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^.,i".1"*" ' *"*t 
*dt drrr'otrorr) Bgurikd gener6{nprs 'n 

trd
";*^-;";' t;t *" th'n) drneFnt'arrv rsura'ed oa*rit. $enl' so

it"*i* """ *"*-"" "*n 
E'MriPrs wec dorNsulat'd 'nd 

one r@eripr

;';".*'" espcdivelt E\crudins rl'' scne rd*dps wittt knosn

;.';;;"";;;;;;;": -" "*"1.'::T":;'i:'iT: ;ffili
six doMrgrlaled geG *itt no prcvioN knoM s@'

"Ju,** 
t* tt*t **avs a l lhe diets Prhdos r'diat'd bv tne

;;;;; i*."de: '|munit) 
dd inn'nuid g'c r@enption terl

#;:.:;;"* -"ign'rrmg dd c'rr &..'!pop'cis,Hl*:'*,]

;!.s ind dl' Frh*ols nodultled by rh's gene! tu' en

ffi""**.'l; ";; ""' " "rgds 
tor drv di** s@tin'arion in hish risk

indirid,tls
n" oO *tt tl O'" 

'ruiv 'xtmincd 
assiadon oi hom@vsteirc paihwav

** '.o;o ** ""'-o 
*to drs* thmush e r* d kr' pnm{ ARNI9

tJ- 
a*""r'"- tt*"" t* hom*){'ire ler'L i\ r rno*n 'orods tnery



dis& tGk felor. .nd pollmorphhns in honocv$eire gend Esuh in 
'lcvated

homdw.in l.v.ls and hien dsk ol vlsul$ dis'@ Th€ stDdv *as pgfomcd in the

PhFiolory l.bodrorv, D.parnnmt of Siololical Scicrc6 Quid_nAzd UDivc6irv'

Islan.b.d, Fi* sinslc nrcleotd. PolFdpiistu' in lou hmd'sldm ptrnwlv

gen6 dd oN Polymorplim in ,rct goc rct studioi te!u$ of licir pnd'

knosn. soci.iion with cAD in world p'Dulltids A tobl of2l0 panrc'p'nb wcrc

rec itd frcm thc teniary cae h6pi&B in Rasalpindi and Gldabid' Thca? includcd

129 Bdiqipams {nh coronaiv anerv dis"sc and lol subj*c wilho$ dis*

Periphdll blood $s ob6ded lor DNA ielauo' od tor ealts: or *dm

D,trd.G. T.td pnmer ARMS-rcR *s ued for 
'll€lic 

di$rinin'lion ts s I

aralivcly ftw, d9i4 Eliable nahod dd is moa rinc effon od cod 
'f4livc 

tuclc

di$rinin ion n lh.d 6 mdp{'d ro @iv'nlioMl tpp@hcs TlE 6!lE of tlE

$udy €vdl.d lh.l tro d of fite sing!' Ncloridc PolFolltiss in hom@)stt'nc

pdhwat gencs .nd tne vliidl in '4Ct gd' wd Ncialed sirh nsk or @bMry

anerr or*!* in ft. PakFunr ooptlaro' Anorhcr 'igrrlrcti' lindrns $ts 
'htr 

gene_

sene inLmtion nctwo*i in lhe stDdi'd polvmorphiss' tft addnional modulaloB

or -ronrtr to ais@ lrr's ffd) i3 thc iid to Rpo( th' B ol Gn Drim''

ARrvtS-PCR for.Uelc di$dniMdo in hoi@vsr'ine palhsv 9o6' 
'rd 

lo EDon

lh. impdr4* of the* g€ncs ts risk faolo6 iot oontrv 'ndv 
dier* in l@l

Thc P.iPh.Bl atury d6cqs

lhe suelic lsiants in homdYsLirc

proge$ion of cadiov&uld di$@'

aseciated genes and implioated pdhqavs' od

pdhw.y ray povid. vnh insiShk into the

.dd !o $c diagrcsic lok .nd eid in d"igning
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GENERAL INTRODUCTION

Tne human gcnodc $q*ncing prcidl 16 @nPlded in F bnary 2001 dd

reponed 31,000 sen.s in hunan genome (Ldnds et al 200li Vcntet et al' 2001)

The rcvision of thc humd genone h6 boughl the numb€r olg'n's dotn to betteen

2o-25,OOO (lftm.riodl HDe c.nom' s'qucncing coMnid 2004) A

codplcl€ ltowlcdg? of lh. sc6 b.s signilidc for dil.4 nanascnenr' Thc

Mcnd.lia. glnedc disrd.s and pobscnic disontd aE bod sodivisions or8enetic

dieases. in sinple Meidclian or nonog'nic di$rdes ! single Scnc ab"alion is

.socialed sith a ponicul.r dke& whercas in complex' poltg'nic disdeF a

myiad or scneric 6 scll s envircnm'nhl 'frc'rs 
6sdid' silh ! Drrticule

phcnotrp. (CiY.lb.t.i al. 198; Kund 2OOS; Tavo d a| 2009) Renl

tshnologi€l advlnccncnts hale aid'd @pchensile dtlves of de hmd

genone, lh. nansriploFe (RNA), and $e po$ome (hndtlcd pto€int Ce'om'

;lkralions may kld b ch.nsd in lhc lmieibrd and lmslatcd poduclsi$e RNA

and Doreib in lun d de(mim $c fi'qu'ncv md nmter in whiclt senes *

mn*db€d !d lnnsttt d Nft,bc .r al , 2010)

Cardiovlsculd dis.e (CvD) cn<t @Mrv aftrv dis.4 (CAD) @

chonic "conplex" disc6cs Although liicnvlcs in E develod 'nd 
ddeloping

countdes e hlch div.ue vel $tse and !'ncric co6ponents augnent acb othet lo

poducesimilardi*oselrequencies(Yus clil 200lai Sanioscttl 2003) Numbar

;f individuah aficct.d wnh CvD is ircdsine dd bdaue of incGins nunb€r ol

CVD @s pE*ning in hqhh ff edtc6 cvD is pFjetcd lo b' thc lddns dos

ol dead in futuft (Mathe6 ed Loncar' 2006)

The vascule di$e is ctused bv a$ercslcrcsh lhc Pt@$ lhal r'suns

iiom alEBlion i. lhc immdne svscn aod infldm:1ion (Mandtl el al 2004l Touvz'

2OO4: Segel .r al 2olli Tovz ond Btione 2olt) $rondwidc erdiovsuld

dise is one ol thc Ljding oues of nodiditv and non'lit vith a stelcr

pdonindce in solth Asid munEies (Yusufelal 2o02i l'$i 'l al" 2007: Jnfa ct

al., 2008). yet smparcd lo devcloFd nalion'3' lhe senelic siudics caf,ied oul in thh

rc;ion are spN Lide b lheftrorc loown about lh' gendic dirc6 v Elaled to cAD

in Patisbni popllalio' tn d'vclop'd drioos sp€'illi-d 3'ndr sud'es G
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pedomed foi vascullr Dhenoiyp4s, such as p.ipheml anerv diss (Evans ol al,

2008r Fu er al., 2008), rhile $ee phcnotyp.s are iarclv Mined in South Asid

counllies. Dxtdsire elfons e undcfl.y lo dckninc and validal€ the genem @uses

oacvD in BeneFl md in panicul4 thc CAD md pcriDhedl an€rv dis* (PAD)

(wylc. von Ballnms d !1., 2OO6i Dall d .1., 2007; Erds el al, 2008; Fu ct !l

2003). Conequsdy the pml€ins,.uym6, md lhc gcn6 @iat d vnh inniaion.

prcsE$ion. 4nd d€wlopne of innurc aspon*s ed v.sl& dis$ e m.in

lars.rs for cndiovNuld risk sidtificaion .nd dis@ mmsemqr.

l-l cardiordcnlt 3y3t.n

cadiov& ar sydem compri*s th. inregraled @nplex of hca( blood

vesels, and blood ilselt vinually each ind ev.ry ceu of the bo<ty is supplied bt th.

blood ves*ls. Being nscf a vital organ, the hean receives its nulriion lhrouSh thc

coFnary blood veseh. Und.r nondl physiolosic @ndnions, blood vNh maDtlin

ho6si!5is *heeN dre starcs.faeing th. vessl waus disdpl homoslats dd

Esult in parholosicol ssqu.@. Thc aiheDslcolic, inflalmotorv, and @lusiv.

involvem.d of the bl@d vesh ntniicsts clini€llt s spaific ciJdiov.eular

diss such 6 CAD, ceEbrovdculd dis$, or PAD (KtishnNamv, 2010).

l,l.l Blood vsu|linr .!d lndporr lirelst th. r*l r.ll
Blood vesls do nor $d. F.alt as conduis of bl@d bd !E nidrlv

oGdized dd conpris continloB .6y of living .ells. The blood vesels carry

nunien$ $ lh€ dy tissues .nd calrt lh. toxins and wdi.s lo lhe .xcrclory orgsns

Addirionally. beinc pan of the inmun. syst fr of tne bodv, th.! c6.ry lh.

inilahnrtory ceus, bionoleculcs, and dtibodies 6s well (Mandal et al.i 2004r

Hanssr. 200t; Roodinkeral., 2005).

1.1.2 Conpolcrr! ol v.sl Mll
Blood rcssls ha!. rhee tuin hy€6r the t!ri@ inlimA tr.io mcdi4 lnd

tuni@ adventitia. ln noml blood v.$cls. lh. runis inlima is codp.isd of sinplc

squmoG .ndoihelirl ells, lhe sub.ndolh.li.l conn€tiv€ tisk win mlhlEn nbos

rnd pml6d'@s whilc $c int€h.l .l6ic m.mbEnc epdnE th. intina ftom rhr

ncdic. Tunica n.dia consiss ofelsin llbc6, colllscn. lh€ con.@tivc li$., Dd thc

concentrically mn8.d smmlh mrsclc clb. Thc exlemal elaslic lMina sp!6L3

runicamedia rom runicaadve.titia. Thc ddvcnritia consisti ofcoUaee!, eh{ic lib.6,

thc macrcphages, dd rhe connecliv. tisuc fibeu which blend with lhe sunounding
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coincctive lisF Th. iotimll and sub<ndotelial Ete i6n oi lot denslv

lipoFoleins, during vsculat dis€&, is th' inirial $ep for tth'rcel'm1ic phques

&vclopmc.t (Sktlcn.t .1 2002)

r.l3 S.|erh n.dl.t.d hobirg of iior!' c'&

AtEoscle$is Gsuks nom unofirolLd dd enh'ned di$lion of nmtl

inmune mechanh6s in dc bodv The innure @lls' lhe inflamnalotv 6nd $c

m.tabolic Espores.ll pltv an mtive rolc in veular disas progF$ion (Hss$n'

2OOt). The dtiv.td imFun€ celk favd u 'nidcd 
exDE$ion o' odh'sion

nol.clls rsm rnc i.nd.n cndorhelium od ihG in tun f'tots mictalio ors@kr

nunber of inndmdlory cclls ro 1he developiig alh'melercdq pltqu''

As a n6t $cp for 0thercsclercsi'3 the circulating imf,une cells nusl b'

l@cly &tlEEd to 3nd rcll over the i iitl cndoth'lial c'lk (EC) a pdes ncdiacd

." in",'-."*a* *"0 '*lelinr' (McEver dd cunmings leeT: Huo dd

xir :oml s.t"oins o* uahs;on mol'cules dd includ' E sLdin (ddorhclial

".UU, 
, *,*," (plaalets dd endotheli'l ells) and L *lecdn (l'uk@I'

;cut;phils) (McEvd md Cumings, 1997i Huo dd xi:' 2oo9) The oct disdncriv'

*noa ,,*O O , *not ,'r*rccii liStrt I (?SCl'-l) 'Id 
is 

'xP'Bd 
on

"'n "U, 
t, *. 

'-**r*' 
**y"s' &livlted endolhelirl dtls md plal'l'ts

.-"'," 't. "'*t'"t -""'^-dot lnc $'crlic eledin Igtnd: lhe *lrt'n: tnd

PCSL-l mrm.rion( noddlaa rhe terh'r ng ord rcll:rg otrrnommtoa cells o\'r

""Otndt. "nbn 
. *" n"t ** lor 

"lhlar 
adhesion and nismtion (McEver and

""..t* 
,", 

"* 
* ** 2009) E el€tin dd P <ldin n€ditr' &qDiEn

*t""',i - *t *-' O* t nelDcr T cclls (flrl) druihenl: 6 rnl nigntion

i."ri *" *-*',t is shoM b bc inhibitsl by E and P eleclin spaific

antib;dics (Auslrup.r tl, 199?) L sel'dins a@ prcsed on ne!$ophils dd iacililttc

,in n*"t* *o thcrcfoE misntion !o rh' i'ilan'd vsule lislcs rhcsc

**,1* .ig.,ing *"otpr'irs tlEn st*d th' L slcctin dd Eph@ $cm wi|n

intcems wltich oleqc b rfilid' neutophil mietalio bv bindin8 w n

."oi*.'*' u *,*t", *t"ot t'rialing diapedesk o' nelrroDhils (Delv€s sd Roin'

2000).

l.r.d Di4.r!6ir / oignrion ol allt *N 
'ndotLelirt 

Fllt

'rn; endolh.lill ell immunoslobuli' (Ig) fdilv 'r c'll 
'dhcsion 

nol4ult5

(CAM' such ts inicF@llular adhesion molcculc I (ICAMI) v6culd ell adhcsid
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odeuL l (vcAMl), plaietcl all adhcsion mol@ule I (rcAMl), ed phlckt

ddorhcli.l{.llutd adhdion moleuL l (PECAM I ) e Msry for E'nsmiSEI'on

orrhc immune cells aco$ the endoihelialcell b6ftier. The inmune cells or vascura

inrima rcleas several cybkines such as intc eron sdm. (IFNI), tumor necrcsis

faclor .lpha (INF8) and intneukiFl (lL l) The crb*ines lho sl'iuhle

..dorhclill ells io EIce sletiN,6 ftll 6 dc ICAMI ud VCAMI

(slankcnb€q d al.. 2003). Tte leuketle c.ll inLgins !.t os lisrnds for CAMS dd

includcfie leuk@lG funclion dwial.d nol4ule 1(LFA-|) and verv lale 
'nlisen 

4

(vLA-4) lhal bind qilh cndorhelial ICAMI dd VCAM I d3p€.rivelt (Bl&k'nbcB

er al., 2003). PECAMI ii crpesd nol o.lv bv th. circultting Pht'lcre bul als bv

€ndolh.lial @lls, monctl.s, Nutropnib dd I $bse1 ofelivitcd T ceusi lh! vei@s

hofods ol PECAMI modulde tdsmiSdlion (Wane cnd Sheibdi, 2002) Th'

PECAM I-PECAM I int elions amons adjsnl ells .nd imoun*ndolh'litl @lls

eslhs in elevatd i egin expEsio tnd Lukavle tdsmiSmlion/ditp'd6is The

lcukd}l.s b.come staic and fimly adh.rc b rhe e.do$.lial cells afls lcukftIes

bind lo ICAM and VCAM The bound immune @lls t lc aither thc 'p'rccclluld

tEnsmilrrtion or 'a.n$ellulsr FansmagElion' palh*ov Th. lerv @c rcuG is

utili4d bt ihe imn!.c @lh mieFting lo lhc alhemslebric l6ioG As veuit
dis.ase pogcses, norc .nd morc of lh. lmnsmigntcd imhun cells movc to rh'

a$cro$lcrclic plaquc and panicipac in and mplit dc inamnllorv @spodse

(Crman and SprinScr,2OO1; Wi[clicn,20Or) Th. $h.nttics 'f'dh6ion 
molecules

dd cther$ledis .re shoM in Fi& I I

1.2 The nsk,t toB !!d itrf.nn.lory brs! or dios
Alheosclerosis is d infldmalory diss chahccriz.d bv lhc cnhanced

eurllaion of lipids, immunc cells. dd als by apoplo3is od nbrcsis. nc .tli6t
arh.m*l.Ftic lesion is ! latty tuk and coNies ol lipid rich m&dphag's €lLd

''foad clls . Fany $ctks develop edrly in lile and eithe! ftsolr. sponLi.olslt or

und.rgo p,thophysiologic lEnslomdlion lo form alheosclcotic Plaqucs. (Hanson.

2OO5), Aoe'wLotic pl.que is the r.in lesion in sth@l@sis and ddoi6

rsymm.triol fcal lhi.kding ofthc .ncdtl inlimd Th. pl.qws c rich in vt$ola

shooth musle cells, .ndolhelial c.lb, thc lipids, dE nononucl.ar nonoctlB and lhe

'T lymphocles(Jon.$onctal., 1986) Thcairdredbloodvesekexhibilnamwinc

ol veular tumen ed dininished blod nor ihrugh ih. aII*&d rcssb
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Fis, l.l. Oldied LDL iinul.cs .ndothchal cclls @ 
'\Dca' 

sl'ctins and

' .dhc'ion mol.cule' MordJr'>rnd Tcclls'nrci'nroth' vdullr'nrma
ord nmducc 

'nnammato4 
(\'ol'n({r' r(di and In4lnlre morc 4lr\

rnd;au* plaquc roirn'r'on rluns 2000)

Tic arhehsl.rclic plrqucs, d@ to Esvicted p'dusio' i' rh' c@nlrv

ccEbml dd Friphenl veulttuE on rcsulr in coomrv ieheni& rdsienr

i$hmic aucks (TlA) or intcdincnl chudics on (!c) (lsg d al 200t

Ahe6rtel!. plaques rupt!rc andrhbmbosis in rhc coDMrv td'rv cau*s nv@tdial

inhrcrion (Ml) or acurc coonlrv svndomc (ACS) whil' in ert'mlv'serr n @ues

suotc. ln lh. lotu ve!l$ rhoobosis or optuE t'cds to thc tMoninal &n'c

ancu!_sm or disciion of aona shilc in thc limb vsllaluE it htds lo cfti€l linb

iehcmia.'the @luding lhDmbus n iomcd cirhcr oo the plaquc su a@ (followins

cndorhclial dcnudtrion) or trilhi' the inrima and in veular lun'n ancr thc bl@d

ene6 rhe rupored arhemscl.stic pl,qucs Ei$ct wav th'rc h va

dilruplion of blood flo* to rhc Eecl rissucs aid rcsult'nt lissue in'arclid (Davics

1.2.1 Chol6lerol lhsry for hcmsclcross

'Ih€cholcncrol thcory oflrhcro$lcrosis wrs 116l cslablished bv lhe clt$ical

experin.nrs of lsn,ro{sk, in lgo8 Suokadomski in l9O9 snd of Ani$chko* and

chslaiow in lgll (ciGd bv Anitshhow and Chilcrot' l98l) lgatosskt lnd
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Sratolddomski demonstlied n'sivc aonic lesions failv i'liltdion &d intidd

dick.ning in nbbiB fed wilh esg voll A'iis'hlo* and Chalatov (1933) Ld 6bbil3

""0 ,"'"* o'*, o'. .*'"'"t' "nd 
obscncd sinilar @sults Thes nndinss cledlv

indiscd rhd 'chold.of holds 6' kcv id pogBion 'f vsuls dts.d

;;;;";;.; r" * ",."" 
dhnor",v aPoriloFatcin E d'ricidt (@odl

*a r"* a"*itv ip.pwin *"prt i'8lliv' (All) mi@ liF we c@&d Th*

dinsk d*loFd hvpeEnololcotcdia cl'vlkd LDL snd dhcNleF ic Dlaquct

ans ihc] vee fed hiBh choh$ml di't (Pludp ct !l ' 1992; hhibdbi er al 
' 

1994)

.i"* * 
" 

**n.*" povid'd elidcrcc $6l chobneml wd u inrescl

component for vascular l'sions Alrholgh rhcrc is uNquivocal and otshehml

cvid;nce in favor oi cholesrcrcl aid LDL ss majot pl'ves a subsbntill nu6be' oI

.;;;;; **rs *-' t t,""'ars wi$ nomarchoresreroland normar LDL reveh

,."'i^- " " "*,"'-"dd, 
1997) Th' iopotunce or cholcsteDl s a risk

; is also diminished ii isch'mic stFk' (Sh6hs 't 
!l' 2003)' susg'sling that

:;";; *t*.., r'v'r bv irs'rf @not cxpr'i' rh€ conpr€x erioros/ of

1.2.t ttrlunD orv ltd'v for 'tt'@ttrcs
Arne@bmsit 

-6 a @nptcx inodha$ry p@s ch'ddiz'd bv d

unchakcd build up of inhurc ells dd al|.drion in tomd im@ s6hatisms of

rtre Uoay nre pres in'ot*cs Ore Luk@)Ls tid trc &tivti'd i6 li'u orlis injutv

i "n"n 
a. "'*t* 

nighr b' el4t|cd chol'sterol 'xcess 
ioxic Edi*ls' or

:;idalile damlse (Libbv and Aikasa 2oo2r Han$o! 2005) Fanv $Bats 
'6d 

isn

*ii"* *. ni,."* t"*"lcrdic lesiois (Hanssn 20ot) For initiation of

"a",*"**, 
.".**" *"ke of tpoB rich low densitv lipoproleins (l-DL) and

".r ,"* **t 
li*p.*t' ,U"DL) h th' basic slep of 0 pnlonSed' conplicat'd'

unO l,igrtty int"ent apoc"o(gun cr al' l99oiCostandietal 20ll)

rr,J LDL,forD!{otr 'd 
tlglinc$c' ol dodlf'd LDL

HlFrcholencokmia !tt& |o 'rc'siv' 
sub'ndo$'litl rtnlion of LDL

moteol6 n" inr*r;on Ua*n LDL dd cho(ltoirin nch por@slv'a6 
'n 

rhe

,"i**d., ot **' 
" -nrodrtiodl chtns! in the LDL mokcuhsi lnd

."'n* -t .t*t* * *fccntiallv uplikd bv humd n@mlr' dri*d

-".,""i*",*"t"-u"*rns tlth 
'nto 

r@ elk rHud 't 
!l laeor' LDL

;;;;;.',-" inte*uon '' a ri€r E{u'm'n' ror 'n'o*rerc<'\ 
a o'mal
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Dodels witn def*dw plologltcd biding sit s o LDL moldules, chaRi*isriotty
show grsrly d&@sed othrul.ub (Willios dd Tab6i 195; Skale. .r al..

2002). The LDL moleules can .ho b. a.dily oxidiz.d by re&tivc oxysd sp€ci6

(Ros) prodced by nny €ll lTct {ch 6 sn@ih nu$lc ell5, qdotlElial ells.
lnd n*mphag€i 6 rell 6 hy iood pbdu.ts, by smokin& ed by homcysteine

(Peda ei al , 2001; Niki, 2004). Funhcoorc, ROS qn oxidi2. LDL io yietd oxidiz.d

LDL (d LDL). o{-LDL has lh. 6p&ity !o &tivat endorhelial ells ro el@
leut@'& adhesion molecul.s. Thc fomation of lom ells brings inlo molion a

hiEhly i eghled sel ofelenrs thot ullinaEly le.d ro ploqG rup1!re ed rhronbotis

(sr.inb.'C'007,pemderal.200l.\ili.)004:Han$n.2005).

1,2,4 Mlcropbager, form cclk, .nd lbr.ie immu ry

Moneycs in lh. blood stean iotcdct wilh .ndolhelial s.letins and are

letheEd to dd Bll over th. endolh.liln. Th. nonoc)4es 6en fimly adh.€ to the

cndolhelium tluoush ICAMI md VCAMI ud th.Ecn r.nrs subend,]th.lid spe..

vascul& snoth musl. c.lh .nd endoth.lial c.lls Flee noleuls such os

mone)te @lony nimularins a&u (M-CSF) lhal *tival.] mon@rB tnd T celh 6
well. The clec of M{SF didotes rhc bindin& miBdio. lnd ditr diarid of

momles ad then @nft6ion ro neoph.e6, . n€sary Fq€quisite for

rthffilffiis (Raja6hisrh cl !1., 190; snirh .r !1., I99J). The mpna3Fs in thc

a$erNleolic Dlaquc influcM lnd cnhde lh. pfir.s which G a n@ssty for

the plaque buildup. Thc erivllcd m&oDhg.s cxpE$ ditfcEnt pattem @oglilim

lsplo6 (PRRtj the svengq receploE ed toll-lik @.plom OLRS} these e. or

exneme inpomnce for inniation lnd psgEsion oa difieftnt dpets of nomal

innat. imnunily and for rhe padogcncsis of alhcoeleosis as ell (Manii-Fuentes

1.2.5 Toll lik r*plort
The roll like ccap!06 (TLR' ar. exprc$ed bl macrcphrgss, dmdritic

c.lls, nd cells, and endolh.lial c.lls. Tn.y conhl bolb the innale and adartivc

imnue Esponss. TLR flprsinS cells cd di@tly indlcc infldBa|ofy apons
(l eway dd Mcdtilov, 2002). The TLR la8.nd bi.ding .ctival€s inMl€ inmunity;

rhe dnzd memphass diEdy cnha.e tthcbskmsis by Elding inUdmatory

cybkir6, bxic Ediqls, and pd@' Th. roll lepbu addnioFlly mediat
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adlptile imdune GtDoM3 fo. rhcy ffi llo pEsnt oi fl&ephtacs lld et 6
Mtiscn pasntin8 c.lls (APCS)

Thc lig.nds aor TLRS include humu h.ar shEk ptor.i. 60 (HSP60) dd ox_

LDL. nielligling the imponoM of thes 
'4Plo6 

od ften expasing cells in

modularion oi athcrcslcosis (oh.shi et al. 2000j MilLr et dl 
' 

2001) TLRS lle
sugg.n mlc of nicrcbcs h cAD 6 ln.y @8nte uneihylllcd cpc morifs in

bdrcial oNA. as Nell s rh. pdhdgcn dsocirten mo|sul& p.tt ms (PAMP)

includinc lh. micrcbirl lipopolysaccharidcs, rhl p€ptidorl}{ds, md fie lipol*hoic

acids iM.lzhilov, 2OOl) ln ath.o*leolic lesids lhe mriophases dd endolhelial

c.lls .xhibir cnhanced exprc$io! ot num.rcus TLRr. The loll depto6 @lddi@

wifi nuclar f.cldr t p@ lishl ch.in cnli'Er oflcdvat d B ells (l.lF-tB), thc NF_

{B not only induces TLR pioduclion bd oho indu€s dowNtram etlccloN and

intlahndory ec..s of TLR &ri$cd c.lls (Edfeldt cl al., 2002; imday dd

Medzhno!, 2002). Thc Arcs rirh major his|@hpatibility @mpGx (MHC) chs Il

a( &rivil.d by ox-LDL or PAMPi de5. octiEntd Arcs d.. pEsenl rh. pra.srd

oris.n ro T alb, speili€lly ro lne Ihl €lls. Thh ima imnunity Gdiared

divalion oa acqun.d immune rcsp.nse has ben shosn to b. d.Fndenl on bll
medialed sisaline rnd is nccesry aor thc plaq* tuildup (SchI@ .t .1.. 2001).

lJ,6 Sqqlg.r r*ptoB
Sc.v.ngcr receptoE (SR) dc €ll elfa€ Folein HeploB p.scnt oi

m&rophas.s and dddnic @lls. The msophasc SR includ. SRA. SRB'I, CDl6.

CD68, CXCL-16, and lectin rypc oxidi4d low dsnsiry lipopbt in reccplor I (LOX-

!) (Sreinbcr!, 1997; Pludd€m ..r al., 2007). SRs aE ols inpoflrnt medir!06 of

athcroeleosis rnd v@ls dis*. Wiih hyFEholdl.mlemia, il is rot ltc n*ire

LDL but rh. modifie oxidizd LDL that is bk.n up by thc macophag.s expEssing

rhc sRs (srcinbdg r 99?). sRs e ars tnoNn ro bind han sh@k pmLins El*ed in

Espon$ ro slr$ful sriduli (Phddedann er al., 2007). sRs mediar fi6t the

inlcmalianion, dd lacr thc lt$$mal d.rnldion ofox-LDL, PAMP. ftlsncrrs of

nll&ial paEsiE, and aloptoric bodies (P.ke! e! al., 2002). nE macrophages .re ih.n

convefred o dc Fototyp. cells of dhercsledsii lh. f@ ells. Thougn dE lom

cclls rcr as urigcn presntinaell! y.t thcy do not dirctly rl6e rhc inflamnarory

cylokinB. Th. lo.n c.lls and rhe d.ndritic cells (conlainins sR) desddc thc

inrc.nalizd molEuhs' pc.ss .nd hns|.r thc mlielnic epilopet rhrcuel Ihc MHC



cl6s II moteculslo cDl' Thl c.lh: lhe &livalcd foN cclls raciliiate linka€F or

innate immunity ind onaplive immun ftsponss dd rcsult in pogc$ion of

athcroscl.osis and vsulat dis$ (Pea6on, 1996i Niolclti 'i al l999i Pla[ md

Oordon, loo l: Pluddemmn ct al , 2007).

r,2.? T lynPhocyl.ssubtvp.lt (tiv.non' rd 
'cq 

red lmDllliv

T lymDl@)4.s !a pE$il in sv.mt mn'tits dd includ' CD4' hclp'r T

@lh (&tivaled by APC suoh !s f@m ells and dendritic celh)' CD8' cnobric T cells

(rcliEtcd by MHC cl6 | dbhins APc) ntDorv T eui Esularorv T Od etls'

natural killerT(NKT) cells lnd Edna delta T €lh

ln a$@lcoric plnq!.s' thc T ells c m6dt tnc cD4_ T neb'r ells;

thes Th' celk @ edvarc{t !tur interaclion with APCS thtt pc$nt anl'cens lhmugn

MHC cl!$ ll (g.nsn, 20Ot). Thc aiig'6 pEs'nl€d bv lh' Arcs b Th cells

include ox LDL (stemne.r !1., 1995), HsP6o (xu 2oo2; Benasiano el tI 2005)'

^ndAnonydiapretnoni, 
lt*c rElt"'&HSP mol6ul's dd 6p'nsi* T @ll3

have been islatd fbn alhcrcsolebtio plaqu's (de Boer 'l tl 2000ic'mpb€ll and

(!o.2004). T cclls inteacr rn@uBh $e T *ll €eprcF GCR) io th' Arc' Th @lls

may diltcrentiate into subtvpe I or 2 depcnding on eliv'tion signah Thl cells

rcriralc orcsth.gcs dd pBnoic innammatorv p|c$s whc@ Th2 elh

pBnot 6llersic @ciions iH$$on, 2005)

1,2.8 PrGitrilrnn.rorv c'[s rnd Bpon6 for 
'd'Dtir' 

idnunnv

'lhe Thl cell indcrion is dcpendtd on ll"l2 and the principdl c'tlone

pNduccd by aorilot d Tll cells is lFNt Convc*lv Thz clk d indu"d bv lL_10

;rd the &tivatd nl2 allt in tum rcledc lL4 The hunsn 
'dFrc$Lolic 

Lions

;veal pteice of th. clellted levcls oflL_12 nRNA dd pr@in lFNt' lL'10' and

bu h;.bofll-4 (Uvenmeral. r996ioaughcnv and R4t'ri 2002) This ind'cates

fi ihe athero$lcrolic proc$ is Thl and not Th2 neniarcd pM6s ln hunms ud

ni@.lh. &rivotcd nonelcs rcl'e 'r@$ 
6RNA dd polein! for IL'12 sirh

elcva&d Tbl rcl.ase of pcinnmDabry ctlokioc IFNI whil' tL4 lcrcls trc

Gldively l6s (ulmun et al l996i L4 cl al' lt9l IFN1 a'lilaLs lh'

66cropnag5, Thl €lls, w$ut'! so@lh 6u$lc c'lls' edo$cli'l cells' tnhtnes

al4 oi.dhcsion nolcc!16 dd tdGins favding !$'6$leMis md ind6es

prcdudion of poled p@infldn!|orv ovtotines lLr dd TNFd (Huber 
't 

rl 200l i

,-* o, r*,, 
"*" 

t*O *t obewttion rh adroclemsB is d'p€ndenl d

GTNEML lNlRODUCTION

t0
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Tnt Espones is Einfo@d bv cxD€rinob in dimal nodek 6tr l&k T'bCr

(ltaeripdon fetor inlwing Thl @ll dilTcMrirlid) (BU@ €t al- 200t)' lL_12

(Dav.nDon !(t Tippins, 2003), IFNI (CuPl| ct sl., | 997)' tnd ttt @p1o6 lo IFNI

Anorhs pro_alheogenic avstcm comprises oiCDlO 0nd i!9 ligAnd (CD|oL)

(Meh ct 41.. 1998) CDIO is a Dor.in presenl on APC including macoph3ges'

dcndiilic c.lls (DC). as well os on lhc B cells. vdclls sioolh muscle cclls ond

cddolh.liil ells. h 15 p*liouslv knoqn thit CD40L Ms 
'xpEssd 

only bY CD4'T

c.lli bur n is @w tno*n thal 64bpht8's' ddolh'lial cells' s *'ll s valle

sm@rh mu$I. Ells @xpcs thc @plor s w'll s the tisand {CD40L) tlot

p@ir. or alrsrine CD4O tnd CDIOL inLoctios edErc !di@ innsnalorv

celh to poduce pNlhemsEnic mol*ul6 and clotin6' This li83nd i'c'ptor

complex favos disase pngesion s 
'vid'ncan 

bv dp€iiment'l disdDrion of

CD40L or oi cBlO. with r.sulting diminished dtheosolentic lesion' (Mach 
't 

al'

re98).

OnSoing stldi6 hove add.d !o 0E list of nov€l bimol@ulei chnokins'

and rhc c)1olin6 inpliotd wilh aih.b*lsosis' threnbGis ind vasuld ditrr|.F

Ttcse in.ludc homGvn inq c-E&rive pot'in {cRP including ihc highlv entnirc

v..i.ry: hsCRP); Him.n fibrimBen: el'cdns; int'gtnticAMs: *or lmvloid-A;

TNFd; nrtrix metallopor€ints.s (MMPti pmtces pcinndmdlory intciLukins

(tLr,6,8, 15. ts,andlr)andIFNr(K@iigetal',2ool;Petuettl 2003iHan$on'

2005r Empan! el at 20o8i Matsudaelal,20ll) Al1lhes risk f&lo6 aid ftk

marlc6 crt 6$ciared wilh cadiova*ul& dhotde6'

r.2.t A nhthrorrorv .d.pd!. T ldDurt cllt sd cllnt'iid

Ah€o$l@ft phq6 disPbv .ldal.d ld'ls of lL | 0' 3 Th2 *ll 
'nd@r

b .or fd tL'4 (a m.rkr of Th2 @lluLrnspons) (uvd@'r al l996; Lt''l 6l'

r 999), lhis sigirics lhd Th2 erivalion i3 
'or 

lh' ch@Gndic fdlure of 
'whcnt'{

ad.ro$l.oric lesions. ln fie arhco*l'oric lcsions' tt_'l d"s not oldaliz' wirh

activ.tcd macophases, dd addidonallv lL-4 linils Thl Espoies (Hubq cl dl'

2OOl) Aninal models wilh hiehq Th2 rcspones exnibit ddrased a$4o$hdn

lesions (Hubd ettl,2O0l), *hile in onc othc! insEn@i 
'L-{ 

dencicncv nav Gsult

in ftduc.d afid$ledk (Dtvcnpon ond Tippi'8' 2003) Thes finditls favor

|l



LTNEML NTRODI]C|ION

conflicling sl. of Th2 celh and lL-4 as inhibitos or inflamm'lDn dd

The rcgularorv T cells (T-J like Th2 Flk e €lokd b dntiinnamnatoiv

epones. CBI'CD25hdIne & innuo3upptsive renue ldrprive dd inntte

inmune Espon$s. dd adue ath@$lc$is 
's 

*tl 6 leuld innmtudon (Yd3

d al.. 2008). Disdplid of Ecrllaiorv T ell {b lc'ds $ shanccd td'd$lec's'

pBvidins shng cvidctce Ior th. anliinfllntulorv effets oi Tq (M'lh el al

1,2,10 B all! rnd drpriv. InEun. Mpons'3

Thc imdurc rcsponss ale includc $' B c'lts $at m'dulat' humodl m of

ldattiv. immDnny Tn oh ofB .clls in ProSt'sion of olheo*l.sis is 4nflicting'

The B cclls (lik. T Glls) @ imtlidcd !1 limes *ilh e'h'ncing lrhcbel.cis

(Daushenyelal.lggTiSonselal 2ool) ln conldi in olher indtnc's BFlhdd

trr. l,.oar imn-irv * r.-"n to decrcas alh'D$l'otic lcsioN (Major d al''

2002: And.6son cr al.20lO) Th' B cclh ba!' 5lh'oprolcctive mle; 
's

spleenectohy in humaB 6 well 6 in erp'imenbl ui@ls (wilh E$lrrnl deplelion

or e err p@D cnh-ea ud*t$lcrcdc lBions (Robitetre snd Fdwc'i 1977;

Calisiuri cl .1 . 20O2J Simildlv th' ninsfs of B elts in non{Dl

*eI c in rtrc sPtenctomizra a?od mie gcicae lnibodhs ro oxidiad LDL (or_

LDL) and 6s a rsuh reduced atherc$l'dk (Clligiuri et tl 
' 
2002)

l.2.ll PrGlnlhnmalorvcvtokin" dnd Artl'itrll'nrdorv cvtokln'3

tn thc d.velopine ath'olcleotic plaquei etivat'd mtcophagcs and

visculdcclh rclre lL 12 lL !3, and tFNl all!d poldl Tht c'll &livtlos Thl

cells indc TNFq IFNI. ud IL-l a'd rhe* in om @n lunhcr tdiBi'

mdrophig6, vleule s@rh muelc @lls ed cdodElirl ells 
'ddns 

mplified

i..u* arpons. M*ophuc* and 
'ndoth'lial 

celh in rhc tlsqlc ddidontllv

rclee lL-8, monocvrc cheooaoBdanr Pdcin (MCP) M-CSF' snnul@ttecolont

stinuhring hclor (C{SF). and g'dul@)Ie n&sphage @lon' nidulafing l@1or

(GM{SF) lo iiduc! md tctivsL m@ imhun' @lls Eaisttshinn cl al' l9$;

rrc$csa.d cr rt t99) tr ptaq6 atuthcr f€tE ol lFltt is itrhibilion of l@uLr

rm; n,$1. eus Folircmtioi (bv inhibirins d-Aorin) dd thc inhibnion or

endolhelial cclls prolifehrion (F itsl ct tl' 193?i Hansen d al' 1939)'

Simultdneo$lv. TNfa indueshnscripdon ietor NF-xB rith resulFnt tan*nDrcn

l2
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of pmhlytic enzrde (ihar digca erd4lluls tudix), ed dE ptld@rion or

nnogen rcactive specics, reootivc oxycen species (ROS), dd ti$ue faclor (pG

thonboic aBenD (v& Hii$ergh .t al., I99r0; ke ct .l, 1996i sen el al 1996)

The inflamed vasular ri$ues md adipos. thsu.s alp ftls* TNFa dd lL 6, These

ctlokines acr on h.p.ric rissue lo plomole s.cretion of fibrinogen, ol sM dhvloi<L

A, dd of CRP, dd lh* ompounds ausm.d lhc inn.6ma.ory/innbe rcspoM

Th. ddjnnonatory ellule codpoMl includes lhe T!2 ells' T@ dd

dc B cells. Thz sd T4 ells. lit. $e Thl cclls, requne activalion $oudr dtigd

prcse.laion, The fet $ar po_iiflamrororv mol.cul$ and p@$'s he<riare

.thdoelcosis, indi@L thai rh. &ti-intumtutdv nol4ul6 tuv in 14 lo*'r rh'

prosEsion ol alheo$l.osn dd thc dere lopmenl of va$ular lesion s Few i m mui€

cclls in rhc plaqu6 El@ IL -4, which h.tps {tireEntision orTh2 ells iion cD4'

T cells. Th2 celh El.de $ti_infl.mmatory cltokincs IL-4,IL l0 lL 5 and lL 13

and thrcugh B cell adiv.lion addiliottllv Pndotc humoFl

(sinder e(.1., 2002) Macrcph.scs, ..dolh.li!l cells' veult' sddti muelc Ells'

platelets, Th2, and cD4'cD25"T cells arc eid to rel4e lL l0 ed nansromins

8ro*1h feld bela (ToFp) ll-lo dd TcFp aE two crokin6 *irh coNisenl and_

.thBgenic ol]ec6 Ancxce$ofIL lO and TGFp slonslv innihir rtheoelech and

plrqE l.sions (ctrri.sd et al,, 1995i PindeBki 't tl 2002) TGF0 diminishes

arhcrosLmric @nplielions rnd sabi'i4s th€ pllquc bv i'ctsing corlagd

prcducrion. Th2 c)rckine IL-5 rclates iinare wirn adsplive immunitv il inhibits

arh.rc$leosis bv tcl aing B ells lnd the d'ficicncv of ll-5 
'inee

arhcio$lebsis (Bi.ds .l al , 2004)

An alcmlc tnli-infldnatory m4hoism ittoring tne inhibilion of

o$soelcolic diec$ tmstdsion is peoxismc pDliGdor td'uld Eepbr

synem Acrivltion of pcrcxisome poliremtor aclivdtor recepto6'alpha and'gomma

(PPAR0 and PPARI) diminisncs inM& imnunnv ac{und imounit' !s aell 6

rtheroelsosis Progf$ion Ligands and agonis6 for PPAR ('or exmPlc PPARd-

lcriv.ting eid denvditts TZD) decrt4 &tivarion of T @llr t'd veule smlh

hu*lc €115, and i.duc Pdcim and mRNA for tFNt TNro' ed lL 2 (Md d 
'l '

2002). Estrcgen is .n additionalmodulllor ofathercscleoric prccesss 6 ! dcciess

LDL l.rcls (dd th.EfoE de|@ trcduoion of LDL oxid ion pdlucts)'

diminishss c.llular adhesio., migotion, md &tilationi itcre'scs HDL l'v'ls' dd

ll
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prcmoLs lascul.t dilabrion All thcs' p@css er' b inhibil lrh'rc*lcrcsB

prosr.$ion Naftf sd ' hsdhud. 1097: N!'ncn e' al lsaar' Ar lh' sMe im'

arom.lle deD€ndcnl convdsion ot l'nost'F e lo esadiol' 
'Go 

inhibils

drhdosclerctic prcc.s bv inhibiling the ldhcsion mol@ules dd elluld mi!6non

'Mlkh.dee 
d al. 2002, lhe conp'c nk4la) ol Prd$eo8enic sd anti-

thcog.nic srinuli guides ihc dieas pogtcsion ud reulr enpli€lDns

1.2.12 AL@thrcnb.d!' rddr' dlu!*" rld n!6ot irttEno!

Nom.l @sirlalion p@st G nNtv b prltsn blood lN vn'n 
'

vca*l i3 $vccd. but rhrcrb.ais in t naror blood Kl follN'ns rupruF of d

arh.iosleotic plaque @ asult in gi.vous circlmnaes TlE b6ic und'rlvitg

pathophysiotog) oide cmdiov0sculdr dierdr6, stolc ws ed Deriph'd an'rv

dh.dsc B llhemscldosis dd alhcclhomb$is Fullv developed at]'ercscEbnc

lliqu.scohpriFola'lipid lich corc'sutiound'd bva nbdus dp Tht lipid rich @rc

complises of i@ cells d.ndnlic @lh (DC). nast cclh B ells ed fie T *lls

tl6n. 200{: Hm.bn ro05r thc surcundins fibrcus c'l h bmed bJ smdh

n@kell\ @lh€rn. od cxuullul'rtutir poEi6dcnved hm s@rh mu$lc

c.lls. Th? 
'niritl 

Fu.Ption lnd dtpmpodioe m@th mMle 4ll Cwtn i,m*3

.Bl conpl.t ly dlulk3 dE @uhl lom', ed rhtEfoE @i6 risc itGdi@

hB b€cn ElnedlHdssn 2005) In mlqdlitl intNiqJ&ur roond sFdom'

(MI/ACS). noke, or c isl liob i$hcmia, iheE h mod'Fi' tu6is *h'rds lhc

mtin lcsion is drcmb.sis sithin lh' vasculdt lumen Alhd*hrombo'!is rcLu lo

'distuption' ol an unn ble ath.tosol'loric ploq@ with platelel sdivarion Anc

tonbu. loranor yil\'n fte r.n' lumen PlaqJe ruNtr pdeds v'iular

rhrcnbosis b.caue in ACs. disoplion of th' Plaques followed bv fodadon of 
'

$rcmbus h cvidenl in tncc fourlhs of th' c@s (Falk 
'l 

al 
' 

1995)

Nddlv lte ddoth€lial ells dd fi' trbos cap turc1id s botri'B

b.sd blood ud glaq* odpomn6 rnd inhbir thmbosi: PF6l)4h 
'Mvnc!

and innmoatorv noldulca natfon th' Dlaqws into $s'pribL ustctdv

srdctld lhal sn optrc Nilh c$uing tombcis ldding !o t@ule dclltior'

Tn. inles iol ollag.n giv.s strcngh ro th' librcus qD ed stlbilitv lo plaqw'

Nunebus n*hlnisms dd Folccult! p'netu d'sbbilie the plaqw and rcsutr In

plaque ruDtuE TGFP incredscs inlesriii6l collaecn *hereas lFNl dccrcts's

prclilt6tion or vasoular snooth muelc cclls and deshbiliz€s Dldque dhikdurc bv

t4
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d.c@iry rhe s.ductim of@lltScn bt vduhr sdmlh o!$l' ells (Am'nro €t 3l '

tpqll. ricrcptrag"s. *sut' ooorhclial @lls' vsscular smdh muscle cells' a'dT

cells (with CD40/CDIOL and TLRS) on rclilarion' prcdue nomdus pDLoltl'c

.nm$. mnMm{oD n'dBbd' dd ceguldts Mdix mcrllopokins:

,Vtup'r, *n"*a tt -A.r'tr''r"ell! and rmmui' (ells {brn plaque! in tddn'on

weaU trre plaes ard in eltular mignlion c'use lhc dig'siion oi collagen o'd

.*"._."*"^"". -O t"** liteliho'd of plaqrc ruD$E (Galis d tl l994r

;n ry and Libbv 2006) TLRa doduhcs &tivaion. of NF-(B which in tun

.^rt"ni"s .rea*.lTNrd. -o uMPg Tnere is increas'd pnduolion offi's pltq*

d.iabilizeu in ACs psi€ 5 6 c@p6td to nontt individutls $* prc

t**t*O .*"",-t tt Oesabiliz |he llaqu6 ed L'd to plaAu' dptes

M e chon i' n ol d he to -t tu o m bo t s
'"'""""'*1.*'' * *" t*"ion of bled clol by ,l'€ aglsesltd pl'elds aid

nhrin ncstr$o* tr rh' :ik of \euls injuq when a \5*r re 'uL $' rc'unrng

.*; ";;,,;;;., " *"* ^'l':::ll: ::'.1:;.:iff;::*
f.dalion secondary $ 

'n 
alhc@lctotic ploqG nPlut rs o

':T;';;'il 
""*,, riss r&br (rF) is a hiRnrv pGthombotic

-T";.il""J;;,;"'*"' '"' ''" 
rodation or brood cro* dd ror rhe thronboik

:;.;;;;' t** '-'re' 
Macophascs in rhc praqlcs an km* ror bna

f;::il: ;;;;;-'-.*" T"1::: *T::.::il*.1;
.FEsing CD4OL d actvat' m&oph'8s c(n $ r*

alr.-,"*. , "*** 
*" t'*uc dd io incse ihe pspensn' rot $nme$s

(Mtchdal 1997)
"""- -'" *t* "*".*'*tic 

dis@ $e cotgulotion prctein! in fic circl|anng

'* ;';;;;;"; *' *' T* -':i.:.':T:,1**::i::1j:,*
ibrousdp'ndin@r'ndothehum Follo$ingDllquedrsdl

;;-;; ;-.* -' ' 
**r n h rs( r&ror dd ud'rso d'r'rcnn'r'oi

--j^- ,. ", - *'* *t' ttrtel) l'ad' rc lhc dLe lrmiLing sLep ol 
'asubnon

il:;-;;";"; .i,hombin'.od ::l:T:.:',:::.Jr;f": ::
innamed v'\drd @ nor on\ *0":' "ti :y::'.*.",",,on .6(.{k .nd

€re llaqt. dcsbbilizarion b ale aug'nenb Ine

;;;:;"'" carlrvzes conle*ion of in&riv' tbrinoed to irs dcriv'
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prciom fibin i thc fibtin d.position .nd Placlcl a€gn$tion 4 th' liml nlps in

thonbus fomaion (Calis et .1 . l99l
occluding thmtosis *ilhai $' pl'48 its'lf 

'nd 
in lne wsl lmn @

Esuns i! &ute do!0tr slrddmc. stokc' ot crnid lidb i$heni' (Dariex 1996i

Lusis, 2oOO; Hmssn, 2OO5), ll is wonh mcdioninS lhtt nor rll rhrcmboric e!'nis

idc plta wi$ Pl.9N DpruEi ttiMbi tl$ fom *ha t'sk 
'E 

evald (lh'Ffd

prcv.nl blod loss), dd fe* lhoobi fon on the slrfa€ ofdouded pl'qB (Davi6'

r996).

Pari.nt3 silh AcS show 4idcne of multiph dispt'd pl'q@i b onlv

on. iu utrd Pl.quc is thc s$n for lcuk @nntry cv'n( &d !l9 ln{ comDl'lc

v.$.1 @cluding $rombosis cd'ol Gc$ solelt thougn Phque relotd TF (cimmino

ct al., 201 l). Cinul.tins bldd holds d€ k'v $ mdv *lL tt?6 in ciEulaths blod

arc kooM to cxpE$ TF in irs intctivc s wll s lctive loms CiEulati.8 ad

c.lluldr euF.s oi TF includc lhe circuhting non@)t6r nicop6niolcs orisin'dn8

fion tpolroiic m.crcphalFc $@rh mueh €lls' $d 
'ndouelitl 

all$ pltchrs; od

circulaling neurophih (M.ue.i el al, 2oloi Cinnino ct tl 20l D ln cAD poti'nls'

hon@yileirc is ao addnional sou@ of cncubbry TF 6 hisher pl6sm! levcls ol

hdn€ysd* rcst in higl*r plsa Tf ldcls (Md@i 
't 

al- 2000)

CRP is nol jusi o nov'l @dio!6culs bimltlG bul is also ' Dotit ind@

of MMPS, McP l. dd TF iRN}Jpolein (Malsuda 
'l 

al 
' 

20l l ) lo Acs pdi'nls'

|h.a is ale dht.c.d @mcntBlion of MMP2 dd MMP' pl*Lr ldd-4' $lubl'

CD40L dd phospholip6e 42. all lh'* 
'E 

eidi$ mlrk's or inflmml'on or 't
slrllit d erivtioE 6f Phr'l'l tctiwlion 

'nd 
aggFgalio' (G€ele 

't 
tl 20ll) Thc

;idinc dDt $!ubh fom ol CDaoL ({D:|OL)' MMA' TF ed $lubL fms or

CAM;GICAM LvcAM I ) (' pEsni in qidulatins bl@d and 'E 'levated 
in cAD

povide additioMl mNhdisns for th' ttscultr disae posc$ion (Bldk'nbdg el

.t., ZOO:, O.*t. o uL rOtD rttfoa $c okl t@digm hs bcr Pvi*d ud

adilidonal m.oh.nisms oG no* ttwn 10 cmlribulc lo tnd l'!d 10 vsurd

thbBbosis dd li$u infdlio' (Fig l2)

ll Tnc nnl F..roB tot vrgbr Dbd*

1J,1 hltbthh.d netrbollc lrd 
'ddocri!' 

risk frcloF nr v'!cd'r dit.s

Physiolosi@l s wU s pdhol4ical n* 
'&toB 

d asiaLd wiih

drdiovscular {tismss in rcncml. rhc* include incdsing ase' mlc Bc'der {fcnllcs
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aid mc@pau* End lo have sinih cvctt dt6 6 naLt obcsitv edcntary life

ltylcs, Altsan Aneiican populalion goup snoking si{us, omlcontao'ptivc ustge

(snh r.d Firhour bba@ usge) lo* sidonomic staot p6irive fdilv hi$orv'

and tyDc A peMnalily Sone palholosical iactou including hisl LDL levcls'

htp€ncnsion. ditb.res, a.d DeEbolic svtdDn. rre also poskivclv Miated eilh

thc pslte$ion and smplicalioft olvascul& disordcB (Akinkugbt, 1990i Kannel'

l99O: Tlodeyco& l9{i SebcS.s .i al , 2Oo0; Blun dd BlM, 2009)

Fig. r.2, Thc pluques aE ddabiliud by Foduction of difr€dnt madx degadttion
enztnesj plasminogcn &tiv.to6, and the Tbsue fictor OF). Thc plaque

rupture is quickly folloq.n by aciivalion olc$Sulalion csadc thrcugh lF
and dcluding rhombN fomdior compoed of etit&d plareleB, Ed
celh, and fibin mesh work. (Lusis, 2000).

1.3.2 Th. trov.l dlk frctoE fo. tlberel.dls .!d vsul.r di*e
NumeBUs $udies fo! cvahation of novsl iisk fsc1o6 hdve bccn oaricd out

.nd rhey resuh in an ever EEwins lisl oa bionol{ulcs dd biotu*e^ The
nolaulesarc impliatd srisk facloB ibr hlp.nension, arheroelercsis, and k$ullr
diord.^. Many of th.s pmpoed rhk modulatoB sene idpotui tuncions i. rhc

bodx y.l €m6 of mct bolisns in $cn inlolvcd p€lhs$s csuh in elcvat.d Lveh

fid a$ciatcd padologicd oon*qu.nces. Tn* novel risk lados i.clud€

homeyneine. CRP, fbrinogcn, plasdin and lissuc pl@i.ogen eiivalor (tPA),

lipoprurein A (Lp A), von willebmnd Factor (vwr), and rcn cell lolale (RFC)
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(Maldonidodal.20|o;wa9erclal..201oiKhmddDourelal 20t|) Thcpmlom

of rdrcnon.dullin (MR-pGADM) (Ch.' ind Ns, 2010)' dd ntriudtic p'plirl.s ic

,uch rddirionrl iisk ractoG TlE dti!rclic Fptid6 inclDde brain 
"triuFtic 

D'ptid'

(BNP) and its pEcuNoN Guch 6 th. N temiial plofom the NT pn BNP') (Zetg 
't

rl..2OlO)i atial ntniudic peplide (ANP) and i1s precuNoN ($e mid rcgional

profod rh. MR prc ANP) (chan and Ns, 2010)i and C Eminal pro_vaeptr$in

(Copcptin) (Chm and N8. 2010)

Nov.l genetic studies tin dl d.lini.g quslilative frn bi iQTk)' tt'cific

candid.lc gpn6 dd lhe gde vtianls 
'siacd 

wilh gqeiic dierdco Tn' 8'n'tic

ri5k f.clou oc imporhr in diss strtrificaliot dd quic a few EEnomic l@i h!4

b..n id.nrifi.d by g.nome wide @ialion stldi's (GwAs) Such CwAs rcltr'

C vD ro rhe highly repFducib le' 9p2 1 gen'r ic l@us (H'lsadonn et al 2 00?; Sa6tn l

et al,. 2OO7i w.lco6e Tsst Ce Co ol Consniud, 2OO7; Hclgadonir ci al 
' 

2008)

aswcll6lo$e 6q25,2q16.1013, lq4l,loqll ond 15q22 genetic ldi(sdntni 't
al., 2OO7). In addilion lo goelic loci. ihc polvflorphisns in adEn'rBic ec'dor 

'nd
rcelror s.ncs {s:,4& ,{Dnsl ,'lD,i,'?) (Pa6o*ski er aI 2008: Pisio'c 'l al '
2OO8). in dc endothelin Bene (Pctidh d !l.2OO8ic*v dal'' 2010) $w'll s nitic

oxidc No) dd lhc polvnorpnisns in nittic oiid' st he 
'nztn6 

(Nos) {Modt

.r al,. 200?; Ko ei at,2oo8; Dafni d al, 2ol0) d also as*iad wnh cvD Nnric

oxid. is an etr*rive v$odilad and dihinhhed NO prcducrion bv thc viscula

end orhel ial c.lh, alone*ith dispropon ionar' lv h irh Lve ls of $Siotensin' cndolh'l in-

l, rnd RoS causes.ndothelidl dvsluictioi tnd favo6 alheomas (v'ma tnd

Ande&n. 2002). vesl Elaled tisk facro6 assncnl includcs the €rclid inrima

mcdia lhickrcs (lMT) scoring, vaeul (such ts @ronary vdllalurc) c'lcium

sin8. dd lh. veuhr deiogEPhv Th' vsular 'cokiM lotd in'es s

plaqle d.v€lops' lnd alihogh n is rct Enlin nillrh' tesl elciu ldd mcv enc

ro shbilia deplaque.nd d6dschd*sof pla{m DtbE(PEricttl 2010)

L,l PeriDt..d Art ryDise
Periph.Bl va*ultr di*de (PVD) rcf's to the di*ae ofvosculafbedsother

rhan rhe corcnary and erebml ves$ls lhis mav include ptlholoSv diT'ctins lhe

cdrotid lessls,lh. me$ eic vcssels, the rnsl ve$els' bd the uprer and lous lnb

vcs*h, Tne lem pdiphehl adery di*e (PAD) bv @nvenlion is dtsiSn'cd io

!!$ular PhenorlTes a64rins the lowc! limbs odlv olher mmes lor p€tiDhcdl ancry

l3
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dis.& include p€nphcEl dcry Glutiv. diw (PAoD). tnsioslffiis oblitcds

(ASO aftccting abdomiotl .orta dd lo*.r limb vesls) loter exiEmjlv atlery

dhc6e, and lowc.€ rcmity pcnphcdl an.rv disas (H.nnrilos'1al.2010!Lascll

el !1.. 201 l: Mc&mot ct al., 201 l)

Ldl P.riph.t r ln.tylcluit. dha* (PAI'PAOD) 
'od 'l'sinorio!

The earlien srmptom of PAD h 'inlemitteot olaudicotion' (lC) md it

si8:jifi6 rnc hg pain tnd di*@fd that it lgsBt'tcd bv ex'rcis dd is Elict'd bv

rcsr. In p.riphetal arrcry dse, hnv dsu. dd de plaqs buildup tfiects lh' ilie'

fcmoBl, tnd poplit€l ves*h &d m.v letd 10 insumci'nt p'tttrsion of lNcr linbs

qirh criddl linb i$h.nq 8!ng.n andor lcg ulcBrions Thombi fom in limb

vcsG (as in codnarv vesls) dd lhe late complicatioN oflimb thonbosis mov

n.cesi&rc su4ical intdenion. sov.e g.ngFnous leg mv FquiE amputntDn' m

$. thMbi €tr Eles dboli, csulting in lif' lhslc'ins 
'mcrycrcies 

PAD is

$o.gly tsooi.td tifi ouline risk fe$6 rn aggmvdlc alh'mslemsii including

bbe& us, .lcwtcd bl@d sus.r ldels higl' bl@d p€suF tnd cl'v!t'd

homdy$eis l.vels (Hish d al . 2006i No'eEn 
'1 'l ' 

2oo?) Abough PAD cd

c@xist wilh CAD, I can howcver delclop i'deFndcnl of lh' cd!'ntional

dnliovedm n* feto6 (i.d€p'idcnt of @on"v tn'ry qlcim l6d dd IL{)

(Aboya6 d 31,2oll) A3 PAD !fiecls $e qulilv of lil€ & edlv diasnGis md

pompt palliaiive nssuB cin imDrcve rh' qulit' oflit. and liL qp"lanci's in rhe

affd+4 higl isk individ@ls

PAD is cldified inlo fire sr0ges or goups (based on guidelin's bv Ltichc'

fonrainc), cnncd Fonuinc! clBsilicdion (HiMh el al 
' 
2006: C6no_Sdch'z el al

2OO9). a.{t i..ludq Sh8' I in thich lhe Plque dd obnMion troduc' rc

syn;bmsr srase Il where lc is presenr this $ae' is funher divided into t*o sub"

$g.s (lltllb) deFndins on whelher Ic is pEscnt anct mlking n@ rhd or r'ss

$e l5O rerc6i sLgs lll is wh'E p'in is prcenl s| resri dd slagc lv/V {hcn

u".,, ,'tO *".,0 -O criiictl li6b i$h'mia dev'lop' Stage III' ry' dd V

.eEsiEle su.gi€l mnas.m'm (ttiNh d !l 
' 
2006: cdlqstrcnd 'l 

al' 2009)'

The diagosis ol P'iphdal ldery

pslid$ and symptoms g'neml phvsic'l

diseosc is dcpcndtnt od $' historv of the

enmi.ction, dd lhc sl"ific ditgn6ric

l9
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1.4.2.1 Hillory/SyDpr.d

Ths most smfroi and dininctiv. symDtom of PAD h inLmi$enl

claudicaion (lC) (cunningham el al, 2ol0), symbolied by lhe bisrory oi les pain,

disnfon or weE lc8 ctuF (nost noi@bl. in olf au) This svnPtom

incEes in ide.sily with physi€l cx.nio. lnd is Eli.!.d bv resl A5 dise
prcgre$es de pain appeaN.arlier wilh lcsr ex.nion and lakcs longet to *tle aftet

csr. A s.v.e mditest tion ol di$e is rhar the lcg pain md intemitlld

claudierio nay aPpd ar Esl. TIEE is .ho hicory of @ompanvins disod.6 such

as b!€ncnsion, diab.lcs, and elevated lipid leveh n. DEsrce of lc in prtic s is

a$ociar€d with SeneBlidd verld abnomality and high.r norlalilv r.l.s due lo

coupled sokc. dd de cAD (Clnningho d al., 20 | 0).

r.4.2,2 Gcrcml physiol crritrltio!
For $e pati.nls rcfcGd ror PAD Msm.nt and diagnosis. lhe besl

!pp@h is rhe @inarion of enia catdiovlsl{ srsLm b@us PAD is ond

a@mpanied *nh gencmlized a$cm$lebric diee The gcncdl phvsi€l

cxaminarion in PAD includcs eraminarion ol peripheral pul*s (remoB1, poplileal

doMlis p€dis, c@tid. btach@I, md Fdial), thet PFsnc', volum'

(rh$fta"ovnomal} od rhci pttem {Fsul$ or iftgulttr) fie svsrolic dd

diaslolic bltud pftssuE rcadings are Ecordcd, dv sres or ulce$ pr'sent in $e linbt

arc exmincdi lemp€Erurc dilTerences beNeen $e linbs ee nonkEd as

hFltuE difcEnce bdran ldj'Mr lidbs is @dw indietion for PAD (Hieh

cl al . 2006t Norgrcn el al., 2007)

Th. diaFosric r.sts usd for di.8lotis of PAD cd b' grup'n hio t{o

najor cdeSoies: non msioBraphv blscd diagnonic €sls and ansiog6Phv b€!'d

diagnosric lests,lhe lan gloup absolure|t rcqunes aniott care medicalsll|n8s

Th. cslimarion of.nkL b€cni.l ind'x (ABI) ot skle bdchitr pEsrc

index(ABPI) isthe eost comoon bd durinelv used non a ngiogmphv blscd clinictl

mer$re of PAO. ABI is mcd!re of Erio of the svnoli' blood pl6sure at dkle to r}'c

sysiolic blood p6suE .r !m (svslolic doslis p€dis or pGletior ibial afttv

pE$urc/systolic brachial pt$urc) lls dig. in hohhv normal objels is in betrcen

20
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0.9 to l.l. ABPI dcduEhcnts E{uiEa spnygnondoh.rd as w.llas ahod held

Doppld .tt.dus ABPI ce diagn* PAD in ptlienl3 *ith moE d.n 95 o/o

aeuBcy(Fowkeseral. 1988).

s.gwnltl pB@ w.rcrt
Thc modificalion ot AaPL lhe $enenr'l PBure n6@m?nl' cd b.

undenlke. by phoing th. sphyeoonanomctcr cutf!l diltcdnl locltims in lhe limbs

16d.rcminc rhe der sic oar$llssl€n6is. ABPI > l.l dcnoB nommPE$ibl.

vessk; aneri.t calcificalion, and high ftk ofCVD, cAD, and PAD (Potier et 6r,

20ll). Th. ABPI D6wh. holds 16 t@oncy i.lhce @s; sd le brchitl

pressurc inder (TBl or TAPD should be measdd in lh@ individuls lo reli.blv

delccr PAD (HiNh cra1.,2006; Poticr et tl , 201 I )

Post wcb. AaI 0 ie.dnlll Aal

lndividuah with normll ABPI vrlucs on€n hale lower lcvck and erercie

(Hish er .l.. 2006). thwa@ in i lividuals wth todslinc 
^BPl 

bolh Fii4 dd

post csrcis or ttec{tmill m4surcme 5 have g@l€r &cuEcv for diognosis Post

q.rcis ABPI 6 bc u*d b difI.ddiae bet*q inhin"lNdiotion duc ro

PAD, fiom psDdHlaudicolions (lo*er li6b pajn dle to v'tubtal disrd's'

dcorrhrilis, nu$ul.r disds, cvsls, md tmod) (Hisn ei al, 2006; NorgFn cl

Neot itlm Ed sPecnacopt

Nca. in6! rcd spdlosPv NIRS) cd b' u*d io dddl lhe p€d' or$'n

eruraion in mMt.s ud thsues, !s the inlm Ed lish easilv tasses diough bodv

nmbdes and sk l€1ol tislei ..d is Eraincn in dso6 deDc'dins o oxvgcn

conl.nr. Th. oxyscn stlmlion 8iv.s {tilfmnt valu's b'foa ud an4 exercic (duc !0

dilTecnl lissue oxylen contnl bcfore dd af.er cretis) (Comeot! er !1 2003)'

Ti$!e oxyg.. etuEtion (Sror) is sisniicdrlv lo*'r in PAD us3 an'r cxcnio ts

comparcd lo the subjels *irhout PAD, fi'r'forc NIRS cm I'c used for leuhr

di.e liEnrif@rion (c@.rcta el al. 2001)

Th. hi8hly speoialiEd ihasing and tngioeEphv &chniquet for PAD

esnent h.ve erater ltilitv in ditg6inB stnosigobnnction in advdc€d PAD

coidirions (8mde llt onwardt t.d are thereloE ofL$ impoence in diasnosis ofthc

2l
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dymplomric PAD (Hi6ch .l al.. 2006). Duptex uhnsound ir a v.ry ssnive
ullEsund pcedm and qn idcndry PAD wirh greai @c!@y alrhough it is 0 bi8ily

opedtor dep€ndenr p@educ. h can acclmEly idenri9 rhc sn. olsrenosis Ns w€ll os

detenine lhe nccd for Feulariation or sur8qy. wnh dupler ultEound thc nost

rcpmducible endpoinr m6u4n€nr is peak s)Brotjc vcl*ity (pSV) .t rtF siG of
veula. obsruction. A Psv v.tuc a 2 is nost pEdictivc lnd is 66rd&t {jth i jO

% va$ular obstrudio. (S.nsicr d at,, t996; WirteFwamds cr rt., 1996). Dlpld
ultaeund ha tignifione 6 welt lo iddrily fi€ sitcs for bt?6 dd veuts
a@tumoes pocedurcs (Hn*h d at., 2006).

Ca,puld t o tuyap h! Bsid. tt.^g iog t tptr
Conputd ionogrsphy $isted dngioldDby (CTA) is a ion_irvasive,

hishly inaotutivc Esr fc PAD Nssm.m. This ter {n b. us.d !o tisuatize lhe
aneriol lree and the rhe or sites ot slenosis On{h et at., 2006). Technic.l
ad@cddr ol $is r*hniqu. is rh. hutri.d.rcror CrA (MDTTA) wirh 64
chsnchand can raie as nany images,inuthncousty. MMTA is lhercioE a fa$.r
t61 lor PAD dir8n6is. l.ss roxic, ed moE cconooicat. tt tr ltso b. us.d efety in
individuals with cddiac !@nates sd denbrithtots (Hi$h el al., 2006; Norgcn et
al., 2007). The 8ca,!esr diedvtui.ge oaCTA h $al arrcri.l atcificdion lcnh.r du. to
diabetes or CRF) r.sutts in lhc .bloming anitirf lnd 6 geady diminhh @urar
diag.osisof pAD(Norgi.n cl il,, 2007t Chd et!1., 20lOi M.y,rctat., 20r0).

Mas d aic w 
" 
@ e o r Clag.ophr

The ..xr tdhnique .Malnelic RFnec. irosin! Nnt d lnCiosEphy (or
nagnctic E$tue oeioCrarhy .MM,). is a Evoturion ry rahniqE rt|t altows
complctc aMlysis of v.scutar fte ond bener visuatizarion oa o*lusiv. vascute
patboloo, MRA. in cortu b CTA cd b€ u$d efct, tor d.tysis of @tcifi.d
plaqucs! bul MRA h ior suirabtc ror parients rirh cardiac sents, defibril.tori .nd
paem!r.6 (HiNh.r.t., 2006: Norg4n el at., 2004. A,orher.dge oaMRA ov..
cT^ and 6nr.stmsiognphy h lne exol$ion ofionizing ndiarion i. MRA sat$is
Th. I.tcsI nodifi€rion of MRA, rhe whote body MRA (wB MRA) 6 @b6,
exepting oronary ve$els, the btood vessts of rhc cntiE body. As pAD is swiated
with .lhreL@sis in orher andiat b€di WB-MRA pre.dE @ dercl r€ cdiF
bod\ drhercqlercu! burd.n r\'ct*n erat., )00o: N.et{n,20tl)r.

22
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X- d!. o at 6 | z ne i os I rphr

X+y contd dgiqEphy is ! 2-D .inv6iv€ .ngiogEphy @hniquc ,nd is

a Cold sanddd' diagnostic t6t tof tower timb pAD, Conran angioemphy is bost
ueful in siluatiom sh.e paienG havc eveE ph.not'?es ed en rh.E is

indietid of Ewu|lizrin, pcrcul'n@us or srrgiat neagcmcnl Modificd toD
of conldst ansiography, the digitat subldcrion d8iolraphy (DSA) hd sFrior
inaging utility 6.ompaEd b prcvious noHubtr&r.d vdiur (Hieh .r at, 2006).

To incr4* lhesLryp@fiL oflhh rest, conlGtmediums tike CO: ddgrdotinium
(vhich is an MM specific conrds) can b. ued innead oflmdirionalty ujed (norc

in6iv., n phrcbxic) iodind.d onhr m.dim (NoeIdr .l !t., 2007). Th.
.umebus tesh lor PAD ds$ment erin th.i signifr..ne dlier fien Esulrs aE

coDpaFd wnh DSA, as DSA is srill consid.red rhe benchnart lnd gold slandad for

diaFosh or6cul.. disd€u (Ni.lsen.l al., 200q Eib.rg d rl.. 2010; Nicl*n,

l5 C.rctiB ol P..iDhcr.r Arr..y D!.c
An exnaustive lisr of qudnrirarilc ron (QTL) l6i, vaiols gcns, dd geie

cluslen that dsiatc with p€iphenl vascul.r disease moieri.s a@ .ow kno*n. The

Millions of rh.* ldi ud gercs haye b..n coftlatd by vdious Mialion
$udies, Many oarhe tabulatd di$ase varilnls sd gcietc determi.anls dsocialcd

wilh PAD dpres findiogs ii re familial ces md n €d vrlid.tion. Thc s..etic

dercminlnts alos wilh seDomic posilions and MIM IDs ore povidcd i. Tatlc L | ,

1.6 Hono.yn in.,Honoqrtei!€dirrodVMulf Dhea.

Honoy$€ine (Hcy) ir r noFetial, @n p@in aming; sulphur poncd mino

acid lhar is Cdmtcd from lh. mino acid medionin., aner m.thionine loss its

metnyl golp (o ohinaicly prcduc6 homocystein ), Hom@ysleinc has grined

considcEbl. imponaftc 6 th. nes odioved& dis.e bi@!tt€r, a wll s a

ciusativc agenr for vlrious vrsculai dierdels, oanceE neuologic dd ndabolic

disideE (Ha4 .r .1.. 2009).

1.6.1 Borocysr.in.itmrJof it[er6cl.r6h
Homeysleine 16 fi6t disovetd in 1912, when Butz 8nd de viSn.aud

islarcd, id..tified and mmcd homc)ilci.c (a di-sulfide comD.und), rn€r

experimcnlaiion on m.thionine (Buu and dc Vignerud, 1932) La&r, hom.cv$cre

w6 isrmcd rhe F?.rnror responsibl. i' lh. third rlhat lhmrt of!6.6$l.sis-
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T.ble l,l.Thclcnntivetieof the genevffianc.poleins.anddisass(rrthMrM

rD) rcioEd to pAD.

MrM rD c c map lei pAb;Gi;;;:AG;,adan;
t0114t t9qD.2 ;po[p.Fd E (/poo
107680 llq2l ApotipopbrcinA

\41120 2qt4 lnrrteutin r b.h(ralJ)
147760 2qt4 tnrrt.ukin I atpha (12./,{)

60030 9q32-qll lbtl tike rcepior4 (rrn,r)

603011 lq4lj42 Tott tirc rceptor J (rrxt
192240 6p\1 Veuhr endotheti.l SfuMI fetor A ( t/tCF,r)
100186 Xp% CH{, Ligdd (CH0L)
600315 loqll.l Ch.nolin.Cxc6otiflis.ndl2(CxCxl2)
I?3610 lq2l-!25 Selccrin P ($rP)
147574 l2ql4 lnre&on gamna (lFNl)

190182 Jg22 TraNlormins gm*d l&tor bd. rcc.pror II

101269 l lpt Fpl3 CDl4.nri!..(CD44)

186910 l2tt Fpl2 CDIA igo (clx)
l3l2l0 lq2l-q25 Scldin E (SEIO

16173l l2qu.2-924-Jr Ntuicoxidcsynlhel(xrrsr)

147t45 2ql6 In$lin @pror sbslm& I {.ii.t /)
60\487 lq25 Pcoxisomc pDUferalor aclilatcd F.pior

lpll P.r iDh.n | .dcrial @lDsive dise I

167700 I7q I1.2 Ncubfibonar6is I

232500 3pl2 GlrroS.n noEge dirc lv
205400 9q22 {31 Tansicrdi*
161200 9ql4.l Nailpit ll. syndromer NPS

211900 llql2,l2pll.l Tufrorc.lcinosis,hlTeQhosphdtcmic,fanilial

264300 l7q21.3-{22, l6pl3.l PsuedoMnlhomaelaaicud (PXE)

151660 rq2\.2 Foilial p.nhl lipodysEophy ttlc 2

208000 6j22-92t Ccfdlizd !turd calcifetion of anf.lct I
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VIVID Cenemap lolr paDdko dsN. seFeMG
133100 l9pll.l pt3.2 Fmitial cryllmcnosis I

lar4jo )2qtt ? V.tq.dio6ci,t Syndomc

245150 l2pll.t-pl2.l K.ut.tsyndbhe
269100 I I q 13 Cong.nibt geneatizcd lipody*ophy 2 {CCL2)
211450 2p12 V ned in K d.pendent c bnine facro u com b ined

deficiency I ('.KCaDl)

227500 | 3ql4 Facror VI denciency

130160 7qtt.2 Et6rin: ELN

.,q27 Adipo* nNrbunddg.n. r6n$ripr I

(,1PMt)

174410 t7q2t.32 In|.g'ii b.|! I (fcAJ)
190198 9q14.3 Drosphila homdtogc ofNoloh I (NoTCHt)

6012

6120J2 15q25.I SnokinS !s a qDMrirriivc mn bcus 3 (SeTBi
133390 (9q22.1,5pr5.1,20q11.2- Susplibiliiy!oiob@.ddi.:tid

qll.l,l9qll2)
158120 5q3l.r Mone}lc dif.Entialion erig CDl4
1l.J8l0 4q28 Fibrinq.n B b€h polpepridc

165070 l3ql2 FMsrclatcdryrcsinelinase I (FLTI)

602048 Norsp*ified Ra3 rl.rcd botutinun tqin subsht r (RACj)

645741 lplcpl5 LDL eplor adapror pFcin I (lDrfutpD
600160 9p7t CrUnd.F Lnr ki@ inhibiror 2A

(cDw21)

182118 7qll.l-ql2 Solut. cdier faDily 6 ncnbcr 4 (SZCd,,l./)

120180 2q3l Coll.gcn type [I alpha I (COrJ,4i)

t47679 29142 lnterl.ukin I r*proremrgonist

123260 lq2r {23 C rcadivc prctein, pefira\in rctalcd; (CP)
607091 lpl6.3 t t0 m.thyleftGhhtdofotae adclls

(MfHFN

216200 2t922.1 Hoo@y$inuna
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Mccllly (t%9) r.poned No plrictu *nh cxrEmct hi8h h@eyndn.
ldehj thc .if*l.d i.dividuah had an.riat lesions i, t6ger. nediun, fd ninurc
$zed anenes, and rhe lrt8rial lesions ,fiecr.d numeous .neriat beds. orc patient was

onry iwo monlhs ord dd orhcr patiqt Ms cishr y@s old, borh p6ri.nrs hld diffcrnr
cnzyme ddec but lh€ und.rlying cdetiv. noteutc *s honer.tcinc in boit lhc
patienls (Mccully, t969), Th. parien characrerjsrics .nd tne iftplicalsd .a@dv.
rscnl changed $e p€vious conep! ud honcysl€ine rhsr! of alhe@$teosis was

jn an cxperime.llt $ries 6bbic dcvcloFd &nic tud anqill ptaqws,

chboli, and tissue in&rclions aner $ey e.E injccred or td honocysl?ift dd
ndhioDine (Mccully od Wilsr! l97J). Homcys6in. hs been ql.Bively apptied

to explain the pathophysiologicat dpftls ot a$ercscteois. The Hcy tary gained

more suppo( an.r hobocysteine and ns derivatives wcre confimed as autonooous

cauedve a8.nrs in la.cc cohorts of coMry ery dis@, sFot , Md ery
dise p6ti.nts (wilcker and witcken, r 976j R.fsun d !t., l9r8).

1.6.2 Homocysieircn.t.botisn

Homocyneine is iovoNd in rwo netab.tic pa$Na)s, rh. reveNibtc

tmnethyhrio (cmethyl{ioi) p!thw., od lh. ievmibte rdslfrmrio,
pafilay I. thc nansmerhylarion parhwoy homeyseine nips over wirh melhionine.

wher6 in tan$ulfuElion parhway homocysl€ine is iftvedibty convene{t lo
cysbrhionid (welch dd Losla, 1998). M.thionirc @ be obain.d fton {ticr,

fiom rhe body poreim" as w.tl s tion hom@tsteine..d b€raine (Finkehtein, 1998;

Welch and Lrsalzo, 1998), In tmsmeihyl.tion parhNay, hon@yst ine dquiEs a

m.thyl goup fom N'n.rhyl @rihldmfotare. dd is 6ve.r\ed to merhioine,

lhough a 4&tion cahlrad by liramin Bl2 d.pend.n|m.thionin. srnrnsc (,{rtR)

cnzyme nr hethj'l donor lbr rhe rcelioni Ni merhtt rerBhydrofotate is forn.d
rom Nr, Nro mdnyGnc ahhydofold. rhbush dothd.izrne .NJ, Nio Gtnyhnr
Ehnrdbfdlalc Educb* (nrrrF4. Th? merhioni@ in im e tcad .nher ro
fomalion ol body prcleim! or ir can bc denerhytatcd lo fom homeysl.ine thmugh s
dcnosyl nclhionin€ (SAM, rl$ mttcd AdoMel) ed S adeoosyl hom@Fr.inc

(SAH, alo calld AdrHcy) (Jalobo*ski, 2OOBj Tnr.ni,2OO8). It. onty l@snizld
source or honeysteine in rh. hum.n body h S adenosrt hohoctscin Gabeni,
20031.
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whd rcthi@ine is in cxcs or $ten rhe b.dy cquiB cyslein.. lnq ]t/Itr
h inhibiled and honocynein. rums ro the danssuttumlion parhway, wherc

homocysleiDe is iftr€Bibly conwned ro ctshlhionin lhbush vibmi, 86 depcndnr
ty$ihioDine b.la smthe (CrS).@ync (Wetch dd Lostb, 1998; Tabenl
2008). Cysr.lhionine is conrened by mother vilsmin 86 oepeDeN enzyme y

cysr,rh'ond (cysnthioDi.c y trN) io fom cyncinc ,nd o+clobut nte (Tmbcni,

2008). Hcy @n ale be ohain.d *ten .hom*ysteine rhiolacron . is conyencd b Hcy
rhroush rhe rhiolaclina$ &rion ofrhe viilt enzybc rcmed pamoxons I (polr'l)
(Pcrla-KajM dd lalubowski. 20 I o) Thc cxres oa homsysLi.c e shoq in Fis.
l,l.

1,6,3 FrctoB modul.aila hooocysr.t& t.vets

Mlny h.lou, physiotoaiq! s w.lt os pdholosiat, moaula.e rhe btood

homocysteine l.v.ls. Ase, e.nder, dd nfirilion aE ome inpons physiotoSic

modrlities thot conr,Tl tne btood hm@t3tcine tevcts. Noma|y, m.n h,vc highcr
l'@dysi.in Lv.G rhM *om€q dd individuals h!v. hish.r t.rts on .npq
sbnach as conpaEd b lh. t.vcls aner meah. Nomat hondysreine tevek atso

chsnSe Ni$ ase, lhe average telet is 10.8 lmol/L du,in8 hiddte 6!e gmup (4G45

)B), and rbe lcvcl inc€ses to t2.3 uoot[ during otd rge (6q7 yu) (Nu cr at.,

2001). Hypedomocysteinenia, which h th. elevared Hcy lcveh b.yo.d lhe cur of
mn8., is calcsoriz.d inlo the subtyp.s dep€nding on dE btood homey.rcine
co.en|alon, 

'hce 
iftlud.: modeBr hypghooayseitunh (bqreen 12_30

rmotl)i interm.diate OI-t00 !not/L)i and sve4 (>too rDot[) (weks cr at.,

2002). Most oalh. hon@ysr.inc in ptarm n oasponcd in a .pDi.iD boud, tom,
6 disllfide oa 'homayslciDHlsrcinC or a ,homocysiic (dhufiidc of
homocrsrcin*ho6ocysteine), rhe rosining ninur. lmounr is presenr s fice or
Eduad fom (B.lb*ski, 2005).

1.6.4 C.n.ric crulcrnrbom n.r.bolisn .rreB
fte c.se iudy ftponcd by McCu ] (1969), r$ lhe ctNic.leMpte ofrhc

'nbom 
q@ of honcysreine ncbbotis {ev.E h}F,honocysci..ni&

homocystinuria) Onc parienl had Cas enzrhe defici.ncy dd rhe olher padcnl

suflar.d noD fic nfi enzymc deficiency (Mccul!. t969). Bod lhc patienb hd
nultiv.s.l dis$, g.n.Etiad .ndorheti.t dysfundio lnd g.n.Dtizcd
atheoslemtic disas. In addnion ro rhe abovc nendoned enzyfte detus,
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hofrocyninuria €n resutr so.rilry ro ,mtI.,R.nzFe deficieDcy s Mll ((dwe
.r rl, 1976; wclch ud Loscata, 1998). Th. inboh emB of h@6yst in.
m.lrbolish havc .uloson.t @siv. 60dc of inheriiu.., wilh .tr€r:d individqls
h.vi4 vqy hieh levek otttm! lbmmFrcine (>l0O !hot/L).nd dek rrbte t.vcts
in un.e Mpt6 (Welcrj ed rrete, l99s).
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scleE hypcfionatsteinenia is bfiaicd widr *veral sysleoic findin$,

includine the eye ab.omalilies (ectopia lenrh or displ&ed opiical lent, skeletll

abnomaliti.s (dciomity dd/or osleoporosit, v@ular diso.deN (pEFaoe athere

thoobotic disd). and mentll retardaion. Thc hooozygous muhtions .recring

,t/ItF,{ .nd CS,t.nzynes are .$ocia€d rilh *ver. htT€nFmaysleinemi!. rilh
adv.rc cadioveuhr disse b.forc individu.ls nt 20 yetu of a8e and monolity

muu in affdled individuak by rh. dgc of ]0 (Mudd d al-, 1985; Wclch dd

The individuh vith h.&rczysous .uymc dcliciency ud poim nuhrio.s in

$c honeFcin palhNay ser.s .rhibit lc$ aod*,ble di*s and nild to

intrmedilte hypeihon@lsrcir.mia. Howcver $.s individuals still re { D

incrcased rhk lo d.velop ctrdiov.scular diedc &d complicalions (w.lch 6d

1,6.5 Signi licalce ol vit nln!
ScveBl B rilaBins rcr 6 cof.cbu lor ..zvnes in lhe hodevnein.

p.tl!!t, fi.r.fore lhe vilamin D .ateSory is of conside6ble 
'npodance 

in

hypeinomNrsrcinemia. As vinnin 86 G a @.sry cof&rd rot cBs md

crsbthionine T b@. n h lhaloE Equicd lot &livity or rhc cnzvn6 in $.
rmssulfudtion pdhvoy. Rcdued in&t. ot dcficiocy of viLmin B6 ft €l.lcd lo

high.r homocysleine levels &d .nhan@d rist of di$es lilc CAD (Mnis cl al.,

2008).

Folare (or viL,nin 89) h m intecbl conslituenl of honocyst in.

encthylaiion palhmyi diminished fol.lc lev.ls lcad to imdequale lomttion of

mrthyhcnlhydrordl,c (rhe mclhyl donor for n.rhionie iomalion) lnadeqo.t.

inbke or denciency of folale is elaled lo hyp. ooocvsi.inenia, esp€cial! in th.

cohtexr of generi. abnomalirics. High foL.t. intal. rcdrcs $e dis@ sbtDs ond

Educ6 the hm$yieine ld.ls ii .fi@cd individltls (M&Mthon el 01. 2000r &
8rc. et al . 2001). HiShd blood lcvcls of foli€ eid od vidin 86 or high.r di.bry

inhle of rolic rcid ond viunin 86 dininish th. homavsleine levels aM Euh ii a

dccce in inci{tene of crdiova$ul$ dierdcN (selhub et al., 2000)

vilmint Bl2 Md 82 rE lhc coleloB lot MIR od MTHFR.Mlmcs

rcsperivcly. Botn vilanins dril)6 dilfd reelion3 of homNld.inc

ransflefttlalion cycle and moduls& th. mcdylation' of hoh@vsLinc 10 fom

29



G T"I'I E M L 1 M AO D LI' f IO N

methionine. !ol.r blood lev.ls sd lo*s diebtv inkt' of folic &id {ihins 82

86 ed Bl2 individuauy, ae assialen *hh hisler honocvsleinc l'vcls (Chcn ct il '
2005). *ficiency of {ihin Bl2 dd foltt sv@gis1i@llv elcv't€ lM*vst'irc'

qheEls idcrca$d diehty intt of th. B viLmins d€cates dE elcvalcd

honetsreine concenhtion (MacMahon d al , 2000i chcn et al 2005)

r.6J fltFlhordtsl.i!.ln, Met.liu of A.tlo! td Ari'rMLdL

t.6.61 Honcytrcim .!d prol.ih hoho.tlteirvl or

tllTcrhoo@yneincmh 6ults cirti.t duc lo hiSi prol?in or nclhionine

inkk , due ro nurnioml dcfici.ncy of cssnlial vilmii coftclotx or dw lo g'nnrc

abnornalitics in lhe €Mymes of homocysteine palhw.v. Exces honocrst'ine is loxic

ro th. body, dd ctos alh.oelesis and vdular dis@ hovcE theE is dgoing

dcb e as ro lhc m*hdbm of hmtul lftds An imponst p@posd m*hoism is

ih. fomation ot Hcyrhiolaobne (Hcvlhiol) and €sultant prctcin N

homerceinykrion (Beltdwsri. 2005; Jakubowski, 2OJ6) I. ht?6hom@vsLin.n)t

hond).tein (inslad or m.thioninel ircoQom&s with Met-RS durins t'a'rhrtun

Th. Mer-Rs bound homsyslcine (honocv$einvl adenote) leads to fodation of the

Hcy-lhiol. Hcy'lhiol dcrs with mino goupt of lvsinc Esid6 in the p@ins md

ftsults in lrhomocysteinylalion oithc poteinsthFugh dide bo.ding (J.kubowski,

2006).

Thc l-hon*tsLinylatd pDtcin ix Hcv Forein) csults in dm.ains

cons.qwncB in a numb€r oa ways. x-Hcy por.i.s have ab.mnt potein loldinS

lc.d.ncr. lnd undergo sponlono6 demturalion Md |s8t salioi ullinalelv ledins

ro c.ll dcalh (htuborsti, 2006; Jalubo{ski, 2008). Homavdcinvlaliot dn aeh in

Ootein in&tiv.tioni fot exomDle POM is iDacdvacd, with Bultdt elq.tcd Hcv-

rhiol l.!eh (tnd ih.r.foE amplifisiion of Fol€i. hond)sLinvhton)

Homey<.inyl{ion no! @1, ineriv.ns llbumin dd hooglobin but al$ inc@
rh.ir d.stuction by oxidarion. I nooeysteinyl.rion of fibino8.n rcsuhs in rh€

lomalion ofbl@d cloK wnh higher rcsisiance lo clol lvsk lhc hom@ystcinvlotion

of fibnn al$ intolves fio* l)6ine 6idu.s whcrc risue phsmiroScn elivdor fPA)

6id plasmin bind,6nd lhis msy explain Bislonl clols, ind inccascd tis( for CAD in

hrp€domocydeincmic i.dividuk (Jalubowski, 2008). hot in homcvieinvlalioh

lls severcly alTds lh body by adoimmune nehlds aot@tidies (oa lgc

variery) dn.otcd again$ Hcy lysine epitop.s acoumulare in de bodv panioulallv in
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pllicirs with CAD sd ecbovasular dica*. Thc Hcyrhiol mediar'd dmt3'

rhcrcforc rcsulrs in Educ€d €llular liabilitv. activatd proinnemalorv pd'sei

aubinmune m4hanisms as well as cnhan€d thoobosis (iarubwski 2006;

L6.6.2 omo.l3icirc ,!d doxitrs c!{.d.
Homdysr.ine h @ial.d with hish4l.veb olciEuldine tiss* r&lor Dd

i( ale indMs ris@ f&id El@ Iion th..iloth'lial eus (Frytt cl al' 1993i

Meucci el al., 2OOO). Tise f&!0. is ! shng etiwtor of @Sulalion r&tor vll

Acriv.Ed f&tor Vll rhd 'slb in &livttion of de <townsF tn f'ctor x &d tldg

with !.tivded adlor v, tctivation of f.c@. ll (po$ombin) to rhombin

Ilometsrcine als diHtl] rcsults in th. eiivaion of 
'actor 

v lhroush an endolh'lirl

dciivator (Rodgeu dd Kane, 1986), ftvorirg enhuced fimmbin lbdarrcn'

Thrcmbin ol$ cxens p6nire feedback b, enh'ncing sclivotion or rac1o6 v dd v ll

Elcvd.d rhonbin levels Esult in the cleavagc of nbrinogen b nbrin Fibin b lh'

most crili@l polein for fomation of blood clots, lhombosis dd resuMnt nssu'

infNtion; hDohomocvstinenia rh.EfoE &tiva&t mgllarion poleim dd ftvos

$rcmbo8.rcst (Ro{tcer ed K@ 1986;MGud! ct aI 2003)

Hm@y*i* ale fato6 dombogcrcsit bv innibiing lnc di$Mboric

a8.nG rnd by inhibirinB fibtinol)sG HvFthom@tdcineoh EdD6 anli@llll on

by inhibirins p.rdr dli@suld! filnhrcnbin lll (Paldii el al 1936) Thoobin

normrlly &tivales fibiin and favom thrcnbosis and clonins ln@sdn8lv ho*'vcr'

though an al&nate meohanism, thFmbin Qn nodulaL sli@sulatioh 6 a'll ]]ik

rlt mdre effdt is rccomplished via &livalion of rhmmbonodulin and prolein C

Thrombin on binding sith fircmbonodulin leads ro conveFion oi Folein C lo

.crivarcd prclei. c (APc) shioh inhibil5 c@gul'nt potein v and vlll deftbv

dhruprins th. c@gul.tio dd clor fomdion (Rodsd 
'nd 

Com l90; L.nu dd

Sadl.r, l99l; Hartshi et al. l92) Hoh@vsrcinc favou $Fmbotis 
'nd 

clotins $ ir

.le inhibits both lhMbonodolin o l APC (Rod86 dd CotuL 1990i rdE dd

Sodlcr, I99l ; HaFshi cl al., 1992). Tl. Hctrhiol moditun fibrin clors aE Eldivclv

fim with rcduced Fm€bililv, which d@G66 lhc pospd of fibtinolvsis bv

plasmin dd such clors aE ako rsins ro |tsis bv 6pinn @ndas 'l d1 2006)

Pt6sminosen ed tissue ploshinogen aqrivalor bind b librinocan thrcugh its lvsne

rcsidles. and since Hc) thiol alo iar3.$ lvsine rcsidues of llbrin; librinolvsis is

ll
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inhibr.d (hkubowsld, 2006). Funhcmorc' hobelsteitc de's liDopolein A (Lp

A), rcdrced LP A hG v.ry hish a{nnnt for fibrin and lheftrore inhibits fibrinolvsis

by mdpdiriv€ innibinot of fib.in and plsmin inc@ion (tlnrFl el al . 1992) Hcv-

rhiol induc€d nb.inos€n nodifistim 6ulr5 i. ohaied $mnbosis {d reule

dnmlg. Unds .r ol., 2006: iatubowski, 2008)

r.6.6.3 lloDcylt.ift md LDL

H)rerhomGy$cin.mh qu6 hm@vdcinvtttion of LDL b vield nodilied

'H.y-LDL. HddysLinc { rhc enc timc ctn lndcrgo tulooxidttim Esulri'g in

rbe prcduclio. of enhanced ROSi inchdins htdrogen p€rcxide nd supeoxidq lipid

oxidation, and fomation of ox-LDL' Such modific! LDL moloul's (Hov_

LDUor-LDL) are r*dily incoFomred inb nacrcPhag.s lavoring fodation offM

cells (which narks lhc inid.tion sd pogdssi@ of a$erosLmsn) (P'na el 
'l

2ooli Fsclti d al.,2oo4) In ddition to Ros indlced indircct dm'gc Hcv-LDL

direclly idduces cell danag. bv percxidation oi lipids tnd lhnugh oxidarion n'dialed

danrgc ro endo$eliat ells (W.lch .nd Loscalzo 1993: Pena cl al 2003iFeftniel

al.. 2OO4). Modific{t LDL nol*ules ncdia|. diEct snd indircct d'n'ge Esuhing in

adem$lercsis, phqu. detnbilialion, dd tlE fodtrion of f@ @lls tlon@vsl.iG

is als a e@ of circul.ting ti.sk facror pbvidin8 M additiml ndhsis tu

plaque iffiability (MsDcci et !1 2000)

1.6.6.4 Prodftiion ttrd Eodut lionofNO

one @npoMt of Hct m.di.r.d cndolhclial dvstuncli@ is deF ded on

nirb oide (NO), a deri$liv. of Mino loid 'r_a4i'in'' L{Citine adminisraiion

(oral or pamt.D is linkcd $ the vasodilabry rcspones dd deline in 
'ndolh'lill

dtsluncrion in pttic s *nh htpercholest'Blcmia. hvpendsion and patienls wi$

arherc@lous oiona4 v.$ek (Crcaser et al', 1s921 Lekakis 
'r 

il 2002i Si&s et

.1.. 2007). ThF dilleftnt enzvmes aE orclated wnh No svnthesis dd d remed

NOS (rhe nitic o:id. svnrhascs) Th's' aE o'med 4coldine !o the li$u's lhal

expres rhem as: neurc.ol NOSor nNOS (NOSI) inducibl€ NOs or NOS (NOs2)'

and endothelial NOS o. €NOS (1'lOSl) NOSI i3 cxpes'd in $e neuonar nsuc'

NoS2 is inducdl in a *idc dtv ol cclls cnlt tisu6 vhilc NOSI is dpEs€d bv thc

c.dorlElial elts (Alddron d tl 2o0l)

NOS eMvm.s havc dilf.mes i' ficir rfic6 ud i' lhet dows|ff

erab6. cllls rich in Nos an podle not onlv NO but ale olhd nilDgE Elcrive

't2
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sp.cics $ch ss nilroxyl cohDoun<1s (NO_/HNO) and t'rcxvniric compounds

(ONoo /oNOOH) (Aldcnon el al.. 2ool) Thc stioolarion or eNos 6!lG in thc

sponraneous prcduction ofNO and inhibition oialhercsol'ssh ln conldL Nos on

$ioDlalion d.as.s Fioxlnitit. rcsulting inro ennsced ath'@Losis (Aldeno"r

!l.. 2OOl; hsla. 2001) Thc .lhebgpnic p'lqi'l ol Nos &'iwlio"td

erpression is rtv.aled by thc foct thar tpoE+/iNOS+ simal Bodels havc 
'aenuated

ath.ro$lerosis (loscalzo,2OO3) nNOviNOS on lclivoiion supp'n the prcduction or

nihxyl ostounds (innad ol No). ed the TNOyNOS crtvmet slnlh'si4 NO

only in lh. prc$ne of lioih.r .n4d' thc sup'mxid' disou@ (SOD) soD

m.di.tesrapidoridalionoffieNo g€ndaEdbtNOSrcNO rndiralsGnoveslhe

'suDeroxide tat sould otheNie conv'n $e auilable NO b peoivntrite This

6eus $d SOD inhibns ft. tthcrcgcnic tndcnccs of NOS (Murpht ed Si's' l9l:

Hobbs et d., 1994; Schmidl ct al. 1996) HvFrholcs&rclehi' is tssiatd wim

incrc4 in endosenous Ooduclidn of th' cizlme 'asvmm'lric did'$vl dsinile'

(ADMA), vhicn is a F(ol inhibilor or NOs dd of NO p'odEri@ Doviding tn

addilioml n.chanis for va$ul& disrdd (ttip'r Md Villdce 1999)

r.6.6.s goE4t!t.i!. ndbr'rl NO D'i'bolbD 
'nd 'ldorhdirl 

dvlfllcnotr

Hon@,5icine @ di@lt &tivatc NF_iB dd @ tddnioMllv ind!€

cyrokine btscd tctivariod of NF (B NF-(B in tun modul'tcs clflatd iNos nRl lA

l.v.l. and el.vated iNos.nzyme pbduclion and activation El'vaEd poduclion ot

iNoS b' NF xB rcsults in oridaiiv' tBuma' eere infl4tuiio! dd adcrcsencsis

(welch er al., 1998) Hcv al$ indivates cnztdes tfill h've $tioxid'nt popeni's

like SOD and Sludhione p.oxidtse (Wchs el al'' 2001)' These rclclions rtvor

fomarid of ROS md p.rcxvnitrits, dd c'us ddorh'lill dvstundion (W'ks cl al''

20Ol; weiss,2OO5) L ?rSiniic is aie a subddt for c@linc pdiucrid c€'tire rs

fomert alid Larsinine oulyzed fodalion oi euanidinHcetltc lhe lancr

compoMd lh.n mplifas hoomvneinc g'n'oton bv caEllzins conv'cion or s

ldenosyl mcrnionine (saM) b s td€ndvl hm@v*'irc (sal0 Gddzq 2003)

This ht?othetis is slrengh'ncd as Ga4inine adninistr'riot resuhs in incs*d

podrclion ol c@rine/sqnidioMerarc/Hcvi s{t in enhmced 'Hcv n'diacd

ELe- or ROs dd na .s ot inlldnmaliotvvsuht diee {wds d al 200r i

ll
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eNogindulcd NO rcls on cndolhclius sd dcpF$cs c'lluld m'si*on

(Esutring in dmp.nins of iorlne asponssl shed Foxvnirite 6!lts in

.ncillia4 cellut.r ri8rilio. bv alr€ring lh' cndodel''l gap ju"lions (Coliamkv'

2000). tlomocyskin . deccded intemedialcs ofoxvg€t ind dvnncltic dinelhvr-

arsinine (ADMA) arc pokm inhibho6 of cNOs mediaied NO prcduclm aid favoi

F;oxlnili€ gercntior nm othet NoS enz)mes (Golisdskv 2OOO) Honocvscine

ale iniibls dimclhvl-ngrnine dimedrldinohldrcle e'zvn' (DDAH)' a polent

inhibib. of ADMA Hc' n dided innibilio' of DDAH 6!hs in higicr ADMA

lev.ls, dd Miarcd dcocAed prcdudion of NO dd hth'r p'oxv''hle

pFduction (stuhlinSer et tl, 20Ol) Hcv-{riol bv senedling pco$nittue rcsulb In

lhe modin. ioi of LDL molaules, in lh' p€Dxidation of lipid$ and obduction of

$e 'ox-LDL . ox-LDunodified LDL i' un inhibir the expE$ion nnd &rivity of

.NOs dd qimulal. .xrended pt$duclion o' &eiftnl'l $FFxidc dd Ros bv

eNOS irs.lf (Ro*nldnz_Weis €r 0l l9,4r Pritchatd et al l99ti Lcowenbugli 'l
al., 1997). All rhese nech.nisds sunter ihe potection 

'nd 
the anti aturogenic

.f*ts nenirl.d bv NO, dd shin lo lhe situation Nh'rc athero$lc@sis lhmdbo$s

rnd endoticli.l dvsfDn.lion d'velop dd r5!l! in veuhr dis@ (RosenknE_wei$

er ol,. 1994: ftilchail d al , l995r r4u{obu.8l er al l9?)

l.? Ilon6.ysl.ln. rd irs pdl'liv' Ec'ptor

N-nclhvl-D_aspadai€ (NMDA) treptor is tle implicd'd w i n'diation

of doMstcad ctfds of Hcv Th' Hcv-NMDA @plor compl'a leads 10 ROS

n di!&d @uhr dmas., cll d.ih, dhanc€n @lhld €lcim cntrv dd disru ed

cndo$elinl tu.dion Homdvndnc 4us v@!la dis@ aid PhqE insobiliry bv

aubimmune and or-LDL nedided r'chtnisms dd addkionallv bv inhibirinl

cetlular ATP levcls thrclsh rhc NMDA mediated calcilm cntry' loss or cellul&

EspiBtion, and @sult! @lluld apoptosis (Mccullv 2009) Recent rcp'rts 
'nd@t€

thal hom@yn.in. is d. ligmd for o cr EePlos in addirion io NMDA ThcS

i.clude stnms mino hnvic &id (OABA) and PPAR Hom@)slcine aca d dd

Epr.ses thca Gccpron ro resuh in distopt'd ddo$clium t'd MMP{'diatd

datrucrion ol vssculor 6anix The th'npcutic agonisc of th' CABANMDA"PPAR

d@ pto6 relc6e the ldvene mlnif'stltions of e leltted Hcv lcvs ls combomling lhe

sie.if@e or thcs scpro6 in hom*)slcinc driven cardi6{$uld disder (sLcd

14
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AIMS / IIYPOTHf,SIS Of TH-[ STUDY

AiE!.!d objerivBofiL stdyorducted i! Prki rt
The .im 6t the $udy w$ to idenrify lh. altele veiMrs in the hom@yn ire p$h*ay

Mial€d wfth cAD, and lo d.ternine gcre-g.ne i .@tio6 or cpisLsh. Dsing i.l.a
pri4s lllclc Efmclory n arion sysro (ARMS) p.trnd.e chain Hcrion (rcR).

HYPOTIII]SIS OF TIIE STUDY

HyporhBb of Srudy .ond(ded in USA

The hrpolh6n *os rhal RNA islacd ft@ PBMC ca. be .mployEd tor hrbridiation
lo mic@mys lnd €i prcvid. r lisr of diflercntiotly .xp&$.d lenes b.N*n pAD

c4s afd conlols. I! sas also hyp.thesize! rhal fi€ r$uhs con bc validared by

subscqucnl micr@y study Md aMlogous e€nc varians c{ sc ,s biond*6 for
PAD diagmis !.d dis@ Mi!.ion.

Ainr .d objsllvs ol th. Sludy cotrducled In USd

The aio ol ihc nudy *rs to isolate periphedl bl'rod nonorucl@ cclls for

dcrcmindion oa rmtr{riprni. sign.lurcs, {o asrtlin thc elnc exFtsion

diffcenes od se.ctic varionts Eeciated with peripheBl lesel dis@, by

Eypotlsir orsr{dy cotrdu.r.d i! p.ktt tr

The hypothesis for lhis nudy w6 rhai r.t. primer ARMS PCR sn cftecrivcly and

Eli.bly dltccl th. polFdphisms n!di.d. Addnionat hypo$6is w6 rhn ! subs€r of
lhc pobnorphisms miBht b. posiliv€ly 

'ssircd 
wirh @Enary an ry dis.e ed

nighl itrdividudll), orlhough sene gene inledctions, pr.dicirhk for CAD.
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STJMMARY

circllaline doMlcld ells @ in @nnd *ith th. blood v'ssl ull od

can sre s rtponerc of veular palholosv Gc.e cxpE$io. amlvsis was c@'d out

in p.ricnls with pcriDhtal a.t ial ds4 (PAD) a.d @ntrol subjcq ihbugh

peripheial blood dononucls cclh (PBMC) Thi, w6 a t*o_sr.p nic'\ffiv $udv:

with r -di$very $c mmpritins or nirc PAD palietts &d nine co ol subjtcLs

(wnhor PAD), dd. validaion set" compdsing ol ten tati.nB dd nite subj'crs

silhoul PAD. The di.gnosis lor PAD w6 b6ed on !n dkls bmchial index (ABl)

inditiduah rirh ABI i 0.9 w.rc diasno*d s m*s while individub *nh AEI > I 0

wcrc diasros.d 6 control subjects. PBMC were isldted fDm whole bl@d using the

dmsiry sndiot e.tifugrtion. ToLl RNA crfut d ftoo sples ra ht'bddi4d to

Atryneltix HG ul33 Plus 2.0 micFdays cencs hlving a fold chanee:1 5 eeF

coBid..al diff.dtially .xpresd, Th. Esultanl gde lis wa subjccd b unP.iEd

M.nn-whnncy te$ (P<orJ) and funhor coftclioi for multipl. teslii! by B.njtmini

H@hb€rg flle dieov.ry de.
Al fold cbansc > 1.5, rhe dilie(ntially expre$ed genes. simultmoudy in

bolh rhe sG onsincd of a |ofil ot 30 g.n 5^E &ripts qilh 29 gencs od o. mn

a.noloted rmnsipr, Of to|al 29 gen.s, 22 8?n.s bad hishr cxpcsion (wc€

upEgulored) ond ? scncs had lower expdsion (w.rc doMrcsulated) Es!€.tivcly, in

ca&s as comp.ren b $. contrch Fn.ctionaldalrsis oa$. difcrcnlially exprcs*d

8.hcs, ihrclgh gcn. oniolog/, r.val.d lhal thes genes E8!lai. a *i& 3mt of

impondi m.6bolic lnd nol6ul.r fucrios TIE Bdes dd 6en functift includ.

C5otrl (oodulrtion ol gcn ttaneriprion)j Fal,{i (dodulalion of jnnunity)i

CFUR (c.ll d6rh)i KLF6, DLAPI, sd /t8 (&tivni@ of MAP( si9ollins e*!dc
e valion of cylokinq chehokines, and immun. rcsponst; N,,|MPI (insulin

m.r.bolis md ituulin snshitity); IE|FJ|PJ (ell 8rewlh)i ed CFf (nodularion

of conpl.m.nr@gu16tion caeade). ccne cxpE$ion psliline oaPBMC idenrified a

!.1 of l0 difT.rcdially expEsd gen.dtu$riDrs. Ti.s dir.md.lly .xprcss€d

Ccnes nodulate inllammalory pa&waF including Con lBnsripiion, imnunity,

c.llular sigolling pa$*ry, .nd elt d.rlh or lpoplosis. Thc gcn s tnd p$wats

highlighcd by lhe prcet sludy miy add lo the insiEtu inro th. gcnctic mhileluE,

dd ndha.isns sseilled sith pDgre$ion ol PAD.
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GENE EXPR'SSION II'I'iTYIS FOR P'|D

INTRODUCTION

Th. sludics lhd $ruti.izcd dic'r)@y siltsb of pc ph.El blood

dononucl.ar cells (PBMC) 4d ptripheml bl@d ells in hethhv as)Tprdnaric indiliduals

rcval.d individu.l ecndic voislion. ditrec.rid 8.nc qpEsi0i, rtd hishiShbd Ihe 6. of

rh6. cclk lor sendic mly$ (whihey cr al., 2001i Eadv d al, 2005). PEviouslv,

circulrting periphedl bldd @lls h.ve been studied in Ehlion io v$ious

c.rdio@lld disord6. Micwy on.lysit of orct.ry and p.riphcEl v.sls, &d

humo corcnary endothelial cclls, has pbvid.d new insishh inro lhe genes and

porhNays iihlted i. c@n ry .nery dis& and F.riph@l ancry dies (Bltehk.

cr al,200{i w!l$ von Billmmser ar..2006tDahlcr a|.,2007; Evusct.l.,2008; Fu

.l ar.. 2008). Th€ sigiifi@e ofPBMc is illoshr.d by the finding that PaMc h.v€

been efr(tively used for diftercntial genctic expEssion and Da$way Mlysis in CvD

(Aziz et al., 200?), clcval€d blood pEsurc (TimoL.va .r al , 2006), cAD (wiigove

cl ar.,2008; Rosnb.rg er al., 2010) ad i$hdic ahtc (w&hE cr.l,,200,1; Paino

cr al.200tiwincFve eta|..2008; Meier d!1.,2009i si.6ova el d..2010).

Paiph@l atlcry dise (PAD) $r.s s r ood.l of dtrrF lth.Nl@tic
va$ular dieae as h h frequ.ntly co.conitant lilh ath.osleosis or cooMry sd
eEbml v6scls. Risk f&lou for alh.m$leDsis include incorine tgc. nale $ndc..
physical inactiviry, high BMI, hieh blood pE$u@, .l.var.d chol.sercl, diihcs,dd
rnoki.g^ rs well as novel ftk facb6 such as elevatcd hodocysleine levels

(htldnom@yieii.mir), c+&liv€ potcin, dd llbrinogd. Ollne convenrio.ol risk

factols' diabetes and cigaftltc smoking dre more st$ngly 6$@irted whh PAD as

conpar.d ro €6.rry .n ry di*& {cAD) (HiMh el !1., 2006; Romnd €r al.,

2007). The phenotypes, nndinss, dd pogresion of these multigenio distinct enlitics

aE div.E, suggrsri.g rh, dif&Mer cxist in ihcn €eliv. palh*lys.

The 3.n s and lhe lEnsc.ipr vrrians Elot.d to PAD lnd Espdsible aor rhc

vosular dkee phcnoDpes hovc b€€n .lusive and !s jtt & unid.nlifi.d. it h
ex!€€Ld thal PAD dT* 3 - 12 millid iduls in Unned Sl.es, !!d is 

'lsidcd 
vid,

$vert .ompricariods. morbidny, od motuliq (Hnsch c1al., 2001). wirh addilion of

pEvalcncc of PAD in Euop.e Dopuhtio., lhc @mbined disN p'eval.nc .ies lo

ashi8has 276illion (Belch.t a1.,2001). lndividuahwith PADd at incissd ftk
io dcvelop Ml and $Dke, wid the no.laliry a&lo, inc@d two ro rh@ fold in PAD
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ces comparcd ro rhos withoul lhe diseee (Dormdy, 1995). PAD is rhe sumg,ilc

ror diffue athewlcosk lnd since tnc p€riph@l blo.d @lls d in onbd wirh

dis..sed ti$ue, $es cdn b. u*d for gaining ineighr inio rh. m-hdisns dd
gcnclid ofdisede pse$es ud dse psge$ion (HM$on.200ti Ardigo er al.,

2001).

2.1 G.n.licSludid for ld.n rstiorofPAD

Tnere h an oomous li$ of dn6e @ndilions, lNi, !.d gcnes assi d
wirh rh. FtiphcEl arkry das.c G!bl. LI). Many ofrhe &sisror.d l@i,nd gcnca

have not b..n lalidlled. Ccnonio sludi.s cd ta dBigncd b meril gEa&r enph4is
on lhe validaion of lhe .s*i.led lci. fwo relarively new t€cbic.lldvmes hrK
bcen addd b gcndic stdi.s, th€ .gc.. dpre$i@ Mlysis- ed .d. gcnom. wid.
.$ociarion studiea (GWAS). The$ lechniques@ b. ctiobly us.d for rcslulio
of ihe ienulivc generic inn)marion. OWAS hs dencndous porcnriat io disceo thc

QTL ffi rlic whole Bcnome ed rh. *pEsion amys ce deler.xp6ion signll
diff€Ences bereeen ees and conrrcb. Both lechniqu.s cnin urihy s ihe d,r.

Senerared hdve als been vrtidared b! RT-rcR or subsequenl mic@mys (Bult cl
ar., 200.rr McPh.Mn cl !1., 2007: slDdi .r at, 2oo7; wcto6. Ttut ce co bl
Co.sdium, 20{7t K@p.rb.re d al., 2010; Risn no cl at., 20 t 0).

2.1.1 ErpBionsrudt.!
Thc g.ne qpEsion sludid fd pAD h!v. nonly fmusd on rtaNriprooc

amlyss oa th. lidb vesh od hav€ iir.ntified s.ncric vlridrs ssmiai.d wilh th€

periph..al aidial diks {Evrns et at., 2008; Fu et al,.2Oo3). Dc .xpE$ion srudics

indide a nlmbe. of g.n s lo b. bsiarcd wilh th. .mtid .,!ry {tis€e ud
abdoniullonicdeurysm(Dahtdar.,2007:RNid.t.,2Ol()). rgsneexpresid
sud'es have used cnculating cells, nor lor fie peripherat aneriat @clusive diseasc. bur

aor ddtss oi alltb'le phcnor}T€s slch 6 CAD, (awaeki discsc, ane.iat and

pulmomry ht?€ncNion {B!ll d al.. 200.t; Timofcv. .t at., 2006; FuMo .t .t.,
200?j wingovc el al.,2008iMeieret i1,.2009; Risbano ctat..20lo)

2,ll Ce@newide soctrrior srudl6
Th. Bc,om*widc ssirtion judies (cwAS) have b€.n made f.sible

thrcuel the dislely of nittions ot singte nuctcolide polydoDhkns (SNpt
followin8 @nplelion of rhc HuM cemm. pmj.cr (t nder cl al., 2OOt i vent r .t
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.1,. 200r). rr is €$imr.d rhrl thd qii l0 mi io sNPs in rhe hM.n 8.mEe rnd

fi.*.onnioc $e ind'vidul v&irrions in fi. humd poputarion (L.i,2o0tr Ttc
InLncrion.l H.pMap h!j{t 2003), Thc.ninarion of [nra8e disquilibrium (LD)

of th. humrn genone, $rcugh thc HipMap Pbjecl (The lrterMlioul HapMap

Prcje! 2001; ln&rodonal HapM.p Consoniun, 2005), md rhe rcwc!, cosr

cffelivc, huhan SNP genotyping Dicrcara]s cdd matrlicat prcgrams hav. mad.

possiblc the anaiyss of c.usolivc tdi and SNps Mjared Nilh lhe dn.cs nlrus
(lntcnlrional HapMap Con$niun. 2005; Syvancn,2005; Hu elat.,2006i Xiao era1.,

2007j lraudet and BeLnd! 2008).

Thc innial GWAS fo. PAD wcd undert kcn in 2003 ed r*o SNP5

nl0?572?8 (aho csi.ted $ CAD, a.d inr.cmiat mcur'5m) and utott730
(rloasialed silh smoking.nd luns canc.r) *eE lound asiated wirhaEonin.l

aonie Nn.urysms/PAD lHeleadonir et ol, 2008i Thorgeien er !1, 2008). Ths

fomer SNP ts10757278), at locus 9p2l highlighted goe vdianls CDr(V2,,i and

CDXlv,, with PAD| whe6 the hncr SNP (ul05l7l0) al locus ltq24 asilcd
CI/ rV,{J sene with PAD (Helgadonir.i al., 2003; ThorgeiBson d.1., 2008). In a

CWAS for PAD in Ja!6rc$ PAD @s four SNPt.r chonoedal l@tion lp22.l

.nd involvinB o.taPzl0 gm. wd found stroislt asialed sith PAD (Koriyrm. .t
al., 2010). cwAs thmu8! lmlysir of cldonac n.di6l @rd h6 cendy b.cn

applicd lor rcd blood c.U (RlC) traits in PAD patic.ts ed lus Eveabn adr gcoomic

loci(i.chdins rhfte pcviously asseiat d loci)6srongl! 6sialed uilh fi.$ Irairs

2,2 Mlcrorrry B$.d G.!. EtpKion Phllorns

Micrumys aE lat6l goonic t chnologies that have lhe ..p&ity lo cnolye

lh. cnliE humo g€mn. dd scnc cxDEsion simultaneasly. MicNmy
lEhnolqi.s h.te b€€n appli.d for d\tldlion of$c Nhole hund gc@tic diffcEn@s

b.lw*n €ss and ohls; mil for lh. d.t ction of gqeri. dilicmes in elb .nd

iks!6 in Espons to m.dications (AEh.cki md we& 2004j Bcmmo.1.l., 2010;

Lu.r or, 20l0i Pehger ar., 20r0i shack! 20l l),

2,2,1 AffyEetrix nicmarrry 3ysl.n

The humu expre$ion rhrlts! nicrmays b), Ailtnctix@
(htlpt/srs.afiymctix.on) idcludc thc 3' IVT (in vito breriptio.) blscd

.xprcsior G4echips and rhe "whole TFn$iplion ExpE$ioo cenechipc. T1.
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3 lVT .xpEsion .mys irclud. th. HG U I33 sri* (HO U l33 Plus 2.q HG U l ll^
2.0, HC Ul ll $r-A/B mys, ud HC l@ud:.nd rh. HC U95 s.i6 (HC U95Av2,

HG U958. HC lJ9tC. HG U95D &d HG U95E). Of lh* HC Ult3 Ptus 2.0

C.n.ChiP tatr.rs rlE Nimln numbd oa&tus/rr&qiprr. Afljn rrt HG Ut3l
Plus 2,0 mt5 hfc 54675 pmb.sr5 to ryd rlF ..dr unor.r.d Md . sber otdr
udotlcd gd6 (hnp://lw.fDmd.ir.@} (Hiso cr .1.. 2006i Bjod .nd

loLda.2007), Thc &mlltimr for HG_Ulll Plus 2.0 mbMys e dqivld fiom

nulliDlc eulc. dE NCBI @ucr incl!& $q GcBrl d.libe
(hftp:/r,w-mbi.nlD.Dih.gov/sdb6nk); d. dbEST NCBI d.!.b.$

Olp:/ r*ry.mbi.rlm.nih.rpe/FojertdbEsl); Uniccm alild lll url Euikl 159,

(fit9:/lrw-tubi-nlh.nih.got/unigo.); rd NCBI huns &nom. enbly Blild

IL Th. clun E $us obriircd hrvc b.d Enncd &d olimcd by rh. te non NCBI

ele' rh. w6hingr@ UnircFny EST rEc. Epcnory, lnd 20Ol al@ of

Univ.dity of Cdifhii. Sol! C@ humr 8.M. {hLbo*

(wl*,gctunc,uc$,cdu/cgi'bin^ec c*.t}
Thc *holc toNriDtion cxpasio. mys includ. 'H!M Ccrc 1.0 ST

lmys dd HMrn Exon !-0SThys.Thc Hlme Exon L0STmFovdmot
pobe ps.xoi. od n@ prcbca Fr gci.6 cmp.Ed io lh. Humd C.m L0 ST

.Gy' h .ls L18.Li moE 8m6 {Drcrri.d a wll a un{iot ied) a @p.Ed io

C.n. L0 ST, ta b.ur ard.nn{c.d ev.d$ ofgdc qrB3ior!.!n k dEFfoc

@NntEd highly snsiriv. ad qprsio dlysis of Scms wi|l| iXcmt t
innid.cd, amir.cd. dd s?lic.d go. wiar' (htt://rw..lDn.|'ix-om),

{Bcmmo d .l-, 2008; H. ct al.. 2009), Hune Gcn. |.0 ST mic@my h6 P|Dbs aor

@@g. ot O. .ntirc ldgth ol$., 3F.ifElly, rcU dnolrcd $n.s (28.869 gcn6),

r.d likc tn. HUM EM L0 ST mys cov.6 Oc llt n,r. splied ra$dprs oa lh.

srodi.d scncs (hnp:/,$wrlBn.rixron), (H. .r .1., 2009i Klbakchicv d al., 2ol0)-

Th. *hol. ulr$ripr.xrlsion m's c lsd fd sd. dpBid ealys.3.

!d lo nudy t[. .lfccrs of viiN iefom ..d .lamL splied gF* tidc d
di!.e nlna 6 *.ll s a EsDoe !o m.dic{ion (C.tdid .r .1,. 2006; Kohli .t !1,,

2lD9r vi.d.dolr a al.. 2009i B.nmo cr !1,. 2010; Hiidlc d 31., 2010; Kdllchicv d
.1.. 20r 0; S.dir .r .1., 20 | 0). Th. l'tw .rtEsid mys c !i.d whcn |lsa.ri@
of glob.l !.n. .xpBion (.nnobr.d I sll s ln-ffo{lt d gpne), is 

'qlicd 
io b.

.sd.in d snh $. diee srdut or witl ctrc6 ol m.di{tid (21$ng.t .1., 2lD4i

canriml .r !1., 2007; Lu c1 !l-, 20 r0: s.hwidrct d al., 2010: Y.ng .t !1., 2010.: l4
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.l !1., 201 l). D.spite the individMl difi.En6 b.rwan .he sudy d.sietu rh.E aE

highl, cobpdlablc Esults of dpEssion analysis bcrwM thc HO UltS Ptus 20

lrars Nith lhc whol. r@soipr Hurn C..e I.0 ST ud Hunai Exon r.0 ST my'
Highly oalocous Esuhs b.twE. th.s m)s aN.iluaic 6en uritiry for.iD6ion
analyss (okoniewski er !1, 2007i Bcmmo el at., 2003j pradcndd er dt., 2008j

2,2,2 Agilcnt njcrurny rylren
Agilcnl@ prcvidca ! va$ rn], of huan gc.. expqsioi mic@ftays dd

humd exon .drs. Th. Agilc hMe sere expEsio. @ts includ. the amy
typ.s: (D surcPrint cl Humon cnc ExpEsion Ex6O K adys; (ii) Hun& cere
ExD6sion 4x44 K v2t ond (iii) whotc cenome Mic@tuys 4x44 K. The Supe,prinr

C3 rmys havc 27,958 pbb.srs fn d.redon ot Enta gees dd Z4t9 pdb.s for
dctccring lincRNA (ldng, inteBinic, non codinc RNAS). Huoln c.n. ExpE$ion
4x44 K dEys query 14,t27 Enr@ S.nei ed rhc Whotc Cenone 4x44 K
MicMys hire prcb.srs aor co6sc of 43,1?6 scnes

{http://wws.g.nomics.agil.nr.con). Thc hunan exon.mys (for !.ne expcasion ed
altcnar. spliccd !dio6 analyst indude nxo any sblyp.sj (i) SuEpint Gl
Huhan Ero.2x400 K &mys and (ii) Sureprinr 63 Hunff Exon 4x180 t( amrs.
The fom.r nicoamys urg.r 27,696 g.nes od havc addniona y 2ll,164 prcbes for
cxoni Nhees lhc laer cxon @ys hale pDb.ss rr4etng 2o.4ll g.n.s dd
174,453 pdb.s ao. exonic aquen .s (hipr/w,s.nonics.aSit.nim), for $.
cov.6se of altchalc spliced rEnscripts.

The Agilenr m$ ft siDgl. olor s wll s dual @lor amr\ whe@
AtDmdix dd lllDnina s.'s rE singt. 610r !mys. Tnc com.ol or plriot hpt*
ire ahcna&ly srcined, witn Cy3 or cr5 (UuoEsenl war! sotublc cysnin. dyc, ed
vie !eM. Th. Asil€nl .xpftsion mictt)mrs harc ben exL.sivcty usd tor g.n€
erpEssbn a.alyses dd lor .natrses ofdi0.renria y r.gutard g.ncs i, conExr ofrh.
dBease sralus.nd respons ro nediolion (ve6lrsst.n et 6t., 2009; cai er al,, 2otol
Grubd dd HolE, 2010; Muggcmd .! at., 20 | 0; Rjis cr st., 20t 0i Kn6 .r al., 20 | t).

2,2.3 IlluEi nr n i. rc.rrry ,ysrem

For tho gene €xpre$ion amlysis, lhe I umina genom. sle Bodarcyso
synrhesi4d by lllumiM includ€ ri. Scn.ry@ HundWG-6. HuneWG_6 v2.
HunanWC-6 v3. HumroR.a-3, HunanR.f-8 v2, HumriRef-8 v3, HumanHr_t2 vl,
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md HumsHl-|2 ra. Thc n!mb6 6, 8. ed 12 si$it $c nlmbq of spl6 thlt
qn b. ey.d rinult |@3ly by ||i. inditidd a.rdchip (h[pr/'"a*.illmiL@).
Eah ol $. Aadchip hs individlll numbd of pobel5 fd O. Fm cxpFsio:
Humo-6 ExPrsion Eqdchip6 h.rc in re$ of 46,000 pob.s

{lq @h orc oath.6 sd6 in ! singl. aadchip); H!ns{ t2 B.dchip ha
cxe$ of 48.000 pob6; H!m{R.f.8 ExpF$io B..ddhip hc @sq. for tlF

t.jm. *ith mF do 24,000 pob* (for 4h of tn. 8 spkt in d* Bedlmy):

Hume9ct-E v2 ulgcr5 22,000 !b.r fd rh. $6 rnd dE dtCME splied gcrc

rdiur5i HlneHr.l2 r3 dd t4 B.rdchiF tu drlt% 12 spl6 d r singl.

Ba&hip with 48.000 dd 47,000 pob.etl, Espeti*ly (hnp:/^|w. lmi ff}
Tl. HundWCS v3. HMeRcf-8 vl. Humr t-12 v3. ed HuhdHl-|2 v4 s
rlltiE nd dd up io ddc lddirios i. rlr lllunid ri.dmys. HunmWG-6 v3

and H!muR.f-8 rl hat. bcn d*i9cd ftln th.n EsPetiw v2.0 ounerFtu

(http:/tuw.mbi.nlh.nih.gov/unigo.), a *ll a ftDm {E dbEST dalrb{e

(hro:/,,rvwv.mbi.nlh.'ih.gov/pojec!r'dbEsl) rd mF @mp|lh.nriw Scmtic

lllumin. Bdd.nyo h.w ulility in glolql 8... .xp|6id @l'sis,

d.lincdins ln. gcftric diftffie3 b.rlq cB .nd @nrEk, ed @wring tlr
.ffcc ol ncdic.ti@r @ gaaic cxpE$ion (R@t cr.l,,2m8; bBonc d rl.,

2fi,9r Mh.wh-F.@dh a.1..2010; Niedoslrto cr il., 20lli Rudt@s*r ct rl,,

,01I). Tfi. hiri e@rdue bavc. d. lllumini Bcll|ldysD &d AtDrdrix HG

Ul33 Plus 2.0 mys b..r sisrifi@€ to ed highlidl thc ompublc leE
.xpE$io. dalrsis by ln.e disp.d. nict.my pLtfms (B@r a al., 2005i

Pnd.@d cr al., ,00E; D! d .1., 2009).

Tnc fi'st objdirc of rlE pce $udy w6 to .c.blislr t[. f*ibilitt of

usi.g PAMC for fi. Bm .xFE$ion .i.ltsh in PAD'. Thc $@d objdiv. E !o

.sn in d. difi.E ially.rp6ed Cptr.tic vdilnrs in P D @r sd anlDls, for

bcn r hsisht5 into tlE pdDphysiolqic.l a!4ts of v!$lt dige of t. lowq
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MA'fIRIALS AND METHODS

llre prescfl n a dul icp exprcssidn sludv Nith rhe fi*r group {cnncd

-dis(^co r". and lhe rollo\ing goup rdmr'd -lalidlion e' ofthe PAD cas'r

and .!ntol! Tlt gcfs \r.rc dcsignarcd a\ diricrcirillL) rcgulatd or e\pr's\c'l il

ihey hrd fold chatrg. difeBnc. cqml ro o' lrcalo lhan splciiled cur onl gcncs scrc

pRxN d borh rlt *s (d'$'Ye'r- scr 's 
s'll rs lrlidarion ser): and llt

gctres,tran{ripls hid xn.logous erprc$i'n pdfilii! (enhs dDrceuhrcd or

dorvnftguLated irr b!!h srddies. (sFcri!cL)) rssho*n in l)iU 2l

PhD taining sat compLetcd d Malo Clinic

sulrrniof.l l'rdi: I J Kullo ,\ll padL'rpans

Fig.2,l, Studl dcsigi lo' lhc dhcorert did !alidarion sdofc\0'csr0nanar!is

1.3.1 PtrticiPatrtrNrditmcnrand

The nud), as Pan 'r rnc

Ro!!,rse, viif.ina US , rftl( fte

."." 
"","" 

**, Jlr$$I il'L"" *,.*-..
s&trl Bf l{rm !lNm! (uF hdl P"0 or

Itdlloh rdliq: Bdlmlnl H.dbr4 FDR



n EN t DIPRESSION tN'iI$A FOR P 1p

w.rc of non Hisp6nic shiE ethnicitv Tl. sludies w'E inniad an'r $'v v€E

rpprcved by Mayo lnslirulion Review Boad All panioipdts povided srincd ind

infoded conens. Thc cNs and cohls ror tolh the sudics siged up ed

paniciDated in the slldy aner plcsnbdon to ih' Mlvo non-itvsirc veulnr

labodtory, PAD ces *.rc deUn.d s individuls *i$ tn ABI < 0 9 Age and geodcr

natched ptnicipd$ thar pwnt n b fic nFinvdiv' @uhr hh'ralorv {ith

symptons olles plin but ABI > I O (nomol ABt) w'rc reoflrntd as contoh The

dnhh pFei€d lo lh. veuld lab lot s@ning plrDoses Thev had synDbms ol

leg pain but ihcir Esting as well as posl txcrcise ABI w6 
'omtl 

The n4lmdr

of ABI vas P€tlom.d in both tlc loeer limbs and th' lowd of rhe lwo r*drnss wa

@rded for PAD di.gnosis (tullo d a| 2003) P'ni'ipsls wiii der'sns sd nd

codpre$ibl./pmrlv compre$iblc ve$eh t're renovsd fom the sludv

t.l3 lehnotr or PBMC .rd tor'l RNA

Thc p.ripheml blood mono'ucler cclls *€rc usd ior $' i$lalion ot RNA

atut the* N.E i$l.l.d using $' difr*ntial densitv gddie centitusation me6od

using xisropaque tsigma_l'tricrr' 51 l'!is' Mo) (Ali c! !1 1982: Bicl4ki d al '

2(Jo9). PBMC include onlv rh' Itmphdvtcs and monoctletmacophascs and arc

crd6iv. oa the td blo.d €lls platlett dd lh' polvnolphs Bn'nv' 18 20 ml

rhole bldd w6 nixed wi$ 
'qual 

lolune of phosphal' buFeEd saline PBS'(Bio_

Ra4 H@ulcs, CA) To rlh mix *er addcd 12 6l oi Hinopaque 1077 (Sisna_

Alddch. sl Louis. MO) for fi' 8m{tied bt$d spadtion of cells TlE PBMC lavtr

rhs acqln d ws rcmded, wshed and s6pended in comPlec RPMI l0 m'diud

Th. is'. ted ells *ee €u'Ed 6ins lhc hmdtroher'r 'nd 
ln' PBMC w

pocs$d for islaion ol$e toill Rl'lA u'3ing thc @mntciallv availabl' RNEasv

;tus Mini Kir {Qias.i, val€ncir cA) Th. PBMC Pi@sen wfth lll' RNEdv kir'

were disrupted and homoseiizcd bt tht prefomcd RLT bulls (supplied wilh

RNE6) kn, Qiagen, valencia cA) th' [n hds a spdiiliz'd genonic DNA

.lin;oro. Gora-tioinuro) 'pin 
colm' vhich Gmo*s the stnomic DNA dd

fterefod all.ws isolelion oi nuined RNA fiom fie sdplc oter downsneam

p@sinS Etndol *s mixcd wnn th' now thFlgh fod th' sDNA+liminalor

.ott" 
""0 

tn" *tpo *' tttduced lo lhe RNElst spin 6lumo Thc RNEasv

iO{l spin coruon *eus ot lhc silica nembrse based isolation allows ssdv

tEu6t a.d efrlcrivc RNA sptmtion $d Dudfrcatio RNA sE clutd shh $enk

4t
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RNd frec *alff The qualitv and quanlilv of lhe total RNA isolatd Nas asesd bv

NdoDsp lO0O (Themo Sci.ntilic. witminnron, DE) dd sdple $orcd d -80"C

unlil rhe mi.ddY rmrF6

2.3.a Micrdrmy.nlYlL
Th. final .se$m.nt of RNA qolnlitv dd qulitv *'s p€rfofled thoulh

$e ABil. 2loo si@.1)tr sv$m (asil'n! smla Claa CA) The sples wilh

RNA iftarny nmhq (RlN):9, \e u*d fs hvbndizorion !o rhc Atll'mcttix HC_

Ulll-Plus 2.0 cenechips Afinetdx Trc'vde CDNA sFlhcsis kn (Afi)mclr'!

Sdr Cl@, CA) 8d u*d; bioiin labeled cRNA wd sen€rdd nom 100 Ig ol $e

RNA spl. ln vih niNdption bed oplncadm of CRNA wG dN Bim ftc

MEcAscript Tt lvr kit (ADpli'd Bios,st'ms / Anbioi' Aunin fi) for $c n6l

cycle. Aner ihe second cvcle oDNA sFthcsh Aftvnelrix IvT ldb€ling kn was used

to gendalc ihe biorin hb.hd oRNA Fintl D@piration oi cRNA prior to dicrcdav

h;idiarion iDrol,.d clonins qudtificdid ts'gn"brion dd lidllt dE

rryt,ioi.,ion ot pccssd CRNA enDlc to Airim'i'ix HC Ull3 Plu00

;.nechip, The hvbidi4d chhs werc n'iled with strcprovidin phvc@ryhdn dd

biorinylai.d utibodv. Th. ccnechit6 e'E ffid on ccocchip sn'r 300{

(Af&rdri,q sdb clar.' ca) dd 6h'd d dE Af'o'ltia Fluidics sbion 450'

The dab sde erfeted ftom lh' $aned ftvs lhnush Gcncchip sn"r 1000

(Aftmerrix, Sanb Cltm CA) The Attvndnxo Gencchip opeEring softq'E

(cCOs) *6 ued to g.ddt th' €w &u fomas usd for funher dolvsis ind sc@

2.3.5 Drtr proce$iq.nd nriirtictl rntlvsls

Ocncspnngcx I I O eftsd (Agil'nlo TechnoloSica) rd used ror oe gde

.xpE$ion ln.lvsis ofmicoadv 6e ddt Th' disvcry Dd mlidaion els mE

Ead Ning fic $ft*aE lnd ambzed individuallv Thc inilial salvsh involv€d dte

rcnalianion md summdiztion bv the Robust Muhichip Analvsis {RMA)

nomlliz.lion (trizrrt et tl 2oo3) For d' individul stlvsii the haeliG l'v'l wa

posnio*d !l ihe n.did lcv.l for all sPlct vh'd ft redid los:@sfm'd

wlu6 lroi 4ch proh€ md for all sampl's weF 
'alculttcd 

and ihe valucs wcE fien

deduc&d irom all sd.s The cenes ed ronsoripts wid les $s 20% cxprcsion

l.v.ls rcE r.6ovcd fom the dttv*s The 'fold chaig' cur or wlc Ms st ar

>1.5 for both $e disr.ry Dd vallhiion $$ Th' s'n's^6n$;pb rhd fulfill'd rh'
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crGria undeNot analvsis bv unpancd Minn whnnev 6t Th' €suns w€F

corecled by the fal$ di*ovcrv dt' @rotion by inc aenjmini Hchb'lg FDR

lB.njmini ed H@hbsg l9t) The scncs difdrirllv qDrcss'd in both m'

di*overy and validalioo sls w.rc clu$e@d lhrcugh (-m*ns cluslcrins algotithml

dd 6![5 *.8 disph]td thogi dt clusn l 0 dd TGties I l 0 sn*d (Eis

.tal.,l998r Heniloffd 61., 2009)

t.lj DilLr.lritlv ..g!ltt'd tt'tr$nplt rld lheir fu!'tioml t'rot'lio!

C.ne onlolosJ (CO) analvlis ud oFied oul for @mp€h'nsion of 
' 

majd

biologic.l P@esss and noleul funclians dodulatd bv th' identiiied gen6 The

ls;aid or the diiT.E.tiall, 'xpcs'd 8d6 dd d'ir nediarcd p'rhwlyJ *e

.nalyred by SubPalhwlv Minq (Li el 'l 
2OC9) cnd dc Ktolo Encvclop'dia or

ccnes aid aenones (KEGa) (K'mhie 
't 

al 2ol0 hg'nuhv P3thrav AMlvss

;PA (lis.nulty6) svn.ms, !w insetuirv m) BiocPs (wd'r!| 2009) udrhe

;;,;; t,"*" "' "', 
too'l wcre additiondrrv us'd ror anarvsb or

*"*" *a*"* tt 
""tt"t 

for tn' PAD g'ndic atu{tie( ws @ll6t'n thrcugh

O*.- *n* lnfomalion (Gtn'RtF) dd Pubncd dlbboes

onpr/*ss ncbi .lm nlh govJ

2.!,? Illorotric! b.!'d ttlhr" tdrvtrs
'- -;;..-""' 

ba*d Daihwav 
'nalvsis 

wos lsed ror the path*'vs 
'hd

ne$otlc involr€d i. tlt dilt@titlb dpresd gc'es in the di$ot'rv 8d

""it"ta" 
,* t **t''-" te olip ol pEsum'd comolcr ot intBdions Nls

MdEd ttuouen ( IosF (Shrnnon er al )00rl itur 8'nsanon ofe:trc$'d rd

*",- ,.*-" *" *t o"*Mdia (wlnlcftlcv 'l 
al 20lo) Th':ig'lifid

oo,"-s, *o *."o*o 
"*' 

weE dslvzcd lholgh Dartbs for Annotdion'

vir""ri.,i- -a rn 
"st'"a 

oi*"crv (DAvlD) (Ihnnis d al 2ooli Hung d' 't

",.. 
,()on,. *. *Ott* oO t-" and annol'tion dau sas sd 6 b'ckgmund dd the

.;;",t.";, ,""". nom $e su@nr {udv (upreeultrcd and downrecul 'd senes

eDanlcly). ww !*d fo' s|ltzing lh€ aricnnd ld lhc cio Gms'
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RoSULTS

Panic ipant chaelctistics the tmd ir ional dd ne* risk f&tou inve$ isal'd in

$. cs lnd ontols e show in Table 2 l fi' srudied pnmt'6 ircluding asc

sendcr, neight Neidrq BMl, svstolic BP, diosiolic BP od hvPcnt'sion did iot di6d

mnt dty bctrd @s md cdtols. Thc tm signif@ lv difdnt ftc6 t'rwd

PAD ces sd contols wcrc lh. snoking $al[ (high in c4s {P<0 046) sd ABI

(low in des !<0oool) Th' Dael nudv' iftspdtiv€ of individdl scndic

difi.tnc.i f.cilildcd lhe do8lnion ofcomoon *r of g'ncs R*iiled wilh PAD'

Th. functional dnoraiiMs .ssilcd {ilt I st of29 dif'Mtitllv Esullcd gEnts

dcmoosmcd Miation *irn de i66Dtu' inflanm'lorv' c'll ddlh lnd sismlinl

2.a,t E4rdiotr difi.da b'lG! c.5 !!d @'lmlt

r;c .valurrioi or diff*nii'llv crpressd e'nes b'nvd dscs sd conhls

E@led 250 dd 1795 Elt$rifls in ll* disEry et"nd dE validrlion er'

rc'pcoi,al n. uPr.gllaled g'n's n boln lhc \eri wcre lo4 whcrcis rh'

ao*n g,rar"a g"m i" aio*'v 
'nd 

vtlidltim er' we 56 tnd I J83 tEoctislv'

rhc di;rcrc.s i. the nunb.l of dow'sulad s'nes bctueen rhc disvert md

!.lid.tid sts sn b€ 0E c$h of splc v&ia ons wilhin 4d b'w€n lhc *ls

diif.cnas in ti6c or smpling fot l*o sodics difi'dt micrc@v bttch6 usd' ano

opcotor dificcncca dud.8 hrbridiarions A fe* hnsnpt' iddifr'd in lh' dd sas

w.E not mnotatd in ABrd ddt' a qlery rcgdding thcse probcs w6 subm'eo

10 BioM.n (sn.dlcv .l !1 , 2oo9) and cATExDl@r EisMo tl tl 20t0) rd th'

i"i .*otr' o*na",O utt" sEnoft bm*sr dar'tde Ghdd ct al 2010)dd

^l"t 
'o"t *"* 

"no'"* 
ncbiiln nin gov/gae) w'E usd ro' rdn$riF

d@.iprids Th. daails eg&ting rhe C'Nsbtnetipls' dEir abolut fold chs8.

vatues (rCl, ana te courc orerpEsioi (uprcgrl'l€d or dovnrcculttcd) h gilen r

,rir" ,, t. -r, *. n'**o $t' dd dE 'v'lidation s'r' B!€tihlv rhc'

c.nes in fie Sen.tic datarct, ''ntctFT' Ml"' and PD'SJ.' s* dowr'EulaLd in

ili -, o* nt diff.ant pbb' m4pinss in rhc itrwvt An 'ddito"l
;ownregulsred pobe '2alSrs ar' $ts nor annoGted id the AlRmerix dlh wnh thr

"*"it"*.t 
*tn"t-""u@'nd schuno 20|o) we@uldm'ptnispl be
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to RP l- 167A 14.2, a io coding lian*rip! since $i3 ldeript h'd no umt.rid and
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uDrc$laild eacs e shoM in T.bte 2.4 CO Lrns fo dowgll.Ed gd6 lw
€tuichcd ld noldde tunctioB ind lne 6poNs Ehr.d wilh aloprolis GabL 2.5)

'InB ic CFE. FCA& FFA&2, !lt, Carlt, DUSPT, X.'llel Cnfl.orndio) !!d dE

ATF3. C,os2, KLF6, PTP411, CFLA& PD,'J, (aloDtosis) !pn6 l* folnd

difrcFdidly cxtFss.d d|d difr@nidlv Fguhlld in PBMC of PAD pdi'nNs i3

cm9.,!d b dtoL in dE sli,dt

JO



oENE PAESSION lNrrvsts FOR P,u)

T.bL 2,l. SmDle chre&ristics, Panicipa ! w* ofton Hkpuic whr&.tnnicily.
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CE]IE LfPRE:iSION ,IAATIS]S FOR PlD

T.ble 2.4, Si8njficerly .nrich.d CO Ems of uprgltaEd e€nes. l! cotmn
repEsnls the CO tD, CO tcm e.d de prcess. 2d column
EDBnB ftc I v.lue.

CO (rt.gory: B'olosicrl Prd($

@ 005l78o - rcspoe 0 pokin i hutus 0 009

CO 00l00ll - esFM ro orgd( suh$i@ 00t6

CO.000828.4 - poq E agu|dion of ett plolf.dtioi 0.019

0.020

CO.(XV2l2? - egubr ion olell pblrfdbi 0 0?l

@:0006155 (suLtiorofr@npriorlDNA-d.p.nd.rn 0.029

@ 00l00lt . 6poe ro imrgln( s!E!.rc 0.012

@ 0051252 - Egub on ofRNA m.bolic ptrd 0.0t1

GO:0010448 , Esatiw Ggutdion otcc[ cy.tc pd6 0 014

GO:0000s91 apoR ro .{6(elluld $rm!tu,

@ 0045768 - posniv. cgul renofdn.ipoFors 0.041

CO:0041584. posiriEEgulat@nof BpoN. tonrnutus 0.042

CO Cat Cory: MolFuUr furdior

cO 0005 125 - clbl ne & rN iy 0 026

C00010528. trmdpr on tguhrcrdrvrty 0.019
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LbL 2.5. sisnific.i t dticlEd GO r.ms or doMEgula&d gd6. l- 6lumn
rcpF*n6 fie GO ID, CO l.m .!d lh. t'!c.3s 2- @lum rt@nb
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'NIL$B 

MI P1D

2.'1,5 Prlhmy Ar.ltd! urlng (Xcc
SubParhwyMiF, th. Frhw.y .rElysis p-krge b.ed @ Biocedsror

(G.ndenan a al., 200a) v6.dditionally used for tne signifime.mlysis ofrh.
plthM's Gh.d with dE sisnif@r ge*s, ln 32 KECC porhMts, 13 8.F &on rhc

cuftit sody (our of 29) w.rc robuslly 6ricned. lr8 @ dietly invotve<t in 13

p.Ouys! ed CDKN I A in l0 olha parhurs. Th. Fsutrs of KEC|C @ttsis sgecst

rh.r ahendons in nq@s c.llule .nd sign ling Flhwof e inrctBd in rh.
delelopm.nr or PAD, Sme imporl! plllNays rnd gec inDtidled in pAD arc
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Trbh !.o. R.{" of KI.CL pdrhq,) err.c.henr anatJ.ir t., @tlmr Fpr{ns rhe
rcpr*nL rhe involrcd o,*oj pdrhq!){, Jd

\otumn i5 fo' de a\6 trkd g.m:: dd rie 4.cotumn s ro, rhe oshrcd
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paft05214 ollona
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Pdh:01 )0 Epi,\dhl ell r8lrlog r H htoi inftdrd IU 0.069
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Compl i! lrd @,guta$oi @d6 0.07
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DISCUSSION

The cumt $udt Fponi for lh. ti6t limc, thc use or iran$ripron. for lh.

idcnrincdionoigenesdiffeft i6llyexpft$.d in p.riph.ml &tery diseose poticnh. A

no. invasiv. ise ABl w6 lsed lor th. smtification of pdicipdts inlo ces dd

conmls. Cenc st enrichmenl edy$s thoug) Co, KEGG, lnd IPA povid. ben r

undGhding of te noleuls ond S.nctic n.cht.iss of PAD. Thc sigiliont

finding B rhar ln€ omon upEguhcn g.n6 in rhc $o $ts w linkcd *alh

vasuhr padbph'siolocJ, for Md.: D,!,Urd, DUSPI (arhe@l€6tic di*),
N/{MPT (vaeular inflmnalion), rc-,.{.4 (MI, IHD), NlRl,r? (esrenosk), tTF3 ILB

(!a$ul.r rcmodellins) sd al:d,tz cllM (lipid meldbolhm).

PEsndy, nosi ol thc dificEntillly cxpE$cd genes b.rwee. PAD €*s ed

conrol subj*ls are involved in the ihnun. and inll8nmotory pr@$ei chenorxN

and .poplosis. The pdvious miced., ba*d lcn.lic sMies of coentry v.ssk,

p.iphcdl ve$els. sd bmm comniry .ndolhclial celk havc r€poned lh.r lh. 8!nes

fiat nodulatc immunity dd inflmm.tion aE dillcEntially qlEed bctcn
p.rio$ and noml subj4 (Bhshk .r !1., 20oli wyld von B.llmos .l al., 2006;

D.nl c. !1., 2007; Ews cl al., 2008i fu cr d,. 2lX)3). Thl nicMmy bas.d g.nclic

analtsis of fedodl ddi€s in r cohon of PAD palieDts rtlealed .ndchm.nl for

imDune and inflammarory parh*ays (Fu .1 al., 2008), ln dorher nicr(Wa, sludy by

Evans ct!l(2008), addnioml vesek (ibial, p.Fo.al sd fenoral ve$els) wcrc uscd

to c.tegoriz the involved genes in PAD csses, Whole Eenome exp6ion mltsis of

PBMC in CAD patients and conhls. hilhlighled noE thd 500 gen€s at a fold

ch&!c: LI (/<0.05). SDbs.quent sl tim. PCR &altsis or a subs ol lh.e s.ncs

Kogrizd ll difeEDtially Fsularcd gc..s ior CAD (Winsro* et a1.,2008).

Uowev.r, lnc diff€a.tially expcsd s.n6 isl.t d liom PDMC dd ei.&d wilh

PAD in $e pfter nudy did nol dcrhp with CAD Miared ge*s idcnrificd bt

wi.sdvc .t al. (2008). The @ons nat b. disimild oedods or nudt, dissimild

smplc polil.s md disc€te arhsosl.dic dkcae cxpe$ion in cAD ond PAD. Thc

ftllrivel, sdd exp.rindlaldesign of lhc culEnl study, validotion experimenl sd lo

confim rsuhs of discovert exp€rimenr *r, accounF for a relttively snall numbet of

significant genes. Nevenheles, lhc srudy .ppcrs !0 be a sisnifia step in
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elucidation of Ihe ge.etic signarues of PAD. The difcEnfially .xpt.sd genes in ln.
pree srudt havc diveNe etrects dd @ involved in nodula on of va$ulor diee
dd hive positiv. sssialions whh vdcular dis€$ ph.notyp.s. The following

di$u$io. considcB de nahanisms oi erim. dd dow.strsm .ff.ss of rhe

dif@nrially rclul .d s.res.

Tt ap.qulat4l g.ks i, thz tuft.t studr ttul wultt diee
Thc .xpEsion of ,rlFJ *s uprsulded in bod nio|@iy $G in rhe

pEsn! sludy. The gene ror &tivatibg tmn$ription factor I (,4tFJ) is l@red at

chodosonal lsdrion lql2.:r.,,ll,.J w6 !l$ upEsulared i. a F.vious nicrcuay
srldy lor PAD indic inc sdong Miilion rilh PAD (F! el !1., 200E).,{rFJ is d
endoplamic Eticulum (ER) so$s miA.r. ud is involved in lpoptosb of veule
ddorh.lirl ccllts wcll !s ol m.cbphagcs ( Zhang d al,200t; S.imo {.t..2010)
The rcleae oi,,lIFJ k induced by rhc poinfl.mmrlory cyokincs, TNF-q, and ox

LDL, enhanc.d,.lIiJ rcsults i. cnhanc.d cell death lnd rapid prcgE$bn oi
ithdoslcrotic dis.e (Nawa ci at,, 2002). Hypoxia induced vascutr dmge
hedialed by endoth.lial cells is also dcp.nd. d nign,r'IFJ erprcssioi tcveh (Chd

Thc ncxt upEalhred re*rip{. chmmM. t op.n clding fm. 4t
(cjo40 is l6atd { chBmMal l@arioi 5q35. t . Ale krown 6 lMlt/C,tt J

recruiting fador (l,to. h hd hiCn afiinily ioi de srre$ €sponsiv. nuct.d pstein

'1w@ . /TF3 nnd luna, e cnponcnrs ofER srre$ relaled nuclmr l@sqipiion

Eoreins and mcdiar lipid homeoslAis, potci. rdneription, and lpopiosis (Audas et

al., 20O3i PBk6 et al., 2010). Addilionolly, o t*nr CWAS nudy indi@r.d tintrB.
of C)_oy'Jl wnh cardi& ad',thDii frvorins de CvD nodul.tion bt rhis prot in

(Pfeufd d al., 2010). ne upEgutarion of aJo*l lhrcush th. prcFin rbiein
inre@tions, lipid hoheoslasis, apoptotic pathwaF od nuclear h.soiption dn
resuh in vasculardiss phcnoq?es,

The $id uprcgulrcd gene in lh. cu@nl nudt, de crctin ncF dml ki@
inhibilor lA (CDpr'l,4) is hishly.xpE$.d in .tulodclidl etls in lrheo$lNric
l€sioDs Gocdlilc and Pickenn& 2010). Thc snong Miadon oa rhit gene is

evidenced as pEvious micMy @lris of h.rceleoric e.do$elial cetls dd
edlier genc .xprc$ion study for PAD Bcd rhat CD(x/,4 has dilt renriat gene

exprc$io.and h uprcSulaled in 0theosc leotic vese ts (Rodrigucz .t a t.i 2oo?iFu et
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al.. 2008i BomdaiL ed Pickdi.g, 20 | 0). Th. utEsuatid ofcDrqvl,l &d ,ltF.t in

pEvioB cxpEsio tudy fd PAD rnd in rh. cuEr sludy nishlisfir ln€$ vriur 6
pacnial bimarlcF forrhc PAD.

TlF foonh upFsul.lcd g.G, in ti. c!@t PAD cas, CDyJ is lst.d.l
chDmoson.l ledion 3q22.1, ll was shown fiar cD,.J *.s robDsrly Dpclulatcd in

acilaGd platelels {by dre plal€ler acrivabs rhenbin. colla8.n, and morc s by

amchidonic .cid), confqring involvcment of thh prclein in sisnal Elndrction dd
pht l.l *tivdion (Majck.t al., 2010), lt also rsllales ituuli. dssriplion by

inLr&iing lirh rhe insulin nNdDrion lclivrlor '/iEURODI' (ardg a .1,, 2009b).

45 CDB w uDcgulat d in both nicordy $b, tne D|tst !!dy n!!s lhis scrc

a d impon nt regul o. of arhffilcdic p.nph.El veuld dis.&,
Th. complddtary f&ror H (CF ) w6 fond uDEcll.rcd in bolh

nicroamy s.ls, and like ATF3 c d CDr,NlA. ils upreguhlion in . prcvioB

micrc. ay gene expressio. sludy for PAD ha b@n ohsded (Fu et dl,, 200q. CrF
h6 $dng iitcwlion wiln rovcl c&diov.eular bionekq, C-E&tiv. porcin (CRP)

(Jtlhlva.ral., 2009; Femi6elal.,2010) CFIIis! memb€rof .ompl.r.ntsysrcm

.nd h.r riFirrMr ole in ihe rgul.tion oa@nDl.m.nt &ti6tio. The nulltiot ed
polymorDhtss in eirh.r CF 6 CRP @ rcoh in l@nrolLd mDlmnl
.cliv.lid. dhoned ld€rc$hbtac dies rnd svcc Dlemtypc of dc teul6
di$4 (Jylhas cr al., 2009; FmiE .t .1., 20 t 0).

Th. sixth W@gulited genc in rh. cumnl srudy, rx2t-lr6 is dcod.d by rhe

gcnc at locus 7q36.3. It is involv.d in ccll<clL in&Gtionr ldhsion, and prorein

be.kdo{n thoush its inle@tion wilh sp.ciUc plMinoger etivator @tior (D.

aoc*.t.1., 2010). PEviouly. trow. a,l,t&./, il mriri0iN llE mtlc T elb in

dmel s68., sd .Mll6 diution of . 3ubsDup of mligcn sleific T *lls (zhos

.r al.. 2008b). catralovic cl .l {2006). in rh.ir drdy d.moMr.d $.! dadizcd

phospholipi& indue IU znd DM|J36. si8.irying 6e innlmn.iory rdt
.rh.ro$l.dic iole of D.V]drd. As bolh $. .llJ ond DX,4JAd, NeE uprc3llll.d in

th. curcnt 3tudy, this indicaks th.t .th.mscldosis medialed by oxidiz.d

phospholipids mdt be lhe ude ying m.ch.nisms for lhe PAD.

Thc gene lor dual specificity phosph ase I DUJPI , also ollcd MAP

khs ph6!h.@ I (n&?r) is l@Ld !1chFmosnal l@rioD 5q14,.nd w.s

lprcguhcd in cuNnl sidy, In Ec, DUsPl is indu&d by rhFmbin, apid.m.l

sDMn r*br (EGF), ed teuhr cftlodElhl sr@dr faclq (VEGD; n .le &rivocs
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fie mnsriplion fatoG (sch s JNK) &d n.diaLs cndorhelial eU migntion

(Kinney er !1., 2008t Chedeknam d at., 20r 0). Du,tpr w6 .ts upcgutilcd in a

prcrious micrcday $udy ior PAD (Fu cl al., 2008). ftis polein hs addhion.lty

hish oardisc cxpiesion ii pdients utujelgoing carliac bypd$ sursely (Vohin..l at.,

2004). ln cont6l !o oth.r p6cic in tnc cumnl sody, this proreih bs known !nli-
inn.hn{ory 6le 6 wcll (zp!!ar et .t.. 2008). Ar.ial n.oiuEric pepti& 

'r'ypcnhanc.s DarSPl exprc$ion rhougn ROS ncdialed n€hdins, and lheEfoE .xens

irs ontiinnrnnarory cffcds (Futs1 el al., 2005), High inducrion of DLAP/ in apons
lo ANP dd Ros, indiqics that, ahhou8h noi a €lsadv. ag.m lor veul{ dis@,
yel it can sefle 6 a biomtr.r ro. veuhr diss, Fniculdly PAD.

I1le eighth upcgolaicd gene, FCrrC is a receptor polein and is hiShly

expr$cd by activaled moioctl$ in luloiffmuN disease srates (vo der Hcul-

Nicuscnhuljs el al., 20r 0). Fcrx is as@irrcd wirh iDc@*d risk of M! dd cAD,

mdir.s innuoloSic Bpotrs, and is involvcd in acrivation of nonm)aes md

m&rcpha8cs in aih.r@lcEric lesions (lakouboh ct rl,, 2006i van d.i Hcul-

Nicuwenhuijsn et al., 2010), tc,,l,{, lhcrcforc h6 povci co ribulo.y inlu.nca in

athercsleDsis p68rc$ion md wlld disss
fFrR2 gcrc is .l$ . Eepror poLin, cnco{,cd by d. g.n ar chonoemal

l@ation l9ql3.l.lt is erivated byshodchain fr. fany eids, and is prcscnl in rhe

adipoe rissu. in addilion lo sur (Miy.uchi el al.i 2010), virh involvcn. in

nrlisno.t lmsfomaiion of sut carcinood (H!rtr*! et dl., 2010). Thc lpEBltarion

orirF/liz ed diss .5*ialio|! in rh. curcnt dudy, is cmp€nbL to th. pr.vios

studi.s. x h asialed with e.dolhrlill dysflnclion, infl.mmation, nodutorion oa

lipid dnd insulin levek and wnh hembolic syndrcme indicarins smng causative

innu.nes in v$ular die@ (Hons er ol.,2005;b. et !1.,2OO8bi S*uinarh,2003j

fie tnth upagulalcd sde, Co/Cl $irch dgul ory pmrein 2 .G0S2' is

locat.d ar chrcnoson.l ledrion tq32.2. C0S2 h a nilochondriat prclein a.d has

pooincnt role in opoprNis, The apoprotic cfi@Ls ol TNFd !c n€diated by NF-fB,

*hich in tod &tiwLs iB down$qh lpoplolic efrelor O,U2 (w€tch ei.t.. 2OO9).

GrS? (like FF,rx, E Dd in adip@ tisuc @nrroh lipid n@6olio. dd is

asi.rcd wnh vascular dGede (wclch er 0t..2009t Ydg er al..2ol0o). The

upregulaion or 6012 in rhc curdt PAD srudy hientights that tipid nelabotish and

apoptotic p3lhsays aE erit ly involvc! in p.ripheEl vasular die6e.
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'lhe hisbne fdily nchb€!, l//,tZt?rc hd enhanc.d expEsio. in lhc

cumnt PAD nudy. Hisbne l4ily mcnb.s .r.n indiEcl efres in cvD, 6 i. a

E@rt cwAs, hisbne ge* Dolynoahism *cF asiar.d widr fte high sm
billitubin levels ard billirubin levcls hrvc intlude o CvD dsh (DjN et al.,

2001: ioh.sn er al.. 2{109). Th. mm billitobin l.kls wcE not medEd in th.

cucnt study. ih*forc ft. i.dircci moduhtion ol CVD by I1/SZltzrC (rhDuelt

hdbdisofbillirubin), could not b. @nrin.d.
lncMsd &tivny ofth. g.n..'inhibitoroaDNA binding l /D1,inlhePAD

caes relalive to subjects wilhoul PAD nircFd th. srons adeog..ic ef(rs of$is

porein. us gcne is lNated a! chonosomal lNalion 20qll. It nodulatg VSMC

prclifeaiion a.d is ascilted wirh peliph.ml en.dal hrpedension lYdg et al.

2010b). IDI (hough NF-kB) c.h0n@s in,lmmadon, .ndolhelial ccll nismtion,

rnsiosenesis, rnd inbibi$ apoptosis (Kl€in et a1., 2002| Nishiyan. cl al , 2005; Ch.n

lnrerleukin 8 (/Ir), allo known as CxC molif lirand 8 icxcz8) is ! medber

oicxcchnokin amily clusld, lnd is lMlcd at chbmos@l lMtion 4q I l {21

ILi ud DN,uB6, L$th weE noEgllltcd in tlc cuft sudx dd lh. c.h.4.d

rcle& of lhcs M prcreins duing dhc@l.bsG, is d.pendent on oxidi4d

phcpholipi&, arfiming (hc i.fldnalory dd arh.relcolic rcl€ of /4, (Ca4alovic

.r al . 2006). h is *crerd by a ratidy of cells, is a shng cheooaMt for lhc

sanulafcs ed T cdls, dd is involv.d in .popiosis, veukr anod.ling vsculd

die& md alhero*leosis (Li .l !1., 2001; Rajsppd .t al., 2009; vogiatzi cl al.,

2010). Tne pEsnce of elevrted .tt8 in CAD dd va$ulft dencis also emphsize fie

sisnificdce of fiis protein in El.tion lo lhe cvD (vo8iaui et al., 2010) Th.

uprcgulation of za in the currcnr nicbaray PAD sludy highliShs, thal thc

gnnuley4es and T cell inrolvcFcnt in apoprotic paihwrys 8hd athercslebsis rrc

necessry eEulrios ol PAD

'ne founentn upreBul.lad g.ne in thc prc*nt ttudy, Krupp€llike fa.lor 6

((,FO is a memk. ofde KopDel.lilc frmil, ofhn$riplion factd dd is lMrcd

al Dosilion loplt. I h6 divGifi.d functions, it is a nno. suppl€sr 8de ed

rcgulates celluh pmlifeEtion dd .poprosis. whc6 it5 spli@ vmianl ((LFGSvl)

is a 5rong onog.n (DiFo d al-. 2009: AndBli .r al., 2010). It is involwd iD

signaling Racrions ed Egular.s 8cn. ?xpr.sion lhrcugh i.cncli6 rnh cJun

(AndEoli et ol., 2010). &,ad Egllars cidoft.lial ccll notility dd induces MMP9
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scc'.riotr (Das et d.,2006i Alkins ond Jain, 2001 Tne hishcr cxpE$ion oaKLF6 in

th. PAD ces 6 compoFd !o subjcds rhhoui PAD, indiql.s $!t g.ne rcgul.tion

lid n.rix n lrllopblciMe mcdiated plrquc ddlrbilianio. N 6shl.d sirh

PAD. rtF, cs deEfoE $de d an tddirioMl bioma.ktt ror PAD

Th. n.xl upregul ed g.ic, adipoctlokinc nicolindide phosDhoribosvl

tdnsfe@ (N,4MPI), ako called visf.tin or pc B c.ll @lonv enhnciog r@rot I is

locacd ar 7q22.3, N,,lMPl h Eldscd by adip€ ells as *.ll 6 bv noo.)4's dd

granulcyr.s ilaDd.s d al,, 2010). h hd i diEl rcI. in maimrion of vsMc. r
inhibits n.utophil apoPto3is, and is asciad wilh insulin mclabolisn md

pathosemsh of diabet s (Romrcho ct,1. 2009i K.doglou et al, 2010; Laudes ct tl.

20l0).X,4MPIcxcnsirsprcalhero*leoricettdbvactivariororexhcellularsi$al

Esuhcd kin4s I ind 2 (ttx?/r), NF *B od bv cnhdc'n iDducible NOS (iNos)

*pEssion (Rom&ho cr ql i 2OO9) xrMPr addidonsllv nodnl'res c'EbFv'sculs

diw, hypedensive di$ae, and IHD (Wdg cl al . 20l l ) ln a prevous m'c@v

(udy for periphdal vascular dise.se, N,'lMlI w$ shoM n$nglv !$eirl'd {ilh

arh.rcsLrcsis and .nnsccd rn. unnatilirv of ath.o$krctic plaq*s (Danl d al

2001. Tne $udt by Dahl a al. (2007), od lhc cDMt studv bot! dkn the

siclificdt ole o|NAMPI in Fdph.6lYl$ulddis@
The eenc fo! nucl.ar reccDtor subf.milv 4. gbup A n'mbd 2 xX''12 or

,vff// is lMted al chomosmal lMlio. 2q22 !21 ed wa upEgllar'd r fie

cuiienl nudy h k 6lso t ftceplor porein and medirtcs slucos' tnd lipidmcEbolhh'

T c.U apoptosis and vsul.r diw (Pols d r1 200?i ato ud B'lmner' 2010)

funhermoN, n is a$ociard with veuln stenosis aid has clevacd expBion in lhc

hlme ascnosis lesions (Bonla .l !l 2ol0) Th. upEsul'rion of N'?''12 in fte

prcsent nud! s well as in lro pftvious microMav studics for PAD indicales rhr n

h6 fong Gshlion wilh die p.nph.El ancrv dis.& (Ews ct !l 
' 

2003: Fu 
't 

al

2O0s), and €n rh.EfoF scd. as rn impotunl PAD biona&cr

Thc eemcoth uFcgulaLd spnc otrcosr in M OiM is a membd ofdE

clbkine fsmily. OSnr'indu@s Foduction oIVECF in cull('d hunan smoolh muscle

..lls dd in aln.o$lentic plaqws ll it asiaEd wnn 
'tne@l'Dlic 

l'sid in

coronart cnd peripheml vcssk, ond is involved in deslobilizing otheosclcDlio

pla4ues (Demld.rs d !1 , 2Ol l ) tr is als involvcd in rhe p'oersion of phqu6

lowerinc rhe plasma trigltcerid.s, thsmbolic complications and rupture ol

a$crc$l.dic Dlaqucs (Mi6hahi .t al , 2OO2: Denvders { al 2007j Zlb! 'r 
!l
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2007). In a previous micoafry nldy for arterial hyp.nc.sid, OSM was

dNnrcgulaEd, in @ss s cdFEd lo @ bls [rimofc€ d al. 2006), Tnr

ditfcan@s in pati.nl cl4lion. dd ditTca genomic sigsluEs ad involv.d

path{ays in PAD, as cmpaEd lo anerial hypcftnsion, may &count ror tlre dispeale

Ihc nexr upEaulatd Bene, porcio rydsine phosphaE* rvpc IvA. ndbcr

I PtP4,,ll , knoM as PXrr, is l@lled !t 6q12. lt downESll.Ls the exp6sion ot

psl, and elfecls d.velopment of lumos (Min et aI,2009) ll is a$@bted wilh

cellllar dilT.rentidion, dd Eeulates Edcliob oxidation (rcdox) Eacrions s well

{Srinnd d nt..2{x}9). h addili@lly inc'lss di. €xpEsid oldb od modlhres

the adhdng nigmting md invdiw poenial ofells lNat.shima and Le' 2010).

thercby m0kins this lyrosin. phosphat a k.y molecule in celluld dvslunctio! tnd

disse prcc.sss. Tne lpFgulalion ot lhis potein in PAD ciscs naintaiG thlt it is a

poknti.l biomlker to. PAD.

SAM donai. SHI domain nuclar l@lizariot sigr.l I 'S,4.ltl]v/ ' 
or lh'

henatopoieric adapror conlaining sHl aid SAM domdins I (t4CSl) h locaFd al

chomosomll lsarion 2 lq I l. It k a crtoplsmic pdeirl' n.diats signal transduction

.nd b highly eleva&d it .criwEd B celh lt cffctt &tivarion dd difr@tittion of

fie B cclh. dd is involvci in nehbolio disodc* s *.ll (Chudio el al , 2001; Zhu cl

a1., 2OO4). ll alb unde4@s nuclear traill@ation, dd conlrcls gene exprc$ion bv

i.teretinS wilh tD,4Cl (BEhdt er ., 2OlO) The uptlulalion of S,4ntffl i. the

cudt nudx its pdthco$l.r.ric .fi41t .nd ils updgrll{io in a pcvious PAD

micomy study stgngly indial€ th.l n is ! slrqs nodul o. 6f PAD (Fu ct at .

2008).

fhe hiSh expression ofrh. gluco* transporier 3 g.n. CIUIS dko called

5ol c sicr adtly 2 n mb.. I szc2'{J in rhis PAD sludv indior.s rhc

imponrcc oa gluce ldspod ed n€l$olis in PAD II is c i€l nor onlv for

glucos. ranspori bul ako for the Emo!.| of endogcnous s6,11 orylnic cations and

loxins (Tresouet er al.. 2ooqi slllinen et al 20lo) ft is hiShlv expre$ed in lhe

rdipos. rissc, skel@l duscls lhd rh. p.ripheml blood lvmphalr.i and mrintnins

insulii *nsililily in lhc lymphat6 (Pi{ki€sicz.( al, 2010). I is o doM3lr4m

m.diator of sl€rcid @pror RNA &liv.ror (lx,4), which inoretses biostndcsis or

s6@ids and or the mlsculd iissle, and modulaLs elluld division and .poPlosis

(Foutds cr rl.. 2010). Tnb pdein h6 hisl .xpEsion l.Els in lhe cardi& ri$e of

7)
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diab€tio rnd non dilbctic pctiqts undergoing coonary anerv bvpas Cntu (voisinc

cl al.. 2004). ln $. hiclt)mv srudt bv F! el al (2008)' lhis Pbt'in had hidet

expresim in PAD p.ti6ts (d in the cumnl nudv), giving song assitrio of rh's

glucose l,{nspon i rith ll|e pcdpheol va$ulft disase

Thc upEgularion of svnlaxin I I SIX//'gene inPAD cts's inrhccuffi

srudy signifres thlt T ccll ncditred slhcoel.rtic lesions mcdictc th' palhogoesis of

PAD. Being a mdbs of SNARE fdi! or lmfficking pmteins svndin I I I's

sp€citjc e.nchmc in tnc lvophoid innuc lissss ed Bgllal.t hnspon am$ thc

n.mb@s. t l.cilita|es cellule t6mckins, 6 Ell 6 taBctin8 md tusion of

inldellular nanspon vcsicles (Voldez sr al, 1999) The mur ion in lhc sem 6

a$ocialed eilh . mrc (porenlilllv falal) inmune di$'e Emed familill

henophrg@tdc lymphohini@t16i' Tnis disrdd is cha@kiz'd bv dhanccd

phag€ttic &tivny dd der@liv€ T *Us {zr sr'dr d aI 2005) lt hs high

.xpasion levcb i. m&rcPhlgEs, c''loloric T celk' dd nrtDRl kills T *lrs

(Prekeris el 01.,2oooi zhang.l ol' 2008a), and is lMlird tt hien hvels in

ma(ophlg$ which a€ activelv involv.d in apoplosis b€ding kev rcleol,'lx/I in

predsion of innaon.nrtv di$rdc6 (zhes et al . 2003a)'

The fitll upEslta|d clnc in lh. gre nldv hnd@t'd PMnoGr Egion

ro diivaled MET on@gere IPn" is ldat d al chsnoenal l@dion lq25 l i5 d
cvolurionary conln.d proi€in an{t dirccrlv inEmcls lnh *!c6l codpone'ts oi lh?

nuclear Dore compleres ed i, r.quned for rhe nuclear cxpon of speiic nRNA

nolecules and po&ins (Skaggs d al, 2007i Krull el al.. 2010) Tht slte$ &hled

nuctd Fr.spon of HsP is dep.nd. oi nucl@ raNpon batct fonn'd bv IPI

(skas$ d al., 2OO7), shc@ HsP is d imponmt @npomnr of {hc@l'rclic

{tGers (B.n.eiono et al., 2O()i) Ilr Pmtein h tl$ involved in chromosodll

iabiliry and @gulalion of *11 clcl.s as il disllv inleBcb wnh niloiic aftsl

dencidr prciein cooplex (ta et cl, 2008.) Th€ FAnspon f!'ilrq and @ll cvcl'

cSulat ry blc ofTPR Nign p.tholosiol blc io ihis poleD

fhz do^t.gtlaLd Sei6 in tt. .rn ttt dtdl
Thc fid downrcgulacd gen. in the curedr sludv, Rho guanine nucleotid'

exchange ractor (CEf) ? ,lsdcEF7' is loc.ted at chrcddome location llql4 h

inre@ls vnh th. ell poldriy (lumor suPpe$or) porein lir"'l' 5nd the lo$ or

nisleli-tion of &.t ble is ssillcd wilh inhibnion of aDoprsis md €nhec'd

7l
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cclluld hnsfom.lioos (zhd .l al 2oo8) ,'lltc'F7 Dodulttes alt'role splie

@n$ription as wctl is cvt$tel.bl rcMmgem'nt tnd closkeleron sisdlli'8

prcc*s (Lsdlc and wolf_Yadlin 2009) The doqnregulari'n ol'{'VlGtFZ in

rhe cmd dy nainbins rhar.lLBtiod in cyosteLt'l E.fu8eftd dd siptli's

rE relrten ro pogrc$ion of PAD The second downcgrlal'd tnn*npt vandr'

chrcmoffi. 5 oFn Mding fMe 28 Ct48' is l@ted ar chmosMl lqdioo

5p|2.Thcc.diovasulareffccBofthis gocvario rctsvcl,unid€ntificd

Th. dird dosnagulrt d g.nc in pEsnl stldv. CAsPn tnd FADD_lik'

ipoprosis rcSulator 'cFr,.l]?, also callcd castd. Elated inducer of apoplosis or

cellular FLlCErikc inhibilory ptutein c FLIP is localed at chrcmosomaL l@lron

2q3hl4, ll csulal.s apopro6is and nodulats etl sdtud ed ell dath (Chcn ct

al., 2009.), Homdyslcine induces oxidsive dtmog. ed 
'Poplosis 

of endo$'liel

celts; tiom@yn€in. mediaLs lh.* veule efets bv innibilion ol CFI-''\ The

cfiects of I L l8 rnd lL2 on NK T ktls arc 6lso m.dilcd bv inhibnitg Ctl,'tR (Hudg

cr al.. 2Ol0). Dowrcgulalion oilhis s.nc (s in th. curent 3tudv) mav be theretbE

asiatcd wirh prcsEsion of r$uhr dis@-

The sene lor the 6y.1oid/ltmphoid or dixed_lineogc leokcmia ! M,IJ' is

laared .r chlmo@al ladion 7q161, Ii t ! mdb.r oa mv.loll4vnphoid or

mixed-lincase leuk mi. (MLL) lcmilt hisbne m.thyldansf.mse, .nd plavs . k v

mlc in hnscnflioml @etivation (Le.t al..2009) Thc hinone ncihtl&s hav.

crilical 6les in activaring and rcsllating Sene crpre$ion, and rhrv inr.mct wilh

nucl€ cceptots and Esuh in steroid homone nedialed lene acrivation as well

(Ansi !.d Mandl, 2ot0J. 'r1\. MLL3 modllatd etiot d $oid hmok
rcceplor rnd nuclear Eceplo6 cd r6ult in cdrdiovdcul4 disclsc (Ansdi and

The finh downEsuloted g.ie in fi. cutut nudv, O_linted N_

aoeiylglumsminc (GlcNAc) lmsfere OGr Eenc is pEent on x chMoen., al

chmmomrl leltion xqll. @t Fcdi.Gs GGlcNAc m.niatd nodifrcdion or

Fotein, (oDonncllel a1..2004i Borc.t al.,2o0q Lima cl al,2010) Mutalions in

OGT N osiatcd wirh imEed .popisG of T clls, .xertd dpr$ion or

rBnsoiption laclols. and acst of nbrcblasl cro*th (oDonncll .l a| , 2004) wh.Ms

enldEd .xpEsion of OCI rcsuhs in inc@ed lcDtin Lv.k sd insulin €sisbE

(Mcchin er al., 2002), Analogous ro rhe corent studvi rhis prorcin wcs



CEIE EXPRESsION INILISIS FOR PtlD

doqnEgularcd i6 previous micr(fmv srldv for PAD (F! el aI 2008) hnibnion of

OGI .xpFs'o. F thftfoE Frr'velv ssisEd sid PAD pogtssio

The nett dow@8llat d gdc, ?Ds5 rcsulalor ol c'h'sion roid'nrrc'

honologB (S. ccdvkiae)'IDsJs is l@atcd atchromosomal location l3ql23 Th'

hisl .xtE$io ofPDtJ, i. cmboonic adhc li$u' 
'nphl(i?B 

iB ctui@l mlc in

cardi& d.veloPnent durine .mbrvog.n.sis, md tu dcfictncv a$lts in sdi&

f.ilurc (zhans ct dl,2009a) This potcin is !$Niatcd with rcsolutidn ofchomalids'

nomal chDntiid e!6srion dunng mnosis dd ftcEfoE Esulation of ell cvcl6

(Shintoni and Hido, 2OO9) lt addili@tlv hd n sttivc Eeulatorv ole lor ccll

polif.dion tnd may act s a tunorsuppftse! (Denca.r al 20l0)

Thc s..c for TMFI int@lins prolein 3 'r ,{FJIPJ als cilLd TMF!

i .@ling lun N ffiirrl ti@ (JN() stiv.ting modul6lor. 
's 

ldl'd { lq32 This

prolein is an ddaoer molecule lh.l r.gulates TRAFI_mediat'd JNK activaton tnd

cell soih by nodulaing lllc ejun N'Gminal kiM* (,NK) pdhwav (Ma 
't 

rr'

2OO?). Th. inhibnion of..llul& Dmlifcntion- @ndorv ro silencins of this gd'

indicared sienilicad olcoathisp@tein in cllDle dctivation od proliid{on (M' et

Pdaph.ml arl.ry di*e PFltt$id is dcpcndst o pl.qE buildup iD

losd linb !.sculotuE dd h $eEfoE influen&d bv lhe cncuhting bled c'lls

Sludi6 repon that prdgrsion ol PAD a.d linlcd compli4lions ac assialed ri$
los€r ABI .nd.levat d nd blood all *idtt 6 wcll a higho nunbcr of ci@hiing

white blood elh rdd mone',rcs (Violi el al, 1996: NFir d al,2005;

Pap@nrcpoulou €l rl.,2OlOr Y€ elal.,20ll) Thc cumhl studv ulilized penph.6l

blood momnucled clk ielsl.d tiom blood 6 blmd Mpling is dininctivelv *v in

cliiical srtinss. The ln.EluF cites th,| rhere aa diff.Enes i. gem dpE$ion'

dependenl on rhe cell rypcs used forhic@ray analvsk (Whitnet d !l.20Ol) (Eadv

cl al., 2ooJ). Mic@at d.lrsG of RNA ielalcd lron PBMC s otDostd 10 lhole

blood (.nrich.d mosly wnh nelfophilt |l@ls siSnificdi difi.mes i, g.ne

erpression pateris (whitney el al., 2001). Thef .rc sierinct.t vaiations !n gen.

cxpE$ion, cl$. uh€tr d.rc e diffcren@s in Nmbcr of€us Md ttp.s of cells usd

for erlEsion studi6 (whih.y d.1., 2()Ol). Eady.t !l (2005) u!.d olv lhc PBMC

for lhen $!dy dnd oncluded $at des. cslh Oolid.d l.osl variabilitv in inte'emplc

.ap6ioi aoilysis. As lldldy mdiionci mdy sludi.s Epon fid PBMC htv. b*D
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tsliably ued lot dis.ning gcn exprcsio! diltcEn@s betwm heahhv Md diFa*d

individuah, allowii! the use ofPBMC fo! thc cuiienl sbdv
-lhe presnt sludy det4l.d a lo!!c numb€r dl soes dilleEitiallv expresd

b.iw€n PAD @ss lnd onlol' Our obscdalion is thal lhs gcn's Elal lo

p€riphc'd @ry dis4 dd @ b. uFd 6 g.dn biomrkd fot tht dirsttosis of

loNer eillmily an*, dis€s. Mi@y ttldi.s ho*vcr' @nor Eldil, dcEmirc

*hether fte etpEssion ditLrenrs at lh? c.u* ol the disrs' ph"orvF or sinplv

the cfecr of di$s.ln oider to ase that fies senes tre causinS thc Dhenorvp€,

iineline expcrinen$ ctn b. devi*d lhal chek lhe €xp6sion lcvch oflhes? sen€s in

nodd 6ymplomalic high tisk individuals md codla& il lcvcls differ whei

erentully the symProms ,pFs Ah.dr.lv the .xp6ion of updl6 ag:ilaloB ol

6e difcEnlhllt expFsi sens in crtul sudv ce Dovidc cl*s whctner oe

difreren@s in g.nc .rpEssion Epres.r fi. 4us o.jusl the 
'llecr 

ordi*
All th. difieFntially cgulal.d Sci.s in the prent inv'sligtlion nodularc

bioloaioll lunctions s *ell as ool.culd flnclions LileBtuE 5eorch dd Go

annohlion analFis lor 6e sieiifiot gcn.5 in lhe $udv ddonsldl'd rclttiotship ol

sen6 wnh Glhld mctabolhm. gDwlh md PbliliElion. 4ll ddd/apopiosis'

innun€ !.d innen&ry mch&isms, ed i.sutin mcEloliso A subst of

dife€nlilU, FSulated seoes b€lren PAD c6.s ed contuls in lh' Pl*nl d'rdv

weft alb dilletnlially Esulaled bclwen PAD ces and conttols in prcvious

microaray sludi.s (Evans et al.,2008iFu cl d1.,2003) ltemphasizes thal thc PAD

has spsific gcnomic sislatu*s tnd thal PBMC can bG u*d for 6nalv$s of thes'

tigmtuE iBt .d of usiry a$s@lcDtic v.s*b tneDelv6 Non. of lhe seDes i'
$e pded nudy *E difreErhuy Egulal.d 6 shom in Dftliot CAD nictlr@v

s{ddi.s (Wingol. at rl.. 2008; Mci.f.l.1.,2009), io edphsie 8cn qp6'on

difieEnc.s bcrsecn PAD sd CAD c.s.s Dah inquirv of th' rlteEd gcnc

cxprc$ion in PAD cas and controh: inqluding rbe,'{IFJ, C5ot4t lDl KLF6

xlC4,42 dd I/,l senes, nd drc gencttnnsipls tcrivaled bv the* senes cm be

u*rul for csining funhd insieh into th. dol@ulm dd gcnclic bah of PAD IT'
genes idodficd by lh. dlal nic$my tts ce alF b. lsd .5 prcb3bk bion,A'6

ol PAD and for consid.mlion for 8€n.ric thedpi.s

16



SECT]ON II
CHAPTER 3: THE HOMOCYSTEINE PATHWAY
GENOMIC SIGNAIIJRES IN CAD



SUMMARY

Cardiovlscul.. diordeB (CVO) and oorcnory dery dises (cAD) h.ve

signific&t conlribu on to lhc molbidiry and momiir! of hean paienr, In this

connection, the genes ofthe folak and homocyslein. pothway link lo the r6cular

dissc. Prcsnlly, the Elationship of honocystcinc prthwat g€ns polymoehisns

witn mydo.dial i.f.rclio/CAD wrs invcnillt d by mc..s of tne Ehlively tgnl
n.rhodj r.ira prim.r allcle rcfEcrory nurarion syn.h (ARMS) PCR. A lotal of 230

prnicipan6 EE Ecdn d in rhc curc nldy (I29 CAD @s, l0l contlol $bjets).

Two SNPS in J' l0'mcihylcnclcLlhydofolatc dducrie (,fItF ),61301113 dd
ElSollll; onc SNP in 5 ncihyltcFdhrdofollc hmeysr.inc nclhyb.rsfcN
(]Ua&),81805087r orc SNP in patoMel (PO t/), s662; od dc in cystdlhidin.

b€ra synrh& (Cr'') 657.t2905 w.c sallzd. Additionallr, thc ble or

ins.rion/dcldion polynorphhm (6464694) in th. n6-hon@ystein. pathwty 9...,
eBior.nsi. onvcni.g eizymc (,lCO wa ess.d thDlgh simpk rcR. The

@vriG oNidcEd in th. cudy iml!&d: bled pEsE, f.nins bM susar,

srum cholcrml lnd c@rinin. conenhrions. Thc BUhs d.donsr.Ld that the

M|EFR, MfR, ad th. ,1CE eq. allelB dilIcr.d b.racn cer md conrolt. Th.

Esul6 of fic logisric EgEssion, .nq @v..iaE .dj!s||n.nt, Evcalcd sigrifiont

EhtioNhip of tne ul80l l3l SNP. ind thc 6180t087 SNP *id CAo in rh. addniye,

ih. dooi@i 3rd llE g.m),p. nod.ls, Ap.ctircD, In E<ivc nod.l hor.vcr,

loginic Eer$ion a@l.d th.r only ,rCE l/D polynoal'ism (84646994) wls

Miiled wilh CAD. Cdnes... inr.@rion fot cAD wa rcrcal.d ld Mq rhE
g€n.ric polymoohisN: 61801 | l3 ,{rTtFl SNP. 6662 PON I SNP, dd c1305087

MIx SNPI ohd th. slEollll rnTtFR SNP, a662 PONI SNP.nd lhe,{CE

64646994. The lancr irteding Ecrctic polymoQhisms had p.6iste si8nificonce

wilh CAD after ldjushent of covari.td T.tE prim.r ARMS-PCR .freotively

detecled $e allcler in $c paticnt and contol s.dplB, it is d @laritel, r.sler dd
eficien echniqu. lhal can providc b.tcr Buhs !s comparcd io the conv.nlional

.pp6rch Curenlly, the rcsults conclud.d fial homocysleine palhway scnc

polymorphnms havc signifienr cobtribulion ro CAD .nd dat lherefoE enhane

vulnedbiln, to dcvelop vasqul&dieaE.
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INIRODUCTION

In yor 2001, ordiora916 disd.u a@uEd for over 16 million d.{hs

wdldwid. r.d this nuob.r is qrecd lo rie ro 23 nillio by 2030, nrlins CVD

lh€ lading o!$ of mon lty (Mrthc6 od trn6, 2006). Popl. in d.v.lopinS

counties arc a! an incE*n rist ro d.v.lop CAD (Yusuf el al., 2001.). Indigerous

Asimi 6 rrll as Asian immiCrmts lo oihcr devcloped @untdes, h.v.. highq ftk
of CAD, and a higler mte ofcvD coFplic.tioN (MclciSue, 1992; Yusuf ct al.,

2001b: Jaltr.t a1..2008). Amo.gsr th. Asiani fie South Asim Dopulition,

p.nicula y (h. Esidents of IndGPak Edon show .vidence of ekvlt.d cobn.ry

evenrs and gr.ar.r susptibility lo caD {Jlfar .r rl.. 2008}

Hon4ysteine n a sulfrn mnhining Mino &id dd is th. @ninl mol4ul.

in nerhionin !.d cysleine n irbolitr (V.lch ond Loscala, 1998i Trabcili,2008),

Dietlry nethioninc is de $ue of homocysicinc and .rces ol n.thionitu shitu the

homeyieinc frcm one 6rbo Ldsn.thylation cycle lo the Gissulfurion

parhNay. gyD.tnoo*ysleinemio rults cithd duc to deficicncy ol th. vir'nin

@f&totl, or duc ro .nAme dcfels in th. honelstcinc ctrl6. lcp.cliw or

und.rlyi.g c.!s, hr?cftmeysr.iMi. is Miored with adv* crdioveuld
efiecs (chm cl 51..2005j Mork ei rl.,2008). sone srudi.s n6k.l.!ared
homdysteioc lcveh as a rnk ma*s for CAD *hile orheN put cmphasis on

honocystinc 6 a rhk facbr ud o causrivc ageit for vscul& disass (welch md

LoscarD, I998r F.mni et al., 2004i Ridkar cr a1,,2004i JaLuboski, 2006r Hclfdd

er al., 2009), El.vaEd homaysleine l.v.l is rh. pEdicto. ed o indcpade.t dJk

fetor for cAD 6 wll 6 PAD (Boushcy cr al., 1995; 6Enan d al., l9ati Lina ct

!1.. 2007). vsious .nvimmennl flcro6 ud individual lif.st lcs modulate

honsrdcirc l.rcls. Th.* include.ge, vilomin deficiqcy, $e nulriiional stal6 or

i.dividldl, CVD, body n6s index (BMl), smoking dd tota@ ustg., hypcntnsion,

hyteEholdr.blcnis, and rhe inlrle of coilee (Gruhben e1 al., 20{0; Ur8.rt .l ol..

2000i Chrtr.nsn .r al., 2001; Nurk .r rl., 2004).

3.1 G.n {rt !t' itr tne hoDayrr.ile p.rh*.y
The various sbDs in rhe homa'sr.inc meDbolie e noduhlcd by Ce..r in

honocy$cinc/folarc padways lnd fien nesery cofacloB. some of thc Cenes d



HOMOC'SIENE PI|HIY,4Y6ENES N C,4D

noriceably impondr as thcir aclivily (or lo$ of @ivity) hd pbfound impaci on

homdystine conccnlrtion 6 w.ll as on dori$Eam .ff.cls.

3,1.1 C$nrhio ne0!y hs
ll ss doeniz.d, by l9&, thal elevar.d hom@y$eine leveh, sondtry lo

en4n.!ic delccc .nrt crc6 in homeld.irc metatolisn, Buhcd in alv nrmbo

edbolic diss* (Mudd el al.. 1964). Thcrcafter deficiencv ol CrS enzvn. 0nd

lsialcd nuuris wN h.ld EsponsibL lor the g.ndlized .dcl@lcolic di*e
and demis (i. lgll) oi.i eient rcat old fr6t - dNuncnlcd hooevstinuria pali'nt

{M.cully, 1969), Mccully (1969) @nclud.d thar c8s.nzF de6cicfv, &d lh'

Eshing elevaicd honoclslcinc lryels w@ didtlv Esponsiblt ro' thc

The CAS gene (NM l)00071) h l@ded ar Posnion 2lq22l, sd ha l?

exons, The cofactor for CrS euvme is vildin 86r C,! c'r'llzes conve6ion ol

hmocysteinc to cysta$ionine in .n i@wuibtc Faion in ihc ta$llfinlion

hohocyslein parhwiy Th... trc moE lh.n I 50 murado6 dd polvmorphism bo*n

for th. CrS genc (Kozich ct al. 2Ol0) Tn. inDo(4i polFoahisn in lhe s'nr

includ$ T8llC (65742905) in exon 8i lhh SNP lies in eh *ith an insedion

polynoFhism. 844ins68 tts in don S Boln 1h.e SNP' G dsid€d wilh

dininhhed enztme aclivitv, hvp.thonocvsteinehit, rnd 
'E 

Ehcd b varous

dis* phenotypcs (Fm@ 4 tl, 199&i Tei.( !1. 1999; Dun' 't al,2005r

Golinbet el al., 2009) and lhe T833C polymollhisn hd llso b€en $udied for

@ilrion w h rhe v@l& dise (Tei.l al 1996)

3.r,2 M.ihylonc t€trrhydmfolrL r.doc|ls

fte n rhyleft telrdbdofolal€ r.duclne 'VrIFx'scn' 
(NM-005957) 

's
presenr al chromosom.l Position lpl6 3 and has 12 erons fih gene plavsa vibl rcle

in rh. emdhylttion hmdvsteirc p.th@v. The latcst lisl of muLdoN corpries of

moE rhon 30 htmtul mulotions !s s.ll 9 polvdoPhisms in dE MIttFn gtn'

(htpr/w.ncbi.nl6 nih sov,66ksNBK6J6l4 ol mc ion lh' polvdotphisms 
'nd

sNPs in,wtl? includcihcC6?7T(61s0lIr3 inexon {)ddA1293C (61301I3r'

in exon 7): IMIM id 60?09ll (Fro$t el al. 1995i Hanen cl al, 2001i falchi el al'

2tlo5). Th* SNPS aE 6si.le{t wirh v.rious dis@ pfi'nottTet including rh'

cAD. PAD, lipid nelobolism. and i$h.mic trcke (Frcss1€l 
'1 

1995; sz@klik cl

al.,2o0l; Falchi.t !l-,2005; rinqui et.! 2{D,: At'Alttwi cr tl,2lF9i z\dg d tl'
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20Ioa). Ditrcrc gcioqTcs !t u | 801I ll ldls asi.tc with diff@M in *v.rity

of rh€ di$asc rnd de ph.ootype (F6$r .t ol., l95i Khijtnes dd Whitehead,

200ti Badum.trl..2007).

HOIIII,L ISTE]NE PATWA| GENES N C,ID

3.lJ M.ttylt.hnydtuloLr.todoc'rtd.. r.$ynn!tr.a
Thc medyndlhydrcfol.te hohoyn.ine manyb&ts&@ rdl'

(NM 0002J4) is lMted at chromoDnal position lq4l 3nd h.s 13 exons. It cdialy&s

lhc @nve6ion oa honcysteinc to m.li'ionin.. Ile most ch@diz€d SNP for this

Ecne is A27566 (ts1805087. in exon 26)r thc SNP is ftsDonsible ro.

hyperhooocysrcinemia yer ftc causal clT4l of lhis sNP o. cAD is nol s.ll

checciz.d (AothDm et al,, 2007; Lrdqui .t al., 200?; vi.ukonda et al., 2009)

1,1.4 P.doron.c g.r.
The pdBoxonasc gcnc clusrer consish ofthE 8.nes Ddely, Polr'l, PoN2,

and ?OLl .r chodoeMl l@ltion ?q21.3. Th. 'PON/' INM 00{x66) g.nc nG 9

co<ling.rcN. Ofveios t oM SNPS in POtl, the Al92G sNP (R662) dd M55L

(^854560) arc rell ch!tutnzed dd d shted wi$ prc-inflammabty nalke6

(Acmpa et al., 201l). Thc rs662 sNP ard s354560 sNP vdimls in PoM sene ae

rdditiomlly sisrit@t modulrloB oflhc veuhr ph€mlyF @endo@ .t al., 2009i

3,1,5 Anglot.!5i! co.v.rtln8.!zym.

Angiotcnsin onrcnang orym. ,,lct' (NM_000?89) is l@l.d at

chdbo$m. 17 i17q23.3) dd ha 25 cxons. ,!Ct gene inenio't/d.l.tion

polymoahisn (64646994) h a signincdil moduldor of CAD (Szperl .t al., 2008;

ZinEaa er al., 2003).Th. inenjm .ll.l. is EpEsni'tirc of e a& epdnive

squene wnh 287 bp dit&GG h\Gn th. l lllelc a cdDqad ro th. D'.ll.L.

!.2 M.rhods for d.tction ol SNPg

On rhe bsis of rh. prcdicr.d SNP frequqc, of I SNP / kb of th. hms
gcnom.. initially, il *s shown lnar humd sE ore c@p.isd of 3 million SNPS.

ho*ever @cnt data susg.sls that norc rhoh l0 oillion SNPS dist in the numd

genome (L€i, 2001). Accoding to NCBI hund dbSNP dlla (build lll), hudan

Aenome h4 10.5 nillion submid€d rd 2.1 nillion Eaemce SNPS. TIEE is d
.xrensive list oa Eenolypins mclhods.nd icchniqles av.ilable for det crion of SNP

vrirnts. DifIcEnt Esafth laboralodes dd oliniMl *lups nse sptcific hethods for

8I
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sNP delctid. A bricf dcsriDrion oi $ne oa lhe widcl, usd Md import in

3.2.r Reltriction tngo.ni l.Igrh polynorpbisn GrLP)
R.tricrion fiasmcnl l€nClh polynoQhism (RF!P) is the mdiiional

appMh for SNP derion. Illis @hniq$ is bard on lh€ foundarion dEi difi.Enr

E*riclion cnzF.s (RE) mogr'ze s!4ific DNA s4krc.s clave di. brSa sn6,

dd ulrimately fiaerncnt $e DNA. Thc si& oalh. ftlgne.B d.P.nds upon wh.th.r or

not llc cleavase site for RE is prese.t in de dalyzed eq*ne. This tehniquc

allows de!.miMtion of on. be F€ir dilIcMa beNEn lhc @Rsp@din8 lll.hs

Th. Estricti@ diadior mlysis 6 innhllt usd for dcL.rion of multioB in

lnuses such s huan ad.nona vnus, ,nd loter, RFLP was usd aor building hohan

Seneric haps (crodzickq cr.l., l9?4i Botstein etal., 1980), The tehnrque b *idely

d*d for d.terion of all.lcs for knoM SNPS, for SNP gcnolypiig in veious diws,
and for iiv.niCnii.g tc dis@ phoo!!.s involving htp.domaysleindb md

homeysteinc palhway s.n. varists (Cucru.i €r al., 2009i Pelic el al.. 2009;

vinukondreral..2009rLlkshmyer.l,,20l0i vijayaLakshmietd.,20ll),

Cctuin ddwbacks lssiakd Eith RFLP rMlysis hoftE imllde

.xpe6irc kits! dd a lioit d numb€r ofE4tios ca&\€d pe kn. For RILP rultsis
lhe SNP du$ enher cft6t or lbolhh . Gslriction sile othcNiF SNP c.nnot bc

lmlyzd. Additiomlly th. Eclions d l.igthy, tine consuming sd Equirc flnher

pbe$iis of the @plcs l,l€r PcR, and re dimcul 1o maMge if lhc snplc
rlhov.r is hiSrr (Yc cr al., 2001; o*ay.ma .r al.. 2004; sicfrn cr al.. 2009j s4hmr er

a1,,2010).

3.2.2 D.lrtunng niSt p.rlon0c llquid .hroDirolnphy (DrIPLC)

Thc melhod is Ehtiwly n.*,.utomlrcd dd 6 b. ued io der.r eqrcne
vaiants *ilhiD minutB (O.fnf dd Und.dill, 1995)- In thh 6hniquc, t.mpLt. is

subjeclcd to EveNe ph6* HPLC qnh non porcus altyl column. dd in*nioni
deletions, and single ba$ Dan nnn.ich.s aE quickly .nd aaurately dctectcd

{oetE dd Und.dill. l95j Liu d.1., r998j Yu er al.. 2006). DtlPLc @ al$ t€

ued for nudies ain d at di$emins lhc huho evolotid (Underhill €t !1,, 1997;

Undcftill ei al., 2000), The amplili.d PcR poducl is modified ro yicld

heErcduplexes &d homodupleres; lhe mutaled or misatched fiaCrneits fom

letbdupLx, dd hale lowq @lumn Et Dtion 6 @nped b the wild |}T€ or

a1
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hmoduplex flstnmt (O.f@r ont Und.thilt l99t:Liuertl.1998;Yu.rtl 2C106i

DHPLC h$ been r*d wilh lull &cuocv 
'or 

the d'l€c1i6n of SNPS in s'nca

asciarcd*hh hypene.sion lnd cAD (su.t a1.,2002; s! et i1.2003: zhde 
'r 

al

2OOt). Thc limitalion of drn cchnique is high cost of the @lunn, chenicah' HPtr

cquipncnt, tnd expenie Equied ior op.r.ring $e$ eacriots I k lb'r'for' lc$

flaibl. for outin. !e ep€ciallv i.lh. le$ wll .quipPcd laboElo'ies (Bqh ct tl '

20t0).

3rJ Direr DNA s.qn Nirg
Dnd DNA squcncinB is l.sr automard tccnniqre dd s tt ed *ith

8r.4t.qcuracy to dekci $e DNA squenc.s ll ctn bt lstd for ddcrion oft'own 6

w.ll as unknoNn SNPS (Stefanius d al 2Ol l) Aulomaled DNA sequeocing is th'

modined fom or sanslr dideox! scqucncinSl priner is anaohed to the rcmplatc

DNA, and the DNA pollmensc 0&s fic dcoxvnucl'oside tiphosphal€ (dNTPd dd

didcoxynrclosi{te lriphphdphote (ddNTPs) @mDlennlarv io &'cct DNA Th'

smnds .longlte with addiiion of dNTP {heE6 in@rpoEdon 'f ddNTP esull5 r'

l.di.lrion of rh. eclion: temcd single cxrcnsioivdv€ teoi@tio' equencing'

(Ld cr al.. 1992). The ddNTPs !E fluoc$ollv l.bcled dd lhe @lvsis of c&tion

prcdrs involv.s mpillary €leclophoc3k Thc DNA squ'nces @ Ead lh@u8n

ler enhsned fluoresdce Ecosnition Lchnique, and m &claElv idtitifv thc

DNA sequenes and van.tionvm alions inlhe oNA sequences (Rieder el al, 1998r

Ourhan et 01.,2()()l). The dodifiaion oflhis p@edtrr. can be usd for muhipl'x

sN P lyping {Bleej eta1..2003;zhou etal,2005).

Dnd s.qlenci.g hd be€n clicblv tpplied to SNP sdoq?rng h cd@r'

c$.nthl hrp.n nsid dd CAD {Jidg.l al, 2o0li Li et tl 2lN,'lr villuueva d al.

2008i Zhuns cr al., 2010b) The mdhod is highlv acudt for sNP detdion in

conpanson to the lradnidll RFLP amlvsis (Dais cl al. 2007) Thc diedlutt8'

wirh $G rechniqw is rnc conplcx dd cxFnsive inslinddtalion: rnd hidi 
'xFnis

cqrircd lor rhe* @dions (Ls et al., 1992i Zhou er .l 2005iBanserd,20!0)

3,2,4 Rcal lin€ rn.lYsh (RT PCR)

R.al timc rcR dn,lysis is baed on dereetion ofdle nuorcsce'cc emitled bt

thc nuore$ent pnbes Foi rsl titu lnllvsis! te fluorcsMl 6evs !E of lwo main

suhtpss; on. flumsme n lhod uss dv. aot dolble stdd'd DNA (svbr OEcn@)

8l



HOMOCYSTEINE htfHW,tf C&tES Dt C,tD

whc6 fie olh.r nclhod les fluoE*.t dyc aor si.glc aron cd DNA d@lin8
(T!qnan@. and Moleuld Bc@r@). Th. Sybr CEen m€tbod is sinpL tluorcsnce

dcr.crion @ldme amlysc, it (sybt Cree.) emiB nuorcsen6 dffer im.el.rinB rhe

doubl. simded DNA. Tte disdvrnlrge is tnal il giB flu.|l$4e lor spcaf'c 6
w.ll a no. specilic DNA hybiidizdioi, This dnwbet cd be ovcrcobe by th.

coftction for rcR n.ltin! reDrcntw (sFeific htbddiation ec6 at hiClEr

lcmF6ruE rhon .on +eific hybridtalion) (MoFien el .1,, 1998). Th. sp4ific

m€ltidg cae baed a.ilysis gEatly ennancss the spaificity ofSybi creen blsed real

limc daltsis(Ride eral.. 1997;Nicolas.rat., 2002).

I1le T!qm!n@ md Mol.cule Baono ft sirgle slrnd DNA derdion
tcchniques and bolh cmploy fiuoe$enoc Esonance energy hnsfd (FRET). Th.

b.sic primei usd in horh ofdf,$ nclhods has two Epond pol.insj a .tponcr,

luoroploE {R) al5 end and !'quench.l (Q).t l'end. For Taqman dalyses, th.

unlabcllcd primer binds DNA upsrrcam, rhcrc6 thc UloophoE Drimq binds

sF.inc DNA, domslltm (Holtdd d at., l99 t; H.id n at., t996; Arya er at., 2{t0t),

Th. polrmere arcids lhc (Dnlrb.llcd) ulstrff pnne dd lhe polymere.s 5'
r' exonucle& erivity dhopts lhe (dowrstM) fluorcphoE prio.r, rhe repono

nuor.Dh@ rh.Efor diti flloBe.e which is 6jty dct drbtc, tf rhc Lnpld.
s.quena is .oHpeific, ih. Drimer rnai6 @bound ed thec is no d.t{tabte
fluor.snce as fie qu.nchcr and rhc Eporter .E in close poximjry (Holt.nd et al.,

l9l i H.id d .1.. 1996; Ary. d !1., 200r). Motdutar Boon tuatysis simit,ly uss
durllluobphore primq bur ir isdcsisned $asro rom a han pir slructur. When rhe

primer is not htbddied to ils sp€cific &oplare DNA, lhc Fponcr dd qu€nchcr arc i.
cloe prcximily od ilEE is no fluoen€, wh.6 whq th. pnna bhds sp€cific

lemplalc DNA dnd lhc hanpin opens. $e lwo nuomphorcs sepaEte and rhc rcponer

eni6 UuoE*nce pbponiomt to rhc sp€ciiic dgcr hi,ridizrions Oyasi ad
KEmcr, 1996i Vet er !t.. 2002).

Taqmanprobe baed sd noloular b€acon basd qRT, pCR. owingbftn
sF.ific pri6.r &sig. d{ dif€E@s in sraling rmFrruB (fd pcrfd m.tch.d

and miearch.d pdne), hlve bc.n u!6rdt .ppti.d to SNp S.Dorypinss (Shi,

2001r Shi,2002r ver.tal.,2002iNicd.NraGret at.,2006). R.ar timc datysis can b€

.mploy.d for scne .xpaion, porein lnat)sis, a.d nicdbirl utysis (v.r er .,
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2002: Deursh d al,. 2005r Yesilkay! er dl., 2006r Johes a !1,.2009i Richcs.l al.,

20r0).

4.2.s Sitrgle srp @!firn.liotr DolyEorDtnn (ssCP) g.troqpirg

Th. gel.l.ctophorcsis ofdolblc itmnded DNA is dcpend€ on ln.lrngtb

olft. DNA product and has no difrerncc in migation bas.d on single bo& pat

chanCas. Thc singL sr@d.d DNA p@dNts n@e!.r fom highly $nsilive md

sp.cific loops and folds dep.nding on $.ir eqle*s, $ that on. b6* pan

substitution Esuhs in altcnatg nrucfut of single slEndcd DNA. This ditLrenc. in

confimarion @n b€ derccred by 8.1 mobilB shift obefled by subjcclins lhe

Es|iction djgcscd, singl. sl@d€d sgnal to poly.cryldid€ gel eletropho6is

(orila er il,, 1989i walsh .r .1., l99J). Th. dm*t&k *ilh this m€thod is lh.l DNA

has ro bc digcsted into *ghents Oior to SSCI, ana\sis (Odla et.l., 1989) Otiginauy

applied lor lhc dclctioo of sequerc.s up b 150 bp in len8h, wilh further

modifiorions, SSCP colld acc!6aly dtui singk bae Fn *qw@ ditr Encs in

400 ro 500 bpprimeB(Mrrkolteral., 199?)

lhe SSCP an.lysis dd slighr impovements in this Fethod Guch as

muhicobr nuoEsent la&liiB ofpimc6) hlvc bei witLly dd @uEidy !$d iot

SNP dalysis in eencs a.d for vnioDs di*e mdilions (Kozlowski dd Kz)Esiak

2001i Mituieral.,2003i Haraeral.,2006iChenelal,2009b),

ll-6 M rir 6ilrcd ler dsrprio! loliatio! (MALDD riE. of tlkhl OOF)
N lpcrDDd.t rehriqo.

Th. MALDI-TOr MS te.hniqle is bard on ulraviolel ler d4o@lion of

organiq compounds od $e high sensiriviry !o del@t single and double ionic

molellar compouds (Ks ed Hillc mp, 1988). !r rhir medod, drc p@rcin ot

nucLic {id (ro h. dcdt.d) is ald.<t to th. eldim in malnx, ed lhe m.uix crysbl

h ihen subje.red to l.scr iradiation. The prcteins or nucl.ic eids rE ionied ed
de$lbcd inb eas phas. lnd .ie thereron hpidly and oasily detecled, dep.ndins on

ioniation diff€Enes ald hol€cul$ w.hhl (maJchaqc Etio) (KM ad
Hillenk np, 1988; Grimn.r ., l9q Crifiin dd Smnn, 2000b).

Scveral modifications ih MALDI-TOF MS dalysis nave been rcp.ncd fial

have enhliced rhe sNP dclection Freniil oi rhis lechnique (sun .l rl., 20001

Mdgd-iorgds .r rl.. 2004i B@ntha el !1.. 2008: Millis, 201 D. The MALDI-ToF

MS lppdch hd b€n rcliably cpplicd for SNP g.io9?ing ror sqwG
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ry
delemin.rion 6 *ell as for the disae sttatilicarion (Criffin od Smilh, 20004i ung

cl al.. 2oo2i MenBcljo.gM a .1.,2004; Pinto d al. 2010; Yu cr 
'1,201l) 

Th'

disadvanhS.s of MALDI TOF Ms includc cxpensiB insldmenL! dd chmicars

ued, dd rh. exD€ni$ Equiftd fq thir m.thod (Bdis .t al 
' 
2010)

1,2,7 Mlco.rnt bi!.d SNP tYpirg

The nicrc@y bas.d 'oenone wid. Ashtion $udv' (cwAs) sNP

qging is lh. only m.thod for d.lating hudads of th@sds of sNPs in fte humd

genome sinulla.eouslv. The foundaion for OWAS resls on idflifistion ol miUions

of SNPS in humd gcnonc thrcugh lh. Human ctnomc Prcj-r (tii' 2001I Ldd'r ei

al., 2oo I r vcde! et al , 2O0l I Th. li(.mti@al H+Mal Poja.! 2001)

The micdrav platioms lor SNP 
'mlvsis 

includ' lhc Affvmcltix@'

llluminao, ed Asil.no nicMrs Th. Aflmetrix SNP sd copv nlmbd

varirnr (CNV) antllzing micotmvs includt: Hume MapDing loK 20 A@v

(l0.o0o SNPtiHunii Mopping IOO K s (l16,204 SNP': Huhan Mappins 500 K

sd (2 imyr 6nbin.n *nh moe ds 5(X)OOO SNP,: Humr SNP mv 50

(500.568 SNPS .nd 420.OOO pobcs fot cNV analNis)i lnd Hunt' SNP ldv 6 0

(qu.ri.s 1.8 million markec including 906,600 SNPS md poh's 1or 946 000 CNV)

(htp:/&w*.tfsrclrixmm), (Schose..l !l 2Ol0) Th' lllumin! nuhipL sple

pe. Beoda@yo vari.rv or sNP dicMrats inolude Human c'toSNP_I2 (300'000

sNPs); Hunan 66oV-Q{|d (mor $tr 658,000 sNk)i sumd onniExDEs (mot

rhan 7OO,O00 sNPti Human IM'Duo (sFllcr lhm l0 mitlion SNPs)i Humd

Omnil4uld GFalq thon I O million SNPS tnd prcb€tiand Humon On'ils_8lnd

Huns Omni2-5Q!.d (moe rhe 1 25 millio od 2 5 nillion SNPS aid tn' pob's

Especliv.ly) ftnp,/w illoEina cod) Th. Agilcnl gcnomewide SNP anirv$s

mys include: Huns C€nonc CCH MicMav 4 x 44 K ({2'494 ta'g't rcituB):

lne G.nme CCtl MicMv losA (9,026 Erg4 fanftt; Huron G'nom'

cGH Mioo.my 244A (216'381 tlrg'l laluE ; SuFPrinr Cl Hunai CCH

Mic@fty sx6o K (J5,07? Ll!!t fetu6); scPrint Cl HUfu cctl Micrddv

4xl8o ( (170.33.1 Itgd f4ods)i SuEPdnl Gl Hdu CCH Mic!!@v 2x400 K

(411.055 le€et ieatuE i dd ih€ SusPrinl C3 Human CCH l4iooamv IxlM

(96r,029 r.€.t r4lu6) (hnp:/ PwgtrcDicslgil'nlcod) Th' Afln'rix lnd

Illunino nicrcarars aE bv far rhe mosr 
'odmon 

SNP gdoining pladoms od
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havc ben ued for lniv.Fl SNP &.lye, (Atldns cl tl.,2010; Lind d al,2010;

Muglia.l!1.,2010; vogl.r.t.l., 2010; Kin cl d,201l)-
'n. DNA p@lins s 8q y |€dG ih. GwAs on $ $c mPlcs .F

p@l.d b&*d oi d.fin d ch!@tcrisrics 8d poolcd spLs @ aPqlicd Mnuullv
in | 3in8l. chip tltGby !r.{ly Eduoing $. @s a MpGd !o i.dividurl

hybidt ios (Mclquisl .t al., 2OO7i H@r a .1, 2008; Schosr .t ol. 20loi

s4li.Spr.l !l.,2ol l). TIE disdluilg.s with nict!.d)6 irclud. dE @nsid.nblv

cxFNir dic!!@y sn.rt sgoc, dd 6l of nicllmvs llcmslB, liniting

$c lnirNl @ ollhir l4hniq* fd sNP Mlvsis (Szclinglr cr al,' 201 I )

3.2.8 Ard|ndtioJAll.L Elnclort Dlt dot .vttr ( RMgAWn)
Thir 14hniqc is . 3inplc dhl. &rdaon Ehniq!. ir'd ciEmv'nt' drc

Eqricdo dig.sli@ of ttE ddifEd rcR Ftdwl bv tlE & of dtcn.t! prii6 fo
rh..ll.lic di*rini[ti@. Unlik tlE RFLPulvsis (th.l FquiEs sn Fco& ion bt

asricrio. cdrm6). fiis lchihu. * d.r.d .ny muritiot in lh. .ntiF 8.n@' .dl

Elalbly dalect hctr@ygoEs fM ho6o41ol.s (ofcads llhlc) bv sihpL i6p€ti@

of rlE gll img6 (N.{r.n cl .1., 1989.) Thc N rF PdmG d.siSn d for ltc

.llchs, @. primq h6 lh. rmll nsl@tlh tnd ln. odEr O. FltmPhic
nrcl.orid. .r rhc 3 cndi sith . d.lit i!r. bs Fn chd$ @ lh. I' cnd !o tunht

c.h.E spei,icly of tn pfin.6. with @opt.n. !.t ble plning of sFcifc

lrimci d. rcR @tnu.si eith M.@dffil,ry bot p.nin& rh. Prin r is

Efrubry ro PCR dplificdid .nd tlc odiff,lrid ptldlcl is nor sn (N4Ln .t
!1., 1989!i Ok y@.1!1,. 1989), Tli E&lioi for sind..lhl. di$dmitulid is

!.rfdnEd in $o ob.q $c onmon ptimo is ddln h both d€ lub6' wh.6llE
nomal !.d polyhdphic ptim6 e .dd.d ep.nclv in thc trc lub6, Thc g.l im.gc

Mlysi sho*ing rh. mplificrnion b.nl for citl.t rub. Epenrs hdn@vsp6nt'

wh.6 th. b.nd for bolh tubd Ep@nts hlltozvgcitv

ARM9PCR hs t .n Mi.Gd *ilh SNP d.l,3is .Id his bcn

slccdtully applicd fd d.G.ting all.lic diffcFM in . vqi.tv ofdise ,rEmrvp.s

(N?*on.r .!,, l9E9b; Linl.joh .r al.,2oo8; Liu cl tl. 20t0; Gh!fllti .l al.' 201l)

[t3pil. lnc f&t th.l .lLL diedmimto. hy th..llc!. df@iorv mutdlid ddylb it

clilbl. ed Le, yd th. lisnificsl MpLriry t thc pnmd dcaigning .d @ of t*o

sDontc sclio tubcs for 5iry1. .lLl. die.inid'on.
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3.2.9 T.tn p.iE.t rll& r.fncrotv !!nrio. tvrt'o (i-AIMS) PCR

Te@ Fim.. ARM9PCR t a El.lit.lv icw kchniqe dd (unlik' RFLP)'

d be ued io sqolrT€ pdtiqllv &v SNP in ltE 
"liE 

hu@ g'nome (Y"t al

2ooti olGy@ cl al,2oo4) Tiis ps.nuc ior dr@litg sll'16 al a lNu! i5

dcp€ndenl on No pais of Drin.6l one poir @Nins ofde exterol (ouF) pime6

$al mPli8 t laBei oulcr DNA dDlicon and a s'co'd pan consinins of inhol

(innd) allele spsitic prides Tle inn /int'rnal pinds d d6igne! in a *'v $ar

$ey mplify DNA lnsnents ofdilferent si4s vith their Erp€ctiv' ex&6tr pnn'rl

ihe size diit€renccs betwen rh. inner bsnds rhcrcfot corespond io lhe two difeFnl

arlcles(Yeer al.. 20|]liOkartmdelal, 2004)'

Advanlaces of lhis technique ae that il is fast' accuial€ hi8h lhouslDut

€chnique dd a singL PcR rcaction sn reelve lh' g'nolvp' (Ye et al' 2001;

Galmozi ctal.,20l0rKim cl tl.20loi P'ruzi't al 20lo) and in muliiplex etlvsis

nore rhm one IdG cd & drlvzcd 3imulttn'o6lv in on' PCR rc&tion (Piccioli er

al., 2006; Y$g.r 31, 2007). T.rra Dnncr ARM9PCR d rcliablv dec'l

polFoahism wh.€ RFLP eolvsis n.t @cdiorllv giv€ @eo!s Eslc (wdt

er .1., 2006). This m€lhod cd Elitblv dad $e g'@tt!'s in a Elotivelv l€s

.quipp€d ItboBlory, and in fic laboototv $tDps wilh hid $Dte tumorcr Thc

disdmblF ofrhis lehniquc is rh{ n nty rcquiE gran ddl of toubl€shoting Th'

inicmal prime5 htvc lcs*. 3mplifi.dion cm@y du' ro lhc rismatclai sd $'

intenal primeB yield noFspeific blnds ThcF dawb&ks un bc ov@n' ao

speific ptiming is 0chicv.n bv incE6ing th. conctnxalion of i €dal s cmpaEd

lo outer prineBr lsinB smdi.nl thcdal cvclcBr touchdowh dciions *htE innial

tempe6tua for reda pi6et ARMS-rcR h ktpt hic! and lhen fie t@peBtur€ is

grad@lly reducsd to optimal e!.aling kmp'ltt!rei or bv using hot$n pd'm'N

for ihe retm ptimer ARMS sclion (Y. ct !l 2oolr okqma et 41 2004) To th'

bcsl or tulhols knosledg. lhis t chniquc has nol bec' usd f'r derection of allclcs in

$. honocysteine PalhwaY

In the pre$nl sodv lh. individualall'l's ofSNPS in honcvsr''rc pahwav

gen6 td d.lyzcd bt r.lb prir.r ARMS-TR Th' iio of de studv *ts 10

deicreine lhe.fiecsof th. sD€cinc.lLl.s rith CAD individullvs well dtnusl'

$e gen Jene inc*rions (.Pisbis).
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MATI]RTALS AND METHODS

3J.l Srudy t'6igtr. plniciprtrl r4ruilr€
Thc study *6 a w drol lsiadon sludv Joi.t otpov.l 16 acauind

fm the _ln{nuioMl R.viw Bdrd , Qutid_i_Az4 unisnv Isltm't6d dd tom

lhe "Piknid M.dical R.@h Council , Consrituiion AYduc lsldtbad written

infomed consnls w.re oh.ired fiom aU p6nicQdB. nE studv cohDris'd of 129

CAD/MI paients (ftlles 107) rsruiied frci the nedical unil0l Psvalpindi Goeral

Hospiral. Raqalpindi dd fo6 the drdiolo&/ units in Polv_Llhniqu' Hospiltl

hlamabr4 and rhc Poignduare Inslilulc ofMedi€l S.i.n6, khndL6d The mnltol

snup Nd Krun d aon mdi@l out psticnB d.ptmdi olthe kwtlpindi Godl
Hospibl and incorpoalcd IoI (males J7) hvp{neisivc subj46 Th' mct' age (1SD)

lor ca*s (parienls of @ronary adcry disease) wd 55 01 16 29 v"a and for th'

connols (nomal sbjecls), the n@n agc Bas t6.16 +8,16 v'!N Esp€ctivelv The

cnrolled CAD p.tic s ed onlols rtrc fom simild sidononic b&kound ed

belongst b rhc n. scosrnpnial Esio Th. deoogEphic data ol panicipdnrs is

33J P.ntuF.rl cu hLto.i€ .nd lh. pElendlg oDplrlrit
Tne palient sNp complained of eec chei pain, bEathlc$N$' s.nse of

hdvin.s in the ch.sl. dd linitalion in bonil, &iivity The synpioms *cE pe6ist nt

Md yeE peent lor 8r€ter lhu om hour' Tnc pa51 hisiorv w6 posidve rot ch6l

disnfon. @sion.l bEathl6sns tnd ! fcs p.riots had pEviout hislorv of

aMomidl pain !s scll. ln lhe pttient and conrDl goup, lhe tisk f{ror lssialdl

with va$ul*di$ose such d ciSmtl. smokins, high BMl, nvp.rchol.sr.Flmia dd

hlTen.nsion wetr pFsr The padioipanr wcre on difcrcnl dtihr?enensive

dedielions including ih. calcium channcl bloclc's. bclt bl@kc6, diuFtics, sd

aspnin. Tle 6es prceted lo the em.r8.ncy depanm€nts of ih. hspilals rilhi!

rhE houB ofrhc innhtio of slmproms,

333 PanidD. beli!. dnDCl.F rd di.gtrdlis

on prcsnLlion rh€ 3.Nml physicll .Minalion of lh. c$es 0nd onhls

wss caried our for pulse. blood pFsui!, t mp.BtuE and Espitulory rate Bload

pic$uE (6tHg) w6 mmsuEd wnh d convcntional nercurv sphvgmomlnomeler'
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rrbk 3.r. AnrhoponoQhic and sdm pamm€red of cas's and connal

l0L

0.16

C-,16

56.16+8,16

107(82)5706)

0.001
Sysln BP {mmHg) lt6!20.2

9Olll.l

79(6r)

0.15
BMI 3l,l+5.9

N.S.56(5t

0.r7

Fafins blood $3m lm Cdl)

1.2710.41

P, (,+ .hannel b|(r.deo) 35 33 NS,

Valu.s ac *p'Nd 6 cnher 'to i nanddd deviaion or as n (%) The tow to'

sendcr Epl.sn6 valcs for nales Thc FYalu6 ror vditbl's dpulcd bt rt$

m
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sshl elctMrdiogtrphv (ECG) of th' Pdi'nts *s perfomcd .l p@nEllon D

emcrycn y dcp.nm.nt (ER) ed pllidls {irh posniv' ECC thancca w'G inclu&d as

ces. Tllc panicipa s in tn. @ntol Boup h(t no svmploos of kch?hi! t'd h'd m

3ic6 of iehcmia or i.fetion on $cir t3p"livt ECG trsings Th' $udv paniciFnl

r;s. a *.ll s fi. bbolaEd blood pEsc E dins3 dd sm faim BlGs

;.!.s.ol md c@.inim Lcls ror rts ws trd rh' co@ls Gsperivdt tpEsnl

hft3 .r $. tim. of blood s.nPl'ng'

33.,1 Dlood Srmrtltr& sr{D DrcP'ntto!' '!d 'dbs ol tncttd"l

P.nn.k6
Fstins blo.d s'npl6 sGG obl'incd fom ptni'ips$ in phin rubd fq

eNm pcFn;d, dd in EDTA @!r'iGB fd 
'rF 

clid of spMic DNA Th'

$on Fdn.r.6 includcd blood suss (mddD chokd'ol (nddl) dd cdmle

(ms/d; (odht6) s.m spt's w'E srodd ar -2oqc ontil erltz'd bv

c;n rci.lly .v.il!bl. ki's (AMP Dhsncti's AMEDA Ldoditstdtit GfbH)'

3J.5 E{mtio! olrdosk DNA

DNA 6 *[d.d bv 3ttdLtd tnaol chlNfod 'xtt*tiotr 
proldol

Bricfly 750 rl ol ehol. blood s$ !dd'i to l J Fl cpldldorf rubcs (EDDtndorf

HMblt8 G€mdv) Ai .qud rclun' (7tO fl) ol t'lldon A *s !dd'd lo th' blood

in lub.. solulion A comPri*d of sc@(012M siSnt' sr' Leis Mo); Tds 00

mM. sism)i MSCb (5 nM BDH Ch'niels uK); dd Tnlor x l(x) ( l%' Signt' sl

Louis. Mo) Th. co cnB *.8 mir'd dd l'i al @n l?hpcErN 16 15 mhulcs'

Th. smpk c dn ai II OOO Am 
'd 

I ninut' Tnt $FrEhl s di*'nlcd trd

$. Flld wc BlsFnd.d in 4oo d o'eldid A ThG spL w6 lsth 6r'64'd

al ll.()O0 4d ld I ni.ulc. ilE $pcmr6t 6 disrtd'! rfll thc Fllel wa

6spcnd.d itr 400 lr! of slfiio B ti'l quin'd Tns 00 mM Sistn4 Sr' Ldis

Mo)i Nicl (4oo nM, BDH chcmi4b UK)i &d EDTA (2 mM sign') To lht lub'

hi& ttc elsp.nding rh. Pcll'( ! 2 Fl of 20% SDS (BDH ch'mieh UK) dd 6 Fl

Prct iN K (F.m.nra5 Gl.' Bmi', M!ryL'd) w'c !dd'd sd dE sDl' s$

r.pl orcmi8nl ai l/c.
Thc foll@ing dlv lqual 1oh6'r of Sollion C (Phdol BDH Chniols

LK) and fehlt mtd? sluto5 D mn6'ning 24 1 volun'i Chlootod: lotmvl

ah;hol (BDH, Ch.niok !K), 
'*crc 

nrixcd sd 500 !lofrhis mix s6 lddcd 10 thr

s.mDl. ond enriiug.d a1 II OOO rpd tot lO minuca Th' suDcnal. w$ ctcftlrv
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collected in t ns cpDendorr $bc 5OO rl of elution D wa add€d and the @Dle

wrs ceouitug.d ar I I,OOO Am lor I O minuLs Thc sup'nabnt w's colleled i' ! Iw

.pp€ndorftub€ thd 55 Il ol3M $diun ac'uc eluri@ (sigrna sr' Luit Mo)' dd

rOO ,'t tttig*t"d r*ptpunot ** tdd'd lub' ws srltt'n qeBl rim6 dd

*On ** *"ttr" ", ''.* 
rpn fof IO ninuts lh' supemllnr *s @ovcd

and the DNA p€lLl vs *sncd rilh ?e'4 chillcd dnqol dd dntd in ! DNA

cor@ntraror iEpp.ndorr DNA Cm@inror 5l0r' EDp'ndort Hmburs' G'ddv)

Th. dien DNA Nd Diaed *nn 2l)O pl orTE bufitr (Tii$EDTA buficr' lnvitug'n

carlgbad. cA) The DNA was ditlted to 50 ng/ rl ior rlE PcR bas€d DNA

anplifictions .nd sbred al 4'C

1.4 PCR b$ed sNP rdlYlir

The cureni sludv pot@l conPrised oi tle primer desiFn for PCR btsed

onplifi@tion oi1h. gdomic DNA ss6enrs' cstriction digesiid' of a linited number

of emples io det minc the senotvp's rcra pridcr ARMS-PCR dtl}sis lor au th'

SNPS ;todied in all the snPhs. ond id'nrificadon of 6e sNPs thar N sisiliedlv

3,4.1 PriE.r ddigtr lor SNP d'| 
'lio!

Th. gemmic DNA s'qlcn6 
'or 

lll tnc g'nct in dE srudv uc€ ,r6s $

ihc uniresitv of crlifomio srnL cdz (ucsc) Geo6e BtI)m D4toba*

(hftp://semme.rc$.€dvcgi-bin-/hgo!t'*!v) For lhc d*igll of allele $€'ific dd

o*e p-riom t'r princdeAr SlrP) fot lh' lctE prim6 ARM}PCR ihe gflonic

*o*"* *". *0.',,, to the w'bpigc tt http://ceda' gen'lics'$ron tc uk The

d;igled p,imqs Neie stightlv modifi'd io gd lh' opiimal lenslhs o' the allele

,pe"ilc Uuna, ro, unambiluous lhualiu'rion The p ses Ne€ od'red tid

I esdted DNA Tehnolosies (lDT lnc CoElville loa6)'

!,4.2 R6dclion digdiior 
'nrly3lt 

of lbe SNPt

For the RFLP malvsk.lh' o!r'r prid'6 designed (ro' bh D'iner ARMS

amlysis) fot ach of lh. t SNPS *et u*d for adplifiqlion of gercnic DNA

egnst dlninins lh. SNP FoT thc dllvst' $npl6 s€G odomlv sl6i'd trm

th. CAD d'l nomal subj€r c'L8ori6 Tn' @don for 4h SNP s cdn'd in a

ionl volme oi25 Fl Thc Lnphlc DNA ud to-loo'9 2 5 ul of fie l0 x bufier'

2 o d of 25 nM MsCh, tO ns of 4cb of lhc ls princ6 dd I 5U Taq polvn€@

;.md6 lic Ghn Bumic MD) Th' PcR dclion had following s&ps: lhc
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dcnarudrid .t 95qc rd 7 min; fouotcd bv '16 cvcLt of es"c lor '45 s' thc

'"".ta" ** " 
the enctling GmpcmtoB lor i(lividul SNB l5f,C ld

orro''i, oiro|lt, uno *ttn29o5 5?oc lor 660z aid 5ooc ror8180508r lor

al * 
""0 

*"-." *t 
" "" 

for I hin; followed bt the lin 
'*'nsion 

!l 72oC

for ? 6in. Thc PCR uctios wcre dn in ! Tl |h'ml cvcLr {BiomclE GhbH'

Coeninsen Cemanv) A n.r thc rcR, 5 I l oi the ohpl ificd prducrs wcc m ix'd {rlh

I rlofbomophenol blue dd run ot! l%agao$ gel'

Thc Eslndion discnion ed Fdomed for r[' five sNPs individuallv *nn

dille@nt p.Bm.Gu tnd Lmp€raiurc sp'cifislions lor cach enzvic For aU th' 5

SNPS, I O [l of rcR amplifi'd Fo{tucts w're mixed *ilh I 8 pl ol PCR sdde Natei' 2

d of spdific butr€r (suPpli.d *ifi lht dsdcdd erzvm" dd 2 !l of speilic

Esrriction cnzvme The Fslricdon eitFd inclDltcd: Hinfl fd 61 80 Mli Mboll for

613011llr D3rl for tsJ742905i AlNl ior s662i and Hsettl for re1805087 Th'

bufi6 includ.d: Buffd R ror Hinfl (lO nM TrilHcL (pH 8 5) 10 mMMgCl:' 100

nM KCL, .nd O l mg/ol BSA): Bufier B tr Mboll ( l0 nM TnsHCL (pH 7 5)' ! 0

mM MgCh, O l mg/ml BSA)i Bufie! B for B$l 0O nM TdeHCL (pH 7 t) 10mM

MsCL. o.l ms/ml BsA)i th. Tugp@ buffs ior Alwl (33 nM Ttis_&'l'tc (pH 7 9)'

I o nM naBnesium tcbG, 66 6M por'siun eebr' O l nslnl BSA)| dd Bufrc' R

forHelll (lOmMTris_HCL(pH s s) l0mMMsCl:, l00nM KCL &d0l mg/ml

BSA). The p'lducts *cF digesred ovcnidi Bid the cslriclion cdvmen dd

incubokd at indiridual l.mpcr.lc TlE lchp'EtuEs 
'd 

ih€ ov'mi3hr incub'l'ong

fo.the i.dividutl SNP3r.E: l?t fortslSOtl33 afttElsollrl csp'ctivelvi6t'C

iord5742905i 55'c forrs662rsdlToCforsl3oJO8? AterovemiShtdigestion'lh'

digesd prodlcts wet visuliEd on s lvo aga@ g'l tnd vieali4d usins thc C?l

Lroc xR s,stm (Bio-R!d, ||duLs cA 9454r'

1.4,3 Prln.r se{(!s lor Mlgan

,rr'IltF,l6l30l133 sNP

Thc primed includc inmol foNard: t rssrgtlggglcqFeggsgr-3-'

iniemll rcves.: 5 {ag!@!ctscBgarSglg@A!8_3" the exlentl fo dd Pin'r

s4: t'- 48@tdc.Slcdg,gc@g4 l. dd extenal rcvsF: 5 _

gggMga4rsgcgt .lcagce-3 The undcrlined b&*s t€tft$nt dic delib'Etc

misddch.s, The Tm for $e sp€cille{t primeN wtrc 70"C' dd 6fc fot i cdtl

fopaJd ond rcveree p ncni 63oc and 68'C ioi rhc rqo !{ctul primcrc rcsp@rivclv

9!
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The primeG include inlemal foeardi 5 -Bggglgglgdgrccaggaggd 3',

ini.nal r.!ers: 5'-@gmcseaenc@gaceqtg l , dtcml foNard ad ext dal

Evc6c prin. ww 5'?grogsigisds!3t ruggetr-]] a.d t
er@nscca€rcc.cas 3' Esp€ctircly. Th. underlin.n b.es Eptlst thc d.lib.6t
ntnarchs. ft. rm tu th. speili.d pim.6 reE 7dC,64t,6?t and 6/C lo

3.,1.4 Primr S.qu.!cd lor ltaX

fo*sd prinn 5'

tsgaagdatgaag anaSacalsa-], internal rcvcsc 5' acodccne.gagacrcantqgc-].

.xcrnal fonlrd: 5 -SBnotcaBcrq&conada. l. &d cxteml Evce: 5-
8d8@lcls.fisect!8a4r 3r Espcliv.ly- Tle und.rlin.d bes Epffil lhe

dclib.Et€ mismtchcs, TlE ar for th. sp€ified pa6.6 *s 5trc fd dl los

3,.1,5 Prin€r S.q!.nc6 for CAJ

Cr.t 65742905 SNP

fte Finc6 w inl€dl f@.rd pdrs: 5 leccScs@tcer.g4.r 3',

incnal Bvere priner: t'lactcSgga@@sar3r, cxt rol foRad prim.r: i'-
cS4clScelgaMtbgttcd l j

qgrseraggigcrgnaogscBc 3'. Thc underlin d b,ss Eprc*nr rhc dclibcnte

misn ch6 The pritcr Im 6 69PC tor fi. four prin.E.

3..1.6 Priner S.qu.!.d ror Po,v,

'Ir'e primcB includ€ inl€ml fo nd primer J rcdlttnctrga6qr.c[ecg-

l , th. intmll Eve Fifti 5' {.4a@t catct€..gggr-3', odcrnal fwld rd
.rtml cvcB pdm6: 5'-lgtl€{tt r.€cbsc&guggc 3', ed J -
tqgaslgtcacahcngccotcs-3r Espcctiv.lr, TlE underlin ! b.es rcpEsnt d.libdaie

mismatches. fie rn for lhe sD*i,icd primeN ior this SNP was 65qC for all four

3,4,7 Prin r S.q!.o€ for,4CE v.ri.!t rmplifotio.
,4C? insniodd.letion polymoDhhm
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For $e ACE g.nc 64646994, lhc pnmef ued wer foded pdod: 5

dggagaccactGaicctncr-3t, and the f!e6e primer: t -lat8gsccatacan4qgat-l
'fte prirrr rm 6 @'C ior lhc l@aid od 66'C for rhc rcvcN pii6e!

Esp{rivel}. As this pol)moPhism is insrrion/dclclion od .ot !i.gl. nNl€ridc

polymo{hkm, simple rcR iNlad of lnc T ARMS-rcR 'a( md'nake' for

3.4.8 T.tnp.in..ARMS-FCR.!.lyti!
The reaction vas p.rfomed i.. robl rolunc ol25 d codaining 50-100.9

orremplotc DNA, to-loo na oldE outd prifieN (conent lrot dep.idc on besl

vis@lianior of b!ds). lO0 l5O nB of lllel. speific piod GonqFatid

d.p.nd.n{ o. b.sl visilianions olbandt,2 5 d of l0 x tufie., 20 )rl of25 mM

Mgcl:, 0.2 nM dNTPs, lnd Taq p.lyn.re L5U (F.mentas Inc. Glc. Bumi., MD)

Touchdoln racriobs wcft p€rformcd for tt M|HFR and Cat SNPS (due lo

individual dffceMs iD th. Im of$c Drihd). Thc li6l m€ling toshdoq slcp

was ar 6lc. lhe tmFEluE w6 decE sd l" evcry two cycles to lln.l 58'C for

sl30llll and 65742905 SNP! and lo final 56oC lor 6180llll. Th. subsequcm

s&pr for 
^1801111,65742905. 

dd 6130ll3l s.d @ried al lh.sc dndlinS

remFElu6 for thc atuining cycles. For F662. d...lina icmpcElud w6 5tpc,

and for rc180503? h w.s to'C (both whhoul louhdown), Tne PCR c&lion had thc

follosing steps: lhe dciaturalion !1 95!C for 7 nini follow.d by 4l--{5 ctcls of 95qC

for 45 scc. lhc dnali.g s0cF at Ihe enaling tenFilurcs (6 m.nrion.d aborc) for

4t sec and.xt€nsio. sr.p3 { 72'C for I oini lollow.d by th. fiMl dtnsior .t 72rc

ror ? nin. The n.thod by Risar et dl (1992) wa u$d loi ml)zing fie.lct l/D

polynorphisft. For th. vislalianio. of tct6 prind ARMS-I'CR prcducls, 15 li of

$e amplifi.d rcR p@ducti w.acith..dnoa 2 %33rcg.l s8%non
demrumting p.lyacrylamid. g.l (PAGE). The imog.s lDm the gels scrc captuEd

wilh aCclDe XR Syst m (Bio-Rd, H.rcules CA 94547).

3.{9 Shlilltrlr!.ly.it
Analy*s wcrc eried or aor all th. SNPS wdc lou Ben.ri. mod.kr th.

addnirc, dotoim! gcnolyp€, and thc lece$ive S.neric mod.ls. All th. SNPS were

subsequcnily sdlEd by unondilional losislic Etn$ion, The Esul|3 for gqolF
orltsis .nd logisric r.lBion @lysas EE adj@d ln lnc wei.r.s Gsc scnder,

sysiolic blood pEsuE, di6lolic blood pEsurer fasting blood suta. sun
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choLiLrcl dd cE.tinin ). Thc best f ting go.tic oo&l wrs rh. de dn *nibir.d

dE hidEst oddtlikclil'ood win c!€t io rh. dise. Gcel$c ini.ddd
(.piiLsis) mlyst B rcvica.d 6 v.ll. wil addnion of ill SNPS i! ulysis ud
anlr rdjustnent for tne @v!riar.s. A probobility vol@ r < 0,05 wds consi.l€ftd

sni*kllly signiliqn dif.FE, Fd . h@ slict sadniol s.rtin, lh. N1t!
w€E rls subj.cLd to Bonf!rcni multipL corerion ud . ? < 0.0081 w.s

oBid.r.d st{isriqlly 3ilriti@r di,t'6@. Th. R sraidiql oalysh p..t4.
R2. l l,l 6 usd for dE SNP ealrsi3.
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RESULTS

3.5.r Bls.linc prolil€ of th. covlord
Md. syslolic blo.d pEsuEs (nBFfSD) 'ft 1161202 onHg ed

l23al6.O nnHg (p-0.001) for contlh &d caFs rcspecivcly Diasblic blo.d

pEs6 rd conhls dnd cdt w 90} l l.r mnHg dd 8411 l 5 mH8 04 l)0l )

respdtivcly. Fasting blood slg l€vels in conrols dd c6es *€E Iltilo mg/dl Md

106118.l (p=0.04), Esp4tively. Msn v0lues of soD chol.st Fl lcE 21044

ms/dl &d 2l+t54 nddl i. @ntrcls dd @s (p=0.17) Ep€ctilelri rherea mee

s.nm crcartnins l.veh lor coDtrols lnd coss ecE 1.27+0.42 mgldl .nd l-4O]0.50

oydl (p={.01) cspectie.ly. Th. lveBgc sysrolic blmd pF$uE Df coss d tnc tim.

or prcs.nhrion !6 ll4!21 nnHg and $e diaslolic blood ple$uc w6 8l*17

enHg. The lo*.r synolic ed digblic blo.d pBW dd fsring bl@d du.e
l.veh !t rhc tine ol smpli.g are EpE$nhtiv. ofcrirical drc in the coonary ce
uni6. Th. dc or dii-hyFncnsiv. ncdicalion. for P blcleu ws 6Wo nd 5y/o, r.r
Ca* channel blckeB was 3lyo sd 3t%. and usrge for diuretics {as 5C/q od J5%

ror ih. ca &d mhb Espctivcly, L ih. cu@r srud, .lrhdgh drc studi.d

olsi.les werc not included s ourcomc ladabl.x niU logisdc resEssion snalysis of
lhc @voriaEs, wirhout th. pollDorphios! B cdicd our !o find alsilrion wirtl

anery dis@. There w$ sigoinccnl Nciation with Scnder (p<0.001), syslotic dd
d'dolic blood pEsurcs (p<0.01), and mn celiniDe (p<0.006), Bpcrirty.

3.5.2 n6ohr lror rBtdclion digstior .!d r.tn priDd ARMS-PCR

For deteminadon of th. gcnor$€s, r.nrictio. diersrion w6 cdicd our i. a

suber of spl€s b v.rify thc sao0res, rd !o mnfim tem prin r EsDtr. The

PCR amplified, rcstriclion digcstcd. and term piner ARMs-rcR vhuatiEd imagcs

ft illun6Gd in Figs. Ll -l.ll.Tne bands and Esuiction di8.nion for6180Illl
and al 301 lll,tt tF,l polynorphkns irc shown in Figs. 3. I 3.2, and ietia prims

ARMS-PCR b.nds fd the rlllrFi polrndphisms @ shom in Fiss. l.l 3.4. TIE

Esuhs ror u5742905 al',t and rs662 PO,,v,l rci.iclion disestion md rera pdhe!

ARMS-rcR aE shown in Figs.3.5 - 1.6, dd Fiss.1.7,1.8 cp@rivcly. Fi8s,3.9

L l0 illustBle lhc Es:Liclioh dilestion lnalysis .nd leta prin.r ARMS rcR for M/i
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B l8OtO87. TIE fin.l fi8!re, Fi8. 3-l I {., b) shom gel iug6 for th. oPlificd ,'lct
g.n. insnio &l.tion polFoahim,

3,53 Corfrlrrion of itudl.d SNPN vith th. Di!€s sl.lu3

ThE polymorphismsi st80l133, $180508t, dnd F464694 h.d siSrifiqnt

rsi.lion wi$ CAD un&r lhc addiliw ttrd domino nod.ls !tor adjuslinS fd the

cov.nat.s. Thd. SNPsr ul8ollll, 6180llll. sd R1805087 h.d tignificdt

as@iation wiln CAD under lhe genolyp. model Under the Ece$ive model' th. AcE

senc variur w6 found dffiared with cAD (Table 1.2)

a.sJ U.conditio!.1 loii.f* rtg6io! SNP Dod.lilg fo. CAD

on logistic Fgrc$ioD rdlysit th. t/ttlti u l80l l3l &d ndl RI80508?

SNP3 s.E foud a$ociakd Nith CAD lndd additiv., dooina , md g.nol)!.

mod.h an.r adjuning for @vsi.tes (T.bL 3.l). undcr @$iv. modcl rgtin onlt

rhc ,,tc]' 6,1646994 va lssiared wid CAD.
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Ft, 3.1. R*liction digclion lnalysh of sNp 61801133 ,raltFA gcn.. (a) rcR
pmdrcrs dplified by tn. out t Fin.6lgrc s fdl|rc Lr!-Dlinq ARMS
PcR tualrsEl. Or PtodrcB .tur E*Grio dilcnion wirh Hi;n.

Itd.|tr.tlfrtd.
c-rrj T-17, rt4 CI-rn, zt t6

rrrdr f frhdt.br
^-a|4 

ol Grtt r.rr 
^crr( 

tr tor .

Fig. 31. Rstliclio dig.nion elysis of sNp EtSOt t3t nr'Itti g.F, (.) pCR
Drrd{$ mplifi.d by rh. ocr Fin6 tl@ s for dE i.r? Fimd ARMS
- PCR oaryshl. (b) pft'dud5 aner rcstiotioi discsrion wnh Mbon.
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Fig. 3.1. Tctr primct ARM9PCR SNP genort?ing for 6180ll!! LIHFR *N,
Thc PCR poducis dpliff.d by tne two our.r prine.3 arc Ep@snoed s
486 bp, *nc@ th. C rid T rllcL sp@ific rcR pioder! e Ep|wnt d $
lll. 289 bp ed 2a7 bp cpeti*lt

ft 3.4 Tc!. Fiftr ARMWR SNP sdoryPing fq 6t80ll3t l/ZtFt g@.
TIE PcR podlcti mplitod by dE rs olrcr pnm6 e EF*nlcd s
414 bp, wh.GB thc C and A .llcle +*ific rcR podwls rE reprcs.nr.d .s
th. 244 bp ud 220 bp @paiivcly.
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Ffr. !.5, R.indion dig6rio tdtsi, ol sNP u57'2905 c'S s!* (r) rcR
'- - _ 

dldFB 6Dli-fEd bv d; @cr piiNR l3.ft G fq dF m p'ind
iiiis-pci -r".t'i nr pt"l*. !rr'r cr'idio di8lrioi *id' Bsl

r-alttc.i|t'llllc-af !gltl

L|-.Ld|c..,...
^-slt 

G-t 1r* rc.s4r* l|.

P&. Jr. R.*iction digcrtion Nlrit oa SNP R662 POIV/ go' (!) PCR Podslr_ " - ' 
-prii,"a Wir'. ".r.. 

p.-.6 ltft s fq dE r'tr PdM 
^RMs_PcRdivsirl Oi Ptoducb .nd Fr/rdo digarid wirh Alwl'

t0l
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Fs. !.7. T.rd Fimr ARMS-FCR SNP g.dlTinc fd 65?42m5 cas gs Th'_ 
PCR;rcd$l! mDhfi.d bv !h. M dw prffi m EFcnttd G'll0 bA

wh.;6 lhc C ma T .lhh st6ific rcR prodrcrs e EPen'.d 6 tu 244

bp dd 20a bp EQc.tivcly,

Flg. !,E. Tcrd prinei ARMS-PCR SNP gcnotypii8 for s662 PON] g.m. Tl.I'cR
producis splined by lh. iwo ouLr Prinds &c cprc$ttcd bv 3t4 bp,

wh.rc6 ih. A ed C dllclc sp@ific rcR poducls e rcprce .d bv d$
219 bp od 168 bp espciircly.
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Dkd bddndE&
^-114 

G - t( llai 
^G 

-rI& t7{ $r

Fia lJ, R.strcrion digcalion dlysB of SNP 6lE0t0E7 itn S.ft. (!r PCR' dlducc mtlificd by |h; ouq Fin6 lsc s for dE TeE ptihs
iRMS-rcR eallskl OJ PEducts ator Fslriction dig.slion sih H&lll

Fi& J.10. l.h pritu ArMlPfR SNP gooilTine rd ul80to87 rfi s.rc Tl.- 
PcR pod(B Mplifi.d bt rh. ts oer pnnd e kpBd'd bt 328

bo vhc@ dE A 4d C illclc 5!4ific gCR Dl$d!c!! @ ElrE$lqt by

dr. 203 tp !d l?, bp !!3pctiElY
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Fis,3.rrrTh.mp n.d podrcts fd rn.,rCE geN 14646991 all.Ls. TIE ins.nid
!u.ls EpFscnt 287 bp .lu rcp.titive sequeM lnd e EpF&nrld as 490
bp rcR pDdDct! whel6 th. ddeiion allclca e EpFsr.d 6 lllc 190
bo PCR rtrdFt'

ft,3,Ib. Tn eplifi.d Fldmc for rh.,{C, gene 8 6469!r.[ctcs. Tlr. hsdio!
arrcrB Eprcanr 287 bD .tu Epctitive scqucne and m r.prclcnled as 490
bp PCR pldNlr wh€6 dc dcldion lll.ks !E cD|!gr.d !s lh. t90
bp rcR pod@rs
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T$1. !,1 I1l. c@btio oI SNPS with CAD odq additiv., ao,M! B..o!r!.,
ad Give nodels. TtE 6!tt! cp|w vrtu6 an r adjusting fo.lhc
@vdin s in rhe $dy.
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' p < 0.05 ed !! p < 0.003 tBontcmi mutriptc uinarrcn rtrmr,orO;lR: OOa-,

ur80||r (c-D 0.024i t.l4 |.u-t.27
El80llll (A-c) 0.442 1.02 0.94.t.1I

aas 0.288 t.25 0 79-r.98

0 951 0.99 0.91-1.08

u1805087(A4) 0.0r0. Lt5 LO4-r.27

/cE t08 0.9-1.20

ul30llll (C-T) 0.016r 1..20 1.07-1,16

0.065 1.09 0.96.1.2J

c13S 65742905 (T-C) 0.I2 t27 0.31.2.0

0.912 I00 0.89-1.r2

t.22 t.08n.17
rcE 0.021r Ll0 0 99-r.28

ul80llll(C-T) 0.0t,2. t.0.2 r,0.t,0.1

l.0l 1,0-t.02
cas 0.418 I0l 0.93-1.08

0,781 1.00 0,99.t.01

0.002.r 1.02 | 0l-1.01
rcE 0.905 l_00 0.99n_01

Rl30llll(C.T) L12 0.8Gr,48

6l30llll(A-C) 0.21 0.89 0.75-1,07

C'J 65742905 (I,C) NS, NS. NS.

0.94 0.99 0.E2-t.r9

o.9l 1.07 0 8J-r.t6
,1CE t_t7 0.99.1.18

Ratio: cl. Confid.nE lnG*rl: Ns.: M riglifi@t.

t0J
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Ers0||lt (c-Tl 0.012r 1.07 I 20-t,7.1

0.545 l. t5 0.71-1.82

u5742905(T{) 0.272 4.1.1 0.15-t06

0.96 0.61-t.52

224 I_ll-t.87
ACE 0.100 0.92-2,71

61 30 | | ll (c-T) l.t6-5.t7

L54 081-:.95
cB,s 0.240 0.18.1t9

0978 t0l 0.51-t,9t

8r80t087 (A{) 2.91 | 51.5.16

,4CE 0.246 l.6l 0.n-i.61

nr30r3t (c-T) 0.012. t.03 l0l.r l6

0.t59 0.93-1. t2
c3s 0.204 1.20 0.92-t,61

0.335 1.00

l.t I l04l.t3
ACE 0.613 0 92.t.05

6130 ]](c-T) 0.45 t_69

0.20 0.t6 0.2t.7.47

c?,s 65742905 ('rc) NS. NS, NS.

0.85 091 0.15.2,39

0.43 0.46-5.42

2.49 1.06J.26

Tlbl. 3J. t sistic egEsion
donda , senoryp.j

dabsis of sNPs wilh lhc dis@ under addilift,
nd cccsive mod.ls, (resuhs ldjust€d ror rhe

< 0.008 (Bonre@ni mrltiple @irection thEshotd). OR: Odds
Intervalr NS,: non si8niticer,
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J.s.s f,pbrai! &rtylk G.tr. -gerc itrrcBctior) ot r!. SNrt
Undcr rhe addirivc nodet sisnjffqnl int uclion monssl three SNps,

MTEFR 6180llll. PONI ts662, dd ,}fal 61305087, whh cAD. *cE Evealcd.
Wh€n fic Aisrasis auh ss.dju*d for rhe mnfandeB (age, sddcr! lrsblic ad
didiolic bl@d prNE, flsritrs btood egar, chotesc,ot and c@tiniic tevets), the

inlc@tion could not nainrain saristiql signiticdce rirh CAD. Under fic 8motlp.
mod€I, rhr rh@ sd.t rhrt hod s.nrg.,r inle@tioB hcludcd: lhc ,rrrFt
B l30l I I l, PO,Vr 6662, lnd ,{CE I/D. Tljis lcnctic inrc@tion Emaincd signifioddy
osiated wirh CAD aier ldjustine for coveirt s (Tsbl. 3.4).

3.5.6 R6{lir.n.Do .rbltolEdotr
FollowinB Bonaemni cocriofu, u ter th€ dohinel and sd.tic hodck,

the,r,r? ts180503? mrintainod significanc. silh cADi under the additive nodel
.4Ct I/D hld sianifiqnr 4seiatid. wirh losislic E8resion .natFis, Nirh
aonfemni @@liol! ,VI]t R1805087 mlinraircd assillio, h<r6 lh. ldditive.
genotyp.j ind donim modck, wheMs,UItlF.4 6t8Olt]t nai !in.d a$ocialion
*ilh cAD lnder the additiv. modet (Tabt.s 1.2 3.3). rn ihe cumnr $udy, lh.
.pishlic clun 6 could nor mainhin sisnifid @hrion wirh CAD uder
Bonf€mi ouhiple adj6on. lh6hold.

3,5,7 Cenotyp.s.r the sNPs rtrd a[et. FEquGlciB

Figs. l.l LlI epcsDt rhe inag6 of SNpr dalr%d in lh€ cuG study

and show rh. Eslridion digcdio beed lnd tera prihcr ARMS-|€R b,s.d
a$es€nt. Tle eeDorypes for lhc indiliduat SNps, seprnrety for th. qases md
conlois are rcpEslcd in: Fig. Ll2 (61801lt3); Fis. 3.8 (6t80r Bl); Fig. 3.t4
(61305087I Fis- l-15 (,,tct lnlD.l); Fis. 3.t6 (R662)i sd Fis. :r.t7 (65742905),

rspetiv.ly. Allele fi€quencics wer atr conDuled fo, hc ces md comoh. lh.
rcsuhs aE pcanted in Trblc I5.

t0?
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T.blc 3.,1. c.n -gcnc €pis&sis of SNPS {nh $c dis$ sbns wilhout dd wid
adiusrnenr (of rsulb) for covari.lcs.

R\1301 111x,662r1805037

0.10

Rsl80lll I E6 AcEindel 0.7t

Rs130l ll I :6662:AcEindcl

Rsl 801 ll3:6662:61805087

0.9
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b<
P

E_

rlg.J,I4. Csottp. liequ.ncy of SNIP u I S0508? rith dk4F sEos,

Case

Il& 3,15, C4io,q?. t qucncy of,,lcf UD wln disq n!u8,
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C.3e c(|td

rt 116. C.@9F fiqEF, of SNP it662 widr dig' s,n8,

G..olyF flqudcy 6f SNP u5742905 eirh di*sc sr.luiFlg, J.l?,

ltl
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T,b|.35, All.le fEqu.ncid fot SNP vdiers.

0.85 tul80lDl-T 0.15 0ll
0.68 Rsl80llll-c 0.12 0t4

0.005 0015

069 0,I 0.I
0.64 Rsl805087-C 0.26 0.16

0.56 0.44 0.t.1

t\2
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DISCUSSION

tn rh. c@nt srudy, ue ofriE piiher ARMs-kjR for idenrifierion oa
impon! sNps in rhe honocrsteine pariway reiared lebes dsmrated with CAD is
r.poned tirr rhe firsr tjo.. Addniomt eat'.is imtldol togdrc EgEsim e.tysis
ad inv.nisarion oasd+genc inte@ ons ror Lrg.ri,g rhe vdianG tnd coutd b.
us.d for CAD srmtification, Teb! primq ARMS rcR lshniquc h retalivcly.sy,
cosi .fctive dd rctiabt. g.,og?i.s l4hriqu. ad h6 ber us.d io @tv. $.
8.not'?es aol veids djsees i. a n@bo ofsludis (zhos er al., 2006r yd! cl ,t ,
2007).

va,io6 d.t clon tatnhurte *t ,, Eona.rtutp pathb,, a.c !;Nps
Earti.r srudies n.nrion a varicry of Be.oryping ndnods tbr rhe viriants

sludi.d in rhe pEe sludr. The RFLP,.trsis h6 b€en us.{ lor id.nrifiqiion of
lh.:,{tiqF,A atkts 6t80 ll, dd 6t801lll (Heen d aL 20ot; Atmwi .l at.,
2004i Kdkeni cr .t.. 2005i Vjjqa La*shmi .l at.. 201 I ), Cr'' ancr. 6j?42905 (Wo er
ar,i 2004i Duth.r sl.. 2005r Dorh et.l.. 2oo9), pox,f v&iut s662 (DsguDl cl,t..
20r l), dd,rr,{ v&ior ut805087 (vinulonda et at., 2009; vrj.y! Labhni d al..
20||).

Tle RT,PCR b!$d d.{*lions hNe bcn p.rfomed ror: 61801133 &d
R l80l I I I {Catlejo d .t., 200?; Msn .l .t., 2007j H.oh.h, €r at., 2008i xrjs.nen
tud Dobrovic, 2oo8r patino.carcia .t at , 2oo9; Ts cl ,1,, 2001 pdronino-Moutcs 

er
al.,2010); u662 (D6gu/. n !1., 20t l); &d ul8O5O87 (Krijcns.n and Dobrclic,
2008r Paino-C.rci! ct ar, 2OO9j T.o .r at.. 2OO9) aF.rjrcty.

. 
The DHPLC asey analysis has atso b.en rcpon.d for hoh@,sreinc g.nc

pdyhoehnns bur onty ror th. MLIFR vuimts ut80|tj3 md EtSOl13t (Ftus.r
al., 2004j sadeM €r ,1., 2004). Th€ sscp DotFis h$ ,t$ b€.n osd tbr sNls us.d
in Pleeir nudy: fo. nftFn KtS0ll3l.nd 6rsol t3l (R.n el at., t997; pono eral,
2005; sanc et al , 2006i Ral cl at., 2009; ctrnc d at., 20 I o)j tor c.sJ 65?42901 and
ror ntII61805087 Oei d at., t996j R.n cl at.. t998; pono et at.,2OO5). Ar Eglrds
tnc gcnohe widc asidion srudi.s (cWAs), rhis appr@h ns aM Evel.d lhe
siEnittuce of ul8olt33 wirh dis€4 phdotyp.s. The 6tSO 33 tB b€r
idorifi.d ir sv.nl cwAS {Ki.t .t ar.! 2007; Colin .t .1., 2009j He cr al., 2009j

lll
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Tanaka et al., 2009). A fio@ugh lhedrurc sdh rlcaled .o srudy mdtions tctra

pridd ARMgrcR for .lLlic di$nmidlion ofSNPs nr8.cd in th. pEsr srudy,

G. nd i. wdatlo,s and Wa h o tu.r s t2 I N nio
Thc inveslieotd SNPs included rro in fie n4tFR gdq sl80l llt CrT,

ondsl30llll A-q65742905T--C inCr,tsene;R1805087A-.C inMIi g.n i
and the SNP in Porr'l genc ws u662 A-C. These 5 SNPS eec frcn homsysl.in.
pathway s.ncs. The,,ICt g.ne I/D (s464d994) potymoQhnm, however. ld Dan ot
rh. dgiol.nsin rldostercnc sysd. Ilc oul of lh. tiv. gd6 lhal include dE

WHFR, MfR, ad ,ICE sno*od irong asiario. eirh CAD ces in tte sludi.d

HF.rhommy$ein.nia is onsidcrd 6 e in&Fnde.l drt f&tor fo, dc
arhebsreDlic di* dd ad rhe i$hcmic hed di3.& (cltristd cr at.,2000; watd

.r al,i 2002). The B vitabins, sp€.incrly 86, B 12, and tot.c @ vilot for md.bolism
or hmersl.in., dd lh.t deficincy 6n tsh i. ht?.dEnmyscinemia. Thc

.lev.ted hom&tsreirc l.v.h 6 at$ 6sutr nrm gcndic dif.Ecs (SNps in
homocysreine patway gen4)! or dm lo diseaF condnions such as chFnic rcnil
rr iluE (CR F). The palhotogic mrnifesblions ot hyp&homocyst ind i. @ d.p.ndcnr
on pi.duclion or ROS, Edncrion i. NO, .ndorhctbt {t}stuncrion, and .nhe.n
pbdudion of pbinnamnarory genes(Antoniaddetat, 2009).

Th. 61801 I3J e.d 61a0508? vilh CAD

PEenlly the Et80ttl3 a.d,flt ut805087 reE found coNislcnlly
i$ocialed whh cAD. Thc n/Il'I]r ut8ol|]3 (c6771-J potynophhm wls n6t
dcmonstared s r SNP ud w6 foud Etited lo t,$uhr dss io 1995 (rrc$t cr

al., 1995). Sub$qmm dar! .ldemin.d inconctGircty lh. Mj.lion of $G SNp
wilh CAD. Th. C allel. codcs loratanin. ehe@ T a .le 6des for v.tine; rhe taft.r
allele encod.s for a lhmolrbitc .rymc rlat h highly d.pe.denr d circularins tolcc
r.Els. An.rlicr sludy (with pdiciF s a'm a darcEnl g.oCnphicat disEibulion
aEa of Pakisbn) failed lo d.r.mitu a${iarion oa C677I p.tyno,phism sith CAD
bul icponed nrcng assi.rion of TT ganot$e *nh pl6ma hommyst€ine Lvcls
(lqbal d !1., ?00J). bt r lh. lurhoE mnctuded rh.r aotde md vir,nin der,ciemy,

nild h$€domeysteinoi. ind ,l-ftF,t C677T vrianr aE dst f.cro6 tor CAD i.
P.ki5lad poplldrion (tqb.t, 2006). A norc rent study tor slau@na $ @ruired
thc pdicipa s iron rh. s. go8Ephical dislribuion a@ s w6 6nsid.r.d
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presiny(Punjobl rcveabd sLlisrically silnifica C677T allclic ditferenc.s b.tween

ce3 .nd conbols (Michcal .r al., 2009). conbning rcsulk b.N.en ln. c!ft
$udy and a pElious cAD srudy of lqbll cr al. i2005) na, b. ltfitlted ro di|I.En6
in pdiciplh. inclusion cftcrir. ditf.rcnl disLiburion da dd difId.nes in

S.v.El studies have hishligh.d thot El 801 l ll SNP as lssiat d whh hi8n

honelst irc ldels, lo{ fohrc l.vek.d. mns€{uc rbL ad h}Tcrr..si@ ed
cAD (Kert el a1.,2002r Fana-Neto el al., 2006; Ilhd ei rl,, 2003). High in1*e of

lolat and viranins decftd$s hommyst incnia levels as lcll 6 lh. risk of CvD

(Sclhub ct dl., 2000), .nd in 3uDport ol this obeaario., d. T .llcle vdid .xnibits a

blu.cd Espons in rh* o!.uies wh.rc folic eid dicl fonifianion it .nf66.d

(Klerk.r al.. 2002; L€wis cr !1., 2005; Anroniadcs er rl., 2009). LiteNise, fie ntR
61805087 (A2756C) v.ri.nr rcsults in hyp.rhomocyneincmia .nd isasfial.d wirh

cvD (hdqli er .1., 2006i LiFqui .l il,, 2007; vinukord. er al., 2009; vij.ya

llkhni.r al.,20ll). vibmin Bl2 is r tl.Nry @Lclor for MIE rhcEfoE,

vihmin Bl2 is an additiondl modulalor of hyperhomocysleinenia rnd vaeuls

dise (in $oe cobxi.s wh@ folate dicr fo'tificarion is.naor€d) (Lirusaudd el

al ,2001; Rob€en et'I., 20{5). ThcE is no folic lcid did aonificarion in P*istan,

md rhc !s of mullivitminfohL pilk is als linicd, ih. two SNP v&idts

Jsl3ollll and 61805087', lherelde, pose ! hider ftt for cardiolascllaf diseases

in ou! indig.nous population (as obeflcd in the cmnt srudy).

Ih. EI80I IJI Mtl 65712905 .itt CAt)

The previous nudies m.nlion,VIHFR 61801131 &d CrJ Nt?4290t

asNiations wnh hypcrhomocysteinmi! and eany on*t CAD (Tei et d., 1999i

Sr4*lik a,1..200!; Lequidal.2007), ycr in lhc pE*nt study th.e SNPS had

nodcst rcldionship with CAD. The 
^5742905 

C&s SNP h @, dd ir. ninor .ll.le

fcqueocy lor C allcle shows individual v.liations according o global Ccognphicrl

disribotion, study by Frrnm er al (1998b) reported complct ab$ne ofoui.nt (C)

alLl. in Asilns' Nh.6 cumnl CAD E*s Eval.d mi.or dl.L lEqwncy (MAf) =

0.01, corcdddr w n a cAD nudy by DuM.r al (200J). Tfie 6180ll3l sNP it
r$ci ed wnh CAD in Plkhtoipopulotion tnd Eveah corc genelic inlcdetions in

dise causalion wheEas tie 65742905 is not asmialcd qlh CAD i! th. studi.d

l5
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rhe PONI 8662 ond C)D

Ahhoulh there weE found no genotype dd lllelic difiercnc.s lor PONI

$662 SNP b.lrBn cs.s md @nr$ls, yct this SNP, thBugh srone gneric

inle@iions. spp..nd ro be ssrsly lssi.kd with cAD Oablc r.41.'rh. PON t . A,

alkle cod.s ror slullnire (Q) wh.a rh. c arhle €ncod.s &sininc (R).

connicing rcpons cxis .s Elr.ds lh..sialion ofthis all.lic v.,idl *ilh lhe

CAD. A lcw srudi.s hrv. d.nonsmr.d fial {he eginin. Biduc codcs for lhe

.theiosleotic potential .nd enhdc.d corci.ry s* (Moh.Fed or at,, 2010), *hite
olben indicate slulqmi.e residue lo conlribute to tne arhcDsleoric polential

(Koub& el 61.. 2009). In a prcvious m.6datrsis, $662 ws found strongt)

eiaed wilh caD (wheler et rt.. 2004). srudi6 in pa(itu hsv. also touDd lhd
thG SNP hs signilionl senetic dd .pisliic Miarion *in CAD/MI (Sed .r al.,

2mD l .rcstinSly rhe POXT 6662 SNP w6 invotved i. borh !.n. i.t rerjon
neNo|tl in fi. curcnr i!dy, subslantiatinS lhe EsulLs ofdlier $uor.s

Ttte ACE lD a .Ie ahd C4D

various srudi6 havc ieveated combined 4seiadons of ,1C, I/D ed
homcyi.in. pafisly go6 in Etrrion lo di5€e suspiibitiiy (M.ndons e| at,
2008t Mcndon€ d al.. 2009j Pia d.t,,zOtO). tn rhis sdy, ih. g.Nric osjarion
of lhis v.riant snh CAD w6 obsdcd i. rhic of tn€ fou gc@ric mod.lq ihe

domina( additive dd desivq Prtvious meb{d}$s and sludics havc 0ho

sre$ed the dMialion and highcr risk of coronary vascutar disease wnh this

polynorphhm (Agtrholn Ld*n cl at., 2000; zintz@ er at., 2oo8). Thc study by

Zintm cr al (2008) v.rified thal lhit vsidr N6 hishly hct @g.nous, hld sdDne

!*irtio. rilh CAD dmuBh doFindr dd @sir g.nclic mod.ts bur lh.
strons6r S..dic asinion wir[ CAD us dbusn Ine addnivc oodct. Th. pltsr
sludy also dBws similr conclusior dd rho slr€ss rhar,,4C, vri&t nss srong

se.e €.nc inrehctions widr hom(ysr.inc4ot6tc pathway g.ncs.

Slglificonce of clrrenr rrudy h g.!.J.n. ini.ricriotr!
Thh nudy demonslmrs lhlr s.neacne inrdctions modutarc cAD in

slecrd Palisr.ni poput{ion. The gdc ctust 6 rhal enire djss swpribitir,
includc: (t MrlFi 6t801lll, polr'l F662, md I{IR 6t8o5o8t (lddiriE nod.l),
dd (ii) ,vtlI'i ul80t Bl, Podl 8662, AcE I/D (gqorrte hodd), 6pmriv.ly.
The Cenes in lhc fid cluster (Mtt.& /Oxl, Mtt) encode inpon! cizymes of

l16
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In. homaysreinc cmcrhylrrion p!lh*ry. ft* d!6 so6 cara[z adj@nr
@r'ons and ppios sMi.r rcniio th.t .pisbric int Etio6 ot rh* g€B
nodulrte the dise phenog?es (Bathum d.t., 2OO7; Lrdqui d al.,2oo7r CiEli .r
al., 2008: vin*o ! .r !t., 2OO9). rn tn. sc&nd iriedctins geic crDeer (ror dE
geno$Dc nodel), -.1C, s.nc Epload rf,t B.nc, whitc lhc orrEr rwo senes weE h
sme s in d)e addililc hodet. Th. ,.rct l/D vdist dlonB wnh lhc nomsystjne
paoway,r1ltaiR gene e sibiS risk taclo^ for vasule di$rdcn (lietjd et sl.,
2009i B.ntley et al., 2010). Thc gcncric inreQcrions of,,tcr t/D and hommysteine
genes conrer enna"ced CAD risk (Mcndonca ct il,, 2OO8t Men{tona et at.. 2OO9l

Piz er al,, 2010), md same holds tru. fo, rbc cuncnlty srudied popuration.

h enclusion, lhh srudy rcpons thal &16 Drimq ARMS_PCR is simDte.
cconomic, fas! and rtiabte rechniquc for g.&ric diagrosis of cAD. The gen s

idc ifred presenlly in.tud. MItFt, n-1LC. and,,iCEi for the& eenes, ther. reE
sieDincal all.tic difi.ren..s b€t*en CAD plicnrs .nd conlmk. ne pON./ g.ne
*a inporidnl in .ptlsis dtoBeilh lh. abovc the ndrion d sfle @ioti
Furths sudies @ cquiEd .o s.r .n insishl inlo rhe dige Miario.s, to dcliMr
ontibuiory jnnHc6 of a.nnic diff.EMs, ed doMsrl@ p.l|imys thar @n ot
DomaysteDe co@tuarion dd hdiar. Hcy b&Ed reute dig$s.

Il
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Gf,NERAL DISCUSSION

lnflmmation, endolh.lial dysfunction, and phqDe inslabililv (in th.

alhcrc$leDtic vessls), r.sulrs in c.rdioveuld dis& ed nanifesri $ cdonarv

an.ry diee or peripheFl arrert discae (D!.xl.t, 1997; Widldskv d !1, 2003i

Hdsn, 2005). The y&ulf disdeB d comllcx multiftcrorial' disd.rn with

cnvibnhor..l dd polye.nic innerilo@ (Civelbd a al-, 198; Kumr, 2q)8)

Prcvious inv6rignioN Ev@lcd lhal pdli.nts Equi.jng omnarv E@ul&idion

lle had PAD, sinilarly n0ny palicn$ sho Equitd slrgiol muagm.nt for

obnrucrcd p.ripheBl w$.k wcrc aftelcd *ilh CAD (Widleslf €t al., 2003] Allie

er al.. 2()O5). Despic overlap of s few sci.lic varianls, dillcrcnces exisl dd guidc

prcgF$ion ol.lbemsclercsis in onc vlscul4 bed ehlile lo lhe olher' Thougi ths

curent sludy, a iese of noleular biology lechniqu.s hs ben usd to inv6li8llc

the genes dd enz'oes undedying th. sDcoific clrdiova$uld disordcN. PAD, and

CAD.

Thnugh Ld*nflomi Nly*s, lh. . iG Fanenprod. ofpcripncol blood

ndordd €lls (IBMC) s6 dalrzd io fiigiilighr difrcErs bc.wn PAD cs
.nd nomal tlbje.ts. rhoush whole scnome cxpr*ion (l I\/I, ABmctrix HG-

UIIS Plus 2.0) nicmmy l6hnolosJ. Th. usc of PBMC for difreEnlial sen.

dpresion anallsis in cAD. sroke, ud hypcn.nsion is d@dy r.Poned (W&hr..l

al.,2oo4iTjnof*laeral.,2006iwingove.l.l.,2008;sr.movaelal.20l0) Edli.r

wholc ge.ome exDft$ion stldies for PAD, how.!er, used the a$erusclqoric plaques

and solid, &d lower li6b vcs.ls which arc diiicuh lo obdin in rculine clinical

pdctie (Dahl et al,2007; Evatu ct rl.,2008i Fu.l a1.,2008). The cMent studv

pioneets the ue of FipheBl blood dononxl4 celk fo. s.nomic sigat!rcs ol

p.riphcdl an ry ccl$ivc dis$. Tn. d.lyFs, by dividing in paniciDda inlo rwo

!relps, .llwed rlE @Enition md @nlinltio or diny gd6 ond ta*nfl5 s
iionSly Miared *irh rh. F iphdl .n ry diw. sdc. of tnc $€nlv two

uprcguhkd een$ md N ol de $v€n downEsul.tcd eln.s, in lhc PEsnl studt,

hav. known asiltio! wnh PAD (Dihl.l al.. 200?i Evds et al., 20{3j Fu cl rr',

2OO8), The upEsulaL! se.es in both lh. curc nldv and in previous PAD sudics

in l$.t ,4fF3, CDKN 1A, CFE, DUSP I , NAMPT, NR442, MMsNt , sLc2A3. whil'

rhedoMagulrcdsen.hOCr(Dahlet61.,2007;Evansel,2008;Fueta1.,2008)
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Th. cudfl studr, theaht!. $lidlles the pavioB PAD cxpE$io. stodies, dd 3t lhc

em. time, ad& a novel goup of founeen iprcgul{ed .nd sir dowESllatd 8d6
to polygenic inheibnce ofPAD. This sludy also highlighL the eliabL use ot PBMC

ror expEsion analy*s insr.ad of obrlinins adc@eldotjc plaqucs dd di@s

1h. gene int i&rions were &alted by IPA.nd involv.n nl of$fte gci.

i.kraorion nct*olks w6 ob*fl.n s und. ying mshsnis of PAD. Th€ ncrworks

ituluded: (i) ell d€!th, eoetac disrncr, (ii) g.n. .xpFsi@, ellule !d
hcmatoloeical d.velop6c.t dd ftmtioi, lnd (iii) bchrvior, mcLbohm, ed
inflmotory disee. Incrcslingly, mrjorily of lhe Bene v.rimLs lhit ovcrlap, in thc

prcenl ard prcvio6 CAD rludi€s. wcrc highlt etuich.d in rhe fi6t Etworl. Thined

lpregulalcd gcncs famcd rh. fi6t IPA ncrwor*, includirg,,|IFJ, CD(/V/L{, CF4
DUSP], GOS2, ID].1L3. KLF6, NAMPT, NR4A2, OSM, P|P4A1,6d 5LC2,13. fh.
inflrdnalory dd inmune brsis of PAD *!s srH4hen.d by obsn.tion tur gc..s

i. the p@ $udy inidaclcd wirh NF-XB which ws pEsnt at th. h@n of gcn

interaclion n.trork,,4IFJ has difct inledction rirh NF.*B which in rum enhanccs

E selelin expR$ion (iDpon nl m.dhror ofdilpedcsis) (K6abskc .r at., l99l).
Addnidally, NF-XB induks TLR pliductio od ird@s domro .tr6tG ed
inUmnalory g.nes of TLR rcr ared cctk (Edfeldl cr .t., 2001 ,oeey ud
Medzhitor,2002). IDt Md tuF6 ihrrel wirh dd incrcrse expEsion ot CDX)V.|7

((immelman .l rl., 2004: Nictolofcr at,i 2000). ]Dl lhou8n ils brcdid with NF-

€, €nhanccs infiindation, cndorheUal ccll misntion, .nsios.n.sis, and inhibirs

rpoptosis (Klcin er a1.,2002i Nishilama er at..200ti Chen el at.,2010). The

idenlified gcncs! lhoug! Nf-$, modular de pmgE$ion ol periphcmt aftry
dise. A p.renr pioinalamndrory clokine, /r8, w6 oprcgutrted in 6. cucnr
nudy ln ihc alh.mscl.otic plaqucs, ,rrd is highly expre$ed by .ctivatcd

m.cbphrgca and in lum drir.s lctiration cnd didcEntidion of (oc immure e s

(F osreSlnr cr !r., 199). /v,tMPr, rRr,,tr, Md ort{r' sh& inr.n lirS ctwo*s with

4,8, .nd c.h.ne ls re1e6.. Thes four gcncs lom an impotut ihcr&ting nenvo

guidinB pogrc$ion of athcrc$lcroric di$as., iddunc sisrulins, and PAD (Hurc| cl

.1.. 20o2i Davi.s cr al., 2005r D.hl .t at,, 200?). Tfie i.lemcrions fom pari oa

.xplddion aor g.ndic p€dkposirion 10 p.iph.d ancry di3de.

The cutrenr sludt cxclusivcly pmvides a n w nehlnhh ol g.n.tic

inter&ids rlat foms lh. baiis of PAD. Thc lounan upEgdarcd gci6 od six
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doMEsllatcd gc..s had no knoM pEviolt rssirtion with PAD (in expEssion

*udi6 or CWAS). Tne Dpresllacd *rcs irchd.d C5o44I , CDV3, DNAJ86, FC 4&

FFAR2, G052.lllSllE2RC.IDI, IL8, KLF6, (AM, PTP4,Ii, STXIl, ed TPR,

rhere6, rgrcs$d .xpe$ion 16 abse1.d tot AREGEFT, C5otl28. CFUR. MLL3,

PDs5a. ud TRIFJIP3. Thc ssnd IPA ncMrk w6 tnLd '9.n. dp€siot!

cerhlar, lEtutologiql d.veropn.nt t d turction . rr;ncttd.d C5o44l, DNAJB6,

FCAR, FFIPJ. S,llttv?, Sl)a/r, IIi (upi4ulated g.n.t, dd Prlsra

(dovnrgul.tcd g.ne). In lhe second nel*oA.$in, tne inladnatory mecheism in

PAD q6 highlilhted, as poinflammsiory cytokines I&Fa.nd t d, aid Fansciipiion

rcrivalots .tl.l IJ and FOt, fomed lic coR eDtonenl in ths n.rwotk DNAJA6.

FCAL tnd FF1R2 (cPR|r, nE uprcgllatd sencs. ,ll h.te diEt int trtions Nith

TNFT Iu, Sr.4fJ. a d FOS, tr,.e ctrokiF lnd rM$ription tsiv{6 hrvc pirclal

ol€ in inmunc modll.rion (B.F er il.. 2001; senga et al., 2001: D.i .l !1., 2005).

The gens in th. pEeni sludy nodul.t intohmation. endolhllial dysfunclion and

oxidlrive src$. lr was noted $rr,1TFJ, DL)SP/.1L8, NR4A2,6nd src,?,{., (gdes

upFgulared i. cumnt stody). 6 well cs /td and aos weE uprcSulaled in patienls

wilh codnary v.$el bypass smtu c.d sdirc aftn (voisinc cr 31., 20M). This

micremy gcnc .xpEsion nudy for PAD. rh.rcfoe, EDorrs on lhc aep.ct thu No

spade padN.r (cell ddlh- g€n tic dierd.G dd eerc qpt $ionallulr dd

h.motoloeical dcvelopnent and tunction) mul@lly inteEt dd ault into periph@l

'nr sccond p6n or cw srudy fmu$d on a ncw app@h ror tlLle

di$nnidrio. in lccs of honetst.inc Fih*oy od lined ror .n imiEht inlo gde

vlrhnt' dat noduLc CAD h Patisrr.. Th. polynoQhisms nudi.d irclude

6180rll dd rlSotllr sN?s (irrtFi), 6J742905 sNP (a?t,81305037 sNP

(n/Ii), 
^662 

SNP (PoN.l), and ,.lct Ccnc l/D ts4tl6994) polynorphisms. A stody

cafticd oul al Asha (han Univenity Kddchi muld nol link n4tlF,a gene c6777

allele *irh de coronary atury disde 0qbal el sl., 2005). Late oq how.vd, lhe

lutDr includcd C6?7r in lhe n* fac|o6 lor hyFrnondys6incmia &d CAD in

Pa*isr.ni popuhrion (Iqbal,2006). In . iudy by Min shi el al. (2001), @nsritui.3

moc rhan on. thousnd DNA splcs ordilfaEd hman popultlioB lrch 
'Ndd

rJte conrincnt Bcrc anal)Ed for c.notypca, allele freqEnci.s and linkag€ in rhe

homocysteine pdhNay Cenes. The sludy repo.ted $al thc highest lintnse

di*quilibriun foi th. 'nfftlc,R' C677T (61801133) dd Al298C (ul80l ll l) sNPs
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was obe ed for the Patistani populalion, and sugecstcd liai lhcse vdirn$ nay b.

inpoiant crndidats for ssedc srudid in rhh Esion (Shi el al., 2001).

,tLR u1805037 v.ridt he.ot bcn pEviously sdi.n in Ehio to CAD

in th. l@l population, hosevcr. in the Fcscnl sludy n revealcd slrcns asocialion

wilh CAD. sa€€n d rr. (2007) EFn d $ar PONI s.rc ctGrcr od -662 pOlV/

pollmoDhisn w@ $ongly a*irted wirh rkk ol Mr, rh. pEs.nt siudy tunhd add!

lo this obseFation. Finallr. in dE prcs.nr study, ,iC, gcnc l/D polymoQhis

(u4646994) wa found to nodlhlc CAD in rhc Patishi p.pul.rio. An dlicr sr,{ty

doclnentd lhat lhh larianr aas 0$@iated wirh early onsr hypenension (lsmail et

al., 2004). bul to datc ro tMl sody has m.nrioned dis vdimr in st'tion ro Ml risk.

The amlysis ol rhe sNP3 6ou8h tetB prim.r ARMs-rcR .Iowcd tne

vFuahalon and analysis of thc many udied polymoahisms in lhc *udied

panicipanrs otul.hh ndhod allovs 6pid rtt.k deGton in timiled lim. wirh timiled

rcsources. Th. u$ of simpl. themal cycleE ollows rhe moleculd anatysis in

r€lativcly lcs eqljpDcd laboEto.i$. Thc problos wnh PCR .mplificdlions due ro

inlrinsic (d€lib@rc) pdmer misn.rchcs EquiE tuubt.sh@ring (ye e! at.. 20Ot;

Okalma d al., 2004).lhercan r,lhis mcrhod 6 d.ter alletcs Bpidty ohd Etiably
fo. a larg. numb€r oasples.

Th€ next aim ol th. cuftnt srudy *6 lo dermin. ir the lcneg.nc
inle.&tons weE i.volved iD CAD nsk (in thc studj.d paniciDaDrs). n@ cxists no

study rhar mdrioB lhe Bcn.lic inrcRrions (episr6t) of hmcrd.inc pnlhmy

Scncs for fte local popularion. Two inreoctions invotvins lhrc. genes cach Nere

ob*d.d in asialio wi$ CAD. Th. gcneric n.rwort thd @mpded rfltFi,
Polr'l, and ttl{ !.nes sas not iidep.idenlly asociard. whc@s netro.k rhd

Mttied MTHFR, PON|. ed lc, gcn.r Nd i.d.p.nden1ty .siaLd rilh cAD
in lcal iudi.d p.pulrtion. This is molh.r significdr fndin8 and cd be f*usd tor

ln mnclusion, rhc nndings oben€d and Drsnten i. ihir rhesis subsrjntirc

ihc involvcmenl of innuo. rnd inflmmatory rcacioN, apopbsis, cidodelial
dysftncrion, oridarivc dmo8., &d plaquc desr.biliDiion in rh€ scncsis dd
pNsBion oa pcriphcBl an.ry diw. Th. involv.d ge..s h.v., knoM. immum

nediared efects and generic interactions, modularing vascutar disease snd pAD.

slricl eudr designs md sting€nl sr,risri€l snrjny fouowcd hy vrtidr,lion

cxp€imcnh, Srally .nhdce sp..ificily of micmrmy stDdi6, Likwis, fo. cAD
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asialio.s, rh. d.teion dd wlid.rid of 8.rcs dd lllclic vsidir dlows

dcEminaiion of oll.l. rreq@ncies dd $€n anpdi$n mong dlilml world

populatiod. The oaltss ofgcncs in honcysleinc Fthw.y dd tlE goe !&idts, in

locaL populalion revmled signifi€nl Asociilion whh cAD risk.

Mic@my techrolop rllo*s d€@tid of lhousnds of g06
simullaneously, illumindins the n*hdiss dd p.thways lading lo diesc ar.tes.

Th. ue of modifd PcR t {hniq*, rtn prinq ARMs-rcR, .UoE dpid &d
Gliabl€di$ihinaionofallele vairnt! al genonic lei. Tltc g.n.s involyed in PAD

ind auelic v.rida in CAD @ slron8 nonind for PAD md cAD rist lr.tiliorion,
Espetively, dd roy *rc 6 targeh ao. erlid tnflFltic inLd.nrion, dd in

addnion, 6 ilrone qdidaret fd Bde in.mpy.

For nw dcfirnivc coelusi@ of PAD Dicrumy stldy, th. .xFrihcnts

cin b. Ep.arcd in dillcEnt s@ghphicat Esi6ns, sloh 6 for fie Eubp€e, Afrioej
dd Asian lopul{iq, Thc highly dif.anlhrd 9o6 6 lho b€ usd for E t rine

analy*s or PAD a@ialioD sludies. An altenarive appr@h m.y bc ihe use of rhe

PAD 6es !d conel mpl6 l@ scn@e widc eialim sdi6 (cwAS) tn o

morc comprehensive listofsNP looi (d, markeB for elucidalion ofqudntnativc tFn
rai), rhd .G asiakd wilh PAD. The ovcrlappin8 ad6 b.Nd rtc cmnl sDdy

and fuluE PAD micr@my srudies in Euote, Airica, ard in Asia, en pDvidc d tist

ofglobsl gen.dc moduhlo6 of PAD.

mc tct! pincr ARMS FCR qn bc sinil&ly ued for all.lic vah s in

homdysl.in. pathsy, in difl.Enr hun& populalions, for. moe @mpEh.nsiv. N
for d.te tion of auelcs ond analyG of asuhs. Additional .xp.rim.nrs may EquiE

iovcstigarion on l0r8.r trplc ell, wiri nriqer ssi&gi.s lo d6us mn gcncdc

ctr@tr ro. a mm d. fin hiv€ .luc idotion of gddic cff@|. in fic cliotoSy otCAD in

l@l and No d populalions.
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MAI\ruSCRIPTS AND PRESEMATIONS FROM PRESEM

STI'DY

r. M$d R, ftEli Iz {201D T.ra Fimr ARM$PCR Ehres

Iolare/hoh@ystcirc palh*oy gcn ! ud .,1C, gE e polyDorphiln *itn cma.y

^rter} 
dise, Mol CzI BiNh.m. ttat 289-297.

2. Cinhting t'lgiptoG lholc g.|m. 6ic|rEmy ...lyrh fd id.ntiSing

gdBisid.d *in FndEr.l oi.n.l djs4. Fin lizcd fd suhlisio.

I 'Hm@ysl.ift p.dwly ScMh sig..tG in @u.ry rcry dircr,
penaion in N.IiNl SynFdM 6 Clmr T6ds i! Ccllulr, Mcdiql !d
Envimnhrll Pnysiolory, I f - 19tr M!r, 2OIO.

2 Gddic aBl$is of folalc p.thw.y g.n$ in ny@adhl diss Bins alhle

lp@ific rcR', absrad !cp{.d {d {F stldy prEqLd .! 12" Bicmi.l PPS

@nfsre h.ld o. Ap.il ll-12,2011 !r Kins Edwd M.did Urivsity &d
CMH t lN M.di@l ColLg., t hoE,
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