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Aging and Genes

AABBSSTTRRAACCTT  Aging, like many other biological processes, is subject to regulation by genes that reside in pathways that
have been conserved during evolution. The insulin/ IGF-1 pathway, mTOR pathway and p53 pathway are among those
conserved pathways that impact upon longevity and aging-related diseases such as cancer. Most cancers arise in the last
quarter of life span with the frequency increasing exponentially with time, and mutation accumulation in critical genes
(e.g. p53) in individual cells over a lifetime is thought to be the reason. One possible cause of aging is the degradation
of the telomeres. As the cell divides over and over, these telomeres become shorter and shorter. In Caenorhabditis el-
egans, the downregulation of insulin-like signaling induces lifespan extension (Age) and the constitutive formation of
dauer larvae (Daf-c). This also causes resistance to oxidative stress (Oxr) and other stress stimuli and enhances the ex-
pression of many stress-defense-related enzymes such as Mn superoxide dismutase (SOD) that functions to remove re-
active oxygen species in mitochondria. The daf 2 gene mutation in C. elegans, a gene, which is comparable with the
human IGF-1 Receptor gene and which is involved in antioxidative action, shows a 30 % increased lifespan in that
species. In human we found the following: Sequence analysis of the IGF1 and IGF1 receptor (IGF1R) genes of female
centenarians showed overrepresentation of heterozygous mutations in the IGF1R gene among centenarians relative to
controls that are associated with high serum IGFI levels and reduced activity of the IGFIR as measured in transformed
lymphocytes. Thus, genetic alterations in the human IGF1R that result in altered IGF signalling pathway confer an in-
crease in susceptibility to human longevity, suggesting a role of this pathway in modulation of human lifespan. Aging
is controlled by different mechanisms, which influence the speed of the aging process and which is determined by in-
terindividual genetic variants. Disorders in the insulin and lipid metabolism, caused by genetic variants of the genes,
involved in this part of the metabolism cause higher glycolisation and tissue damage. Sirtuin genes function as anti-aging
genes in yeast, Caenorhabditis elegans, and Drosophila. A number of reports have indicated that SIRT3, upon prote-
olytic cleavage in the mitochondria, is an active protein deacetylase against a number of mitochondrial targets. In
mammals, one of the substrates of the SIR2 ortholog, SIRT1, is a regulator of mitochondrial biogenesis, PGC-1alpha.
Indeed, the putative SIRT1 activator resveratrol has been shown to stimulate mitochondrial biogenesis and deliver
health benefits in treated mice. Sirtuins are NAD+-dependent enzymes that have been implicated in a wide range of
cellular processes, including pathways that affect diabetes, cancer, lifespan and Parkinson's disease. 
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ÖÖZZEETT  Yaşlanma, diğer biyolojik süreçlerde olduğu gibi, evrim süresince korunmuş yolaklarda yer alan genler tarafın-
dan regüle edilen bir durumdur. İnsulin/IGF-1 yolağı, mTOR yolağı ve p53 yolağı, kanser gibi yaşlanma ile ilgili
hastalıklar ve ömür uzunluğunu etkileyen korunmuş yolaklar arasında bulunurlar. Kanserlerin çoğunun, hayatın
son çeyreğinde ortaya çıkmasının nedenleri zamanla frekansın katlanarak artması, bir ömür boyunca p53 gibi kritik
genlerde mutasyonların birikmesi olabilir. Yaşlanmanın olası bir nedeni de telomerlerdeki kayıplardır. Hücreler
bölünmelerini sürdürdükçe telomerler kısaldıkça kısalır. Caenorhabditis elegans’da insulin-benzeri sinyalleşmenin
baskılanması ömrün uzamasını (Age) ve dayanıklı larva (Daf-c) oluşumu için gereken yapılanmayı indükler. Bu
durum oksidatif strese (Oxr) ve diğer stres uyaranlarına direnç oluştururken, mitokondride reaktif oksijen türlerinin
yok edilmesini sağlayan Mn superoksit dismutaz (SOD) gibi birçok stres-savunma-ilgili enzimin sentezlenmesini de
arttırır. C. elegans’da, insan IGF-1 reseptör geni ile kıyaslanabilen bir gen olan, daf 2 gen mutasyonu, bu gen an-
tioksidatif etkili olduğundan bulunduğu türlerde ömrün %30 uzamasını sağlar. İnsanda tespit edilen şudur: 100 yaşını
aşmış kadınların IGF1 ve IGF1 reseptör (IGF1R) genlerinin sekans analizi transforme lenfositlerde ölçüldüğü gibi,
yüksek serum IGF1 düzeyleri ve azalmış IGF1R aktivitesi olan kontrollerle akraba asırlık kişiler arasında IGF1R
genindeki heterozigos mutasyonların aşırı gösterimini ortaya çıkarmıştır. Böylece, değişmiş IGF  sinyalleşme
yolağında ortaya çıkan insan IGF1R’deki genetik değişiklikler, insan ömrünün modulasyonunda bu yolağın bir rolü
olduğunu düşündürecek şekilde, insan ömrünün uzamasına yatkınlıkta bir artış sağlar. Yaşlanma, yaşlanma sürecinin
hızını etkileyen ve bireylerarası genetik varyantlarla (değişikliklerle) belirlenen farklı mekanizmalarla kontrol edilir.
Genlerdeki genetik varyantlar nedeniyle oluşan insülin ve lipid metabolizma hastalıkları, metabolizmanın bu kısım-
larında yüksek düzeyde görülen glikolizasyon ile doku hasarı nedeniyle ortaya çıkarlar. Mayalar, Caenorhabditis el-
egans ve Drosophila’daki Sirtuin genleri antiaging (yaşlanma karşıtı) genler olarak işlev yaparlar. Mitokondrideki
proteolitik yarığın üzerinde SIRT3’ün bulunduğunu bildiren raporlara göre, SIRT3 mitokondriyal hedeflerin çoğuna
karşı aktif bir protein deasetilaz olarak görev yapar. Memelilerde SIR2 ortolog’un substratlarından biri olan SIRT1,
PGC-1 alfanın mitokondriyal biogenezinin bir regülatörüdür. Gerçekte, SIRT1 aktivatör temsilcisi resveratrol’ün
denek farelerde mitokondriyal biogenezi stimüle edip sağlık açısından yararlı sonuçlar oluşturduğu gösterilmiştir. Sir-
tuinler NAD+ bağımlı enzimler olup; bunların diyabeti, kanseri, ömür uzunluğunu ve Parkinson hastalığını etk-
ileyen yolaklar dahil, hücresel süreçlerin çoğunda etkili oldukları bilinmektedir.
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GENERAL

e nes are lo ca ted on chro mo so mes  which are con-
den sa ted struc tu res, be lon ging to the cell nuc le -
us and carry the ge ne tic in for ma ti on. They

con sist from a bi o lo gi cal acid, cal led DNA.Ge nes disp lay
the ge ne ti cal de co ding of all our physi o lo gi cal pro ces ses
and struc tu res in our body. The he ri tan ce can be ex pres -
sed by he te rozy goty and ho mozy goty, which me ans that
yo u can ha ve he ri ta ted yo ur ge nes eit her from one pa rent
or from both. This has im pact on the phe noty pic ex pres -
si on. Ho mozy go ti e has two sa me al le les (one ge ne inc lu -
des the two al le les, one from yo ur mot her, the ot her one
from yo ur fat her) and in so far it disp lays a much stron -
ger ex pres si on of the mu ta ti on as he te rozy goty do es.

Poy morp hisms are not hing el se than small po int
mu ta ti ons or de le ti ons, or in ver si ons of DNA parts
which  are dis tri bu ted over the who le ge no me. For ex-
amp le: if yo u stretch the who le DNA of the smal lest
chro mo so me (no 22) of yo ur ge ne tic tre a su re yo u will
get a dis tan ce, which stretc hes from Bar ce lo na to Va len-
ci a. In this ca se yo u will find  a poly morp hic DNA every
1 ½ me ter.

Tho ugh as hu mans  we disp lay  al le the sa me ge nes,
we are so dif fe rent one from anot her .The Poly morp -
hism is res pon sib le for the va ri ety of phen toty pic mar k-
ers of hu man be e ing. 

Du e to our exams we  are se arc hing for tho se ge -
nes, which de co de for enz ymes of our body. This enz -
ymes  con troll the con ver ting of subs tan ces as hor mo nes
and the bre ak down of them. The re fo re e.g. slow ac ting
enz ymes or fast ac ting enz ymes do mi na te  the me ta bo -
lism, and, de pen ding of what kind of enzyms are ac ting,
we get dif fe rent amo unts of end pro ducts. Du e to hor mo -
ne me ta bo lism we can es ti ma te from the re sults of this
re se arch if the re is ac cu mu la ti on or fast eli mi na ting of
hor mo nes  af ter all. This has im por tan ce for risks of bre -
ast or-pros ta te can cer.

Ge nes de ter mi ne car di vas cu lar ma ker ge nes as well.
For examp le poly morp hism in  blo od pres su re ge nes li -
ke AGT or ACE, cho les te rol me ta bo lism ge nes, blo od co-
a gu la ti on ge nes ha ve im pact on yo ur he alth.
Ne vert he less ge nes only are ba sic in for ma ti on of yo ur
ge ne tic co de and the qu es ti on if yo u will get tho se prob-
le mes, which are des cri bed as  yo ur per so nal risk  de-
pends on how yo ur li fest yle is.

Our an tiaging the ra pe u ti cal  stra tegy, sho uld be  1.
in di vi du al, 2.  cus tom at trac ted and 3. se cu re. The gre at

ad van ces in me di ci ne in the last ye ars can  re a li ze this
ide a  for the ne ar fu tu re. Wo men ask mo re and mo re af -
ter a cus tom at trac ted and in di vi du a li zed HRT. We can
ob ser ve a chan ge of pa ra digm in  ne arly all me di cal sub-
ject are as. The stan dard of an in di vi du a li zed the rapy for
our pa ti ents re qu i res mo re and mo re com pre hen si ve epi-
de mi o lo gi cal in ves ti ga ti ons, me ta analy ses and ge ne ti -
cally analy sis, which is es pe ci ally  sup por ted by the
de tec ti on of the hu man ge no me.

So we can es ti ma te the pro fit of a HRT for wo men
and men in or der to  re du ce the ir CV- risks and sex  spe -
ci fi cal can cer risk As we know, we ight re duc ti on, exer ci -
ses and  re du ced ci ga ret te smo king im pro ve the  CV- risk,
as well as the bre ast and pros ta te can cer risk. We al so
know, that the pos si bi lity of CV- di se a ses in cre a ses dra-
ma ti cally in wo men  af ter me no pa u se and in men with
low tes tos te ro ne le vels, with a 10 ye ars la tency of wo men
com pa red with men, whi le the fer ti le pha se of wo men
ap pa rently disp lays a pro tec ti on aga inst tho se di se a ses.
We de tec ted so me poly morp hism in yo ur ca se, which co -
uld ha ve im pact on the av bo ve men ti o ned di se a ses.

What ca u ses aging? The re isn’t a simp le ans wer to
that. But one im por tant as pect of aging was dis co ve red in
the early 1960s by Le o nard Hayf lick. Hayf lick dis co ve -
red that aging oc curs on the cel lu lar le vel. Cells di vi de
and rep li ca te them sel ves over the co ur se of our li ves.
Ho we ver, each cell has a bu ilt-in clock that says how
many ti mes it can di vi de. Be yond a cer ta in po int, the cell
ce a ses to be ab le to di vi de or re pa ir it self. This loss of the
abi lity to di vi de is cal led cel lu lar se nes cen ce. 

An in te res ting as pect of re se arch in to cel lu lar se -
nes cen ce has shown that the ticks on a cell’s in ter nal
clock se em pre de ter mi ned. This is se pa ra te from chro -
no lo gi cal ti me. Slo wing down or stop ping the cell di vi -
si ons do es not chan ge the num ber of ti mes the cell can
di vi de. Cells fro zen in li qu id nit ro gen pick up whe re
they left off and comp le te the sa me num ber of di vi si ons
as un fro zen cells, as if they re mem ber the co unt. 

One pos sib le ca u se of aging is the deg ra da ti on of the
te lo me res, pi e ces of DNA that cap the ends of each chro-
mo so me. As the cell di vi des over and over, the se te lo me -
res be co me shor ter and shor ter. Even tu ally, they be co me
so short that the cell can no lon ger rep ro du ce. Rat her
than be ing a pas si ve, hap ha zard pro cess of we ar and te -
ar, li fes pan can be mo du la ted ac ti vely by com po nents of
the in su lin/in su lin-li ke growth fac tor I (IG FI) path way
in la bo ra tory ani mals. Comp le te or par ti al loss-of-func ti -
on mu ta ti ons in ge nes en co ding com po nents of the in su -
lin/IG FI path way re sult in ex ten si on of li fe span in ye asts,
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worms, fli es, and mi ce. This re mar kab le con ser va ti on
thro ug ho ut evo lu ti on sug gests that al te red sig na ling in
this path way may al so inf lu en ce hu man li fes pan. On the
ot her hand, evo lu ti o nary tra de offs pre dict that the la bo -
ra tory fin dings may not be re le vant to hu man po pu la ti -
ons, be ca u se of the high fit ness cost du ring early li fe.

In Ca e nor hab di tis ele gans, the dow nre gu la ti on of
in su lin-li ke sig na ling in du ces li fes pan ex ten si on (Age)
and the cons ti tu ti ve for ma ti on of da u er lar va e (Daf-c).
This al so ca u ses re sis tan ce to oxi da ti ve stress (Oxr) and
ot her stress sti mu li and en han ces the ex pres si on of many
stress-de fen se-re la ted enz ymes such as Mn su pe ro xi de
dis mu ta se (SOD) that func ti ons to re mo ve re ac ti ve oxy-
gen spe ci es in mi toc hon dri a.  It has be en fo und,1 that the
MnSOD systems in C. ele gans fi ne-tu ne the in su lin-li -
ke-sig na ling ba sed re gu la ti on of both lon ge vity and da -
u er for ma ti on by ac ting not as an ti o xi dants but as
physi o lo gi cal-re dox-sig na ling mo du la tors.The daf 2 ge -
ne mu ta ti on in C. ele gans, a ge ne, which is com pa rab le
with the hu man IGF-1 Re cep tor ge ne and which is in-
vol ved in an ti o xi da ti ve ac ti on, shows a 30 % in cre a sed li -
fes pan in that spe ci es. In hu man we fo und the fol lo wing:
Se qu en ce analy sis of the IGF1 and IGF1 re cep tor
(IGF1R) ge nes of fe ma le cen te na ri ans sho wed over rep -
re sen ta ti on of he te rozy go us mu ta ti ons in the IGF1R ge -
ne among cen te na ri ans re la ti ve to con trols that are
as so ci a ted with high se rum IG FI le vels and re du ced ac-
ti vity of the IG FIR as me a su red in trans for med lympho-
cy tes. Thus, ge ne tic al te ra ti ons in the hu man IGF1R that
re sult in al te red IGF sig nal ling path way con fer an in cre -
a se in sus cep ti bi lity to hu man lon ge vity, sug ges ting a ro -
le of this path way in mo du la ti on of hu man li fes pan.2

Alt ho ugh ever yo ne ag re es that ave ra ge li fe ex pec tancy
has syste ma ti cally ad van ced li ne arly over the last cen-
tury, it is not re a lis tic to ex pect that this pa ce can con ti -
nu e in de fi ni tely. Our da ta sug gest that, wit ho ut the
in ven ti on of so me new unk nown form of me di cal bre ak-
t hro ugh, the Gu in ness Bo ok of World Re cords benc h-
mark es tab lis hed by French wo man Je an ne Cal ment of
122 ye ars, set back in 1997, will be ex ce e dingly dif fi cult
to bre ak in our li fe ti me.2

Aging is con trol led by dif fe rent mec ha nisms, which
inf lu en ce the spe ed of the aging pro cess and which is de-
ter mi ned by in te rin di vi du al  ge ne tic va ri ants and can be 

1. me a su red

2. inf lu en ced by li fest yle and  di et

3. in di vi du ally  con trol led by know led ge of  the ge-
no mic and pro te o mic ba sics

THIS DIFFERENT MECHANISMS ARE:

1.  GE NE TIC CON TROL LED APOP TO SIS P53 PATH WAY
The p53 path way is com po sed of hun dreds of ge nes and
the ir pro ducts that res pond to a wi de va ri ety of stress
sig nals. The se res pon ses to stress inc lu de apop to sis, cel-
lu lar se nes cen ce or cell cycle ar rest. In ad di ti on the p53-
re gu la ted ge nes pro du ce pro te ins that com mu ni ca te
the se stress sig nals to ad ja cent cells, pre vent and re pa ir
da ma ged DNA and cre a te fe ed back lo ops that en han ce
or at te nu a te p53 ac ti vity and com mu ni ca te with ot her
sig nal trans duc ti on path ways . Aging, li ke many ot her
bi o lo gi cal pro ces ses, is sub ject to re gu la ti on by ge nes that
re si de in path ways that ha ve be en con ser ved du ring evo-
lu ti on. The in su lin/ IGF-1 path way, mTOR path way and
p53 path way are among tho se con ser ved path ways that
im pact upon lon ge vity and aging-re la ted di se a ses such
as can cer. Most can cers ari se in the last qu ar ter of li fe
span with the fre qu ency in cre a sing ex po nen ti ally with
ti me, and mu ta ti on ac cu mu la ti on in cri ti cal ge nes (e.g.
p53) in in di vi du al cells over a li fe ti me is tho ught to be
the re a son. Gi ven the cru ci al ro le of the p53 in tu mor
pre ven ti on, this dec li ne in p53 ac ti vity at ol der ages in
ani mals co uld con tri bu te to the ob ser ved dra ma tic in-
cre a ses in can cer fre qu ency, and pro vi des a pla u sib le ex-
p la na ti on for the cor re la ti on bet we en tu mo ri ge ne sis and
aging in ad di ti on to the ac cu mu la ti on of DNA mu ta ti -
ons over li fe ti me.3,4 The mac ro li de ra pamy cin is used cli -
ni cally to tre at graft re jec ti on and res te no sis. Mam ma li an
tar get of ra pamy cin (mTOR) is a cen tral con trol ler of
cel lu lar and or ga nism growth that in teg ra tes nut ri ent
and hor mo nal sig nals, and re gu la tes di ver se cel lu lar pro -
ces ses. New stu di es ha ve lin ked mTOR to se ve ral hu man
di se a ses inc lu ding can cer, di a be tes, obe sity, car di o vas -
cu lar di se a ses and ne u ro lo gi cal di sor ders. Re cent da ta
ha ve al so re ve a led that mTOR is in vol ved in the re gu la -
ti on of li fes pan and in age-re la ted di se a ses. The se fin d-
ings de mons tra te the im por tan ce of growth con trol in
the pat ho logy of ma jor di se a ses and ove rall hu man he -
alth, and un ders co re the the ra pe u tic po ten ti al of the
mTOR path way.5

2.  OXI DA TI ON-AND IN DI VI DU AL AN TI O XI DA TI VE 
CA PA CI TI ES
Energy for ma ti on and in di vi du al ge ne tic dif fe ren ces re-
gar ding the enz yma tic and hor mo nal sig nal ways, which
are in vol ved in to the me ta bo lism: The in su lin sig nal ling
path way  co up les fe e ding and nut ri ti o nal sta tus in mam-
mals to the tem po and mo de  of me ta bo lism in most tis-
su es of the ani mal. The In su lin – li ke- path way re gu la tes
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lon ge vity  and me ta bo lism in  dif fe rent spe ci es. This re -
gu la ti on may be  mec ha nis ti cally re la ted to lon ge vity  in-
ce ra se ca u sed by ca lo ric res tric ti on and may be  lin ked to
the  fre e ra di cal for ma ti on of the In su lin- li ke path way.

Cu mu lu ta ti ve evi den ce from stu di es of ge ne mu ta -
ti ons  sug gests, that re du ced IGF-1 and In su lin sig nal -
ling le ads to de la yed aging  and in cre a sed lon ge vity.

3. CHO LES TE ROL ME TA BO LISM
Age is as so ci a ted with an en han ced low den sity li pop ro -
te in (LDL) oxi da ti on and at he rosc le ro sis, thus, sub jects
over 80 ye ars wit ho ut car di o vas cu lar di se a se pro vi de a
mo del to in ves ti ga te the pro tec ti ve fac tors aga inst at he -
rosc le ro sis. Se rum pa ra o xo na se (PON1), an high den sity
li pop ro te in (HDL)-bo und enz yme, pre vents LDL oxi da -
ti on.  The re is a strong evi den ce that in he althy Si ci li ans
age ing may be cha rac te ri zed by a low fre qu ency of
PON1 (-107)T ‘risk’ al le le and by an high fre qu ency of
fa vo u rab le ge noty pes such as (-107)CC, inf lu en cing
PON1 ac ti vity and HDL-C le vels.6 The fol lo wing ge nes
are in vol ved in lon ge vity:

Apo E2/3/4 Poly morp hism
Apo E4 (Fre qu ency 17%) is cor re la ted with high LDL
and low HDL-cho les te rol le vels (type V) Car ri er of this
mu ta ti on disp lay a pre- dsi po si ti on fpr Alz he i mer di se a -
se (la te on set) .Apo li pop ro te in E (Apo E) is a pro te in
com po nent of se ve ral plas ma li pop ro te ins, inc lu ding
trigl yce ri de-rich chylo mic rons and very-low-den sity li -
pop ro te in (VLDL) par tic les. As a li gand for the low-den -
sity li pop ro te in (LDL) re cep tor, Apo E plays a ma jor ro le
in plas ma li pop ro te in me ta bo lism. Two SNPs wit hin the
hu man APO E ge ne form 6 com mon ge noty pes, le a ding
to 3 ma jor iso forms of Apo E, Apo E2, -E3, and -E4. The
ge noty pes are as fol lows (ac cor ding to the ir fre qu ency):
E3/E3,  E3/E4, E3/2, E4/E4, or the very ra re E2/E4, and
E2/E2 ge noty pes. Car ri ers of the Apo E4 al le le ha ve hig -
her le vels of to tal and LDL cho les te rol and the re fo re ha -
ve a hig her risk of car di o vas cu lar di se a se. Furt her, the
Apo E4 al le le has be en re la ted to de men ti as, most com-
monly Alz he i mer’s di se a se. 

Apo li pop ro te in A1
Apo li pop ro te in A1 is one of the cen tral cho les te rol car-
ri ers, which par tic pa te in the ca ta bo lism of  HDL-par -
tic les. Low HDL con cen tra ti ons, es pe ci ally in as so ci a ti on
with high LDL-Cho les te rol le vels  (ra ti o LDL/HDL > 3,5)
ha ve an in ce ra sed risk for MI, stro ke  and at he rosc le ro -
sis. This is  ca u sed by an dec re a sed eff lux from cho les te -

rol out of the ves sel walls.(inf lam ma ti on, oxi da ti onà re-
ac ti on cell pro li fe ra ti on, wall thick ness,, cal ci fi ca ti on,
tigh te ned and har de ned ves sels à in farc ti on by cut ting
oxy ge ne supply to the tis su e (bra in, he art musc le). One
mu ta ti on is the Apo A1 de fi ci ency, which le ads to very
low HDl-le vels. In our ca se  we se arch for the go od al-
ter na ti ve, the pos. –75 G>A poly morp hismm.This mu ta -
ti on is im por tant du e its cor re la ti on to  high le vel of
HDL-Cho les te rol  in the fol lo wing ca se: AA (ho mocy -
goty) = re ac ti on to un sa tu ra ted fatty acids (oli ve oil) im-
pro ves HDL-C. le vels  and in so far it has li fe ex ten si on
ef fects.  The GG ge noty pe in op po si te  re acts with dec -
re a sed HDL-le vels or unc han ged le vels  ad mi nis te ring
un sa tu ra ted FA to the di et and can cut the li fe ex pec -
tancy. Cen te na ri ans in the is land of  Sar di ni a ha ve the
cons tel la ti on very of ten as well as in ha bi tants of the vil-
la ge of Li mo ne (la go di gar da, Italy) In so far  yo u ha ve a
go od Apo A1 poly morp hism and oli ve oil wo uld im pro -
ve yo ur HDl-le vels.The hu man apo li pop ro te in AI (apo -
A I) cons ti tu tes the ma jor pro te in com po nent of
high-den sity li pop ro te in (HDL, the so-cal led “go o d” cho-
les te rol). Be ca u se apo AI plays an im por tant ro le in the
re ver se trans port of cho les te rol, low Apo A I/HDL se rum
le vels cons ti tu te a well-known risk fac tor of co ro nary
ar tery di se a se (CAD). In the hu man APO A1 ge ne, a re l-
a ti vely fre qu ent pro mo ter poly morp hism mo du la tes the
ex pres si on of apo A I. Im por tant in te rac ti ons, at le ast for
wo men, bet we en this poly morp hism, di e tary ha bits and
HDL le vel are known. 

Car ri ers of the va ri ant al le le can in cre a se the ir se -
rum HDL in res pon se to in cre a sed di e tary up ta ke of pol -
yun sa tu ra ted fatty acids. 

CETP-B1/B2 Poly morp hism
The mu ta ti on al ters the Cho lestryl Es ter Trans fer Pro-
te in (CETP), an enz yme in vol ved in re gu la ting li pop ro -
te ins and the ir par tic le si ze. Com pa red with a con trol
gro up rep re sen ta ti ve of the ge ne ral po pu la ti on, cen te -
na ri ans we re thre e ti mes as li kely to ha ve the mu ta ti on
(24.8 per cent of cen te na ri ans had it vs. 8.6 per cent of
con trols) and the cen te na ri ans’ offs pring we re twi ce as
li kely to ha ve it.

CETP af fects the si ze of “go o d” HDL and “ba d” LDL
cho les te rol, which are pac ka ged in to li pop ro te in par tic -
les. The re se arc hers fo und that the cen te na ri ans had sig-
ni fi cantly lar ger HDL and LDL li pop ro te in par tic les than
in di vi du als in the con trol gro up. The sa me fin ding held
tru e for offs pring of the cen te na ri ans but not for con-
trol-gro up mem bers of com pa rab le ages.
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Evi den ce in cre a singly in di ca tes that pe op le with
small LDL li pop ro te in par tic les are at in cre a sed risk for
de ve lo ping car di o vas cu lar di se a se, the le a ding ca u se of
de ath in the Uni ted Sta tes and the Wes tern world. Dr.
Bar zi la i and his col le a gu es be li e ve that lar ge LDL par ti-
c les may be less apt than small LDL par tic les to pe net ra -
te ar tery walls and pro mo te the de ve lop ment of
at he rosc le ro sis, a ma jor con tri bu tor to he art di se a se and
stro ke. The ir study fo und that HDL and LDL par tic les
we re sig ni fi cantly lar ger in tho se offs pring and con trol-
gro up mem bers who we re fre e of he art di se a se, hyper -
ten si on and the me ta bo lic syndro me (a pre-di a be tic
con di ti on that in cre a ses risk for car di o vas cu lar di se a -
se).The CETP (Cho les tery-es ter-trans fer-pro te in) is a
key enz yme of the HDL-cho les te rol me ta bo lism. By
trans fer ring cho les te rol rom HDL to apo li pop ro te in B
con ta i ning LDL and VLDL, CETP can con fer hig her risk
of co ro nary he art di se a se by spe ci fic re duc ti on of cho-
les te rol con tent wit hin HDL in fa vor of ar te ri o ge nic LDL
und VLDL par tic les. Men with CHD and he ter zo goty in
this ge ne ha ve 30% in cre a sed CETP and 13% dec re a sed
HDL-C le vels.In ca se of a ho mozy go ti e B2 this is not the
ca se. The prog re di en ce of CHD cor re la tes with the in-
cre a se of the num bers of the B1 al le les. A com mon poly-
morp hism (I405V) in exon 14 of the cho les teryl es ter
trans fer pro te in (CETP) ge ne has be en re cently as so ci a -
ted to he althy aging in Ash ke na zi Je wish. In or der to
study this ge ne tic ef fect in long-li ved in di vi du als with a
dif fe rent eth ni city, we analy zed the al le le and ge noty pe
dis tri bu ti ons of the CETP poly morp hism a samp le of Ita -
li an cen te na ri ans. Our re sult do es not con firm the as so -
ci a ti on bet we en the I405V CETP va ri a ti on and the
he althy aging phe noty pe des cri bed in the Ash ke na zi Je -
wish po pu la ti on and sug gests that ot her ge ne en vi ron -
ment in te rac ti ons con tri bu te to lon ge vity.

4. GLYCO LI SA TI ON
The non enz yma ti cally  for ma ti on of su gar bo unds le ads
to in cre a sed mo le cu lar ins ta bi lity, for ming  cross- linb -
king of the DNA and post trans la ti o nal trans cripts. Di s-
or ders in the  in su lin and li pid me ta bo lism, ca u sed by
ge ne tic va ri ants of the ge nes, in vol ved in this part of the
me ta bo lism ca u se hig her glyco li sa ti on and tis su e da ma -
ge. 

5. METH YLA TI ON, ACETY LA TI ON AND DE A CETY LA TI ON
The  meth yla ted CpG di nu ce lo tids of DNA re gu la te the
ge ne tic ac ti vity, co up led with de acy ti la ti on or acety la ti -
on of the chro ma ti on, sug ges ting that the switch on and
off of a par ti cu lar ge ne is de ter mi ned by this meth yla ted

or de meth yla ted di nuc le o tids, whi le the  NAD de pen -
dent acety la ti on or de a cety la ti on re gu la tes the  chro ma -
tin pac king or de pac king (si len cing of the ge no me),
inc lu ding SIR pro te ins as re gu la tor. Furt her mo re meth -
yla ti on is in vol ved in can cer for ma ti on and ne u rot rans -
mit ter and ste ro id hor mo ne eli mi na ti on, as wll
ho mocy ste i ne for ma ti on, sug ges ting  a most  im por tant
ro le of meth yla ting and de-meth yla ting enz ymes in the
aging pro cess. Ge ne tic va ri ants of the meth yla ting enz -
ymes le ad to in di vi du al  ex pres si on pat tern of  this enz -
ymes.

Acety la ti on is only one of a num ber of types of co-
va lent his to ne mo di fi ca ti on that re gu la te ge ne trans -
crip ti on. Furt her in ves ti ga ti on of ot her
chro ma tin-re mo del ling mec ha nisms, such as meth yla ti -
on and phosp hory la ti on, will de ter mi ne whet her the re
is a ge ne ral his to ne co de for cir ca di an-clock re gu la ti on
.The in vol ve ment of his to ne mo di fi ca ti on in the re gu la -
ti on of ge ne trans crip ti on has be en wi dely de mons tra -
ted. His to ne mo di fi ca ti on, spe ci fi cally his to ne
acety la ti on, is im por tant in the re gu la ti on of the mam-
ma li an cir ca di an clock. The key pro te ins that re gu la te
the cir ca di an clock (Clock and Bmal1) dri ve the trans -
crip ti on of thre e pe ri od ge nes (Per1, 2 and 3) and two
cryptoc hro me ge nes (Cry1 and Cry2). The trans cript le -
vels of all fi ve ge nes cycle over a 24-ho ur pe ri od. Pa ra -
do xi cally, the bin ding of Clock/Bmal1 to the Per
pro mo ters re ma ins re la ti vely cons tant, whe re as the
stron gest bin ding to the Cry1 pro mo ter cor res ponds to
the lo west le vels of Cry1 ex pres si on. In this pa per, In the
se arch for what might re gu la te this dyna mic H3 acety-
la ti on, the aut hors fo und that p300 — a pro te in with hi-
s to ne-acety la ti on ac ti vity — forms a comp lex with Clock
in mo u se li ver cells. Ba sed on the ir im mu nop re ci pi ta ti -
on da ta, the aut hors pro po se that, du ring the day,
p300/Bmal1/Clock binds to the pro mo ter, le a ding to H3
acety la ti on, po lII rec ru it ment and trans crip ti on of the
Per ge nes. At night, dis so ci a ti on of p300 from
Clock/Bmal1, to get her with de a cety la se ac ti vity as so ci -
a ted with the comp lex, re sults in pro mo ter de a cety la ti -
on and in hi bi ti on of trans crip ti on.

But what brings abo ut the night-ti me dis so ci a ti on
of p300? Trans crip ti on of cir ca di an-clock ge nes is un der
the ne ga ti ve con trol of the Cry pro te ins. The aut hors
used a lu ci fe ra se re por ter as say to show that Cry1 and
Cry2 in hi bit p300/Clock/Bmal1-dri ven trans crip ti on
from the Per1 pro mo ter. They pro po se that Cry pro te ins
ac hi e ve this in hi bi ti on by des ta bi li zing the
p300/Clock/Bmal1 comp lex.
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Anot her re gu la ti on mec ha nism is the meth yla ti on
of ge nes, es pe ci ally the meth yla ted gro ups trans fer red to
the ba se cyto si ne, which is mostly sen si ti ve to meth yla -
ti on gro ups.

Abo ut 70% of all CpG Di nuc le o tids are meth yla -
ted

Hyper meth yla ti on in CpG is lands is a com mon
event in car ci no ge ne sis

The trans crip ti o nal si len ce of tu mo ur sup pres sor
ge nes by pro mo ter CpG is lands Hyper meth yla ti on can
con tri bu te to on co ge ne sis

CpG is lands are ap pro xi ma tely 1-kb-stretc hes of
DNA con ta i ning clus ters of CpG di nuc le o ti ods that are
nor mally un meth yla ted in nor mal cells and are of ten lo-
ca ted ne ar to the 5´ends of ge nes. Meth yla ti on of pro-
mo ter CpG is lands is as so ci a ted with a clo sed chro ma tin
struc tu re and trans crip ti o nal si len cing

Ef fects of  Dis tur bed Meth yla ti on on Cell Func ti -
on

Dis tur bed DNA-REP LI CA TI ON: si len cing or hy-
per rep li ca ti on

Ac ti va ti on of on co ge ne ge nes (RAS; far nely sa ti -
on of P21 (RAS)

Hyper meth yla ti on of  tu mor sup pres sor ge nes

6. LON GE VITY GE NES
Many re cently dis co ve red ge nes, known by such cryptic
na mes as daf-2, pit-1, amp-1, clk-1 and p66Shc, ha ve be -
en fo und to af fect stress re sis tan ce and li fe span in la bo -
ra tory or ga nisms, sug ges ting that they co uld be part of a
fun da men tal mec ha nism for sur vi ving ad ver sity. Sir tu in
ge nes func ti on as an tiaging ge nes in ye ast, Ca e nor hab -
di tis ele gans, and Dro sop hi la. The NAD re qu i re ment for
sir tu in func ti on in di ca tes a link bet we en aging and me-
ta bo lism, and a bo ost in sir tu in ac ti vity may in part ex-
p la in how ca lo ri e res tric ti on ex tends li fe span. In
mam mals, one of the subs tra tes of the SIR2 ort ho log,
SIRT1, is a re gu la tor of mi toc hon dri al bi o ge ne sis, PGC-
1alp ha. In de ed, the pu ta ti ve SIRT1 ac ti va tor res ve rat rol
has be en shown to sti mu la te mi toc hon dri al bi o ge ne sis
and de li ver he alth be ne fits in tre a ted mi ce. Sir tu ins are
NAD+-de pen dent enz ymes that ha ve be en imp li ca ted in
a wi de ran ge of cel lu lar pro ces ses, inc lu ding path ways
that af fect di a be tes, can cer, li fes pan and Par kin son’s di s-
e a se. To un ders tand the ir cel lu lar func ti on in the se age-
re la ted di se a ses, iden ti fi ca ti on of sir tu in tar gets and the ir
sub cel lu lar lo ca li za ti on is pa ra mo unt. SIRT3 (sir tu in 3),

a hu man ho mo lo gu e of Sir2 (si lent in for ma ti on re gu la -
tor 2), has be en ge ne ti cally lin ked to li fes pan in the el d-
erly. Ho we ver, the func ti on and lo ca li za ti on of this
enz yme has be en ke enly de ba ted. A num ber of re ports
ha ve in di ca ted that SIRT3, upon pro te oly tic cle a va ge in
the mi toc hon dri a, is an ac ti ve pro te in de a cety la se aga -
inst a num ber of mi toc hon dri al tar gets. In stark con trast,
so me re ports ha ve sug ges ted that full-length SIRT3 ex-
hi bits nuc le ar lo ca li za ti on and his to ne de a cety la se ac ti -
vity. Re cently, a re port com pa ring SIRT3-/- and SIRT+/+
mi ce ha ve pro vi ded com pel ling evi den ce that en do ge -
no us SIRT3 is mi toc hon dri al and ap pe ars to be res pon -
sib le for the ma jo rity of pro te in de a cety la ti on in this
or ga nel le. In this is su e of the Bi oc he mi cal Jo ur nal, Co o -
per et al. pre sent ad di ti o nal re sults that ad dress the mi-
toc hon dri al and nuc le ar lo ca li za ti on of SIRT3. Uti li zing
flu o res cen ce mic ros copy and cel lu lar frac ti o na ti on stu -
di es, Co o per et al. ha ve shown that SIRT3 lo ca li zes to
the mi toc hon dri a and is ab sent in the nuc le us. Thus this
study pro vi des ad di ti o nal evi den ce to es tab lish SIRT3 as
a pro te oly ti cally mo di fi ed, mi toc hon dri al de a cety la -
se.7

But our own two la bo ra to ri es ha ve fo cu sed on a ge -
ne cal led SIR2, va ri ants of which are pre sent in all or ga -
nisms stu di ed so far, from ye ast to hu mans. Ex tra co pi es
of the ge ne in cre a se lon ge vity in cre a tu res as di ver se as
ye ast, ro und worms and fru it fli es, and we are wor king to
de ter mi ne whet her it do es the sa me for lar ger ani mals,
such as mi ce. 

As one of the first lon ge vity ge nes to ha ve be en
iden ti fi ed, SIR2 is the best cha rac te ri zed, so we will fo -
cus he re on its wor kings. They il lus tra te how a ge ne ti -
cally re gu la ted sur vi val mec ha nism can ex tend li fe and
im pro ve he alth, and gro wing evi den ce sug gests that
SIR2 may be the key re gu la tor of that mec ha nism

Over the co ur se of a li fe ti me, cell loss from apop to -
sis may be an im por tant fac tor in aging, par ti cu larly in
non re ne wab le tis su es such as the he art and bra in, and
slo wing cell de ath may be one way Sir tu ins pro mo te he -
alth and lon ge vity. A stri king examp le of Sirt1’s abi lity to
fos ter sur vi val in mam ma li an cells can be se en in the
Wal le ri an mu tant stra in of mo u se. In the se mi ce, a sin-
g le ge ne is dup li ca ted, and the mu ta ti on ren ders the ir
ne u rons highly re sis tant to stress, which pro tects them
aga inst stro ke, che mot he rapy-in du ced to xi city and ne u -
ro de ge ne ra ti ve di se a ses. Wal le ri an ge ne mu ta ti on in the -
se mi ce in cre a ses the ac ti vity of an enz yme that ma kes
NAD, and the ad di ti o nal NAD ap pe ars to pro tect the ne -
u rons by ac ti va ting Sirt1.
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7. THE CA LO RIE CON NEC TI ON
Res tric ting an ani mal’s ca lo ri e in ta ke is the most fa mo -
us in ter ven ti on known to ex tend li fe span. Dis co ve red
mo re than 70 ye ars ago, it is still the only one ab so lu tely
pro ven to work. The res tric ted re gi me typi cally in vol -
ves re du cing an in di vi du al’s fo od con sump ti on by 30 to
40 per cent com pa red with what is con si de red nor mal for
its spe ci es. Ani mals ran ging from rats and mi ce to dogs
and pos sibly pri ma tes that re ma in on this di et not only
li ve lon ger but are far he alt hi er du ring the ir pro lon ged
li ves. Most di se a ses, inc lu ding can cer, di a be tes and even
ne u ro de ge ne ra ti ve ill nes ses, are fo res tal led. The or ga -
nism se ems to be su perc har ged for sur vi val. The only ap-
pa rent tra de-off in so me cre a tu res is a loss of fer ti lity. 

Un ders tan ding the mec ha nisms by which ca lo ri e
res tric ti on works and de ve lo ping me di ci nes that rep ro -
du ce its he alth be ne fits ha ve be en tan ta li zing go als for
de ca des.

Ca lo ri e res tric ti on do es not slow me ta bo lism in
mam mals, and in ye ast and worms, me ta bo lism is both
sped up and al te red by the di et. We be li e ve, the re fo re,
that ca lo ri e res tric ti on is a bi o lo gi cal stres sor li ke na tu ral
fo od scar city that in du ces a de fen si ve res pon se to bo ost
the or ga nism’s chan ces of sur vi val. In mam mals, its ef-
fects inc lu de chan ges in cel lu lar de fen ses, re pa ir, energy
pro duc ti on and ac ti va ti on of prog ram med cell de ath
known as apop to sis. We we re ea ger to know what part
Sir2 might play in such chan ges, so we lo o ked first at its
ro le du ring ca lo ri e res tric ti on in simp le or ga nisms

In ye ast res tric ting fo od ava i la bi lity af fects two
path ways that in cre a se Sir2 enz yma tic ac ti vity in the
cells. On one hand, ca lo ri e res tric ti on turns on a ge ne cal -
led PNC1, which pro du ces an enz yme that rids cells of
ni co ti na mi de, a small mo le cu le si mi lar to vi ta min B3 that
nor mally rep res ses Sir2. Con sis tent with the ide a that ca -
lo ri e res tric ti on is a stres sor that ac ti va tes a sur vi val res -
pon se, PNC1 is al so sti mu la ted by ot her mild stres sors
known to ex tend ye ast li fe span, such as in cre a sed tem-
pe ra tu re or ex ces si ve amo unts of salt. A se cond path way
in du ced in ye ast by res tric ted ca lo ri es is res pi ra ti on, a
mo de of energy pro duc ti on that cre a tes NAD as a by-pro -
duct whi le lo we ring le vels of its co un ter part, NADH. It
turns out that not only do es NAD ac ti va te Sir2, but
NADH is an in hi bi tor of the enz yme, so al te ring the cell’s
NAD/NADH ra ti o pro fo undly inf lu en ces Sir2 ac ti vity. 

In or ga nisms as comp lex as fru it fli es, ca lo ri e res -
tric ti on do es re qu i re SIR2 to ex tend li fe span. And be ca -
u se the body of an adult fru it fly con ta ins nu me ro us
tis su es that are ana lo go us to mam ma li an or gans, we sus-

pect that ca lo ri e res tric ti on in mam mals is al so li kely to
re qu i re SIR2. 

Yet if hu mans are ever to re ap the he alth be ne fits of
ca lo ri e res tric ti on, ra di cal di e ting is not a re a so nab le op-
ti on. Drugs that can mo du la te the ac ti vity of Sir2 and its
sib lings (col lec ti vely re fer red to as Sir tu ins) in a si mi lar
man ner will be ne e ded. Just such a Sir tu in-ac ti va ting
com po und, or STAC, cal led res ve rat rol has pro ven par-
ti cu larly in te res ting. Res ve rat rol is a small mo le cu le pre -
sent in red wi ne and ma nu fac tu red by a va ri ety of plants
when they are stres sed. At le ast 18 ot her com po unds
pro du ced by plants in res pon se to stress ha ve al so be en
fo und to mo du la te Sir tu ins, sug gest?-ing that the plants
may use such mo le?-cu les to con trol the ir own Sir2 en-
z ymes.

Res ve rat rol-fed fli es not only li ve lon ger, des pi te
ea ting as much as they want, but they do not suf fer from
the re du ced fer ti lity of ten ca u sed by ca lo ri e res tric ti on.
This is wel co me news for tho se of us ho ping to tre at hu -
man di se a ses with mo le cu les that tar get Sir2 enz ymes.
But first we want a bet ter un ders tan ding of the ro le of
Sir2 in mam mals. 

The mam ma li an ver si on of the ye ast SIR2 ge ne is
known as SIRT1 (“SIR2 ho mo log 1”). It en co des a pro te -
in, Sirt1, that has the sa me enz yma tic ac ti vity as Sir2 but
that al so de a cety la tes a wi der va ri ety of pro te ins both in-
si de the cell nuc le us and out in the cel lu lar cytop lasm.
Se ve ral of the se pro te ins tar ge ted by Sirt1 ha ve be en
iden ti fi ed and are known to con trol cri ti cal pro ces ses,
inc lu ding apop to sis, cell de fen ses and me ta bo lism. The
po ten ti al lon ge vity-en han cing ro le of the SIR2 ge ne fa -
mily se ems, the re fo re, to be pre ser ved in mam mals. But
not sur pri singly in lar ger and mo re comp lex or ga nisms,
the path ways by which Sir tu ins ac hi e ve the ir ef fect ha -
ve grown con si de rably mo re comp li ca ted as well. 

In cre a sed Sirt1 in mi ce and rats, for examp le, al-
lows so me of the ani mals’ cells to sur vi ve in the fa ce of
stress that wo uld nor mally trig ger the ir prog ram med su i-
ci de. Sirt1 do es this by re gu la ting the ac ti vity of se ve ral
ot her key cel lu lar pro te ins, such as p53, Fo xO and Ku70,
that are in vol ved eit her in set ting a thres hold for apop-
to sis or in promp ting cell re pa ir. Sirt1 thus en han ces cel-
lu lar re pa ir mec ha nisms whi le bu ying ti me for them to
work res ve rat rol and anot her STAC, fi se tin, we re shown
to pre vent ner ve cells from dying in two dif fe rent ani mal
mo dels (worm and mo u se) of hu man Hun ting ton’s di se -
a se. In both ca ses, the pro tec ti on by STACs re qu i red Sir-
tu in ge ne ac ti vity. 
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The pro tec ti ve ef fect of Sir tu ins in in di vi du al cells
is be co ming in cre a singly cle ar. NAD le vels ri se in li ver
cells un der fas ting con di ti ons, promp ting in cre a sed Sirt1
ac ti vity. Among the pro te ins Sirt1 acts on is an im por -
tant re gu la tor of ge ne trans crip ti on cal led PGC-1, which
then ca u ses chan ges in the cell’s glu co se me ta bo lism.
Thus, Sirt1 was fo und to act both as a sen sor of nut ri ent
ava i la bi lity and a re gu la tor of the li ver’s res pon se. Si mi -
lar da ta ha ve gi ven ri se to the ide a that Sirt1 is a cen tral
me ta bo lic re gu la tor in li ver, musc le and fat cells be ca u -
se it sen ses di e tary va ri a ti ons vi a chan ges in the
NAD/NADH ra ti o wit hin cells and then exerts far-re ac -
hing ef fects on the pat tern of ge ne trans crip ti on in tho -
se tis su es. This mo del wo uld exp la in how Sirt1 may
in teg ra te many of the ge nes and path ways that af fect
lon ge vity Sirt1, in turn, al so re gu la tes fat sto ra ge in res -
pon se to di et. In de ed, Sirt1 ac ti vity is in cre a sed in fat
cells af ter fo od li mi ta ti on, ca u sing fat sto res to mo ve
from the cells in to the blo ods tre am for con ver si on to en-
ergy in ot her tis su es. We sur mi se that Sirt1 sen ses the
di et, then dic ta tes the le vel of fat sto ra ge and thus the
pat tern of hor mo nes pro du ced by fat cells. This ef fect on
fat and the sig nals it sends wo uld, in turn, set the pa ce of
aging in the en ti re or ga nism and ma ke Sirt1 a key re gu -
la tor of the lon ge vity con fer red by ca lo ri e res tric ti on in
mam mals. It wo uld al so clo sely link aging and me ta bo -
lic di se a ses, inc lu ding type 2 di a be tes, as so ci a ted with
ex cess fat. In ter ve ning phar ma co lo gi cally in the Sirt1
path way in fat cells might the re fo re fo res tall not only
aging but al so spe ci fic ail ments.

Anot her cri ti cal pro cess mo di fi ed by Sirt1 is inf -
lam ma ti on, which is in vol ved in a num ber of di sor ders,
inc lu ding can cer, art hri tis, ast hma, he art di se a se and ne -
u ro de ge ne ra ti on. Sirt1 in hi bits NF-B. Sirt1 re gu la tes pro-
duc ti on of in su lin and in su lin li ke growth fac tor 1
(IGF-1) and that tho se two po wer ful sig na ling mo le cu -
les, in turn, se em to re gu la te Sirt1 pro duc ti on as part of
a comp lex fe ed back lo op. The re la ti on bet we en Sirt1,
IGF-1 and in su lin is in tri gu ing be ca u se it exp la ins how
Sirt1 ac ti vity in one tis su e might be com mu ni ca ted to
ot her cells in the body. Mo re o ver, cir cu la ting le vels of
in su lin and IGF-1 are known to dic ta te li fe span in va ri -
o us or ga nisms —worms, fli es, mi ce, pos sibly our sel -
ves.

8. DNA RE PAIR
The re cent hypot he sis that com mon va ri ants (sing le nu-
c le o ti de poly morp hisms or SNPs) in the po pu la ti on may
con tri bu te sig ni fi cantly to ge ne tic risk for com mon di se -
a ses per mits a con cep tu ally stra igh tfor ward ap pro ach to

iden tif ying age-re la ted di se a se-ca u sing mu ta ti ons. Func-
ti o nal va ri ants of DNA rep li ca ti on and re pa ir ge nes
might be ex pec ted to be highly sig ni fi cant to can cer and
aging sin ce rep li ca ti on must pro ce ed with high fi de lity
in a cel lu lar en vi ron ment whe re an es ti ma ted 10000 nu-
c le o ti des are da ma ged da ily. Sing le-strand bre aks (SSB)
are one of the re sults of DNA da ma ge eit her by meth y-
la ti on, oxi da ti on, re duc ti on or frag men ta ti on of ba ses by
io ni zing ra di a ti on, and ari se in cells di rectly by di sin -
teg ra ti on of da ma ged su gars or in di rectly as in ter me di a -
tes of ba se ex ci si on re pa ir. Stu di es ha ve de mons tra ted a
ro le for XRCC1 both in vit ro and in vi vo du ring the re-
pa ir of SSB. A num ber of SNPs ha ve be en iden ti fi ed for
the XRCC1 ge ne, and se ve ral ha ve be en as so ci a ted with
age-re la ted di se a ses, es pe ci ally can cer.8

9. INF LAM MA TI ON
Aging is an inf lam ma tory di se a se,,  ca u sing a link bet we -
en dif fe rent age re la ted di se a ses li ke bo wel di se a se, car-
di o vas cu lar di se a se, Alz he i mer and Par kin son di se a se,
os te o art hri tis, den tal and gum inf lam ma ti on and can cer.
The ge ne tic va ri ants of in ter le u kins or PPAR gam ma and
alp ha re cep tor  ca u se dif fe rent ex pres si on of pro-inf lam -
ma tory cyto ki nes or re du ced ac ti vity of the nuc le ar re-
cep tors, le a ding to in cre a sed pro-inf lam ma ti on and
mor bi dity or mor ta lity. The to tal bur den of in fec ti on at
va ri o us si tes may af fect the prog res si on of at he rosc le ro -
sis and Alz he i mer’s di se a se (AD), the risk be ing mo du -
la ted by host ge noty pe. The ro le of li po poly sacc ha ri de
(LPS) re cep tor TLR4 is pa ra dig ma tic. It ini ti a tes the in-
na te im mu ne res pon se aga inst gram-ne ga ti ve bac te ri a,
and TLR4 sing le nuc le o ti de poly morp hisms (SNPs), such
as +896A/G, known to at te nu a te re cep tor sig na ling, ha -
ve be en des cri bed. This SNP shows a sig ni fi cantly lo wer
fre qu ency in pa ti ents af fec ted by myo car di al in farc ti on
or AD. Thus, pe op le ge ne ti cally pre dis po sed to de ve lo -
ping lo wer inf lam ma tory ac ti vity se em to ha ve less
chan ce of de ve lo ping car di o vas cu lar di se a se (CVD) or
AD.9

In cre a sed ra te of inf lam ma ti on has be en ob ser ved
to be as so ci a ted with aging. This is ma ni fes ted, e.g. as in-
cre a sed blo od le vels of pro inf lam ma tory cyto ki nes, such
as in ter le u kin-6 (IL-6). The pro duc ti on of IL-6 is, at le -
ast par ti ally, ge ne ti cally de ter mi ned the sing le nuc le o ti -
de poly morp hism (SNP) at the pro mo ter (-174G/C)
be ing de ci si ve. Con se qu ently, so me stu di es ha ve de mon-
s tra ted that the -174G/C ge noty pe fre qu en ci es are dif fe -
rent in very old per sons as com pa red to yo un ger ones.
The fre qu ency of -174 al le le G was cle arly hig her in the
sur vi vors (n = 114) than in the non-sur vi vors (n = 171).
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Inf lam ma ti on
Aging is a chro nic inf lam ma tory di se a se le a ding to  the
car di o vas cu lar di se a ses, Alz he i mer D. and Can cer, as
well as Par kin son Di se a se (IPS).The(In ter le u kin) IL 10
CC 1082 is as so ci a ted with in cre a sed pro duc ti on of IL 16
and highly rep re sen ted among cen te na ri ans. The IL G>A
1082 ge noty pe is cor re la ted to a hig her pro inf lam ma -
tory sta te and a pre dic tor for di sa bi lity  in aging pe op le.
The In ter fe ron gam ma  snp is a pre dic tor for in cre a sed
inf lam ma ti on in wo men.

In ter le u kin- 6
In ter le u kin 6 (IL-6) is a mul ti func ti o nal cyto ki ne and is
in vol ved in both the amp li fi ca ti on of and the pro tec ti on
aga inst the inf lam ma ti on in res pon se to in fec ti on and
tis su e in jury. A poly morp hism wit hin the pro mo ter re-
gi on (G>C Pos. –174) has be en sug ges ted to mo du la te
IL6-pla ma le vels.

Furt her mo re, IL-6 ge ne ex pres si on is re gu la ted by
ot her cyto ki nes, trans crip ti on fac tors, and se ve ral hor-
mo nes, e.g. es tra di ol.

Just li ke the the G>A Pos. –1082 poly morp hism in
the in ter le u kin 10 ge ne (IL-10) des cri bed be low, for this
IL-6 poly morp ho ism the re is al so sci en ti fic evi den ce,
that cer ta in ge noty pes can be as so ci a ted with an in cre a -
sed li fe ex pec tancy.10

Significance of Genetic Variants of IL-6 Gene: 
from Physiology to Risk Assessment
Ba sic In for ma ti ons: 

IL-6 is sec re ted by le u kocy tes, en dot he li al cells,
musc le cells and adi pocy tes.

IL-6 sec re ti on is sti mu la ted by TNF-al fa, IL-1, bac-
te ri al en do to xins, ca tec ho la mi nes. IL-6 sti mu la tes H-P-
Ad re nal axis in inf lam ma ti on; sti mul tes GH sec re ti on
and in hi bits TSH. IL-6 is a re gu la tor of Acut Pha se res-
pon ses as so ci a ted with In su lin re sis tant con di ti ons. 

Ci cu la ting IL-6 is hig her in obe se, T2DM pa ti ents
with MS cha rac te ris tics.

SNPs: -174G>C va ri ant inf lu en ce trans crip ti o nal
ac ti vity in he althy in di vi du als,

-174GG car ri ers ha ve hig her IL-6 le vels in UK, Na-
ti ve Ame ri cans and Ca u ca si ans and Spa nish po pu la ti -
on.

- 174C was as so ci a ted with obe sity in Swe dish and
French Ca na di ans.

SNP –572G>C and –597G>A al so inf lu en ces IL-6
sec re ti on, the ef fect of the se 3 SNPs are ad di ti ve, the
GGG-hap loty pe pro du ces the hig hest amo unt in 
vit ro.

In ter le u kin 10
The cyto ki ne in ter le u kin 10 (IL-10) physi o lo gi cally li -
mits and down-re gu la tes inf lam ma ti on. Age re la ted di s-
e a ses are ini ti a ted or wor se ned by syste mic
inf lam ma ti on; con ver sely, ge ne tic va ri a ti ons de ter mi -
ning in cre a sed pro duc ti on of an ti-inf lam ma tory cyto ki -
nes ha ve be en shown to be as so ci a ted with suc cess ful
aging: A poly morp hism wit hin the pro mo ter re gi on has
be en shown to re gu la te IL-10 le vels. An ade ni ne (A) at
the si te –1082 in the pro mo ter re gi on of the IL-10 ge ne
is as so ci a ted with low and gu a ni ne (G) with high pro-
duc ti on of IL-10.

In a ran do mi zed, do ub le-blind, pla ce bo-con trol led,
cros so ver study, 24 post me no pa u sal wo men with hy-
perc ho les te ro le mi a re ce i ved 25 g of soy pro te in or a pla -
ce bo da ily for 6 we eks, with tre at ment pe ri ods se pa ra ted
by 1 month. Mar kers of vas cu lar inf lam ma ti on we re me -
a su red by enz yme-lin ked im mu no sor bent as say met h-
ods, inc lu ding: so lub le in ter le u kin-2 re cep tor (sIL-2r),
E-se lec tin, P-se lec tin, in ter cel lu lar ad he si on mo le cu le-
1 (ICAM-1), and vas cu lar cell ad he si on mo le cu le-1
(VCAM-1). The re was no ef fect of soy pro te in in com pa -
ri son with pla ce bo on the inf lam ma tory mar kers: the
sIL-2r le vel was 942.2 +/- 335.3 pg/mL with soy pro te in
and 868.5 +/- 226.9 pg/mL with pla ce bo (P =.311); E-se -
lec tin was 39.6 +/- 16.5 ng/mL with soy pro te in and 42.1
+/- 17.6 ng/mL with pla ce bo (P =.323); P-se lec tin was
157.9 +/- 67.9 ng/mL with soy pro te in and 157.5 +/- 47.6
ng/mL with pla ce bo, (P =.977); ICAM-1 was 266.0 +/-
81.3 ng/mL with soy pro te in and 252.5 +/- 82.7 ng/mL
with pla ce bo (P =.435); VCAM-1 was 402.7 +/- 102.1
ng/mL with soy pro te in and 416.4 +/- 114.8 ng/mL with
pla ce bo (P =.53). CONC LU SI ONS: Con sump ti on of 25 g
of iso la ted soy pro te in da ily for 6 we eks do es not subs -
tan ti ally af fect mar kers of vas cu lar inf lam ma ti on in post-
me no pa u sal wo men with hyperc ho les te ro le mi a.
In ter le u kin –10 is po tent to me di a te dow nre gu la ti on of
im mu ne res pon se11 1082 GàA poly morp hism (1082A/A)
re sults in lo wer  IL-10 sec re ti on.IL-10 has pro tec ti ve ef-
fects in at he rosc le ro sis.12 Re du ced sec re ti on may con tri -
bu te to AD.The 1082 G/G ge noty pe is cor re la ted to
cen te na ri an men, but not in wo men.13 Com bi na ti on of
1082 IL-10 G/G and TNF alp ha –308G/G phe noty pe is
wi dely dis tri bu ted< among cen te na ri ans.14
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