahypomethylationsn cancercells

A Genespecifichypermethylationof tumor suppressors
A Increasedctivity of HDACgommonin cancercells

A Alteration inmiRNAsn cancercells

Growing interest in collective interactions of epigenetic
processes in the control @feneregulation aberrations

IN cancer



Epigeneticgliet In cancerprevention
andtreatment

Epigeneticsliet that impacts theepigenomeand
that may be used in conjunction with other
cancer prevention and chemotherapeutic
strategies

Many natural dietary agents which consist of
bioactive compounds have been shown to be
effective in cancer prevention and treatment and
thesenutraceuticaloften mediate favorable

epigeneticchanges



Liet and Epigenetics
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Examples of dietary ingredients with epigenetic and
chromatin remodeling properties

Sulforanes from Brassica — HDAC inhibitors
EGCG from green tea — DNA demethylation
Genistein from soy — DNA methylation/demethylation

Resveratrol from red grapes — affects NAD+- dependent
histone deacetylases (i.e., SIRT1) that deacetylates
histones and regulatory proteins like PGC-1a

Lunasin from soy — chromatin binding peptide and
Inhibitor of histone acetylation

Alfredo Galvez 10/13/2007
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Hatwural sources

Pharmacological effects

Epigenetic mechanisms of

actihon

Natwral compound

Folate, cobalamin,
riboflavin, pynidoxine,
methionine

Retinoic acid

Vitamim 3

Resweratrol

Folate and riboflavin: spinach,
asparagus, beans, peas, lentils,
sunflower seeds, almonds

Cobalamin: fish, shellfish_
poultry, milk, eggs

Pyridoxine and methionine:
grains, nuts, dragon fruit,
sesame seeds

Vietnamese gac, crude palm oil,
yellow and orange fruits

(mango, papaya), orange root
vegetables (camots), spinach,
sweet potatoes

Sun exposure, fish, fish liver oils

Roots of hellebone, grapes,
mulbermies, apricots,
pineapples, peanuts

Anti-cancer, anti-proliferative,
chemoprevention of malignant
transformation

Anti-cancer, anti-proliferative,
differentiating, pro-apoptotic

Anti-cancer, anti-proliferative,
differentiating, pro-apoptotic

Anti-cancer, antioxidant,
anti-proliferative,
anti-angiogeneasis,
anti-inflammatory,
pro-apoptotic, cardioprotective

Reguilation of one-carbon metabolism,
SAM/SAH ratio, DMMT and MBD
expression; regulation of milkAs
(tumour suppressor mif-122,
miR-34a, miR-127, and oncogenic
mif-21, mif-222})

Regulation of DMMMTs expression and
enxyme activity by affecting p21,
AP-1, FTEM and ERs; regulation of
miftMAs targeting DMMTS; regulation
of tumour suppressor miRkAs
(miR-15, miR-14, let-7a, let-7c,
mif-34a, miR-342) and oncogenic
miftMAs (milt-10a); GMMT regulation;
histone acetylation

Regulation of DMMMTs expression and
enayme activity by affecting p21,
AP-1, FTEM and ERs; reguiation of
histone acetylation; regulation of
oncegenic miBMas (miR-181a,
miR-181b)

Reguiation of DMMTs expression and
enzyme activity by affecting p21,
AP-T and PTEM; activation of
deacetylase SIRT1 and p30D0 HAT:
down-regulation of UHRFT;
regqulation of miRMAs




Cenistein and daidzein

BEGCG

Curcumiin

VLA LT R AR R e

Soybeans, lupin, kudm, psorakea,  Anti-cancer, antioxidant, Requlation of DMNBATs expression and
fava beans, coffee antihelminthic, anti-metastatic, enzyme activity by affecting p21,
cancer protective AP-1 and PTEM: increase in HAT

activity; requlation of millNAs
(tumour suppressor mif-12846,
mif-14, and oncogenic mif-27a)

Green tea Anti-cancer, antioxidant, Regulation of SAM/5AH ratio by
anti-proliferative, COMT-mediated reactions; direct
anti-angiogenesis, inhibition of DMMTs by binding to
anti-inflammatory, catalytic domain of the enzyme;
pro-apoptotic, cancer regulation of tumour suppressor
protective mikMNAs (mil-16)

Spice turmenic Anti-cancer, antioxidant, protects Direct inhibition of DNMTs by binding
against heart failure to catalytic domain of the enoyme;

inhibition of HDACs and p300 HAT;
regulation of miRMAs {tumour

suppressor miR-22, mik-15a, mik-14,
and oncogenic mil-21, miB-19%a)



Flavonoids inhibiDNA
methyltransferasg®NMTS)
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Flavonoids act as HDAC inhibitors or HAT:
(histonedeacetylasenhibitors or histone
acetyltransferases

Closed chromatin-
Gene repression
(Mostly)

Genistein | P

HDAC inhibitor and HAT
activator

(Majid et al 2008
Meeran, et al. 201




Flavonoids act on
MRNAS

Reuter S., et al. 2011



