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Cl I I C-protern-couplcd rcccptor krnase-rn(cractrng protern I

I IR llomologous rccombrnatron

llliPc Hormonc refmctor) prostate canccr

IR lonrzrnB lrrdratron

KIICO: Potassrum carbonatc

Kl-K3 Kallrkrcrn.rclatcdpcptrdase3

IRI kahuta Rcscarch Laboratoncs

MgCll Magneslum chlolde

mRN,\ Mcsscngcr RNA

NIISI Numegen brcaLage s)ndrome I

NIITCI Ammonrum chlofldc

Nl II-J Non-homoloBous cndJornrn8

P p-valuc

Pca Prostatc canccr

PCR Polymcrasc charn reactlon

Rfl P Restrctron fragment lcngth poltmorphrsm

RNAr RNA lntcrfcrcnce

rpm Rcvolutron pcr mrnutc

rs Refcrcncc SNP lD Numbcr

SI)S Sodrum dodccll sulpharc

SNPS Srngle nuclcotrde polymorphlsm

SPSS Softuarc packagc Uscd [or Staostrcal Anal]sls

srRN,\ Srnglc stranded RNA
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ABSTRACT
P.ostatc cancc. ls a genomlcallv comple\ dtseasc and data obtalned through laborator,

methodologres has constdcrabl, lmprovcd our undersandtng ofthc dlsregulatlon ofrntraccllular

slgnahng cascadcs Morcover. mlcroRNAs hav€ also rcvoluttonzcd our lnowledgc of cancer

hrologl and rt rs nou known that mtRNAs consldcrabh,modulate wtde rangtng targct genes ln

the present laborator) rcscarch. wc studrcd 3'UTR C/T and A/G polymorphrsm rn NBSI gcne ur

60 prostate canccr patrcnts and 60 hcalth) mdtvtduals 1\lthout an) prevrous chnlcal hrstor,, uslng

pol;mcrasc charn rcactron-restflchon fragmenl length polymorphtsm (PCR-RFl-P) anal]'sts For

rsll3l29E6 A>G Senogpes. AA was 75% rn paocnrs and 707o m conrrols AG \\'as 250t, ln

palrents and 309/0 rn controls GG uas 0oZ m pattcnts and nonc $as dctectcd ln control Allellc

frcqucncrcs for   was 0 875 m patlents and 0 8570 tn controls Allehc lrcquencres tbr C *ere

0125o/o rn patlents and 01570 ln controls P lalue was lnsrgntficanr for rsl33lf986 A>(j

genory'pes For rs l.+.148 'f>C genotypcs, TC was 7l 60% m patrents and 66 6% rn contro ls TT .!\ as

28 l9o ln pahents and 33 33% rn conrrols CC was not dctectcd elthd tn patrents or conrrols T

allele $rs 0 6.1qo rn patrents md 0 6670 tn conrrols C allclc was 0 35o% ln palrenls and O JJgo ln

conlrols P value was,nsrgnrficant for rsl44.lE I.>C gcnotlpes Future sludres surch \rlll
demvstrf) dctalled mechallsms, as mIRNA rcgulatton ofNBSI ls rncomplctely studred rnd

exploratron ofthesc modulaaons wrll bc hclpful tn gertlng a stcp closer to pcrsonallzcd mcdrcrne

PCR-RFLP Bas.tl Ahobsh of Ftn fionol Polynoryh$tn ot DITToRNA-629-Btrdhg Stt. tn th. 3rL'ntnartot.d
R.Eton of NBSI G.n. h Prostot.Conc.r Potkntt n LocolPopulotrcn



INTRODUCTION
Prostatc canccr (Pca) ls e muhrfacctcd and gcnomrcally complc\ drsease and rcsearch o\ cr

thc dccadcs has craduall\ shown trcmcndous brcakthrouBhs rn our undcrstandrng ofthc prostatc

crnccr broloS\ tlsrng hrgh-throuShput tcchnologrcs, rt has bccn sho$n that ovcrc\prcssron of

onLogcnes lnacll\atron oftumor supprcssor 8encs, loss ofapoptosrs, gencuc cprgcnctrc mutaUon\

d\\rcgulatlon ofAndrogcn Reccptor (AR) mcdratcd rntraccllular srgnalrng arc somc ofrhc mo\t

c\tcnsrvelv studlcd molecular mcchanrsms ln-vttro sludlcs ha!c sho\ln thar Androgcn trcatmcnl

rnduccd f)NA damage ln prosrarc canccr cclls

AR has cmcrged es one ofthc most dccpl) rnvcstrgatcd target for proslale cancer therrp\

Suhstantrai fractron of rnformrtron has becn addcd lnto the exrstrng wcb of kno\ledgc and

rnLreasrngl) l1 rs bcrnE rcalrzed that AR has cvolvcd vaflous mechanrsms to transducc thc srgndl\

to do$nstream ct_lectors rn abscncc or at lo\\ levcls ofmdrogen 'Ihcre arc somc c\c(rng prcLc\

of c\rdcncc r.hrch shcd lrght on thc DNA rcparr. chromosomal translocauons and gcnom !
rcarrangcmcnls rn prostatc cancer (Farooqr d/.r/. 2012)

Proshtc canccr rs one ofthe most pcrvasr!e mallgnancrcs around lhe \\orld constrlutrnS a

gcnurnc hcalth rssuc Clrnlcalh locallzed drscasc can bc succcssfull) kcated *hercas the drseasc

rthtch rs spread throughour an organ or thc bod) rcmarns mostl) lcthal Increasrngl) rt r\ hcrn-q

rcalr,/od that nrRNA plals an rmportant rolc rn dcregulatron Thcsc arc srnglc-srrandcd. small

non-codlng. unlransla(cd RNAs whrch posFtranscrptronally modulate \\rdc rangrng gcncs h)

rntcracung drrectl\ !rlth mcsscngcr RNA (mRNA)

IncrcasrnBl) lt ls bcrng rcalzcd that PclI ls thc most common dragnoscd canccr rn mcn and

rs thc sccond lcadrng causc of dceth (Ctorbcrg ct ol .2003) Androgcn rs essenlral for almosl .rll

prosu(c canccrous ccll as $cll e nornal prostalc llssucs for thcrr sunr\al and grolrth Radlcal

prostatcctom) or radratron rs uscd to treat IocellTed cancer honcrcr Androgen ablatlon thcrap\ r\

sus8eslcd for morc advancc canccrs (Jrvrdan e/ n/ . 2005. Dcrtch ./ a/ , 2005)

Substantral fractron of rnformatlon has bcen addcd rnto c\lstrng pool ofLnorl lcdge thrl thc

most protrudrng pa(rcrpant rn thc progressron ofAIPC rs thc androgcn rcccptor (AR), a protcrn

that brnds to androgcn and act as a transcflptron factor to regulate a wrdc pattcm ofgcnc ln\olycd

rn hctcrogcncous proccsses rncludln8 growth and prollferatlon represcnled rn ['rg I ] (Choda]. !/
d/ 1992 Rur/e!elddc Wrntereta/, l99l.Srd'e/a/. I99l)

PCR-RFI-PR^ed,1na\'stsofFunct@nolPol)norph$motMrcroRNA-629-BndnES.nth.J'-
Untrantlotzd Rcgnn oI NBSI G.nz n Prostot. Conc.t Pan.nB n Locol Populotnn



the role ofAR rn prostate canccr devclopmcnr has bccn researched ln manv sodrcs

houcvcr the precrse molecular mcchanlsms that occur m the developmenl to androgcn

,odcpendcnce remarn largcly unexplorcd and as a rcsult thcrc ts no compellmg thcraptcs agarn\1

AIPC (Atar cr d/, 2009, Debes e/ a/, 2004, feldman dt a/, 2001)

DNA damage consrstentlv ovcr dclugc ccllular acoon that response to DNA damage DNA

damagc actron can devclop mallgnancy due to dtmrnrshrng the fidcllt) and elTictcnc) of (hc DNA

reparr NBS I protcm that rs rntcgral pa( of RA D50-MRE I l -NBS I complc\ (MRN) pla) crucral

rolc rn cellular actron to DNA damage and matntarn rntegflO ofchromosomcs NUmcgcn hrcala-q.

slndromc (NBS) occur duc to mutatlon rn NBSI gcne NBS s a heredrtarl rcccssrvc genetrc

drsordcr uhrch ma1 rncrease rrsk ofdcveloprng mahgnanc)

h has prcvrously becn reported lhat gcnc--<nvrronmcnt rnteractron bct*cen rs2715J8lC(

gcnot),plc vanant cnd exposure to ronzlng radratron (lR) contnbuted to an ,ncrcascd canccr flsl

(Yang ct 11. 2012) rs2735383CC vanant gcnotypc carrlcrs had been notcd to sho\\ an clc\ated

ccnccr rrsL * hcn cxposcd to hrgh or mcdtum lcvcl of radratlon tn an earher publlshed rcport (Yang

ctal.20l2) In accordancc wrth thc findrngs that radratrons lnduced doublc strandcd brcal\ (DSBs)

rn human cclls and promoted cancer dclclopmcnt and progressron. rt has bccn assumcd rhar

rs2715l83CC gcnotlprc vanant havrng loucr crpressron ofNBSl and dcfecuvc DN4 damdge

reparrabrlrq.rntcractronbctwecnrs2T353E3CCgcnotyprcvanantandradlauonmalrncrcascfl\1,

ofcancer (Yan8 ct al. 2012)

ln Chlncsc populatron rt has bccn notcd that chromatrd breaks were notably hlghcr rn X-

ra) radlatron cxposcd lymphoclc cells from carrrcrs ofrs2735383CC homo4gotc (Yang ct 11.

2012) lt was concluded that rs2735383G>C vaflatron contdbuted to an rncrcascd nsk of lung

crnccr possrbh through mrR-629 mcdratcd targctrng ofNBSl (Yang et al. 2012)

PCR-RFLP Rotcd An ysls of Functonol PoDnoryhlsm at MlcroRNA429-Bndmg S . tn th. 3'-
Untrontlat.d Rcgto,t ofNBSl G.n. m Protlaa. Cancct Pott.nts n Locol Populstton



lhc arms and obJecllvcs ofthc prcscnt stud],arc to

/ lo stud) genetrc vaflatron al mrcroRNA-629-brndrng srtc rn the 3'-untranslatcd rcgron of

\,/JS1 gerc rn prostarc canccr paucnrs

r' Ihorc rs no prevlousl) cxrstrng data tllth refcrence to Scrm llnc mutatrons end somrlrL

mulatrons rdcntlfied rn ,\'8.S/ Sere rn prostatc cancer patrcnts of Pakslenr populatron

/ I'o probc lhc gcnot)prng and ellchc frequcnc) of NBSI genc assocralcd \\rlh ns[ ol

prostalc canccr

r' I o gct furthcr undcrstandrng about the genctlc brsls ofprostatc cancer

P(R-RFLP Rolcl,lnslysts ol Functionol PoDrnoryh$m ot MtctoRNA-629-Budne 9te u th..l,-
Untronrlat.d Regbn ofNBSl G.n. n Proflat. Cancu Potrcnts tn Locol Populohon



Literature Review

Proshtc canccr rs onc ofthe mosl pcrvasrvc mellgnancres around thc \lorld- const(uIrng a

Senurnc hcalth rssuc Clrnrcalll localzed drscasc can be succcssfull) trcalcd r\hcrcas thc drsca\c

\hrch rs spread throuShout an organ or thc bod) rcmarns mosrl, lcthal

ln mrlcs. prostratc rs an acccssory gland and located on the floor ofthc pelr ls and surround\

thenccLofurcthraandbhddcrNormalprostatcdocsnotblocl'thcflo\ofurrncfromthcbladdcr

honc\cr cnlarged prostalc c\crts pressure on thc bladdcr and urcthra and blocks thc floN of un nc

(see l-r8urc 2 l) Prostate cancer progresscs throu8h drffercnl stagcs from stagc 0 ro sragc 4 and rs

rcprcscntcd rn l'rg 2 2

2.1 Epidemiology

Prostatc cancer (Pca) ts lhc sccond prcvatllng canccr ln males. pecultarlv alIcctrng oldcr

mcn ovcr 80o,i, of cescs arc rnvcshgatcd aftcr agc 65 Evcn though l0% ofmen ntth proslatc

melgnancr drc of thls drseas€ Thcrcforc rn Astan countncs thc most tpprobele acccss 10 lhc

rn.ntgemenl of Pca rs probably dtffcrcnt and conscqucntly tndt\tduate Pcr screcnrng rnd

rrcalmcnt slrategles on thc basts of epldemlologlcal hallmark and socrocconomrc status of c.reh

counlr] arc dcsrrcd

PCR-RFLP Bo\.d Anolfs6 of Fuac orol Pol)dorphgnat lttc,o|,\A-629-Btd.hng S . h th. J.tntrunrtot..t
R.Rto, of \BSI G.n. h P,ostot. Corc., Pott.dts tn Lo.ot Poputo oa
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2.2 Androgen rcceptor: Progression modcl of Pca

It rs rntfigurng that most ofthc tumor havc bccomc androgcn rndependcnt but strll dcpend

upon the androgen reccptor (AR) srgnahng Mechenrsm that upgradc AR srgnaLng rn mdroB.n-

dcplclcd condrtron compflse ARgcnc rmpllficahon, changc rn the balance of ?\R cofaclor AR

mutalron. lncrcasc rn thc stcrordoBenrc prccursors and acuva(ron throuBh outlaN palh$a)\

Numcrous othcr AR-rndcpcndcnt 'bypass" pathgr)s has bcen demonstrated to achlcvc apparcntl]

durrnS androgcn rndcpendcncc

MlcroRNA conccntra(ron and change rn lhe cprgcnctrc rmprcssron ha, c also bccn

suspected rn thc dcvclopmcnt of androgcn rndcpcndent prostatc canccr Undcrstandrng ol

molecular mcchanrsms (hat facadc to thc dcvclopmcnl of androgen lndepcndent proslatc cen!cr

$ rll conccde tbr bc(cr and rmprovcd therapeulc approach that mark L€\ path$a) s and molecul.s

Ihat are rndrspcnsablc for thcsc ccll to survtvc In spttc of vcr) cllicrcnt at mrnrmrzrng canccr

gro\\th thrs treatment hcrcaftcr sclccts for thosc cclls thar arc no longer suscepllblc ro such therap\

rcrultrng rn a pcrsrst Iethrl cancer I c androgcn-rndcpcndcnt prostatc canccr (AIPC) (Dcnmcadc r/

r//, 2002, Isaac\.,/ a/. 2002)

Cancerous ccll has accompLsh the ab,lrt, to grow rn thc lbscnce of androgcn rn ad!ancc

sta8e ofPca so. hormonc thcmp) ls no longer effecrrvc md thrs rs the stage at !rhrch most pattcnl\

dclchp All'C I)csprtc androgen rndcpcndcncc occurs but most canccrs \rrll b.comc lndroS.n

rndapendenl bccausc thcsc canccrous ccll mutatc themselvcs rn such a $r\ thal enhencc thclr

grosth rn the absencc of vrtal survrval factor such as androgens (Scc fi823) lnl€restlngl) lcrm

A ll)C ls less $ rdel) acknowlcdgcd bccausc threatenrng form ofcancer strll dcpend upon rndroScn

srSnalrng IIo\cvcr hormone rcfractor) prostatc canccr (HRPC) ts bccomrng morc srdclr

aclnol\ lcdgcd (Crawford./ a/.2010. Pc(rylal ?/ .r/. 2010)

l\R-R P Dltal 4nalles ofFunctonal Potfdotphlsn ot VtcroR,\4-629-Ahdhg S't. tn th. J'-Latattlotltt
R.gna of ,\'BSl C.d. tn Prostat.Cddc.r Pot!.nts tn l-o.olPopuldtbn
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Fig. 2 3 Progrcssion to mdmgcn indcpcadcnca in prostatc cenccr cells DiffcrEnt cancc. c.rElng

forms Mppcn whcrcby fc* pmstatc cclls nultiply wild (2) Prcsterc groMh c.lls arc at firsr
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rcR1FL, kd A-lr* .l F.d-,td lolraOa- . ,ritf,RNA-629-BuA4 Sit D t . j,-Unrdrtst-t
Rqh oJN,s, Cu i, Ptud-Cc tui.ft ir ltct to?eDt

1+ 2+

/t

€

f,%
tu



( hq1t0 2 L lroturt Rcrt(i

Thcrc rs a lrst ofcrcrtrng findtngs whtch has hclpcd us ln dcveloprng a bcttcr undcrstandrnB

ofthc undcrl\rng mcchanrsms of prostatc canccr It has prcv,ously bccn convrncrngl) re\calcd

thrt that rnrlral prolrferatron of prostatc canccr cclls rs androgcn dcpcndcnt and accordtnSl\

phrrmaceut,cal rnhrbrtron of androgcn ma) bc cffcctrvc agatnst thcsc cancer cells Ho\tc\cr

androgen e\posurc lnduccs rcwtnng of tntracellular slgnallng cascadcs rrhtch makc prosldlc

canccr cclls rcslslant agarnst drffcrcnt androgcn dcpnvetlon thcnpr€s

2.3 Androgen Reccptor signaling: Importent Modulator of Prostatc

cancer progression

lcstostcrone rs pflmarj androgcn produccd by the bod) relcascd b) l-cldr8 cells oflhc

lcstcs In small qurntlty arc also producc tn thc adrcnal glands Normall) frec crrculatrng

tcsloslcronc rs not bound to stcrord hormonc brndrng protcrn It entcrs lnto prostrte cells and brnds

r\ rth 5-alpha-rcductase. nhrch rcsuhs rn rts convcrsron rnto a potent mctabolrtc dlh)drotcstostcronc

(DIIf) DIII btnds toARprotcrn rcprcsentcd rn Frg2J Tcstostcrone rrself canbrndtotheAR

hut DII-I has much more greater potcncy and havc hrghcr affinrl) (Radma)r ct a/. 200E)

AR nuclcar accumulallon tnggcrs transcflpltonal regulanon ofdrffcrcnt gcncs rn!olvcd rn

prolrlcratron AR protcln rs structurall) composcd of hgand-brndrng domatn. DN,\ brndrng

domarn (DBD) and amrno-termlnrl domarn Targctrng ofam tno{crm tnal dornarn has proved io bc

an cllicrcnt stratcg) to rnhlblt rctrvtt) of thc AR (Andcrscn er al ,?010) C]losohcall) locarcd

lonformatronrl re-organrzed endrogcn bound AR gcts scqucstcred from hcat shock

proterrvprotcrns (HSPS) and cntcrs rnto thc nuclcus AR tcthcrcd to DNA scqucnccs through rls

I)N,\ brndrng domarn AR rcguletcd drffcrcnt Bcnes $hrch modulate prosrate crncer progressron

and mctastasrs t\alLkrern-3 cncodcd b) Kallllrcrn-relatcd peptrdase J (41-IiJ) rs a canLcr

bromarkcr rcponcdl\ modulatcd by AR

PCn-nFLP Aavd taol$ts ofFuactorol Polrnorptlsn ot MtcroRNA-629-Btrdtrg Stt. h th.l.L'tnonrlat.d
R.Rbn ol\'rSI G.n.la P,ostot. Coft.rPan.nB h Lo.ot Popttofio,
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2.{ Nijmegen brcakege syndrome I
NrJmcBcn brcakagc syndromc (NBS I) thc autosomrl reccsslvc drsorder $ as first obscr\cd

rn l98l rn thc patrents $ho lrvcd rn NUmegcn. Holland Conflucncc oflnformatron suggeslcd that

NBS pancnt s lcll have rncrersed lcvcl of damagc to chromosomcs and pronc to ronrllng

rrredrrtlon (lR) Incrcasrngh ( rs berng rcahzcd that lR causcd most danBcrous DNA lecrons NIIS

palrcnts cell arc scnsrtrvc lo all DSB lnducrng mutagcns NBS I genc rs found to bc rcsponsrblc for

\UmeSen brcakagc syndromc ln l99t (Camcy et ot,1998. Matsuura.I 11/ 1998. Varone/r//

t99ll)

Nrhnn r\ rhc Benc product ofNBS I and conterns a 26 kDa fragment ( p26-nrbfln) thc IIRC I

and I llA domarns complcmcntary to thc N-tcrmrnal portlon ofnlbrrn and a 70 LDa (p70-nrbrln)

oflgrnrlcd bt altcmatrvch' rnrtlaled translatron from cDptlc upstream slart codon (Nra\ter 1/ rrl

2001)

Nrbnn addrtronally $rth Rad50 and Mrcl I ts a part ofMRN complc\ lhat rs trlmcrlc and

prcscncs bclrlecn mammals and )cast Conflucnce of rnformatron shorr that nlbrln ls

phosphor)laled al ccrtarn srtcs rn rcsponsc to rntroductlon ofdoublc-strand brcals (DSBs) lhc

knasc dependable rs thc csscnlral rn(rator o[ccllular rcactron to doublc-strand brcal. atarta

tclangrcclasrr mulatron (ATM). bt allclrc transformatron of whrch prompts alarra telangtcctasta

(A I ) a huddlc \\ r(h numcrous components addrlronall) obscrvc tn NBS

Post-translatronal modrficatrons of Nrbrrn arc modulated b, dlffcrcnl en7)mcs Ionr/rng

radratronrnduccdphosphorlhtronofnlbrrnrsfunhcrconuollcdb!thedeacct)laseSIRTl SIRlI

h) po accrylatcs nrbnn for cfficrcnt Lrnasc rnduccd phosphorylrtlon (Yuan cl al .2001)

It rs bccomrng progrcssrvcly morc undcrstandable that ntbnn pla) rmponant rolc rn trrggrng

aurrr phosphor,rlatron of ala\la tclangrcctasra mutatlon (ATM) rn rcsponsc 1() DNi\_damaSc

I)co\)obonuclclc acrd (DNA) rs, srmpl) put. the molcculc uscd to cncodc all the Senen!

rnformalron rcqurrcd b) thc Irvlng organrsm to mrtnteln tts ltfc functrons Thcrcforc r(! slabrlrl)

and rnlcgrlt) rs ofrbsolutc rmponancc DNA ls actually not a 'full-prolectcd ' statlc substance - ll

rs a chemrcal entrt) composcd of nuclcotldes attachcd to a sugar-phosphatc backbonc Such.l

structurc can bc damagcd b1 cnvtronmcntal factors such as trradtalton. chemlcals, and ukravlolet

ra) s ((-lV)

?Cl-Rll-l'Botcd .lrobrlr ofFunctonol Polworyhltnot LttcroRNA-629-Bh.hdg Stt. t4 th. J'L'nnanJot.d
R4on of ,\DSl G.r. h P,o\tot. Conc., Pah.ats l, Locat Populonon



Ihe DNA cen elso undergo orrdalrvc damage by frcc radrcals. shrch rre b)producl\ o{

mclabolrsm One scflous rcsult ofthcsc chcmrcal changcs ln DNA can bc doublc-strand brcaLs

(l)SIls) ln thc Lhromosomc Bc rt cnvrronmcntal or rntemal, DNA damagc musl be rcpatrcd as thc

aclumulatron of unrcparred DNA can lead to agrng and drscase Organtsms ha\c developed

\aflous processcs 10 detecl and rcparr DNA brcaks Thcre arc two matn double-strmd breaL (l)Sll)

reperrpath\\als homologous rccomblnatlon (HR) and non-homologous cnd Joln ln8 (NI IEJ ) Onc

protcrn complc\ thc lvlrcll-Rad5o-NBSI (MRN). has drvcrsc roles rn both IIR and Ntll--J Iach

protcrn componcnt ofthrs vcrsatrlc complc\ contrlbutes to the overall struclure and funcnons

2.5 Multiple roles of the MRN complex in DSB repair

MRN compler ma1 rnvolve at drffcrent stcps rn doublc-strandcd brcak (DBS) along $lth

DNA cnd proccssrng. break recognruon and ccll srgnehng cescadc And MRN comple\ thal t\

prrmarl damagc scnsor ma]'pla) rolc ln DBS reparr rn both ycast and human cclls (D Anrours &

Jaclson cl a/ 2002)lmponanccofRad5o-MREll'NBSlgcnccanbcobservedrhcnanloncoul

olthcsc thrcc gcncs rs drsarral rcsultrng rn cmbryonlc lcthalrty or ccllular non-Ylabllrl\ (Xrao &

U'cr\crel.r/.199'l l,!octal - l999.Zhuelal,200l) PatrentofNBSmanrfestdc(lcrcntrmmunc

\\\tcmradrarronscnsrtrv()endhrghflsLofmalrgnanc](Shrlohp/a/.1997)NBSandAl(atr\r.r

tclangrcctasra) bolh arc phcnotlprcall) samc. (A'T) a rcleted rrdrallon scnsttrvrtr drsarral

(Slc$an er .r/. 1999)

2.6 Cellular featurcs of NBS

Cells ,llustratc plcrotroprc phcnotlpc whlch arc rsolatcd from NBS patrcnts vt7 lhc h)pcr'

scnsrurlt) to lonrzrng radratron, chromosomc rmparrment, rmparred ccll cyclc chcckpotnts (Shlloh

cr dl - 1997) Cellular sludrcs havc sho\tn thal homologous rccombrnatron rcduced notahl) rn NllS

defectlvc cclls

I hc dfl [t ofchromosomal mutatron ls 2 5+ 4 fold clcvalcd rn NBS as comparc ro the normal

cclls \hcn llmphoc)lcs are exposcd to radrattons. rcsultrng tn chromosomal brcek lhat rs srmrlar

to ara\ra lclangrcctasra cells end thcsc brcals are tcthercd to thc chromatrd t) pe. rmpl] ln8 defect\

rn the rcparr oldoublc-strandcd brcaLs dunng thc S-phasc ofccllc)clc Fu(hcrmore, su\ccpllbrlrl\

of ronrzrng radretron ofNUmcgcn brcakagc stndromc hcterozygotes has not bccn prorcd hottcrcr

man\ atcmpts arc madc

PCR-RFl-PDot..l4notlslsofFuncttonalPolrnorphcnatlttlctoR,vA-629-Bth.hn(S.tnth.lrLnhonlldt.l
R4bn oINBSI G.a. n Ptortot. Canc., Pdtt.ats l, Locot PoPulonon



Reccnd) Data obtarncd through Fluorescencc rn srtu h)bndrzatron (flStl) anel)\r\

rcvcalcd srgnrficantl) enhanccd chromosomll rmparrmcnt ln lymphoblaslrc cclls dcr!ed from thc

NBS hclcroz]Bolcs. When NBS dcficrcnt cclls arc e\posed to lonrzrng radrauon rt rlluslralc

abnormal cell c)clc rcgulatron although thrs deformlr) rs llmltcd ln nature And duc to radrauon

unrble to conleal thcrr DNA synthcsls also rntcndrng some dcficrcnc) rn rnlra S Phase check

pornts l'urahcrmorc along wrth dcficlency rn rntra S phasc chcckpornt control rnlerruptron ln (i I

and (i2 checlpornls arc also rccognrzcd rn the NBS cells

2.7 Yital rolc of NBSI in homologous recombination

It rs bclomrng progrcssrvcl) mor€ understendable that NBSI has a vrtal rolc rn douhlc-

\trandcd brcak rcparr as rt coordrnate the MRN complc\ for nuclcasc actlon and rcpalr lo drmrSL

srtes It rs rntflBurn8 that therc ere t\,ro pathwals to reJorn/rcparr doublc-strandcd brcaks \r,.

homologous rccombrnatron (HR) and non-homologous cnd lornrng (NtlEJ) NHFIJ hrs protcrn\

such as DNA-PKcs. Ku70/80 and DNA lrgase IV and protcrns for the HR are RADsl. RAD 5:

and RAD 5,1 lt has bccn obscrvcd that these protcrns arc lmmensely spccrfic [or panrcular doublc-

strandcd brcal rcparnng pathway (Hrbcr e/ a/. I99E)

lncrcasrngl) lt ls berng realzed that NBS I functrons rn homolo8ous rccomblnatlon (llR)

rclatr\el\ rn non-hofiologoris cnd lornrng (NHEJ) On the contrarl rt rs rccognrzed lhat non-

homologouscndJornrng(NHEJ)3retrntamountfromwrldt)?cccllsmmrfestrngthatNBSlrsnot

\rEl for non.homologous cnd lornrng (NHEJ) And rs sustarned b) manrfcstrtlon thal V(D)J

rccombrnatron. lcss commonll lnor}n as somalrc rccomblnahon $hrch rs to be rn(ratcd b) non-

homologous cnd lornrng rs prcvalcnt rn NBS patrcn(s (Harfst e/ a/.2000) MRN Complcr rs

osscnrral for Ig class s*rtch rccombrnatron cvcnts (Pan et al .2002 Pctcrscn ct a/ 2001. ran

I ngclen eI a1 2001)

Data obtarncd through hrgh throti8hput technologlcs has consrdcrabl) rmprovcd our

undcrstandrng that NBSI pla]cd a vrtal rolc rn rcguhhon ofthe v (D) J rccombrnalron throuSh

supprcssron of rntcr chromosomal rccombrnatton NBSI supprcsses rnter chromosomal

homologous rccombrnatron (HR) and non-homologous cnd lornrng (NHEI) through MRN

complcx formallon Dcregulatlon or functronal rnaclrvalron may cause rnstabrlrt] of Senome

marnl! throuBh translocatron as rccognrzcd rn thc NBS cclls

TCR.RTLP Bor..t ldoortt of Functonol Polfhorphan ot MtctoRN4-629-AhdnE St. t, th. 3.1nhonslol.d
R.snn of\rSl G.r. n Pro\.o|. Con.u Pott.nts n Lo.al Populotton



2.8 Role of NBSI in cell-cycle chcckpoint control
Contlucncc of rnformatron suggested that NBS defccllve cclls arc radtoscnsltr\ c and upon

lreatment wrth radromrmctrc drugs or c\posurc to ronrzrng radratlon. lt shor\ delccrs tn ccll c\clc

Lhecl pornls

Substanlral fractron of rnformatron has bccn addcd lnto e\rstlng pool of kno\rlcdge that

NIISI and A1M both arc rnvolvcd rn thc rntra S phasc chcckpornt conrrols ovcr thc SM('l

phosphor) latron

2.9 Rolc of NBSI in telomere stability maintenance

Conflucncc of rnformatron sho$ that telomcres are hlghly functlonal nuclcoprotorn

sruclures \\hrch marnlarn the genome rntcgflty by protccung and slabllulnB lhe llno.lr

chromosomal cnds Tclomenc DNA comprrscd of tendem err.y ofthc 5-26 basc parrrepctrtr!c

scqucncc ot G-rch lhal alrgn 5'to 3'end and thcse also assrst as thc brndlnB srtes for vanou\

pr(r!ular tclomenc protcrns

Ate\ra lclangrcciasra (AT) rs clrnrcall) classrficd as the prcmalurc a8rng slndromc

(Melcrlfc zt rrl. 1996) Chnrcall],prcmature agrng rs not exrmrncd rn thc NBS alrhough Nll\
prtrcnl s blood ccll havc rcduccd lcn8th of tclomcrcs (Ranganathan et al 2001) I)uc to thr\

ahnormal lclomcflc shortcnlng rn thc NBS cclls, NBSI shows lntcractlon r\lth tclomcrc brndrn-q

protcrns r c IRI- l and TRF2 rn marrmalrn tclomeres (Zhu el a/. 2000. Wu d/ .r/ 2000b) And

thrs rn(craclron can bc rccognrzcd only at thc carly S phase ofccll cyclc rYhcrc tclomcnc clongatron

lakc placc. (hough MR complc\ brnds to thc TRF2 dunng thc wholc cell cr-clc rmpl) rng that (hc

\llsl ple\ rolc rn (clomcrc rcplrcahon aftcr the formatron of MRN complcr lrkc tor rhc I)NA

rcparr (Ransanathan ell/ 2001)

IncreasrnBl\rtlsberngrcalrzcdthatNBSlplayrolcrnlclomcrefiarntcnancctoeccompllsh

(;-strrnd (tclomenc 3'o!crhang) Hcncc lhroughout thc ccll cyclc tclomcnc fusron take placc and

tclorncrrc fusron transfcr to thc deccdcnts due to brcaLage fusron bfld8e c)clcs $hrch lcads to th,j

chromosomc mutarron (l,o et al ,20021
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2.10 Micro RNA

MrcroRNAs arc a class ofsmall non-codlng RNAS usuall) I0-25 nuclcoudcs thar altcr

thcrr proccssrng brnd to spccrfic mRNA and dcgrade rt bcforc transcflpuon l'hc) ncrc fir\l

drsco,crcd rn 1993 ln non-mammaltan spccrcs and wcrc charactcrzed to pla) a prvolal rolc ln

dcrclopment and drffcrenrratron rn thc lcar 2001 Thc transcnptton ofmrRNAs bcglns undcr thc

supcn rsron ofRNA Pol) mensc Il tn nuclcus that gcncratcs a pflmary mIRNA molccule conststtnS

of 5 cap and a pol) A tarl at 3 end Most ofmrRNAs gencs arc transcnbcd from thc rnrronrc rcgron

of I)NA and rre erther transcrrbcd as a srnglc genc or clustcr

I h rs nctr l\ s) nthes rzcd pn'm r RN A rhcn undergocs funher proces srng b\' m rc ro-proccss rng

complc\ consrslrnS of RNAse III cn4mc DROSHA and a RNA brndrng protcrn I)CCRIJ

([)rCeorgc s\ndromc cfltrcal rcgron 8) that tnms thrs molecule rn ro doublc srranded prc.mlRNA

charactcflzcd b] rts harrpln loop structure DROSHA contarns two domarns for RNi\sc III thal

dclrbcratcl) e\c,scs the long strucrurc of Pr-mrRNA

Thrs Prc-mrRNA ls thcn ransportcd out of the nuclcus b) thc ard of E\porlrn prorern

(Xpo5) thcsc protcrn carry nro NLS nuclcar localrzrng scqucnccs that transfcr Prc-mrRNA our ol

thc nuclcus Thc cncrg) rcqurrcd for thrs transportatron come Rm CTPasc Upon entcflng lhc

c)toplasm Prc'mrRNA rs further proccsscd by another RNAsc Ill cnzlmc namcd Drccrl DICI R

I actl\ rl\, lransform Prc-m|RNA rn to malurc mrRNA consrstrng ofa leadrng strand I hrs matur!

mrRNA rs then loadcd on to thc RNA rnduccd Srlcncrng complcr that alrcad) carrrcs TRIII'

( I ransactrvauon Responsrvc RNA btndlng Protcln and ACO (Argonaut protcrns) There lrc

drffcrcnl \'rc$s aboul the mcchanrsm ofactron ofTRBP and AGO. most apprarsal \,re$ suggcsls

rhat IRBPs ard rn phlsrologrcal brndrng ofdr[I€renl t]pes of ACO proterns \rrth DICI R lhrs

actr\rt\ rn (urns promote gurdlng strand to brnd to thc targct mRNAs rn the prescnce ofCU I8

protcrns and Scnc srlcncrng oftargeted mRNAs

2.10.1 History of miRNA

Lccdra/rnl993,recognlzedthatthelrn-4gcncrsrntcrprctcdrntothc-22nuclcoudclonc

RNA *hrch rnhrbrls thc lrn- l4 Scnc through RNA rnlcrfcrcncc (RNA r) rn ( uenot habdr^ eleguns

(ncmatodc) Ir rs also concluded that the lrn-4 gcnc may assocralc \rrth thc rcgularor). small non-

translated RNA I eF7, sccond mrcroRN A n Coenorhobdnr clcgans. Dr.)1.?rrl.r and human \ras

rccoSnlzed rn thc 2000 (Rcrnhan sr dl. 2000)

PCR-Rtl-P Ba!.l.tndllsts of funcronol PolthoryhLth dt MtctoRNA-629-Btn.hnE slt. h th.3LL nnontlnl.l
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Morcovcr \rrth dtscoven, of -22 nuclcohdc RNAs rn 2001( Lagos-Qurn(an a ct ul 2001

I cc and Ambros ?/ a/. 2001. Lau e/ d/. 2001) namcd rhcm as mrcroRNAs (m'RNAs)

h rs rnlcrestrng !o note that ln human gcnomc -1000 m'RNAs arc prcdrct.d ro e\l\l
(llcre,,llov er d1.2005) Sangcr mtRllase (the mrcroRNA databasc) was crcalcd to admrnrstcr thc

database of mrcroRNA scqucncc and regularc nomenclaturc rn 2006 (Cflffiths-Joncs d/ d/ - 2006)

l r\ rntn8urn8 thal ln March 2011, about 1037 human mlcroRNA qerc commenrare al thc

mrRBasc

2.10.2 MicroRNA genomic location

It ls rntrlgurng that man) mrcroRNAs arc posltroned ln notrceablc r€Brons thel rre far from

rhc protcrn codrng gcncs (Lee er /I,/, 2001, Ambros el a/.2001) These mrcroRNA genes arc asscrl

lrom thcrr o\rn promorcr In addrtlon -,{07o ofthc mtcroRNA arc posrttoncd tn rnrrons ofthc

prolcln codrng 8cncs. gcncrall) wrth cqurvalent oflentatron same as hosr gcncs (Rodngucz c/ a/ -

2004) Morco!cr some mrcroRNAs arc posrtroncd far from thc other mrcroRNA locr $hrlc othcr

arc posrlroncd adlacenl to onc anothcr and consrdcrcd to bc clucrdatc rn thc clustcrs (Altur ra cr.//

1005) MrRBasc (thc mrcroRNA databfic) clucrdatc clustcr ls group of mrcroRN^s ihal drc

posrlroncd nol hc\ond I0[b (krlo brse)parrof eachother

2.10.3 MicroRNA biogenesis

Conflucnce of rnformatron suggest that scvcral rnvcstrgators havc bccn cfllcrcnd\

rcvre$ed mrcroRNA brogcncsrs (Baflcl er d/. 2001, Chcn el a/. 2005. Krm er dI. 2005. I oman

and Tamotc ct el 2005) Br'ctly, mIRNA ls produced by RNA pol)merasc Il and rt rs tcrmcd a\

pnmar)-mrRNA (pfl mrRNA) and thc process rs cndogenous (rnsrdc thc ccll) Ihmar) mr'RN/\

form drslrnct harrprn shapcd, stcm loopcd sccondary structurcs contarnlng an cfl)me namod

I)rosha (a RNAasc III cndonuclcasc) and fundamental cofactor DCCR8/Pasha

Drosha and DGCRS cofibrnc togcther and act on thc pr-mrRNA and cut some regron ol

prr-mlRN^ and male rt shortcr md rs tcrmcd rs prc-mrRN^ '60-70 nucleotrdc long Ihrs pr.-

mrRNAcntcrsrntoc).toplasmwrththchclpofprotcrnrcExponrn5(E\p5)mcmbcrotRan

transpon rcccptor famrly) So oncc thrs pre-mrRNA cnter rnlo thc c)loplasrn lhls !rrll under8o

lunhcrslagcsofdrcrngrccleavagcaftcrthrsdrccractonthrsprc-mrRNAandrctr\alcrtpropcrl)

P(t-Rfl-PB^.d4noLsEofFunctonolPolrdorphBmatMrcroR^'A-629-Dh.hn(S.tath.l'-Litru"ttol.d
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Drccr r\ an RNA.sc lll t)?c of cnzymc tt ts double-strandcd RNA (dsR\A) spccrll!

endonuclcasc Drccrwrll brnd rvrth thrs prc-m|RNA and clc.vc lr rnd results ln 3 o\'erhangoll

nuclcotrdc and 5 monophosphatc rcgton and thts comple\ ls tcrmcd as mrRNA mrRNA+ duplcr

- 15-20 nucleolrdc long

Frnall) mrRNA mIRNA+ duplcx rs unwoundcd to produce meturc mrRN  and mtRNA*

Nr(h thc help oIhellcasc And thcn th,s maturc mrRNA rs rncorporatcd rnro a RISC (RNA rnduccs

\rlcncrng complc\)

RISC rs consrstrng of protctn sltccr and Argonaut (ACO l-4) rhcn firs malurc mrRN,\

brnds l\ rth RISC complc\ and factlttalcs gcnc srlcnctng \ ta btndtng lo 3 untrmslated reSron Lll R

\cquenccs \rhrch arc complcmcntar) to the mIRNA scqucncc (Mctstcr d .r/ . 200.1) I hcn RIS(

complc\ alonB \rrth gurdc strand I c - 2-t nuclcoude long wrll mlgratc to thc acrual largclcd

scqucncc ofsrnglc stranded RNA (ssRNA) leadtng ro thc rranslat,on rnhrbltlon or degradatron ol

mRNA targcl rcprcsenlcd rn Frg 2 5

I'CR-R -P Ddal4ndlts$ ofFunctrcn'l Pol)horphBn zt MtctoR,\A-629-Bhdtry StI. n thc 3.1nnon'lot.d
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2..l0.4 MicroRNAs regulation in cancer

lt ls rnlngulng that loss of apoptos,s and abnormal growth Iead to mallgnancv or cdnccr

formatlon rn the cell lt ls bccomrng progresslvel] morc understandable that mlcroRNA lnvol\c ln

regulanon ofapoptosrs and ccll growth MrcroRNA functlon In manv pathologrcal and blologlcal

processes lead to mallgnanc), lnltratlon. progrcssron and mctastas,s formallon MrcroRNA rcguld(e

gcnc control ln DNA demagc rcparr DDR and lls cnt.nglcmcnt rn ma|gnancy progcssron B rll

hclp rn understandrng thc lmpact ofthese small mol€culcs ln the DNA damaSe or reparr as uell d\

chcmo ahd radro-resrstancc mechanrsm

Furthermore sludles acknowledgc both uprcgulahon and downregulatron ofmrcroRNA rn

all substantral lumor and the lcukemrl Intercstlngly, whrle some mrcroRNAs secm to ha\c J

ussuc-spcc,fic functron and are only crprcssed rn spccrfic canccrs, olhcrs arc unrrcrsall) o\er

crpresscd or undcr crpresscd ln cancfi (Chan et a/ . 2005, Io o et dl ,2005. V oll,Ift et al .20061

2.10.5 miRNA profiling in carcinogenesis

11 rs ntrrgurng that mlcroRNAs mcdratcd all thc hallmarks of mahgnancl rncludrng

apoptosls. tlssue lnlasron, uncontrollcd rcpllcatrvc abrlrt\'. mctastasls and sustarned anglogenesl\

(l lanhan and Wernbcr er a/ , 2011) MlcroRNA can act both as oncogcncs or tumor suppres\or

gcnc dcpendmg upon thcrr target MrcroRNA has hrghly complc\ rcgulatorl machrncry as onc

mcs\engcr RN  can bc largeted by thc multlple mrcroRNAs Conflucncc ol tnformatton suggcst

that mrcroRNAs takc on hundrcds of targcts synchronously as th€sc arc the temptlng targcts lbr

thcrap\ olcanccr It rs lntcrcstrngly to notcd that mIRNA phy rolc rn tumorrgenesrs so rt_s bccome

altractlve targct lor novcl thcraprcs clther ln combrnatlon wrth thc chcmothcrapcutrcal rgcnts or

may be alone

2.10.6 MicroRNAs as Oncogene

Confluence of rnformatlon clcarly suggcst mrRNA medute targ€trng of tumor suppressol

genes Therc rs an ovcrwhelmrngly rncrcasrnS lrst of the targct rcpo(ed to be quantrtatrvcl]

controlled b) oncoScnrc mIRNA ln tumor [hcn mrRNA shoued Incrcased e\pressron t\

consrdcrcd as oncogencs/ oncomrs, lnvolvc ln tumor progrcsslon by ncBatrvel] lnhrbltlon ofthe

tumor suPpressor gencs

PCR-RFLPRosalAnot)stsoffurcttorolPoDno.ph6motMrcroBNA-629-Rn.nngS.tath.l.Ltntdatlot..l
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Cood example of an oncogemc mtcroRNA ,s mlr-17-92 and ts Iocated at the chromosomc

IJg3l thc gcnomlc locus that ts exaggererc rn drffcrent r,rcs of lymphoma and lung cancer also

rncludrng drtlise large B ccll lymphoma (Hayashtaet al ,2005.Hc et al .2005b)

It rs lntngurng that mrr-17-92 nvolvc ln lung canccr and mcrcasc nsk of lung canccr cell

gro$1h (lla)ashrta g/.r1.2005) Subsranttal fractlon of rnformatton has becn added tnro e\lstrng

pool ofknowledge that mrR-17-92 ts assoclatcd wtth thc c-Myc (Avran ml,elocltomarosrs vrrus

oncogene ccllular homolog) gcnc c\prcssron C-Myc ls kno\\n ro bc as bcst characrcrrzed

oncogenc and both c-Myc and mrR-17-92 arc assocratcd wtth thc e)rprcsslon ot the ccll clcle

transcrptron factor gcnc E2Fl (E2F Trrnscnphon Factor l) ls a Pro(crn Codrng gene (O'Donncll

at al .2005) Conllucnce of rnformarron show that lf c-Myc gene ls not propcrl\ c\presscd rnd

sho\r d\ sfunctron ( may lead to human canco (Colc alld McMahon e/ a/ . 1999 )

Other oncogcnrc mrcroRNAs arc mtR-373 and mrR-172 reponcdly mvolved tn rcgulatron

ofcancer as oncogenes rn the human tcshculargerm ccllfumor And thesc hro oncogcnlc mlRNAs

rrc as\ocratcd urth thc lncrcasc fumor dcvclopment and cell proltferatton bv overcomtng p53

medtatcd CDK (Clclrn-dcpcndcnt Llnasc) mhlbthon or may posslbly by drrcct tnhrbttton of

l,A I S2 e\prcsslon (tumor supprcssor gcne) (Voorhoeve er a/, 2006)

2.10.7 MicroRNA as tumor supprcssor gen€

Increasrnglr rt ls bclng reahzcd that mrR lct-7 may hlghl) malntaln rncludlng \rorm ro

human bcrng (Pasqurnclll er a/. 2000), and may also assocrated wlth thc developmcntal srages and

trmmgs (Johnsonela/,200J, Johnston and Hobcrt er .,/ , 2003. MrsL^ et al .7004 Thomson rr

.r/.200.1) Dccreased levcls of mlR let-7 are mvcshgated duflng carl) developmenlalstagcs olthc

anrmal and ln drlfercnhated adult trssucs therc arc tncrcascd lcvels of mlR-lct-7 c\presston has

bcen obscrvcd (Mlslr et irl. 2004. Thomson er o/. 2004) IttslntngutngthatrfmtRlet-7c\press

rndpprop atel) r1 lcads to oncogcnlc loss of d lffcrcnrrah on (Rc|lj.han d al -2000)

Rccent studrcs rcvcals that mlR let-7 d,rcctl) targcts RAS oncogenc b) lts ncgatl\e

regulatron rcsult rn rcprcsslon of translatlon (Johnson c/ .r/, 2005) It ls mtercsttngl) notcd that

thcrc rs dccrcased lcvcl ofthe mrR lct-7 and rncrcased lcvel ofRAS prolern ln lung rumor trssucs

rathcr than the normal trssucs lmpllmg that negatlvc rcgulatlon of RAS by mlR lct-7 ls a tool tbr

mrR lct-7 to functron as a tumor suppressor gcnc rn case of lung oncogenesrs rcprcsented ln Frg

2 6 (Johnson {,/ .t/. 2005)
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Frg 2 6 A schematrc model shoErng thc molecular mecha sms of mlcaoRNA-rnvolved cancer

pathogenesrs (Baohong ZhanE et al ,2006)
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2.10.8 miRNA mediated suppression of clncer in renogrefted mice

lncrcasrngll rt ls bcmg rcallzcd that actrvatton of pro-survtval srgnaLng rn ccnccr cells

rnduces rcsrslancc agarnst chcmotherapeutlc drugs Intcr€strngl). thcre ls rrcmcndou\l)

accumulatlng e\pcnmcntal cvrdence of targetrng ofkcl proterns ofpro-survrval srgnaLng usmg

drfferent strategrcs It has latel) becn shown that cctoplc cxprcsston of mtR-506 rn lung cancer

cclls conslderablv rcprcsscd NFKB (Yln €l a/. 2014)

Gro'*rng body of clldcncc substantlates thc fact that uprcgulated c\prcssron of h I IIRT ts

assocralcd wrth thc growth and mctastesls ofgastnc tumor Intngutngh mtR-1207-5p and mlR

I 266 rcmarkabl) tnhrbtted tumor formatlon ,n mlcc (Chcn e, a/ . 2014)

It has rcccnth becn convrncrngll rcv€aled that ovcr-cxprcsslon of mlR18l b ln mctasrattc

brcast canccr cclls notably represscd mctastasts formatron tn tmmunodcficrent mtce mtR-181b

negatrvclr'regulatcd CXCLl and -2 as cvtdcnced by rn-vrtro anallsrs ofcurcumrn lrcatcd cancer

cclls (Kronskr.l a/. 2014)

mrR-520!-3p medratcd control oftranslatton tnrttatron factor. clI;IGII $ also notcd 10 pla\

an csscnlral role lnoculattng. mlR-520c-3p overexprcssrng cancer cells tn mtce notablv lnhlbrted

ru mor form alron ( Mazan -Maftczan el al . 201 4\

mlR-656 rs also a tumor supprcssor rcportcd to cxert tts rnhtbttoD cffccts on gltoma ccll

prohferatron vra ncgatrve regulahon ofBonc morphogenchc protetn 2 Thcre ls a drrect prcce of
cvldcncc suggeshng that non-canonlcal BMP/MAPK and canonrcal BMp/Smad pathna\s $erc

rnhrbrted rn mrR-656 ovcrc\prcsstng canccr cclls Morcovcr, cctoplc exprcsslon oI mtR-656

lnduccd rcgrcsslon oftumor tn mlcc (Guo e/ a/. 2014)

Conflucncc of Informatton suggcstcd that downrcgulatton of mlR-193a-3p/5p rnduced

I\mph nodc mctastasrs and rumor node metastasts Overc\prcssrng mlR-193a-3p/5p ln Non-Small

Ccll t-ung Canccr Cells consldcrably represscd prollferatlon and mlgratlon Detalled mcchanr\rL

rnsrghts hrghLghted thar mrR-l9la-3p/5p cxcncd rts Browth rnhrbfoD cffecrs vra ncgarr\e

rcgulatron ofERBB4 and S6K2 (Yu e/ rl/. 2015)

mIRNA mcdrated rnhrb(or] cffccts on angtogcncsrs arc also berng studted Concordanr

rlrth thrs notron. a recenr study provrdcd compcllrng cvldcncc rhat tnrroducmg mtR,542-lp tn

tumor-bearrng mrcc rnduccd rcgrcssron of tumor. angrogcnesrs. end mctastasls (He ?/ a/. 201{ )

P('R-RrI.P Bos..l tnalrslt olFtnctlorol Poltnorphsh at MtctoRN4-629-Bo.hde St. n th. Jrttttronrtot.d
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G-prolcu-couplcd rcccptor kurasc-lnterectlng protcln I (GlT l) ls rnvol!ed tn regulatron ol
Oral Squamous Ccll Carcmoma lnvaston In-vrvo study rcvcaled that lnJccnng GIfl_s,RNr\
e\pressrng Cg-lung-Tv2 cclls rnto SCID mrce stgnrficantl),rcduccd lung metastasrs It.raa\
c\pcflmentall) ve ficd that exprcsston ofmtR-491-5p rcsulted ln substanttallv reduccd targchng

oI ('9-lung-lV2 cclls to lung 24 hours aftcr rnJcctron (Huang er .]/. 20 l.+)

2.10.9 Role of \{icroRNA 629 in cancer

mrR-629 $as reported to bc stgnrficantl) hlghcr rn gastrrc canccr pattcnrs as comparcd 1()

controls (Shrn el ul - 2015) Vllal E6 and E7 oncoprotems arc cssenhal for tnductron ol-

ranslormatlon and mamtcnancc of thc fumongcntc phcnowpc of IIpV-lnfcctcd ccryrcat canccr

cells It has bccn convtncrngly rcvcalcd that hrgher tntracellular levels ofmrR-629_5p arc notcd rn

Fl6l87 c\pressrng cervlcal canccr cclls (Honeggct et at .2015)
mR-629 has bccn shown to modulatc dtffcrcnt gcncs Tflparttte motlF_contalnlng 3-]

(1RMl3) 
's 

reportedly targctcd by mrR-629 rhat conrcqucntly rnhrbrrs TCFp/Smad srgnalng
cascadc [n clnrcal ccRCC spcctmcns, downrcgulatcd TRM33 lcvcls assoclated nolahl) \\tth
pathologrc stages and grades Detalled mechanrsoc lnstghts rcvcalcd that TcFprnduccd/Smad

actrlatron *es srgnrficantly suppressed rn canccr cells r.cated wlth mtR-629 lnirbttor lRlM]l
le.,el nas consldcrabl) enhanccd tn mlR-629 rnhrbtror trealed canccr cclls and therc *,as markcdh
rcduccd strucrural assoclatton ofsmed4 wlth Smad2/3 TGFp rrcatrncnt rnduccd an upregulatron

ol c\prcsslon lcvcls of EMT-rclatcd factors ln mlR-629 mlmrc transfecrcd renal ccll carcrnom.r

cells (J'n8uih, c/ .r/. 2015)
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MATERIALS AND METHODS

3.1 Subjects

Prollalc canccr patrenr's blood samples usrng rnformed conscn! \rcrc prov'ded b! KRI

Ilosp(al lslamabad along Nlth thc chnlcal evaluatron and dragnosrs Thc prcsent stud) \J\
conduclcd rn the rnstrtute ofBromcdlcrl and Cenctrc Engrnccnng (IBGE). lslamabad

3.2 Blood sample collcction

Ihc paucnts wcrc asscsscd b) pcrsonal rnformatlon and clrnrcal rnvcstrgatrons all

rnformatron rras rncluded rn a cllnrcal qucstronnarrc Thc patlcnts $ere rnformcd about thc

oblcctrrcs ofthc srud) and conscnt form wassrgncdb) cvcry pan,crpant 5ml blood l\asdra\rn

from cach panrcrpant and collectcd rn Acrd Crtratc Dc\trosc (ACD) !acutarner (BD l_ranklrn

I rles NJ LISA) \rhrch contarned 25ml acrd-crtratc-dc\trosc solulron. thc final volumc Na\

75ml'lhrsACI)recuralnerserveesprescrvauvcandantrcoagulantforthcfreshblood\amplc

lhc racularncr lubes rlcrc rnverted fc$ trmcs rmmcdratel\ and storcd at.{"C trll lunhcr

proccssrng

3.3 Identity number rllotmcnt

All thc samplcs r+crc assrgncd spccrfic rdcntrt) numbcrs as PCA-001 PCA.{J02 and so

on Morcovcr an rndrvrdual lakcn as controls werc also Blvcn ld asCPCA-0o1. CPCA-00? and

3.4 Extraction of genomic DNA from whole blood samples

Ihe Scnomrc DNA from all ofthc slmplcs w.s rsolrted b) followrng standard organrc

melhod $hrch recnirts two chrcf organrc chemlcrls namcly Phenol and Chloroform (Sambrool

and Russcll 2001 ) I'he protocol was slrghtly modrficd as pcr rcqurrcmcnl

l-he DNA e\tractron was pcrformed rn strrcr accordancc to thc follor!rng stcps

PCR-RILP Bd. 4nob,s6oflunctrcnolPobdotphsmotMtctoRNA-629-BtndtnES.hth.-i.L'ntdnnot.l
R.gton ofNBSl G.n. tn P.ostdt. Cdnc.r Pdh.nts tn Locol Populotoa



3.4.1 Mcthodolory

llotct tl\ ond ll?tht)l\

DNA c\tractron proccdurc was complcted rn threc days Thc dctarl oflhe procedurc rr .tr

lollo\t

Dey t

I lhe samplcs Ncre trrnsferred to 50ml falcon tubcs and 3X volumc ofcell l)srsbul{cr

(KIICOI. NHICI and 0 5M EDTA) was addcd Tubes $cre placcd on rce for30 mtn

I Thcn thc samplcs were ccntnfugcd at I200rpm for l0 mrnutcs at.1'C rn rcfnBcratcd

ccntnfugc (Eppcndorf Rcfigeratcd Centfl fugc 5 I 30)

I I hc supcmarant $as drscardcd and thc pellct at thc basc of thc lube * as rc- suspcndcd

.l Il-thc pcllct was rcddrsh thcn rgarn l0ml ofccll lysrs buffcr $as addcd The samplc

tr.rbcs scrc ccntnfugcd at l200rpm at.+'C for l0 mrnutcs

5 Thc supcmatani \\as drscardcd rnd thc pcllct $as rc-sl.rspcndcd

6 lothcpcllct.4T5ml ofSTE (Sodrum Chlondc. Tfls-llCl. and lll)lA) and 2j0!l ol

l0o/o SI)S (sodrum dodccyl sulfarc) wcrc addcd

T l o thc abo! e m r\turc l0pL of protelnase K enrymc (20m9/ml ) ( F ermcnlas, l rthuanrr)

!ras zddcd and samplcs \!crc rncubatcd at 55'C for ovcmrght rn shakrng \\atcr bath (Orbrl

Shalcr Bath. Lab-Lrne. USA)

Da1 2

8 thc samples were e\tracted wrth 5ml (cqual quentrty) ofcqurlrbrated phcnol (pll=8)

agrtatcd for lO mlnulcs and kcpt on rcc for l0 mlnutcs Spun at 3200rpm for 30 mrn dl

'l'C rn rcfngcrarcd centnfugc (Eppendorf Rcfrrgcratcd Centrlfugc 5130), remolcd thc

supernatant r{rlh I m I cut trp rnto the scpa ratc labclcd l5ml ccntrlfirgc lubcs

9 Io thc samples 5ml of chrlled chloroform rsoamyl alcohol (24 I) \ras rddcd and

agrtatcd lor lO mrnutcs and kcpt on rcc for l0 mrnutcs Samplcs $crc spun at l200rpm

l'( R-tl-LP Bor..t lrol'Jts oI Funchonol Pot)do,phEn at MrcroRL'A.629-Bt|.hnE llt. n tt'. l 
"L'anonslot.tt

R4ton ol,\BSI G.d.ln Pmtot. Conc., Potl.nts l, Local Polulo on
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for 30 mrnutes at 4'C ln refflgcralcd ccntnfirgc (Eppcndorf Rcfngeralcd Centrrfugc

5130) 'lhc supcrnatant was scparated wlth cut ttp lnto the scparatc lahcled l5ml

ccntflfu8c tubcs

l0 To thc rsolatcd supcmatant added 500UL of 10M ammonrum acctatc and 5ml o[

chlllcd Isopropanol and agrtatcd unhl DNA precrprtates as vlsrble \r'hlte lhreads lhe

samplcs were then placcd ovemlght xt -20'C (or for I 5 mrnutcs at -70'C)

Day 3:

I I I hc samples wcrc then centnfugcd at 3000rpm for 60 mrnutcs at .l'C rn refflgcralcd

ccnrrltir8c (Eppcndorf RcfiIgcratcd Centrfugc 5130) Thc supcrnatant \ras drscarded and

the DNA pcllct was loosencd b) tapplng thc I5ml ccntnfuge tube

l2 Thcn the loosened DNA pellct was washcd wrth 5ml ofchrllcd 70% ethanol 3200rpm

for 40 mrnutcs at :loc ln rcf gcrated ccntnfugc (Eppcndorf Rcfngeralcd Ccntifuge

5130)

l3 I hc supcmatant was dlscardcd and thc DNA pcllcl tvas dflcd

14 Thc dncd pcllet \rvas drssolved ln TE ( lomM Tfls. lmM EDTA) buffcr (thc volumc

buffcr addcd accordrng to thc srzc ofthc pcllct)

l5 The complete DNA dBsolvlng ln TE buffer was achreved by lncubatrng the samplc

tube rn shakrng \ratcr bath at 55'C (Orbrt Shakcr Bath, Lab-Lrnc. USA)

16 ]hc DNA samplcs werc thcn transfcrrcd 10 I 5 ml labclled Lppcndorf tubes cnd

stored dl.l"C

3.5 Composition of th€ solutions used in DNA extraction

3.5.1 Ccll-lysis buffer

Thls bulfcr ls composcd ofthrcc chemrcals as

r KHCOI (Potassrum Carbonatc) lgm/L

PCR-Rl-LP Dos.rl lnoosts of Ftndonal PoUmorph$m at )lhcroA,NA-629-Bt,tdtn| Sn tn th. l.Untransldt.l
R.gtod ofNBSl G.n. n Pro*at.Conc.r Poh.nts i Locol Po?ulafioa



)Ialcflih nhrl llelhtrl\

r NH4CI (Ammonrum Chlo de) 8 29gm,/L

nr 0 5 M ED l'A (Ethylene Dramrnc Tctra Acetatc) 0 34gm

Ccll hsrs buffer clcaves the ccll mcmbranes and cxposes thc ckomattn matenal of th.

nuclcared cells

3.5.2 STtr buffer

Thrs buffer provrdes a selrnc cnvtronment to thc ncwly exposed chromahn malcflal

r 3M NaCl (Sodrum Chloidc) 33 3ml

rr lM Tns-HCl buffcr (pH8 0) .t oml

rur 0 5M EDTA (pH8 0) 2 oml

Thc abovc rclgcnts rrerc mr\cd and volumc was madc up to I lltcr \\tth dH2O

3.5.3 DNA dissolving buITcr

Thts buIler rs used for drssolvrng the DNA and rs composed oI

r l0mM Trs-HCl(pHt 0)

ll 0lmM EDTA

3.5.4 SDS solution

10 o% solutron of sodrum dodecll sulfatc or sodtum laurll sulfatc helps tn protctn

dcSradatlon

3.5.5 Chloroform-isoamyl alcohol

Thrs solullon ls madc rn 2,1 1 v/v for 500m1 total volumc as

r Chloroform lt0ml (24)

r Isoamyl alcohol 20ml (l )

PCR-RFLP Bat..l,/nolystl oJ Funcbonol Poltnoryh$n ot MrcroRN,l-629-Dtrdtdg Stt. n th.3rltntflhttot.d
R.Bon ofNrSl G.4. h Prostqt. Coac.r Potl.rtt D Locol Potlllottoh
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3,6 Assessment of quality and quantity of DNA

Thc Optrcal densrry (OD) of DNA samplcs wcrc mcasured ar 260nm and 280nm b]

Speclrophotometer (Blo-Rad Laboratoflcs. USA) Optlcal dcnslty (OD) ratlo for each samplc

was calculated as

OD = Absorbancc at 260nm / Absorbance at 280nm

l'hc qudlrt) of genomrc DNA was dctcrmrned by taklng raho of OI)s dt thcsc t$o

*avelcngths (260/280) The ratlo ranges bct[cen I 7-l 9 was consldercd best lfthc ratlo comcs

out to bc grcater than 1 9 thcn rt mal have phcnolc contamtnatlon and thc ra(ro bclolr I 7 rs

consrdcrcd to harc protemrc contamlnalron Thosc samplcs harmg ODs out of thls rangc ( I 7-

| 9)*ere rcsuspendcd for thc sccond trmc and thcrr ODs wcrc calculatcd agarn

Quantrficauon was done usrng formula

Abs 260nm*50=DNA conc€nratron (Irgml)

3.7 Working solution of DNA

25ngul \orl\lng solulron ofDNA was prcparcd from the stock DNA \oluuon bv ustng

the follo$rngr ro

l)NA srock dH20

60pL l.{0 pl

3.8 Reconstitution of primers

Lyophr[,ed pflmcrs wcre mrxed wrth calculated amounl of dcronrzcd uater to malc d

\lock soluhon of 100 UM ofcach pflmcr From thcse loolrM stocl pimcr solutrons.20pM

\lorkrng solutlons tbr cach prrmer \rcrc pr€parcd by taklng 20Fl slock solulron and 80pl of

dlstllled water PCR amphficatrons werc performcd by usrng 2Opl\t pnmcr solulrons

PCR-RFL? Advd,tnollsts ofFuachonol Pobnorphltd ot MrcrotutA-629-Btndtng S]r. n th. J'-('ntrun otd
R.gto" ol \8SI G.n. n Prustal. Con..r Potr.ntt h Lo.ol Populdton
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3.9 PCR analysis for NBSI gene

Poll,merase chltn reactton \las carned out to amplrl), the NllSl gcne rn \rhrlh

pol\morphrsm qas prcscnt

3.9.1 Primcrs for NBSI 3'UTR

In ordc. to dctcrmnc 3'UTR pollmorphrsm tn thc,VBSI gcnc PCR \1as performcd b)

thc lollowlnS pflmcrs deslgncd for the anallsls Detarls ofpnmers arc glven ln tdblc I I

3.9.2 PCR rncthodologr

Aftcr optrmrzatron *lth rcproductblc rcsults, all samplcs were amplrfied at opttmrzcd

condltlons of PCR The mastcr mtr for all PCR reactlons wrth spcctfic pflmer parr rlas

prcpared m I 5mL Eppcndorftube 'lotal rcactlon volume for a slnglc PCR rcactron Nds

15gL All the PCR rcagcnts wtth thetr conccntrattons arc summarzcd rn the tablc I 2

3.9.3 Thcrmel profilc ofPCR rcection for NB.t/ 3' UTR

I he abolc PCR rvas carncd out ln 96 well rhermal c)clcr (Thermo I Iccrron Corporatlon

Mrll lord, USA) at the followrng thcrmal stages, st€ps lnd cvcles as shoN n rn ldblc I l

3.9.4 PCR-RFLP ofrsl4448T>C polymorphism ofIr'BS,I gene

l'or,VB.S, gcnorypmg thc amp|fied DNA fragmcnts harbonng the SNP uer. drgcstcd

wlth R\d1 rcstnctlon enzymc Drgestlon was performcd on all sample\ by addlng IIL
R1a,/ cnzlmcs. 3FL ofdrgestron buffer for NB,tl adJustcd \\ rth dH20 for final rolumc of

20FL ofPCR rcachon mrxturc It t\as mrxcd gently and sprns down for feu seconds lhc

rcactlon mlxturc was rncubatcd at 37'C fbr 16 hours Thc RFLP products were chccked

on 2 57o agarose gcl cont2rntng cthrdlum bromrdc Thc agarose gcl clcctrophorcsrs \\as

done at 200 !olts for 30 mrnutcs usln8 Blo.Rrd Power PAC 3000

PCR-RFLPDot..l,tnollstsofFun.trcnolPobdo.phtltnatMrcroA],!A-629-Rtn.lrnqS.tdth.3.1'ntrur ot..l
R.qton ofNBSl G.n. tn Prostot. Corc.r Poncntt ln Locql Populotoa
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Teblc 3 l: Sequencc of the pnmcrs uscd for thc gcnoq?rng ofNBS I rs 1.14-18T>C

Txhlc 3.2: PCR reagents wrth thelr conccntrattons uscd for PCR

o-
0c
--,oJ
-t-I

PCR-RFLP bos. 4notrsllofFuacfionolPotldorphEmdt)lhcrol'4-629-DhdrySt.tdIh.JrL'ntrontlot.tl
Rtgtod of NASI G.n. la Prustat. Conc.r Potr.nts ln Locol Popuhtod

Rcgrotrs Prrmar Scqucncc

NBS 1

:t'tr]'R

Forward pnmcr 5' GCAGAGACCTGTGCCAAGCGA ]

Rcvcrsc pruner 5, ACCGTAGCTGCCC] CGTAGGI ,]

Sr. No. Rcrgcnts Eith initial conccntnhon. Volumc uscd

(pl)

Totel rolum. for

100 rcrctn,nr

d II2O 10 8 pl I080 Ul

2 10\ PCR bufler (Fermcntas. Lrthuanra) 25pl 2-s0 pl

u MgCI2 (Fcrmentas. Lrthuanta) l5pl 150 pl

4 2 0 mM dNTPs l0pl 100 UI

5 5U/Bl faq DNA pol),rncrasc (Fermcntas,

Lrthuanla)

021!l 20 ,rl

l0 UM forward pflmer Ipl l00II

,7 l0 !M Rcvcrsc pflmcr lFl 100 pl

R 25 ng Samplc Ccnomrc DNA 5ll 5pl

9 Trrton/Glvcerol 20pl 200 Fl



lrnt!ttils ttnl,lfu thotl\

'l'rblc 3 3: Thermal profilc ofPCR reactron for NBS I rsl4448T>C

PCR-RFLP Dut.l Adalys of Furctorol Poltnorpttsd ot M@,RN,r-629-Druhng S . td th. l.L'nnqnslot.d
R.gDn ofYDSI G.n. n Prustot. Cenc.. Pan.nt tn Lo.al Poptlottod

No. ofStrgc No. ofSt.p Tcmpcreru rc Timc No, ofClclcs

Stagc l Srep 95 .C 4 Mlnutcs 0lClcle

StaSe 2 Step 1 95 'C 45 Seconds 35 Cvcles

Stcp l 60 'c 45 Seconds

Step 3 72"C 45 Scconds

Stage 3 Step I 72"C, l0 Mrnutcs 0l C;cle



(huttu .l ,llaterid\ lt1I ll!tlt tl\

3.9.5 PCR-RFLP of the rsl33l2986A>G, polymorphism ofNBSI genc

For,1BS.1 genotyprng the amphfied DNA fragm€nts harbonng the SNP nerc drgcsrcd

trllh Alul restnchon enz),mc Drgcslon was pcrformed on all samples b) addrng lll
Alul enz)mes, 3pL ofdrgestron buffcr for NBSI adjustcd wrth dH2O for fincl volume ol

20F1, oIPCR reacllon mr\ture It was mrxcd gcntl) and sp,ns down for few seconds lhc

rcactron ml\ture qrs lncubated at J7'C for 16 hours The RFLP products were checkcd

on I5o/o agarosc gcl conternrng ethldrum bromrde Thc agarosc gel electrophorcsrs $as

done at 200 volts for l0 mrnutcs usmg Blo-Rad Po*cr PAC 1000

I eblc 3.4: S€quence ofthe pnmcrs used for the gcnotyplng ofNBS/ rsl33l2986A>G

Rcgrons Pnmcr Scquatrcc

NAS I

],UTR

Forwlrd pflmer 5, GCAGAGACCTGTGGGAAGCGA 3

Rcversc pflmcr 5/ ACCGTAGCTGCCCTGGTAGG I ]i

T:blc 3 S Thermal profilc of PCR rcactron for ly'B.S/ rs l33l2986A>G

No. of Stegc No. of Stcp TcmpcrrturG Timc No. of Cyclcs

StaBe I Srep 9.1 'c 5 Mrnutcs 0l Cvclc

St.rgc 2 Step I 94 'C 45 Scconds 35 C)clcs

Step 2 55'C 45 Scconds

Step .l 72"C ,{5 Scconds

Stagc J Srep I 12.C l0 Mrnutes 0l Clclc

PCR-RFLP Aaftd ,tntllstt ofFunctrcnql Polrdoryhtd nt llttctokNA-629-Btndtn9 Stt. td th. l L Uhtrntdotc.l
R.gto, ofNBSl G.n. tn Prostdt. Conc.r Pan.ntstn Locol Populanon
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3.10 Analysis of PCR products by using agarose gel electrophoresis

Anahsrs of PCR product nas performcd bv usrng agarose gel clcctrophorcsls

I ollor rng reagcnts wcre used rn thc process of agarosc gel clcctrophoresrs

a) l0\ TBE buffer ( I fls-Boratc- Ethylenc dramlnc tctra acctlc acrd)

b) 6\ Gel loadrng d)'e (Fcrmentas, Lrthuanra)

L) l0mg/ml Flhrdrum Bromrdc

d) 2",0 Agarosc (Promcga)

c) l00hp DNA Laddcr (Fermcnts Lrthuanra)

3.10.1 Prcparation of l0X TBE buffcr stock

r Tfls-basc (promcga) = 107 8gn/htcr

I Boflc acld (promega) = 55 02gm/lrtcr

lI EDIA (l-thylcnc dramrne tctra acchc acrd) (Blo Rad) = 9 o4gnr/l'tcr

All reagcnrs wcrc drssolvcd rn E00ml dcronrzcd watcr usrng magnetlc strrrer and finalll

l000ml \ olumc was made rn mcasurrng cl hndcr and stlrrcd 1(] mlx \\'ell

3.10.2 Prcparation of lX TBE buffcr stock

I0X TBE buffer = 200mL

dII2O = l800mL

3.10.3 Prcparation of 2.59lo egarosc gel

for focm \20cm agarose gcl pouflng platc 300 ml of2 5o% agarosc was made as

r Ion frcc finc agarosc (Promcga) = 6 sgm

I'CR-RFLP Bat./l ,lnalrss of FM.thnol Polrnorphcd ot )VtcrcANA-629-D .hag St. h ,. lr(thtohslatll
R.tton |JNBSI G.n. n Prostot. Con..t Pon.nB tt Locol Populdtuon



Chq'tu 3

u lX TBE = 300m1

llr Gl) cefln = 300F1

llalettnl\ n,td llttht,tl\

rv Lthrdrum bromrdc (10m9/ml) = 5Fl

MN 6 5gm agarosc. 300m1 lX TBE and 300FI glyccfln rn P\rc\ bottlc and heat ln o\cn

$rth loose honlc cap untrl agarosc borls to mlx rn llqulds Add 5pl Iithrdrum hromrdc rn

the dgarosc gel solutron and shakc 10 mlx Set thc 20cm\20cm gcl platc wlth combs at

sultablc drsrancc and pour the gcl solunon Thc gcl was pollmcrrzed rn 30-.15 mlnutes

3.1I Gel elcctrophoresis and gel docum€ntation

Before loadrng thc sample ln the gcl, 5ul o, the PCR product $as ml\cd \!rth 6X gLl

loadlng buft'er (l ermcntas. Lrtuanla) Thcn samplcs wcre loadcd on agarose gcl Inlhcfirst\\'cll

ofgcl l00bp DNA markcr $as loaded as szc rcfcrcnce for ampllfied target DNA lhe gel lras

run for 35 mlnules usln8 the Maxlccll EC360.M elcctrophorchc gel system (tC Apparatus

Corporatlon 51 Pctersburg. Floflda. USA) at 200 constant volts b) uslng BroRad I'o\cr PaLk

3000 (B'oRad. LlSA) rn 1X TBE buffcr DNA bands $crc vrsualzcd undcr UV rllumrnatron and

photographed uslng S),ngcnc gcl documcntatron systcm (Genc Genrus. Slngene. tJK)

3.12 Statistical analysis

Thc follo\\ lng slelrshcal tests werc pcrformcd for thc data

3.12.1 Hardy-Wcinbcrg Equilibrium

The lrcqucncy ofNBSl SNP *as calculatcd by Hard)- Welnberg Equrhbrrum equatron

P'+2pq+q':l

lh€ allcle frcqucnc) ofthc stud] goups was calculatcd by usrng the followrng formula

Allclc Frcqucncy = No ofthat allcle rn srudy group

Total no ofallclc

PCR-RFLP Rqi.d laoltsu ofFudcnohol Polynoryhah ', MtctoRNA-629-Dtndtry Stt. u th. 3'-l'ntohrtat.l
Rcglon ofNASI Gctr. h P stat. Cdnc.r PotEnts tn Local Poptlonon



3.12.2 Chi squarc tcst end p-valuc

ltu rrurl\ tnl llethol\

Io find rhc assoc,atron ofthc NBSI gcnc wrth the prostetc patrents thc p \alue and Chr

squarc tc\l lras pcrformed b) uslng staustrcal pro8ram SPSS (Vcrsron 200) and r\

dcscrbcdb)Prcachcr(Prcachcr,200l)Ap-value<005$asconsrdcrcdasstltrstlcrlh

srgnlficenl rlhcrcas p value >0 05 was takcn as non-srgnrficlln1

P(R-RtLP tasal tnol}sts olfuactnrol Polynor?hlrnot MtcroRNl-629-rtndtng S . td tL. 3'- L'ntrazrtot..t
R.tbn ofLrSl G.n. n Prustot. Conc., Potl.ak tn Locol Popuh on



RESULTS
In thc prcscnt laboratory .cscarch. wc studled 3'UTR C/T and A/G polymorphtsm rn

NBSI genc rn 60 prostatc cancer patlcnts and 60 heakh) lndl\lduals wlthout an\ prcvrous

cllnlcal hrstor), usmg pollmerasc charn rcactlon--rcstflctlon fragmcnr lcngth pol)morphrsm

(PCR-RFLP) analrsrs ['or rs13312986 A>G gcnotypes. AA was 75% rn patrents and 709lo rn

controls AG r\as 25o% ln pattcnts and 30oZ rn controls CG \!as 0% rn paocnts and nonc l\as

detectcd rn control Allehc frequcncrcs for A was 0 t75 ln parrents and 0 8570 ,n controls Allcltc

frcquencres for G \\ere 0 125% ln pahcnts and 0 l50% ln conlrols P valuc *as rnsrgnrficanl lor

rsl3]t2986 A>G genotlpes Forrsl4448 T>C gcnotlTcs, TC was 7l 6oZ rn patrcnrs and 6660n

ln controls I I rt as 28 3% ln patrents and 33 33% tn controls CC lras not dctcc(ed ctthcr rn

patrenls or controls T allcle was 0 64% ln pahents and 0 660Z m controls C allelc *as 0 35% rn

patrcnts and 0 33oZ rn controls P value was lnslgntficant for rsl4448 ]>C gcnorypes

4.1 NBSI3'UTR (rs14448 T>C) genotyping

forrsl.t.l4tl>Cgenofypcs.TCwasTl60/0lnpatrcntsand666oZlncontrolsTlrras28]d,oln

patlcnts and 33 33% rn conlrols CC was nor dctccted etthcr ln pahents or controls Tallelcrras

0 64'o ln palrents and 0 66010 ln controls C allclc r\as 0 35% tn patlents and 0 33o,o rn controls P

valuc uas rnsrgnrficant for rsl4448 T>C gcnotypes As shoun ln Frg 4 I and Tablc .l I

1.2 NBSI 3' UTR (rs13312986 A>G) genotyping

l'or rs13312986 A>C gcnowpcs, AA was 75o% rn patrcnts and 70oZ rn controls AC was 25ozo rn

paocnts and 30o,o rn controls GG was 0% ln paucnts and none r\as detcctcd rn control Allchc

lrcqucncLes for A r\as 0 875 ln pattcnts and 0 85% tn conkols Allclrc frcqucncrcs tbr C rrcrc

01259/0 rn patrcnts and 015% rn controls P value was rnslgntficant for rsl3ll2986 A>G

gcnot\pcs As sho$n ln Fr8 4 2 and Tablc 4 2

PCR-RFLP Bas.l Anallsts of Funcfionol PoUmoryhBm ot MtctoRNA-629-Bn.tlng S . td thc l,-( nnansluftd
R.gton ofNBSl G.n. h PtostateConc.t Pofi.nts h Locol Populottod



Chrpl.r 1 R.sults

lo ll 12 t3

16a bp

200
loo

22 bp
146 trp

.TT

ladda, t-mc 2- I 2 is TC .d t rnc I 3 is TT.

T.blc,a.l: Ar.tEi ofrtlia4at T{ t rotyp.r i Ftlnar rrd coDtmk

Study

Group

Isl,l{,at T{ gcroryp.s

(Pcrccntrgc)
Allclc Frcquctrcics

TC TT CC T C

PrtiGnts

(nd0)

13

(71.6)

t7

(28.33)
0 064 0.35

Contml

(nd0)

,()

(66.66)

20

(33.33)
0 0-66 0.33

pvduc o.61 0.521 1 0.974

FCr-tFLl, H Adt- .t FUAI HIoTt- . ltb,DtA4:2+ri'l* St E tL. j,-Udn j.ld
l4i..lNBlc*a l,*CGMt Ldt IV.t b,

t'P
bp



Chapl.t I R.tults

22O tp

3OO bp
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DISCUSSION

Prostarc canccr (Pca) rs a multrfacctcd and gcnomrcllly comple\ drsease and rcscarch or cr

lhc dccadcs has graduall! sho!rn trehendous brcalthroughs rn our undcrslandrng ol thc prostarc

canccr brolog\ Prostatc canccr rs onc of lhc most pcrveslvc mallgnanclcs around lhc *orld

consurutrngagcnurnchcalthrssucClrnrcall]locahzcddrscasccanbcsuccessfulhtreatcd\{hcrcr\

rhcdrscasc\hrchrssprcadthroughoutanorganorrhcbodyrcmarnsmostlllethrl lncrcasrngl] rl

rs berng realped thlt mrRNA plays en lmponrnt role ln dcrcgulauon Incrcasrngl\ rt rs bernS

rcalrzcd that Pca rs thc most cofimon dragnoscd canccr rn mcn and rs (he second lcadrng causc ol

dcath (Cronbcrg c,/ .r/ . 2003)

Androgcn rcccptor (AR) has cmergcd as onc oflhc most deepl) rnrestrgaled targcl for

prosratc canccr thcrap\ It rs rntngurng that AR has cmcrgcd as onc oflhc most decph rn!estlgalcd

rargct for prosktc cancer therapy Thc rolc of AR rn prostatc canccr devclopmcnt has bccn

rcscarchcd rn man) studrcs, hoBcvcr thc prccrsc molccular mcchanrsms that occur ln thc

dcrclopmcnt !o androgcn rndcpcndcncc rcmarn largcl) uncrplored and as a resuk there rs no

compclllng lhcrapres agarnst AIPC (Attar e/ d/ . 2009. Dcbcs el a/ 200{. Ieldmanutrr/ 2001)

Ir has hccn rcponcd lhat Nr.S./ gcne pollmorphrsm mrght affcct funclron ofgcnc and ma\

lcad ro canccr \u\ccptrbrlrt] Wc hypothcsrzcd lhat tr8.S.1 Senc pol)morphrsm rs assocralcd \\rlh

thc nsl of lung canccr T\\o rndcpcndcnt casc-control studtes rras conductcd rn Soulhcm and

Lastcm Chrncsc populatron From thcsc studrcs rt rs concluded that thcrc t\as no srgnrficanl

assocratron tound for lrg SNP s rs I3312986 and rsl444t whcreas rs2735383CC \ananl Bcnol) pc

carrcrs had bcen notcd to show m elcvltcd crnccr flsk whcn c\poscd to hrgh or medrum lc\cl ol

radralron rn an carlrcr pubhshed rcpon h was concluded that rs2735383G>C vanatron contrrbulcd

!o an rncrcascd rrsk of lunB canccr possrbl) through mrR-629 medratcd targctrns of NIIS I (Yang

cr al 2012)

mlR.629 \es reponed to bc srgnrficantly hrghcr rn gastnc cancer palrcnts as compared lo

conrrols (Shrn et al 20151 k has been convrncrngly rcvcalcd that hrghcr rnlraccllular level\ ol

mrR-629 5parcnotcdrnE6/ETcxprcssrngccrvrc.lcanccrcells(Honcggcrc/a/.2015) Irrpa(,tc

motrf{onlarnrng ll (TRIM33) rs rcponcdl} targetcd by mrR-629 that conscqucntl} rnhrbrts

I GI'[J/Smad srgnalrng cascadc (Jrngushr €/ 11/ . 2015)

PC R-R f LP Dos.tl tnolftts oJ Ftnctonol Polworyhltn ot MlcroRNA-629-Et nrhhg S . tn th. 3'-( ,trui al.d
R.glon of\BSl G.a.h P,o\tot Con.4 Pott.nts h Locdl PoPutotun



fhc novcll) oflhrs study ls tha! thcrc ts no worl donc on prostatc canccr bcforc ln thrs

slud\ \re e\amrncd thc NBSI g.re pollmorphlsm ln prostatc canccr patlcnls rn lhlrslanr

populatron Ihe rcsults dldn t shotr any stgntficant lssoclatlon rn prostate canccr Pallenls lor

rsll3l29E6 A>G Scnotypcs. AA was 757o rn patrcnts and 70o% rn controls nG \ra\ 15% In

patrents and 30q" rn controls CC was 0% rn patrcnts and none *as dctected rn control Allelrc

froqucncrcs for A \\ls 0 875 ln patrcnts and O 85oZ tn controls Allellc frcqucncrcs for C $crc

0ll5oo rn patrcnts and 0157o ln controls P value !tas lnslgnrficant for rsl3ll2986 A>(l

gcnotlpcs for rsl{-14t l>C genoq?cs. TC was 7l 60Z rn Palrcnts and 66 696 rn conlrols I-l tra\

l8 3o'o rn paucn(s and 33 330% rn controls CC \ras not dctcctcd elther rn patrents or controls I

allclc \\as O 6jo'o ln patlcnts and 0 660% rn controls C allcle was 0 J5% rn patlcnts and 0 J3oo rn

!ontrols P \aluc \rs rnsrgnlficant forrsl4448 I>C gcnot]pes

lo summafl7c. ou n!cstrgatlon on r\rB,t/ gcnc polymorphtsms. thrs mulatlon drd nol sho!\

statrsllcall) srtsnrficant assoclahon bctuccn prostatc canccr patlcnts and controls I unhcr studlc\

are rcqurrcd to c\plorc the detall mcchanrsm, ls mrRNA rcgulatlon ofNBSI rs not complctch

studrcd

PCR-RFI-P Btlal Anoljsts oI fuac onol Polrhorph$not L ctotNA-629-DhdtntS.tdth.l'L',trohsldt.l
r.Bbn ofNBSl G.nc n Ptottot. Coc.r P"tt.nts tn Locol PoPulonon



Chqttlt 5

Conclusion

Fulure studres surely w'll dcmlstlfy dctarlcd mcchantsms. as mtRNA regulanon ofNBS I

rs rncompletcll srudrcd and cxploratlon ofthcsc modulatrons nrll bc hclpfi-rl rn gdtrng a step closcr

to personalzed mcdrcrne

Future perspectives

future studles must convcrge on rnvesugatron ofmRNA levels ofNBSl from brcast canccr

palrcnts and addrtlonal mrRNAs. whrch possrbly can modulatc expressron of NBS I NBS I r\

rcported rnvolvcd ln regulanon ofDNA damagc rcparr and future studrcs must convcrge on cell

cullure bdsed studrcs uslng varrous phltochcmrcals to analyze changes n expressron profiles o1

NBS I and mlR-629 Morcovcr. lt needs to be studled ln detall, rfNBSl rs quantrtaurel) controllcd

h) olher mlRNAs Thrs lnformatlon wrll bc hclpful ln a broadcr and deeper analysrs on mrRr-'A

regulatlon ofDNA damagc srgnahng nctuork

PCR-RFLP Dot..! thobtts of |-t nelonal ?oltrorphL\h dt Mt.rorNA-629-Brr.hng slt. h th. 3'- lhtronslat..t
R.son ofNBSl G.n. h P.ottot Codc.t Potknts tn Lo.ol Potutattoh
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