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"Tor obtain insights into the genctic mechanisms of ageing, we studicd the frequency of
he simultancous presenee of polymorphisms in phase 1 and phasc II genes and of several
33 germiine muiations in a group of 66 nonagenarians and contenarians in good Boalth,
clected from a larger sample of a multicenue Italian study in Northern Italy, and in @
ample of 150 young healthy voluntcers of the samc cthnic group. W found a satistically
significant difference in the frequency of the GSTT! deletion and the 253 genotypcs: the
ahsonce of any £53 polymorphisms and of GS8777 dcletion, and the simuitancons
presence of the thiee p53 polymorphisss and of GSTTI deletion, weye wmach Imore
frequeni in young subjects than in centenarians (11.5% versus 26.9% and 8.8 S
3.8%, respectively). Onc hypothesis to cxplain this difference is that subjécts ‘with both
GSTT! deletion and 253 polymorphisms may accumulaic carcinogens and pay have
reduced DNA repair ability, and thus arc morc at risk for canéer. Another possibic
cxplanation is that both mectabolic genes and p53 acton pathways iclated tocell ageing and
death, and thersfore cortain composite gonctic paticms. could reprcsent a gengric
mochanism of protecrion against ageing, not just against the devélopinent of chrenic
discases. It is likcly that longevity is rolated to a complex genctic trait as well as to cortain
cnvironmental cxposures. g
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Introduction

Centenarians who have managed to reach the extreme Hmit of human life in
gaod health are the best example of successful ageing. It is possible that they were
able 1o escape the major dis_e;'asesi associated with age as a result of optimal
environmental conditons and goed lifestyle habits combined with some genetically
determined resistance against age-associated diseases (Johnson 1967). Recently a
possible antagonism berween living to an old age and getting cancer has been
suggested (Leroi ez al. 2003).

Individual susceptibility to environmental carcinogens and toxzicants is mediated
by genetic dif_fe:,e;iées_. Many enzymes are involved in the metabolism of exogenous
and endogeno’u's; carcinogens. These enzymes are the products of rwo major gene
fammlies: phaé’el {such as the CYP family) and phase 2 (such as the GS7, NAT and
EH families). Polymorphisms in these genes are very cominon in the general
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population (Garte et al. 2001) and are associated with various types of cancer
(D’Errico er al 1999). We have previously found a significant increase in
homozygous deletion of the GSTT7 gene in [talian nonagenarians ‘compared
with young healthy subjects (Taioli er al. 2001).

The homozygous CYPIA! Mspl restriction fragment length polymorphism
(RFLP) has been found to affect levels of expression of the gene (Garre er al. 2003),
and has been shown to be associated with lung cancer in Europeans (Vineis ez al.
2003). The heterozygote polymorphism has not been found to have any phenotypic
effect.

P33 is a nuclear protein that plays a major role in tumour suppression via its
involvement in multiple pathways, including apoptosis, cell cyele regulation and
arrest, cellular transcriptional control and DNA repair. The p33 gene is located on
chromosome 17p13, and is one of the most cornmonly mutated genes in different
types of human cancer (Hollstein ¢r ol 1991). Besides the known example of
germline mutations as the basis of the rare, familial Li-Fraumeni syndrome (Law er
al, 1991), other more common polvimorphisms have been found in this gene: m!
codon 72 in exon 4, a G — C transversion leads to an arginine (Arg) to proline {P'r"o)‘
change (Miller ez af. 2002); in intron 6 there is an Mspl RFLP consisting of either
six or eight variable bases (McDanicleral. 1991}, anda 16 bp duphcatmn his been
described in intron 3 (Lazar er al 1993). These polymiorphisms have been
associated with lung cancer (Birgander er al 1995, Biros ez‘qi..v_.’z()()l"):,' breast
cancer (Sjilander ez al. 1996, Wang-Gohrke ez al. 2002), ovarian cancer (Wang-
Gohrke ez al. 1999) and bladder cancer (Biro ez al. 2000). A prcvxous study showed
no differences in genotype frequency between healthy cé; rians and contols
(Bonafé er al. 1999). Two studies on lung cancer lookéd at thy combined effect of
both p53 codon 72 polymorphism and GS7s polymm ph]ams Both studies showed
an increased risk of lung cancer when the combmed oenotypeb were present (L ez
al. 2001, M;lkr et al. 2002).

not fum_t]onqllv eqmvalent, either bloche nw‘ally or . b]O]OU]C‘i”V' thc.y hfwc
different gene expression activities in mducmc apoptosis and suppressing transfor-
mation, with the p33Arg \'anfmt more (.ﬂ' cient than the p33Pro (Thomas et al.
1999). : '

The intronic polvmox ph]bmb pi? Mspl and the p53 16 bp duphcation are
sitnated in a non-coding region of the gene and do not seem to be functionally
involved in the carcizibgexiﬁsjs;pi‘ocess, but they do show strong linkage disequili-
bria with each other and with p33 codon 72 polymorphism (Sjdlander ez al. 1995);
for this reason iffiﬁs‘:\{‘ery“ﬁseﬁll to study the combined genotype distribution for
these three polymarphisms when analysing differences between groups, or
associations with'any type of endpoint.

We studlf:dthe frequency of the simultaneous presence of polymorphisms in
phase T and phase II genes, and of three p53 germline mutations, in a group of
nonagenarians and a group of healthy voung controls, to order to obtain insights
into the genetic ronechanisms of ageing.
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Materials and methods

The study population compriscd 66 nonagenarians and contenarians in good health, described in
detail elsewhere (Franceschi er 2l 2000), sclected from a larger sample of a multicentre Italian study in
Northermn Ialy on mechanisms responsible for successful ageing: The mean (5D age of the group was
100.142.2 vears {rangc 95 105 years); 77% were fomales and 23% woere males.

A sample of 150 voung healihy volunteers of the same cthnic group as the contenarians were recruited
in Northein Italy and uscd as a wcference group. The mcan (+8D) age of the contiol group was 42.5 +
12,4 vears (range 20 65 vears). Since the majority of the centenaiians were females, we used a
population of fomale as controls.

All the subjects provided signed intormed consent at the time of recruitment.

Genotyping analysis

Genomic DNA was extracted from peripheral blood Iymphocytes and genotyping analyscs were
performed on all the subjects.

GSTAMI and GSTT! genotvpes were determined in a multiplex polymerase chain weaction (PCR)
analysis using prinmer pairs specific for GSTAM ! (3'-GAACTCCCTGAAAAGCTAAAGC-3 and 5'-
GTTGGGCTCAAATAT ACGTGG-3) and GSTTY (5'-TTCCTTACTGGTCCTCACATCTC-3
and 5'-TCACCGGATCATGGCCAGCA-3'} together with a f-globin specific primer pair (5'-
CAACTTCATCCACGTTCACC-3' and 5-GAAGAGCCAAGGACAGGTAC-3"). After an initial
step of denataration, 33 cyeles wore performed with denamration at 94°C for 1 min, mmcaling at
64°C for [ min, and cxtension at 72°C for 1 min. Bricfly, the abscnce (deleted} or prescnce of the'
GSTAI-and GSTT!-specific PCR producis determined the respective genotypes, whoreas the ﬁ»vlobm
specific product acted as an mtc:nﬂl control for a successful PCR.

CYP1AI Mspt (CYPLA$*2) genotyping analysces were performed using PCR as previounsly desoribed .
(Taioli ¢z a2 1993) using the following pomers: 5“TTAGGAGTCTTGTCTCATGCO R i5-

CAGTGAAGAGGTGTAGCCGCTS i

The term “wild 1ype’ refers 1o homeozygotes for the common allele (absence of the ‘\kpl 1cnmcncnn
sited and ‘heterozygotes” refers 1o the presence of the polypmorphism on one allele; when the
polvmorphism is present on both the alleles we used the term ‘homozygotes’. .

p53 polvmorphisms were detcrmined using the method of Sjdlander er 2/, (1993) A sct of primcts,

5-GCAGAGACCTGTGGGAAGCGA-3 and 5-ACCGTAGCTGCCCTGGTAGGTS", was used to

analysc 253 coden 72 and p53 16 bp duplication pelymaorphisms: 33 35 cvcles of amplification were

'nxim‘mcd with denaturation at 94°C for | min, anncaling at $5°C fogy 130 min and exicasion 2t 72°C

for 1.30 min. A fragment of 401 bp, or 417 bp if the 16bp dunhcailon 181 Drts;.m, was amplified. To
visualize the codon 72 polymorphism, 15 pl of PCR product was then digesicd with 81U of BsitlJ
restriction enzyme and scparated on 3% agarosc gel stained with cthiding bromide. Two other primers,
5 -TATGAGCCGCCTGAGGTCTGG-3" and 5-TACAGGCA TGAGCCACTGCGC-3" were used
to study the Mspl polyimorphinm; amplification conditions were similar 1o those previously deseribed for
the other p53 polymorphisms, with an anncaling tunpx,muu of 5°C for | min. PCR products were
digested with 10 U of Msp! and run on agarosc gel,’ a
The term ‘wild type’ refers to homozygotes for the .common allele (presence of the BstlJ or Mspl
restriction site, and abscnce of the 16 bp dupfication); ‘hmcxozvgcncs xeters to the presence of the
polymorphism an one allele, and bomomcmc: xcicxca 10 the presence of the polamorphism on beth
allcles,

Seatistical analysis

Mean values and standard dcn'mom were calculated for age.

Gene pOl\"anIphlSIll fnqucncrcs are prcscntcd scparatclv fox ccntenarians and LOIlthIb Dltfucncu
simulation (Roff and chzcn 198'9')' \ alucs of p < 0.05 ware “considered ta bc ':xgmixcam

Analysis of the data Dcr,tormcd using SAS 8.2 softwarce system.

Results

We éstimated the genotype frequencies of several genes involved in xenobiotic
metabolisni (GSTM1, GSTTI and CYPIAI*2) and of various p53 polymorphisms
{codon 72, Mspl and a 16 bp duplication) for more than 95% of the smudy
population (Table 1). No statistically significant differences in the genotype
frequencies were found between the two groups analysed; GST77 deletion was
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Table 1. Frequencics of gene polymorphisms in contenarians and controls.

Centcenarians (12 = 66) Controls (#= 150)
Gene polymorphism 1 woo i T 2 vahue
P53 Mspl
Wild tvpe (GG) 42 63.6 101 67.8
Hctcrozygous ((G'A) 23 34.0 44 29.5
Homozygous (AA) ! 1.5 4 2.7 0.65
£53 codon 72
Wild tvpe (G:G) 33 50.0 81 54.3
Heterozygous (G/C) 28 42.4 57 38.3
Homozygous (CC) 5 7.6 11 7.4 0.85
P53 16 bp duplication
Wild tvpe 34 60.7 98 65.8
Hcterozvgous 21 37.5 46 30.8
Homozygous i 1.8 5 3.4 0.59
CYPiIAI2
Wild wpe (TVT) 46 73.0 124 32.7
Hcterozygous (TC) 16 25.4 23 15.3 P
Homozygous (C/C) i 1.6 3 2.0 (0.190
GSTM1 :
Present 27 43.6 70 4730
Declcted 35 56 .4 79 53.0 0.54
GSTT1 . ‘
Present 5 72.6 119 i 79.9

Deleted 17 27.4 30 o200 0.20

higher in centenarians compared with voung subjects, és preﬁ@iisly found, but the
difference did not reach staristical significance.

In order to evaluate a possible interaction betwe«.n GSTTI deletion and p33
gene polymorphisms, we calculated the cmnbmad aexmtypc frequencies in the two
groups (Table 2). We found a statistically s]..mf' cant difference in the frequency of
the GSTT! deletion and certain $53. genotypes: the absence of any p33
polymorphisms and of GSTT! delétion; and the simultaneous presence of the
three p53 polymorphisms and of thé: GSTT! deletion, were much more frequent in
young subjects than in centenarians: (41.5% versus 26.9% and 8.8% versus 3.8%,
respectively). Combinations 6f p33. genotypes and GSTMI or CYPIAL*2 were not
differently distribured in the two.groups (data not shown). The absence of any p53
polymorphisms and, of both: GSTTI and GSTM1 deletion was 22.5% in controls
and 13.5% in centenarians, while simultaneous presence of the three ps3
polymorphisms and “of the double deletion of both GS'TTI and GSTMI was
4.8% in controls and:was not found in centenarians (x°=26.8, p=0.04).

Discussion
We studied the frequency of several gene polymorphisms in a populadon of
centenarians in order to understand the mechanisms of ageing.
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Tabic 2. Combined genotvpe ficquencics in contenarians and healthy controls.

Centenarians Conwrols

(11 = 66) (== 130}
053 P53 16 bp

P53 Mspl codon 72 duplication GSTTY # Y i %4
G GG Wild typc Prcsem IE! 26.0 61 11.5
GG GG Wild type Dyeleted & 15.4 1 9.5
GG GG Polymeorphic Present 2 3.8 3 2.0
GG GiG Polymorphic Dclered 1 1.9 i 0.7
GG GiC+CiC Wild tvpe Presemt 4 7.7 19 12.9
GG GiIC+CIC Wild type Decleted 4 7.7 1 0.7
GA+AA GG Wild typc Presemt ¢ 0.0 a 0.0
GiA+AA GG Wild 1ype Deleted Q 0.0 0 3.0
GiA+AA G/IC+CiC Wild type Present 2 3.8 0 0.0
GiIA+AA G C+CiIC Wild type Decleted 0 0.0 1 0.7
GA+AA GG Polymorphic Present 0 0.0 0 0.0
GA+AA GG Polymorphic Dclered 0 0.0 0 0.0
GiG GiICH+CiC Polymorphic Present Q a.0 Q a4
GG GiIC+CiC Polymorphic Deleted 0 0.0 0 0.0
GiA+AVA G/C4+C:C Polvmorphic Present 15 28.8 34 234

GA+AA G/C+CIC Polymorphic Dcleted 2 3.8 13 88

Monte Carle 3 = 20.66, p = 0,008,
GG, wild type.

frequency of certain combmed cenorvpc.s in centenarjans, such as GSTT 7 delet:onf
33 16 bp duplication, and GSTT! deletion/p53 Mspl polymozphlsm A possible
explanation for these findings is that loss of functioniin, GSTTI allows the
accummulation of a large amount of activated calcmpgens_,_.whlch are known to
induce several types of DNA damage such as éﬁNA adducts. In addition,
polymorphisms in p33 are known to affecc DNA repair and genome stability
{Wani ¢t al. 2000). Subjects with both GSTT I‘f:_deletign and p53 polymorphisms
could therefore have greater exposure to éérgiﬁégcné and reduced DNA repair
ability, and thus are at increased risk for cancer. This mechanism could also explain
why the pattern of deletion of the twg ipi is5e II{géhes GSTMI and GSTT! together
with p53 polymorphisms was verv' are, ‘ot even absent, in our population of
centenarians. The deletion of: two glumthxone transferases would amplify the
carcinogenic effect‘described above Case ~control studies have shown an increased
risk of lung cancer assocntc,d wnh the GSTs! and p53 double variants (Liu ez al.

2001, Miller ez al. 2002). Tt 15 pms;ble that the effect of the combined genorypes is
greater than the sumy of the independent effects, even though the genes are not on
the same blOlOC'lC‘al pathways, muldple variants may interact in 4 unique way and
produce a b10]ooxcal &ffect for which individual variants may have poor predictive
power (I\mzler ndeocrelbtem 1997).

No data was ‘gvailable on the past environmental exposure in this population;
howevcr, dr isilikely that environmental conditions were very different ar the
begmmng oF ‘the century, when this population was young and acrtive, than
nowadays. Our study included a large number of female centenarians, whose
reproductive life inchuded more children than younger females, and this could be a
contributing factor to longevity.
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Another possible explanation for our findings is that both metabolic genes and
p53 act on pathways related to cell ageing and death. I is known that p53 acts on
apoptosis and cell senescence. It is possible that.the accumulation of exidative
processes, such as those found in the presence of deletdon of the G875 genes, could
increase the mechanisms of cell senescence and death associated with p353
polymorphisms. In this case, certain composite genetic patterns would represent
a generic mechanism of protection against ageing, not just against the development
of chronic diseases. Since cancer is not the only disease responsible for.a short
survival, it is possible thart the genes included in our study could also be relevant to
other pathological processes.

One aspect that needs to be underlined is that our study indicates that
combinadons of polymorphisms in several different classes of genes need to be
smdied when looking at the processes of carcinogenesis or ageing. The pathways we
explored by looking at some candidate genes are probably very complex and involve
several other gene families. Large samples of healthy centenarians are needed in
order to study multiple pathways and several gene polymorphismis at once. In
conclusion, it is likely that longevity is related to a very comiplex genetic trait as we”
as to certain environmental exposures.
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