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ftod j dzdzj dsts 2 HitsL ' fted tcOH BIsj O dd
LOBtsdzj 8 Oded W d&3d, O Is OC {Barneft, st dt &.L2PE H d OG C

| o stow 5 dzgj sBRatHd®@sMIsSd HOdz dzgj 2" j c
ftcjHMIsOo dzj dzgd?2 dJadsdBzdese j dzj Isd € d, dzy Mdzj
fOSbdud MSsets  odef Hic] ded W o -G JBdijsisiz) widm
fSHARBHBO, Csltster | ddzdels fHtoj dqaglzh jJ Mise (
cdMmissdsed yud Mc ddd o ssH O] .

) yomksdasmis d, o Mmewrd M hdesCdd ft
LWWiClsdodesisd Odzsdtej steso Jiekmdzs? s tcO
tedmMC O tOLodIlsdw sy dj dd2, or L o Odzdz" A
2O ted i34 e, "dqesCthteddfjitej Mislyr t©OLodIsd,
cdf jeykzoamlse dlsj dz detsfis d z dzd Abacawvif) tc d dzd
1 4 9 dtcONeqraping(i ddzc dB dIlstster ftotslsj OL T Il RY.
LWWjClsse HtsMisoe jtodzss OMMsydd EHiABB@ME] )«
HLA-DRB*01 (Tozzi 2010. stetsdj Iktets, M ¢jdzjlsdyu
Mo w L OdzO L WWJiClsde detsfls f tod d3j dzj dad W C
ftejtfwismlsoke hdrn fJtosdzdCdeso jdzd® JRY 9o &
BdzsC dtctso Odzgd  CCRSj. yJ § B&1c O  toj §f O td@imvirad), Otc O
SH 5B tcj dzdz" 2 o FDAR (Fadotl ands Dsug Administration, s5COL O
dzj + W W J SHiddefve jdtg vy, ddeW dydtese Odzder = Mmd dzyd Is
I'rY wo sl x4 Jets MEeYsflzdvydwBd, M
dmf sdz L ts9 OICCRS 8 §izy | ff iststdzd ¢ dgdso{HimzchvGurgthar@ dz
etal. 2008 1 tsMmdzijHdzjj dBBYIl dBYyJls BTIs! B
CCR, 1OS d 6jdad sdud gy dials B3O dadddigsstewsd Lo dftiodg

ORI sBtc@OBWHE M dMimdzj Hise Oded j d3  tsdzd
o Oy dzgr i35 dzOf tcOo dzj dzed j A3 o MW jtcj Mtse j toh
d BBz dsOmNNsyddicss Odeds” d3d L OiBSE] datOy@difSdagis
f Olstsgj @O sOC Y] dMftsd Ltseo Odzdj ¢ Jdizts eg@ew

ML HOddW detsor n dzj CQteflse jdzdzg" = Htoj f Otc OL
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J ZOMmistswh j j o tcj dgw o fmj Btsdz hj
WOt BOSC sz dyujMSdds  sHESH O, ©hdzsse Odzdz
o dtelzmdz - GJ dzts o d, ¢ Oo¢ Mdzj HMlse d j ,
tej f dzd C Olsd o dztsets dy S dz@ mesclasthfiptsfa , @Rtk ) ©
Grakouietal. 2008 wtjHd ddm d&OdBtd hjet o dzd d3
smdzse Odzdz" | dzO 34 =~ Odzd L digils ' d dildgjtstajyj jfridniGdzy d@
ddzededtetseo Odedd IbtcOdzmdzv ydd L O Mmyjls- ¢
B jdzd M Cteslsc ddd d3is EiesHud@idIPIBt 1 fsH dei
Hdzv lsBtstc® dzj C OtefMmise j dzdzr 1 Mtej HMIse, d&zO
Isj cOf dd, dzj sB R tsH d BO Is 5y dzO W syd dzf O
LEmy ey Mdd. (Hddmise jdede” o Bj ssHisd3, 6
My jydW dydesfilsd 0O0dzOdzdL O, s sz eiRj IS 1PY dz@Ws o
tej OCydw 1 A¢.

1 At wWg dzW j Isfw SHddd3 dtL dzOd B tsdzj |
GjdesHdOdetsmisd € d d Gjdeslsdf qtetso Odzad v .
Bdtsdd3j HdyddzmMSdr LOHOY 1At dMmftsd L Ezjlsfy
dzdets COC dzj sB R tsHJdN Qs t32As OH  Qstiass fipldndsdzdf .j «
Hjde@ Mmdzsydes ftoj HMisOadls: MmMjej WkdzH Od3y
Wity dMmdzj Hse Odzd™Y N dor s~ MdMmisj d3, tj L
dzO Bsdzj € &z dzv tcdz n H Odzdz" =, f sdzlz yJ dgdz" =
CazOmmd ud MS d-AB) s g@igs j 2 BdSlsj -~ destizBE d ¢ My
Yyohj dOnrsHdl ftedd3j dzgj dzdj o ftetsd3™ " dzj dzdz
Hdzw Btsdzj j 1 WWjSlkdoades?2 toj OdzdL Oydd 1§ ted.
O OS¢y fted IifMmMisdqtesoOdzedd d MmJjtelsdw d"
dmiadse Odedd ¢ j desftsH j oy OF R € s sdzj dzls ts

(hj tSH dzts 2 9 Oy dzts 2 sB dzOMmlIs’ & f tc C
Ctsdzd yj Mise j dzdats 2 1 A1, f ted HdzOL dzOyJ dzdzts 2
WteOc ki) delstse o dbmdsets ¢ desdiO, wWo dw |

ddzv § Cydd, fMted Hd ¢ isfis@ets = uUsdp®wg Jsded J ¢ daff dy
fOssejddr j odtkzfmr, hdesits ©OMftsmlsto
14



tsls dzsmw Is pw ¢ fJtoostsyjtejHder 3 W OSIssteOd
ted ydi d4 dzls ©. ] f jtcolzs syj tej H' 1 Iss 9
Herpesviridae O Is0¢y BK ¢ dadc f@igkeleit, Singh et al. 2006
Tanenbaum, Allaetal. 2007 sttsd3] Iets, OFC s dcdEBYOd L L
( tcAnellovirug o twOLodIlsdd Iswyjdzr n tsh@awy, dzj d
Masier et al. 2008 Piaggio, Dod et al. 2009. O dzsMIsd S O (
Bsdzd Issted dze o d telz mdzts 2 &ZoctczL € E ¢ Oyd
fJjtedtsH fsLotsdY jIs fsor mMdls! L WW i SIlsdoec
f OydJ dzstso, (, sOCdds sBOL d3, MdedL s
stsds ydmdzi dz@ d&&j IsO) 51 Issd3kz 9 dzj Htcj dad j ¢t
GJdtHdOcdtsMisdSd o B dOMIsd IstcOdzml dzO dzls
ddmstezdzj dzlstsdz tsyj dz€ d OHJ C o Olsdzsmisd i t
ted ydydj dzstse Bt Odzdese s ISt Odzmtf dzOdzls Ols O.

sO0Cdd3 BBOL 53, O ¢C Is zdoiin ddgtsHifdse' O dzif@ ) Istise
dzj sB R tsHJ diitsfyls ' tsB 5B ffj dfdvdziz dg@ CaAsfi fOzdidi=R .
WilzdzsH Od3j dzls Odz! dz' = sB d&zOMmiswv@ Is@isiAziEdr | deisifi
tcOL tcOB BIsC d dztso isds d flyzleay € tk al® dzdz®&re S sSB F 1S
d BRzdetsL O dfd 3" &3 dzOtelz" j dzd W d3q .

At RABTIOYR 104 Ju3
AJdzd tOBTSIsT :

1. [ftjnjdjdd) dOdetsdj §JjemfjsSilsdes
fted d3d da ded W g digj Iskrfdg’j h)dets[ » ) IssHse  ®
ftedC dzZOH dzts? ddsdBzdetse j dzf sdCJ; tcOL HEentsly U3
Hdzw  tsyj dzS d  tsdzd dg® tc WddeHdd@® d & fr @etlzd daets d3
Ftctso dzj .

2 . ] sdzkz yJ dzd § dzso ' A H Odzdz" n 9 s B dz
ZOMmdzj HEIZj BIs2 Emists2 ydesfmisd d wHOMmIE a3 Is
LOBsdzj 9 Oded W &3, o-dHztsgzC yddzgl S dzlI 8 Ols ts dzts

Bk ssHBBe 6] tkttHdOd dgtglptizfc | detsls f Jtetso Odzd v .
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3. 1 0LOBBISCO datsor n { s Bdsladste dztHc dsugjc
zOB st Olststcdzgsets W OttdROSCtsejdzjIlsdyj MS scts
dzlz € dzj d dztso '~ Cdmdtsis, ) stsdz ydmdzj H
ftoeslsdoe sddaW j € yd ts defleisdRS jls j o] @dfdzto?  Clsdis O dzfiy f
H dzw OdzOdzd L O BJLBY OMmdzsmlis d d LWWJClIsd
ftoeslsdosodezmdzs?2 OCIsdo detsfls! & .

1 OHOYyd tOBBIsT :

[ dzwW HisMisd ) j ded W f sfMmils©o dzj dzdz' = Y J dzj
mMdzj ke hdj L OHOY(Jd:

1.1 csOdzOdzdL qtetso Ols d3g th "H Iz dz0O to tf t6 dztiz? d
GJjdtsHdOedesMmiIsdyj MS dnr f SHARtSHBNR, d 9 HLIAGd
CGjdeslsdf Jtectso Odzedw, o BIdBBIHJY]dz] .

2./ nOtcOSC IsjtedL 59 Ols smtse § dzdets M is fts
Odzdzj dz' dzr = 9 OQtdOdzlstse ¢ j dztso, tsfdagWhjiSdrpvded
H d&zOd3d ¢ Iz i dc@dzdc"] fRdntEReyst yd d 9 9 L ldRyy,dzts fr
Cdzstctsdzd tots o Odzd W 9 ( tc lz i dztef Uz jdEOGEdhafaa L do d I
sdzsy dzj dzd 2 s ptc Off Btz dAv R W 7, ftosy do Os h
tsmimdd d MsftjH]dz d = etsmMkzHOMmise .

3RMMdzj HisO Ols ! oL sy desmisd OHOY lISQyYd cC
tcj OCydd ) tc] Odz' dzts o3 o tcj d3j dddLA-BH7:01pr w.
OmMmMtyddteseo Odzdzs @ ts fn tcOL o dlIsdJ d3 cdtfJte
dBOCOoadtc, ontsHWh jd3z o MMmMlsOo Odzsdtc] Ist

4.1 r BtcOls!-C Odighdf'H Olsr fJtemf j Clsde dzr J
zOMmdzj Hiz ] gD sinfiglfts Y dzd ykze Mlse dlsj dz desmls d
otSLH]20B8dH OCIsstclz BdR Sarse Gogass qd] dzd 2 .

5.{ OL tc OB tsld@ldnls jlar it dzv 6 j detsIsd f d te 59 O dac
s zmtse d 3G dg Iskfagyj indetts 2 syj deSd L WW S
L CigfmMMmdd 6Jjdeseo o dtekmMO c¢JjfOlsdlsO d, 0
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fsor h jdzdzetsc ts ted M O tcOL o dIlsdw tcj OC-
OffmMtsyddtetseo Odzades?2 ) ftodj d3stsds Odzlsdtcj Istetso ¢

6.u MIsOdzso d Is Yyofmilsssisr GjdziIsduyd mM<dn
zOMmdzj HMise j detz® Y Stz ) | dedztsMis ! & d€ts ¢ dtauQy LirpSc
LOBtdzj o Odzd&zd | c otkdzgY Gt Olf s g e " d = Mw 7
tcOHdOydtsdadsadg j 2 Mlso s, @&dis Of)Y Jsdzd szt
Cozff oy zdzv yd sdzdzsets € tsdzls tots dzv .

7./ 0cOCIsjtedL 50 Ols tcOMOigf sy dzg dzf 9 © da
f sor hj dzdzts 2 Emlsts?2 ydo tsfls+ d dzd Ylkze mlse
otSLHJj2MIse d¥ , COC W O6 ML s lzts dedisfiphROy dita D dz¢ -
dMmmdzj H s Odzdz" - Ctelzf f On ftc O odigj digdled yj g
~nOtcOCIsjtcdMmMisdSE tsB d2Otlzy J dedz" = tslsdzd yd 2 .

8.1t OBs@ Ols ! dzso ' 2 f SHA-BH ) tsB
fteslsdosddat § Sydtsdzdese s ddzdzz dzdIsj sO toj yd
yjdzvn oW ddzOCIsded tOLoadlsdw ddaWj S yd:
ojHEMNR € dzjlsOdz desdsk dfMmr BHE.

1Lovyroc VLI RYIVO R )l o1 RC

lfjtcar j f totfadzy i jndle” T sd®dzOdzd L tcOMmY toj
o Otc d O dzls ts 9CCRE jGRBR2 SDF1 HCP5, HLA-C, s tej HJ dzw
bmists2 ydo siglszl j € yHefy HJdORdS Ez fdedsic e ndix
9 w#lRrR d oBL B detsfls! ¢ ts dzls te s daf¥ dzto qhtezdfirpct
9" BteC On dquddD® ¢ Bdztiziiziz' dzr jCCBSEACRD) i G
d 5 §fsflkzdvyd?2 ( OdzdzjHEPHHLA-C)o,O telfdtOsizsd o @k jh
sjwwedsstedd (sMdd d MsftejHjd d -~ G
GJdzj sduyj ME 2 MlstczC Iskzter fsfzdzv yd?2. {
tcOL dlad) R d MBI telsd o tjLEzd O] w1 R
H dzW detsfd s j dzj 2 O dzdzj dz' dzr ~ o Otcd Odzlsts o ,
ftescte MMdeso Odzedes o jwljrRz . OdzOdzd L H Odzdz"

SftejHjddls' kot jd'  ®Bjy!lddyjmnsis2 ¢
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d Mmdzdadds O B3OS j totso . [BMEYH] 2O L dzOyd o
ssyscd Ltcj ddw hisdzj ¢z dwizaeaRds | ddlsdortz dizfst dzts
d sflzdyvydtsdedzes? ¢ jdzjIsdSd.

I'fiwer j f tetsH j BZOdgisstaf{tOjed@dzO d d3d3lz dzts
BOC j totso HIAJCHEQH) © dzO i dzj Htnts p H tdABAsR s dzts y | dz
tcOLodIsdy tsdzef sdzse d Uiefis® d m J 0z0 ©Hz®@ fzaf © dzdf 2303
shdetseo Wstedzdteseo OdzdwWw dJdzHdo JHEZOMz! dets?2 te g
otsL HJ 2 fysalak . dzdz" J H Odzdz" jdzts df tsdztp s dewye] Istzd I
CdzOo descts S iR dzj WIFs®)Is § d fy ls &y odegjLfidsydd L ¢
stceOdzgdL B3O Y jdzseo j SO 9o Blsojls dz0 yYydlssilst
tcOHdOyYydd.

1 sCOLOdz" HBMIstse jtedz § lsdazdydw o tcOf
G j dzsT (rs1801516, rs664677DGGL (rs1052133),XRCCL (rs1799782)o
Cfif dzdmij L tdSsfOesgdh dn MY - eisdadayd M
otSLHJj2MIse d¥ , O QY M otsdef s s dztedzd §f
fsfzdzy ydsdzdzsc s € tsdzls te ts dzw

] sdzkz y g dzdzr § H Odzdz" | Mdzzy Ols  Isj tstcj Isd
dsotsets HYHSHAtSHO ¢ syd dSiyd df dzHizPe d 8 @ © 4z
o tsL Hj 2 l©Oataflg .j s YOMmlklsOn tcOMf tcj Hj dzj C
GJjdzgjIsdyj MSdms dBOwLE jtese dBsckzls Brils!: -dmf
MlsOIsdmisdyj MS dn dimMmdzi Hise Odzd 2, o Is ©
sd sdzse dyj Mises tedmC O.

g  fodish 4 jmffgls) i3 Hoz'C 6§ d tzg O § Ol
M smtse dz" - 9" L' 90ls: tcd OCIsdo Oydds zO s
ted ydtf dJ dzlstse f syd ydzts g ts Istc O dzf § dzO dzls O
Codzstesdzd tets 9 O dad W Ftctso dgv o d tc iz fi) dats 2
f sMislstc Odzmt dzO dzls Oy d 5 dzdzts 2 45, jG tO@AAESP daf j otdy
[FOtOCIsjtedL 59 OdzO ftcj HMIsOo dzj dzdats M ls ! )
shdetsodzr 5 W OCIkstesdz tcdMECO wWOLoadIsdw Isw)

) 8COL Odzts, vyt dL  yd fi &zof Odsiishydzjdadas & O dzet
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ZOdBtsdzj § YOMmists ofMmistej yArudidsfirtsc s 5 e Q
wodzw j sMTTVe JeRHOY ©OMY teslstcOdzj dadzts ils
BOLS j tots s, N shte dr d3 slstcOy Ols Ly
sjwOfjolsdyj MEs2 Mmnaj i3 .

| Gsfdetsg j Hz ZOtesH des e 5 5§ ' IsORG M wg Ot
d &tHjdd Jdiffsull d¢ jof Olsd kO u 1§ tots O dzO dzo
ftod i34 defalzdizy S -ezy tegladsd ud MS& d 8 IsfPofiz(" ~o d tc Iz
LOBtdzZ b@®HA PH | d20O tsyJ dz€ O tc GiigAfBELY:01id djAdzd W
DRB*01, OomMmtsyddicso Odzdz" - 1g] tcOLodIlsd j-d3 ¢
ddzt dydtcseo Qazdzf & dad 306 h - ddzcdeBdlstster
(Abacavi d 1JoNamyingdz (o ttsmMmd?2 MENSsB O @ s k
ftiosH | Bedzmistcdtctso OdzO + W W j CIsdo detsmls! a3 Ist
stcOdzmCted f yddJ 2 ftcd ©OLtWOBBISSE ] O dzls d M d3!
felsdosodezmdes?2 OCIsdodzsfmis! 8 9o Glsdash j dzac

LouvyY 1Yt dsuvrRY[ESOC 11 OYRS Juu?

it OL tcOB BIs Odg d odz Hic] dz o -rOpldsjted®) Is tsk
sftcj Hj dzj dgd W tsH dats dzlz € dzj tCIERbaeItA32 Trs33P) KORRGiS to v
641 (rs1799863, SDFL-3 A (rs180157), HCP5 (rs2395029)HLA-C (rs9264943
d Odzdzj dz' dzts HI\-Bo/OtaR[iAsdalsi@s 3 1} At o t6j Odz' dzfs
mMd Mmisj d3r ftotsfmlisr ) dmf sdz' L s9 Odzad ( , 1
ftesfMCdats? Mytsmsedesfmils! 8 d f sdzdetsmlss &
it sMmd2MEsyYddn | spts@EzH s Odzed ¥ . Clsts mMtsL
dmf sdz' L 59 Odgd W-Mdufiifdsdgdds -~ o Is§ Mg dzd yj M B2  §
ddhstczdzj dzgls © Hdzw yjdeSd o] H oG &spd
l sdzd dEtsteW dL a3 dMmMmdzj H s9 Odzdz' ~ G4 dztso d d3c
®Bd 3§ s 2z d¥jy dedzgdizd ud W o I fflasidkduedeimisd ¢

it OL OB BIs Odg d o dzj Htcj da' ) dzO B
Gjdeslsdf dteclzulshjdigld Mmls § o3 Hdzw or Wg dzj B4dlv  C
(rs1801516, rs664677),TGFB1 (rs1800469), XRCC1 (rs1799782), OGG1
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(rs1052133)JL-7 (rs2717536))L15-RA (152296135 to j cBqRt(dzS®42880,
rs13281615rs1447295 1 Odzdz’ j KROtC jte' detcOsls o Oy ¢
COdgyjtetse jdzj L O, O OS¢y o smmils Odzts 0 dzj
GJjdtsksstmMdy MEtsets oatsLHj2Msoadw d Bceclkls
i Gj dzj 2 d3ts drgj jCdegjdiy devlgtsh € d A Isj Mistso ) s
dqBsdizzdetsc jdzj sdSd d tsdS sdzsedd.

t OL tcOB s5ls O dzdzO W BiIssHdSO IsOC Y| fJte
Cdif dzj € Mdets@ s fSHAtSHO ¢ st tcj HJ dzj dzd ©
fsmdz HMMlsoad?2 ©WOHJOYJ tdedzsdzds] olsOHJ R Mis g ff ¢
B' Is! shdseo Odzts dz0 Eydlsd Odzdzj dzj 2, O i
sB dzlz yJ dzd ¥ zdets ) HEMistse jtoder d@3 ftsor hj
5B dzz yJ dedz" = dzd . Clsd OOz Ister Bsclzls
tcOHJdOydetsdzdets?2 L O dlIsr .

l sdzzyj datiatz’j ] HE®B 1 WW jClsdodesisd ftetsisc
HOE s tdatso Odeadw HdzW HtetsHEsSdY j dedW € dzd dzd
ddzido JHEZOdz! datsc ts Btsdzd Iststcd dzc O LWW g
fsMislstcOdzmf dzOdzls Oydtsdedzr 2 f jtodtsH, sO¢ d
BStG! B figiz" dgdd te kffglz § ¢ yd W Bd . ] e s ts
dqdzndo dHEZOdz! dzts? dzj f J toj detspd d3ssMmisd d dzé d B «
sfdetse Odzd j 8 §ted fHeddzvlsdd tejh jdzdvw s
BJLBY OMdesMmisd dzOL dzOyj dedvw fto f OtcOlstso  daC

tdLizdz sOIst dSfisfgdzjsH BS Bezd » ¢ dafzjulg 8zt d 9 i
ftescteORBB HdzWw MiskHjdzlsse d3j Hdyddem€ d A
f totsc tc O dzd3’ Zytcj ¥ HJ dad 2 ormhjet (oW j M
sBtcOL tso Odzd v .

V{fd{rr1rc, 131L8RI3T 10 1T OZRUV
1. Ifjtarj o tslsjyjfijlot dadaspr j fizs0 Cdsty
fs¢ &zdzv wdjsdsddsyd M sy dmmdzd Hise Odzedd Y5 L
COMtejHjdj dedw Odzdzj dz' dg¥ & o O Blightso \j &
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C JRdeW i Sydd; dzO smMdzseo Odedd EMmlsOdztse dzj
Syd dzj dz@ Y zd? qd sdeds'tejOy @ MdJ HJ dzO-d3d ¢
qdai 4 Sydd

2. ltwojHds)yjd dd twjOdkzdLcse0Od §BHABH
Gidilsduyui MEBsets Ctdstcsdzy o sMiisOdzatse dzj ded
~tosdzd yd MEtse s tOHJdOyYydtsdedetsets o tsL HJ 2 Mise
Gtz § stbJ Gd Wiy ydatg figidsjo? ) HLAISS dgd fifidn Is O dats o dzj
OmMMmtsydOydvw ¢ tezAfDRBL*1DdzdAfj telaj 190 j to H j BOR O M
BOwLS j 6O rsl179%RCE2 M ¢ Wads@dzd tctso Odzed j o3
F O OCIsjtedL ze h jegsMmw ftsor h j dadzts 2 ftej Hto
sdzC s Ols ts dds @ dz® o dzj dzf Hisfyistse j todz § ts Is dzd
Oczdzj dz' dz' 7 o OBRTEVI dzlstlo8 0cl j50kt680GELIEL65218F 7 9
Ctezfiafpij L ks OftesdEdh - M - tesdadzyj
otsLHj2MIsads, O QY M ofsdes s s dztsdzd i
f vy s dzdzts @ 5. € s dzls t6 ts dzw

3. 1 OLOBESIsOdz GJj desHd Oc desfylsd yj MS d2
fteslsdosddeW j Sydtsdzgdese s a3z dzdls jIsO E f C
Stcc Odgts ols ¢,0dzjsI) dzts 9 O dzdz" 2 220 dBtsdzd Iststed dzG §
ZzOctclzL € d.

4, v flsOdztso dzj dz' O dzuz #HHEAEBES7:01 d HLA-DRB*01,
OfmMmMtsyddtetso Odedzr = M tcOL o dIsd jolzWifinisftdd tho Otsl
zdy, ftoddddkoshdn ftojtf OcOls™ ¢BOC O dtc

5. [ jIstsH 1 At ) tcj] Odz! desds o tcj d3j dzad
Odzlsdmd3r Mdztseo r n ftoj f OcOlstse, 5B d&zOH O h (:
OCIsdg dzsfgls slsdztsh jdzdd odtekmMO 6jfOISdIsO u

¢}t L1 0ARC T 01 ]uU3
tdLizd O™ t©0OBBIST Hisdztsy jJ dz2@ dzO | | |
tsmmdd dda&.  o. ¢. [ouddadzed ¢ 50 XX (L HUEA 2

BsdzsH | ) dzts 2 dz0O Iz y dzts 2 h € tsdzj RIM [ ¢ (
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C sde?W J toj dzapdcyd, PrGeomics, Bioinformatics and Nanotechnologies for
Medi cine (2006, 1 setsmde dtemn ) |, [ JYHEd
t sfpdd d dB3dtej, -dzf stfs v R geliptef BzBKO s8N j 2
]l Qadizso © t 1€ (2006, [ S o O) ,eting (BODS J tc,
mjdz mMddeS d, aAddedzvdzgHdw), VI di jLH] Odzdz
[ sMCo 0O) , ZO 16 Jottsfj2MEitd Cdztcj i
ANtcOdzydVv) , 21 d 2 4 otetsf J 2 MC 52 ¢ 5 daW
cdMmistsmse &3 Misd 3RsMisd (2;00Z70 1 0,0 te/ndzsis da2n,
| BIAHERZOtCE-§ @O IsdzQ g pblzts? CsdeW J t6j dzyd d ¢
OdzOdzdL O o Bdtdztse dd, dzOB Bt Ols 5 tc dats 2 d
ftosls] s3] € O, BdddzW stedZdOIsd € Oe (2010, _
Ptcj cdzdtetso Odzdizs? e ®Y d Y PHdzsmisd  d3d H d
tcj Ocdtetseo Odzd & ) mdzz y O 4 Oo Otcd 2 ftcd Is
ojhjMmlse (2011, dHitspyedtsts i 2ffffif dsvdd Speseagfll O dz
R&D in Europe (2011, r s mmj dz2 HisteW ] 4 3O
WHjttcdets 3y W sl dztst Ofmdats s WHJteds n Is j§ ~ dzf
tcOHdBOCIsd o dzr 7 ¢ BB Is (RBisitONddpe ( 2 011215 | tausCzd
{smidY) f c@OBYap s 2 Codawj o) dydd A
B4 M Judddj tcOpipdafcCjded U Y M Bds ¢ Bd3f dz
ftesdL o sHMIse , ftocjHitcdWwIisd? oftSHMBGE ISKGO
it smMmMd2Mesd Ctsdetey MMy M B yHERZOGESH dZ' o3
Cdzddzed yj M2 BJHJyHezb gtc 26 )2, bEOdELBB
Mo i3 Misdzs?2 Cdaw J 6] deydd dossEfese Nozp®d
BtedIlsOdzm¢ sG 5 sBh jMise O cdMmlstsmMso d3 Mis d d3
Jdojwilzdz , 1tdlsOdzedw ), dzO 19 d3j Y HEZdAzOtGt
4 d OMMByddteseo Odzgdz" d3 L OB tsdzj 9 Odzgdw d3 ( 20 1

l1vl [ RSOARR
18 RBObjtedOdzO Hdhhy BEOEY4E B nOdEd -

14 MlOlj?2 o 10 dOkydey 7 dLHOddwR, tj¢
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fzeBdzd COydd BOIsj ted Odzts HsCIsstemMC dn |
(CRABBzAEESEc W e, ct smMmd2mcd?2 Odzdzj tc G s
dSCOHJ B dOkzC e, Bt ez tcdz@V dzj Isd € O¢€
¢l tsdzj € zdzw tc dzOW &3d Hd yd dzOe , ¢l tced C dzOH dzOV
cldCtesBdttdizseadWw e, CCHJ tlodzOW d ®H&OEQId:
dzO z ydzr n ) k2 tedzO dzO = 1 Bsdesctc OV dw , 2
Slsd ud Mise j dzde’ ~dz'dr di oz jdt®Ojtedzyid 2 d ¢ tsdzG te g

ItecrteriRr trryvfjRuvou )l t o1 fug

tdLizd OIsT tcOB SIS dmf sdz' L so Odz
dBBzdsdZscdde Afi1 ¢ tshMhdd) -~ dgszlsc dgm e, a
ctsmMMd2MSd2 dOkydz 2 vyjdeste mndtkzteedd d
tof.

{130f Ruveswsuvlt ¢ [Rubd[tUPARR

 dmMmj telsOydw dL dztsy § dz2O &0 237 fMls tc ©
MsHjteydls 36 IsOsBdzdy d 21 twdmkzdss. | dmi
c/[BLBte dzdlsjtcOlkztc' e, c[ObjtedOdzr d d3jIs
¢cdBMmMiyHjddje, ¢l bpObitcceaf s Oz
ldBdzd sctcOWdw oCdzt yojls 435 dmlstsyded € tso
L OtclzB j 3 dz" ~ .
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1.1 ReU [T RC it 11 RURC Ytrrevedl [ 1 RSB
ANtTIREUSTIOUVRR RIJUV SO [ARRE LI O 1L IM 1 ¢
RBZBEzdzd Is § Is Vo gDdpvdzjj 18 iy v d3 Mo ts2 Mise tsd3 |
Stec Odzd L dEseo, Wddzsej dzj sdudi mMS&d BJtelzh dd3
mMdMmisj i3O (9 C dzt yOEr h OW tOL dzd ydzr 4 0OdzOIsts i
T-dBf sHtsBdz" » G dzj s5C) , (Bajaphl, Guosej di) QgDizs ) |
Cotdzt ydw dadsdglzdzdzts?2 Mmdmlsg d3r , ftoctsHsdzy O9
HES yYyjdzse j $O, Htedoeoj dzO ¢ Wstodddtotseo Odad 8
Yytej Lo yoO2 dets d dzlsdgjcAc@ dadsLe d9@izdzts 68 § MY 4 W d o
StccOdzdL BO ls W OCIktese ddaW j ¢ yd s dzdets 2
odzdwdzdw MmtsBMmlse jdzdzr » IStcOdzMW Stc 3] tots 9 O dzadz
( MOdIstsa. 200@MS5d)dz BBELOL 53, WizdeS yd sdzd to s ¢
sBd MY Jdudo Oj l§ (WelH Hjctalasdddyd MSsets d 6J dz
Yylsts wodzw jlsfqw jMmilsjMmlse jdeder 5 EMmMdzse dj &3
R3] dedets L dzOyd dzsfmis! ¢ d @iz dedets?2 Mmd Milsj d3"
daizBzdsdtsecdyd MEs2 dOkS¢d d MmMd3d y dz" = M dz]
]l dzOmptsycj 3w, B ZOGtSHOKW dMmMmdzj Hise O
o' fsdzdzy 20 M MjtiHdde 20 Mstsdzj sdw, tsn
d Bz dzdzse 5 tslso jIsO dz0 oL Hj2Mmlseady ddaW j ¢
d 33z dzdzts? MdMmisj 3" o sy MnoO- § OBkkFEH
EmMlsOdetso dzj dz@ GCdzt yjorj SCod3tfsdzj dalsr € dzj Ist
tcOMCter IsT BBy mrOdedL dzr Wttdddtctso Odzdw [z dzd S (
B HdOteses dqdizszdzdetse s Blso jIsO (sOBd&z. 1)
JHddd3 dL dzOdeBdzjj OCIsdodets tcOL o do O
zOh j otej d3Ww W o dzv j IsnetzO i3z dzte® §f tizp & dz§ @edzC
Gjdgj Isduyj mM<d Hilsd ted3d dzd tets o Odzdz" n Bj =~ O
tcjLdMlsj dzglsdetsmisd & L OBdzj 9 Odzed Vv 3.
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v OB dz. 1. ] Mdzetse dzr § slsCtcr sdw,
d B3z dzs6 § dzgj sd < d
] BH [sCterIsdj ¢ o lasts
18801881 (v j stedvw 9 0O0CyddzOydd Louis PasteyrJenner
Edward (Pageur
1887).
18831905 (v j stedw W OEtsydlstsL O ROz W [ J ydac
1908 GtsHO) Paul Ehrlich*
1890 vy tedwVv GclkzdisteOz! dztsGc ts Emil von Behring,
(von Behring 1890)
1896 JIsCter Isdj C sz dzj d34 ¢ Jules Bordet*
ftoJdsdw 1919 GctsHO)
1902 1 ;B H Az dzdzOW ¢ d § j to\ Charles R. Rich&t
(dztsB § dzj @ MG OW ftoj dsdw
1902 ] sdzlz y g dz fjtor j Theodor Boveri
dzOMmdzj H Mise j dedets?2 { te d t¢ (Boveri 1914)
1909 v stedWw d di3dzlz dzts dzts ¢ d y | Paul Ehrlich(Ehrlich
sfzntsdz & 1909)
1938 JdyilsjL O ts fmMe w L r o John Marrack
QdzlsdIsj d&zO (Marrack 195%
1946 J sCto"MHT g d3r h j 2 George Snell Peter
Gorer(Gorer 1943,
1949 vl stedVwY d iz dztisdias & dzls Frank Fenner
Macfarlane  Burne
(Burnet 1949)
1957 vJ stedw ¢ dzts dzO dz! dzts Niels K.  Jerne

(detsB J dzj o MG OW o dgd W

Georges J
C®sar Mil s
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v OB de.totslH.tsdzy j dad § .

] SH JIsCter Isd 4 polstster
19581962 | [ IsC tc"HEA (| dztsB | tz) & fig§ @3 Baruj Benacerraf
GtsH O) Jean Dausset, Geor
D. Snell*
19611962 | [ f toj H | dzj dzO tots dz Is d Jacques Millel
d isdsz dzd Is 4 Is 4 (Miller 1959).
1972 HlstczC IskEtcO® OdzlsdlIlsj dzO | Gerald M. Edelman
1972 GtsHO) Rodney R. Portér
1973 JIsCtcr Isdj HJj dzH tc d Is dz Bruce A. Beutler
W stecdi3dtetseo Odzd 4 i toj H frjJules A. Hoffmann
Odzlsd ¢ j dz taffiztes jh Lj j2dzls d W | Ralph M. Steinman*
(dztsB § dzj @ MGC OW ftoj dsdw
1974 v stedWw CHo B2 dzgtse ts |Peter C. Doherty
(detsB j dzj o MSC OW { toj d3d W Rolf M. Zinkernagel*
1975 J sCtcr Is¢ dzj NKs € Rolf Kiessling Eva
Klein, Hans Wigzell
(Kiessling, Klein et
al. 1975.
1976 JIsCterIsdy MmMtsdzOlIlsd yJ MY Susumu Tonegawa*
G J dzO0~n d i3d3lz dzts ¢ dzts B Iz dz
ftoJ d3dw 1987 GtsHO)
1981 it OLtcOB IsOdz d3j IstsH t. 1. 1 jlst
Cotete Cydd ddB@zzdzdzse tsmOdIssol § Ist
MmMOdIlssg 19¢
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JsCter Isdj IRY
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( desB J @

Harald zur Hauser
Fran-oi s e-
Sinoussi, Luc

Montagnier*
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ANStedizd tetso Odzd j
Th2 tslso jlsj

f tc hi i

Timothy  Mosmann
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Coffman 1989.

1988

{IsCter Isdj Bdt~dddud-f
Cdzj ss¢qd CD®BEY dzj S fMr

Christopher Rudc

(Rudd 1988
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Edward
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Leonard
Yoshimura
Marco Baggiolini
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1987,

Robinsoretal. 1989.

Yoshinmura,
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v OB de.totslH.tsdzy j dad § .

] SH JIsCter Isd 4 polstster

1992 s kzsdzd tets 0 Odzd | CDdz§ ¢ O| Richard Armitage
sftej HJ dzj dzd § J € ®o (it (Armitage, Fanlew
OCIsd aBXydfjdls ts & et al. 1992.

19961998 [ IsCter Isdj -dzOBTdzdz tej Y Bruce A. Beutler
( desB J dzj e MC OV {f toj d3d W Jules A. Hoffmann
Ralph M. Steinman*

2001 J]EBdyOdzdy (s €Is0O ¢l Craig Venter(Venter,
Adams et al. 2001

* 15 HOdzdz"r i3 MO2IsO www. nobel prize. org

1.1.1 Cr 56 J dzslzde” 2 é fjtcdtsH tcOL o dIlsdw
d dzdzlz dets dzts 6 d d

[Mdeser c¢ccejdzgjlsdyj MEsets dzOf tcOo dzj dzd Vv €
J i &P pEXXe jStse. UvOC © 1915 G tsHzzelf tots!
EE ), ftiocsosHdonhddz +CMf jtodd3j dalsr m  d
IsOdzylze h d - Mdg bagirianug(, BT dzO or" MC OL OdzO 3"
tc 5 dzq dzOMmdzj HIzZj d3" = WOCIlsstetso ) W sted3d to
&f toj HJ dzj dzdzr d3 Is (Littl® end Byfzerl®¥6zj o j B On, [ B
1985. b dOdzsedyder j] dHJjd ftsdzzyddd twOL o dls
d 3@z dzs6 § dz sdud M6 52 f o pasts @ 1 s dztf | Ugflztzk
gdz¥ j $ ydtsdzdz" d3 L O Blesdetljerp&fdaderyes. 1 9 Q@8 G tsHEZ
Yylss M jydWw dydesmils: , O Is0OCx]j o dtlkzdzj dzls
sftcjHjJdVjlsmw, 6 CtcO2dzj?2 dBitei, HOEZBYW
dn ts B ts ¢eteidelberger and Avery 1923 vO0Cddz BtOL 5
dimimdzj Hso OdzedwY off jteor |J fomskdzdtetse Odzd
Odzlsd 6 4 dzts o d smtse dzdzsMmisw d3d  d ldgtidtbdrdes ¢ ts
FCOLT o0z &0 §jtmf j Sisdo desls i ted d3j dzj
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SftejHjdddd cjdcOdayfhdy- stsfzse] dzd ddz
(Irwin 1974.

Il sftesm tB EZYyoOMmisdd c6jdzj sduyud MEses WC
slso jIsO BtjH]dz ddcets Isdf O B' dz Sdeatz] J
R.G. ) mMdtedd 1+ SMYf jtedd3j dzlstse  dzO d3" h O~
¥ d o 5ls dBalmonéllaaertryckeditsy jIs BT Is4 tsL de®qd 18 j| dizOdz
ZzOf tc O9 dzj dzdzts G tSchipft KOBY d g Bedsy Issets B ' dzits &
ftedL dzOC Emlsts?2 ydoe smisd a3 hj 2 ¢ d dzW J
cStsdzyd dzstcOydj 2 dOMdzj HEZjd -~ WOCIsBSse e
Hs®RBd dz0dzs des a3z fted deydf 2. BEEgPdz] mwdgzy 2oz
¢ to ts dzqlfvits 929 Cole 1930).

1 Oy dz" o3 1 sOf 53 tcOL o dlIlsdw ¢ sdzy
ftoj He@EY | dzdzsIs d ¢ gqde? § S ydwdz MmilsOdzts
f sdzd 6 § dzedzts G 5 dzO ) dzWMelisterOfilpd W MO8 B 6 tc O d3d
1 CMf Jtoddzj dalsOdz! detsj] ftsHIseo jteyHjdadj EZyomlk
(GJd detso) 9 wOLoadlkdd Emlss2ydetsmisd ¢ d
d3r h j(Webster and Pritchett 1924Nebster 1925 Webster 193). 1 LY J
dmmdzj HIzZw Emlsts?2 ydo sfis- ¢ teftslzk zCytsate 5 9 ©
ftojtcr 9@ Odzed s B J Manddsh dfdadsimlg dizts dzefmisted tes 9 O dz
yomlsdw tHdssitsddejsde@ dzd d H O @tiptsesatl o3 ted L
[ Odzdzr | tojLbEzdz O Atetsh s Q@ ofCalrdL i
MW ste Bz dzd te s 9 O dzdzlz ¢ Jcjetstesdy [ JdeH J dzj A5 ¢
HOdz! dzj 2h j sz ttOLodIlsdy cjdzjlsduj MEsets daC

sdzj Hize b d d3 9 Oy dz" O3 1 sOf s5d3 tcOL 9 dIsd
MOoOsMissWisj dz/ dagts?2 HdMydy dzddzr MilsOeizbsd & & (
tej OCydd GJ BBOG G dz¢ sd dzOyd (. 4 5B Mise j dzdzts
off jtoar jJ d MY tdzirvitshQBldz of stin@evtdlg jdzdzts2 s to
GdzizB j 2 1y f sdgsh 4 O dzls d ¢ datswirz dAPIBYs o 5!
dbdzsdmr atstetslsC © B" 2O § sz yd dzO0 ytf & |5 glzdg” -

LtedlstesydlIstso Gsdzzs § 2 . r Odzj 4 flzlsj d3
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fteJ HMSOoadls] dzv &3 t©OL dzd ydz' =~ 9odHBe G tsdzlz ¢
EMmlsOdztso dzj dz o dHBMY J ydw qd ydz 2 ~n OtcOCIsj to
fsojtorndzsisd { tedlstetsydistse, O kig@fsynils dipH j ¢

1 Olsji &3 1 dlsj tcRatgrA|Gotel)] ez s B dzd S tso O
tcJLizdzt OISOz + S MY J ted o34 dzls s@chutzd, t&rer jeH g. dzdz
1936. J ~nSH] tOBTSIsT sdz 9" H]JdJdz Isted Oc
My Jud¥duyd dz sSftjH]jdiddOd djgfdddd df 8d 2.
s zatsdzj 2 sdz o' W Mmdzd dz, Yylsts w®wBHJoslstsod
OmMmMyddteso Odz fm EMmMiss2ydesmis! & ¥ do tsls dz
HOdz! dzj 2h dr dMMmdzj Hiseo Odzd 2 1OeRIsdf@ ' ¢ fgicts tzC |
HdzWw tsfftc] HJ dzj dzd 8 H dftislg R D jOditszj] @zzR d & j dzf  dzts
st zmsd ¢ dMmistshy Cagrfdedd] dssmisd  (

[sCteriIsdj © 1958 cetsHEZ rrOdesdz 1 s,
(Jean Dausset, Jon van Rood, Rose P
ftcdo jdzs ¢ dzOfMmistswh jdsz Bizd3dz 9 O te@fipls  z
dzjIs BT" dzd L Odztsy j dg shdsedzr § fJtoJ HMNISOo d
fd MisHLAKR d3j dedets © ¢ HtsG j dzts d3dz’'HRAC(19BQILO BOH G f
Br dzd o' ff tsdzdzj dz WidzH Odzd dzls Odz? dz' § d fyfdzj
HLA-Odzlsd ¢ j dzts o O BOCHH] taHddj Hg dzjlsds O©dzmt c
(Svejgaard, Hauge et al. 194@mn Rood, van Leeuwen et al. 1977 dejtsj Ists@G
Isj Msdtetso Odzdj BtSdz! "tsegts yYydmdzO § Oydj dals ts:
tcsdAJA-W | deslsJf O o Wttdidtetso Odzdd Htoj HicOMY
L OB sdz] 9 Odzd (DegssetldI)B dz. 2)

l O dztsls HOdz! dzgj 2h jets dMmMmdzj Hise Oded W
cdmissmMse i3 MisddBsMisd, O BOCYJ MmMeWiLd d
tcOLOodIlsdj d3 dqdizzdzsL QodMmddir = L OBtsdzj 9 Odzd 2
OB BtcOIststedd o aB3d te d B' dzts dzJ fsH d;ndc
Odzdzj dz' dz" = 9 0OtdOdzstse ¢ jdese, GCwHdqkzs h
ftcdoj dzs € Wistedzd tets o Odzd mMse &3 Misdz A

dL zygd ded & HOdzdzts?2 ff totsB dzj d3" . s sdzftsdzd H O~
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sf"ssds fwdojdd S B' Mstesdkk dzOS sifdzj d
fsdd Bty dL &) {Ilss2 Mdmlsj dgr .

v OB dz. 2. | Odgdz"HLAfis Btc WOHIHps Yd@By=fdf] @ O dzd 2 ,
f s 1 9Bwvari 1985)

10Btsdzj o Od odelsdag [IsdesmdlIlsj dz' dz
1 OCtsdzj § i DR2 130

0z d dzsL del] B27 69

MY sdzH d dzts O
(Btsdzjy L dzt 1

I Bdzj L el 28] B27 37
I sdzj L dz@ ¢ DR3 17
) ZL ' ©yOls{ DR4 15
L dz" 5] dzs o ( DR3 12

1 dgls j tetsf Olsd W
1 Msted OL Cwb

14 BERtesBO A3
gt ddzHtctsd3 z j| DRS3
t 4 da30Istsd H dz| DR4

1l sdzj L dz2@ 1| B5
 dWW kL dzr { DRS3
sts¢mdud ME
(Bsdzy L dz2¢
# On Otcdz" 2 HdJ| DR4 4
[ dOMmlsj dzgd B8

Al O] O] OO N 0

l Oy dets?2 yOMmlst & | dzj HsMIs OB h j 2 Hdw W
Btsdztsedyj MELK? dotsaitd §tejHj dzj dadj W k2 dzH C
mMkh jMsotso Odzedw Mmilstsdzr Mz dets?2 o ¢ J dzj Isdn
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JHAEZO dL &Odelsdmde Af jdemyd I o 1 Iss2 tsBd
LawrenceH.W. 9 19Ghavrerwdsi®®p [ dz ftcj HY Sdztsy ( dz,
HLAW stedzgd tclzs Is o dzgzlsted C dzj Issydz" j S i dzj €M
Msd Bz dzdtelze Is + S toj Mg ® tcOMYf sL dzO h j G &
dzd W sydlsO. QueRd B sz dBstcW dL d3 dzOff tow d3lz ®
ftejLjdzsOydd Odzlsdej dzdz" = HJ Isj ted3d dzO dzls .
hoj2QyOtemMicets JdqhBzdsdZztecO ( sd WO AddC
Csdzdzj e6d 1 dlsjteO® 1 sitelsd. 1 1974 cetsHEZz dc
tc@fsL dzOo Odzd v € ykzy jtetsH dz" R d 33z dzts ¢ § dzd
ydlsskbsSmMduiMSdn kjimstse 5 tyj LGMVsIse
B dz0O fsC0O0LOdO L Osadmd iigsmlis! ek Y dz@ztl 5 @
(Zinkernagel and Doherty 19Y4 1 ' dzts Ekfmils Odzts o dzj dfisdzj lsydsCr
Mfduydwdud M&d oL OdBsH]2MbsoakzrIls O M
MOts2 dBsMBLCS &z dzts 2

] sy X4 GBH' , BXZOGEBHOY t©OBBISOd 1 C
Istcj ~» 03 tdzOVW Mistclz € Is ZMHE € rizO dg@j®@kmars, Saggdf dralS M (
1987). Clsts i tcts dzd dzts Mo j s dzO Is ts dz€ d 4

gz dztse j dzdzr = f jflsdHBse d d@sdzj Skdz 6 dzO9 «
dlsOdzs § tsdzv Is dzts, Yylsts Hdzw tOLodIlsdw d d3
d d3kz dzts H s d3d dzO dzls dz" 2 fitd-BguLr o®ds " jQdzls d &,
¢ tsdzls OChlsjd2tc zfy ded d3 Mtk ez €&z der  dzO- sSH d Is? fmw
EyoOmlsSCd Hdzw MmewL " 90dedwY M Lt Isdd3s §J¢IsdH
zdzd ¢ Odz' dz" 2 { ts dzdibAe Wil jd3) deijddades Mis ¢ d d3d3iz

1 OtcOdzdzj dz' dets  tOLodIlsdj dRLAfac | ef)ls © o &
d dipgzdztse s tslso JIsO dzO ddeW j € yd tsdzdzr § 0c¢ j
dimfdzy Hiz¢ " HIA etetstiztste 3 tetso Oded d - iff JsY dz Waf oy o ft
ftedL dzOS ts9 . 17T dzs kEMmlsOdzso dzj dzts, Ylsts M
Ctsdzl toj BIHA-Gdzls d 6 § dzts o fn L OB tsdzj @ Odzd v d3d
L Ofgddizsmisd s wOMMsets?2 d/ ddzd { Isded yj M

G te iz f(fhorsby 1974Bodmer 197%
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Clsd HPdedgls Odzd tsMdatso 52 H dzw Mtc ©o dzd
dL zyg dzd & ts ) teiBAHfdisizbsddstg @Y d L 30 ) tc OL dzd y
ctelzf § OF . lfjteor j tojLEzdz sOIsT 1Isdr dMm
[ I HEWROKSH s ttOBtsYyjds Mtse jh Odedd 6 ¢
Cftsdedlv) tcOB SIS § Mseo Jh Oded v f tod dzd d30 dzd [z
OB tsteOIststed?2 d o YyoOfmlsdesMmisd dL RrRdzMisdsk
Al1UL J1A cRrRdfnisdlsikzls dqdisz detsdzscdde Al 1 ¢
o ©OLodIsdj A e OOdMgdafiscgtse dw e d fnisi) 1
Bf &ZO0 otckzyj dzO d3j H Odz' .

("] BHdddB 903dy &3 tojL zdzt sOIstsdz 11 Mt
MsOdkzO hdess OW ftedL JdzsOydw B ssHO
dMmf sdz' L s9 Odediytfd y Hf § g dedzly tsdzd ¢ s dzlz RCRJ SIS «
SSop ¢cOo¢ Zsotsets fHAHAO Sl Jikise
ftoj HMsOodzjdzr d Hkzed] Bty ko@ddso |
ssdz ydmdzi : -BEzEBIlS dZOWOHGE f sSdzd @BtsteW dL &3O
W tcOG d3j RERRFLP) ( W ste d3d to s ec@ dedj jtc s H At dzj ¢ M ts ¢
(iYW Bted3Oyd sdzdzts 6 5 i sjddsRisjtcy df'L RO W ts® das iy
(SSCh . 1 tjLizdz OO Mtse jh Odedw B ' dzts
dzts d3j dz$ dz@Us il yd W d ydetsmis j 2 , s dats © O dzdzlz
ZMmls Odzts 9 dzj dzdzts 2 dzkz ¢ dzj tsls d H dzev@w.ihiigterigdzj H 5 &
Md esHdY N dzd 2 HJ dz' HldeOoLSCod@¥dzf@j Is O dE&dE) Sdzw d3d dzd
yqwter d tw©WOLHjd&vjlsMw Hotjlstsydw d3d. Ad
Hotsy ssydv, COC ftOo d dzts, sBBL dZ0OyYyoOs Is @
SftjHjdvjB 2 Mjtesdasedyud Mcddd djlstsHOd
slsdzd yOls+  Odadzjhdfdj, mWic @ejdipngzts dzd i3 wdz" di3d (¢
O3 dets € d Mdzts Is ) L Od3j dzO dzd dzz € dzj sIsdHts9 .
fd detsded di3d ydz" &3 (daj odzdWE N g dzO Od3ddz
Bjd&ZEO) LOR] 2O, tcjHjdzjdgr Istcjls' ddg
s toj H ] @ezgzls dzd , tcOL dzd yOr h d j Mw f sfmdzj H S

Bj Csddeky h 7 ©Bd&OMIj2, O ©OCY] dJdist
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sBtL d&ZOyYyd dzdvw s yYOMmists dmf sdz? L zs Is BkzGC o
LEMmY o] Md tsdadz’ -B dztiplp BHfziAq (Odidziafp'dzd , + S MY te]
tcOL dz§ yagOMlsw LT & dAf ts§ g/ j d&ZOr  dzOL BOBIG Y] MGt
ftojHj ZOBH, ywlstsf dzOL dzd ) . J Mdzz yOoj o s
LMy MM sdzdesd3 MisOlskzMmy O dzéizfabedfant 3 Cd@izd] t
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ljtjntsn M Mjsdsedul-€Of dils ddaQ fm Szfsjdz
dL izud ded ™ HIAn o jleg'e § dz € L 2Oy dlsj dz!' dafs o
d A3z dztsGc § dzj Isd ¢ 4 . s O¢C LO ftsimdzjHizs h dj
9 dzj Htcj dad & d3ds fzgz £ Ik dizy jofidds d - d3j IstsH 59 Is (
o Ot OHEE BB L tosmdzs f 260 MY j W Rdat friflsg] 2H
fn © 2 Ven@.hla.allelesorg dzO@ v dzeo Otc 2013 EtHO). 10

HqdZ2OBd S © dzOC st dzj dzgd W H O dzdz" HLA dz0O f dsdig "3 (st
GtsH O.
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t dfm. 1. [ d dz2Od3d € O dzOC s dzj dzgd v  HHDAZOA £
H O dzdz" d3 wiy@Hlalsl@lesorg (Robinson, Mistry et al. 20]1
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Il yjdsz sy mMim Westtdddteseo Odedw  tsdzqd
SlstsBtcOY J dzd J 3 + 9 tsdz¥ yd tsdzdats 2 tc 5 dzd Bz Is
fsdzd BsteWdL &3 ¢ jdse dJBRzdzdzscts lso jIsO ¢
COC 9dHO 9o EfMzseadwr @dtgHd d @ER HdE®Fcti? >

fi Hick & t52 fls s tets dz" f tod dzd BOW odts
Bzd sdW OCkstedOd dz 2 ROw©OCljte dzOMmdzj H
Mdzj Hizjls ®ldijlsdl!, vyt fttd GftjHj djd

Mo w L Odgdz" 2 fm desfdlsj dz2 Mlsetsdz s tcj HJ dzj
dzd odjtadis® Odz ddzd HONJ §jtejSCterls dzgj 6 OIsd o dz
qdesdz { sOfj BdS~dBdud MEs2 tj O0cydd ddzd

SON dzOf tod dzj WHLA-ALB®OREAzts Is defO M tots M ls te O dz
ZOMmlsswh jj otcjdBW MijHd jotetsf jtsdHtse, M
MtejHdzj o j SBBOT 7 fOdH] BJ2. 1 8Mdljdzd It
o' yde Oded d, fsmMitsdz €2 jets dOdzdydy Mo
ddzsz dzd Is § Is O, detcOs h ddsd o Oy dzz¥ totsdzr o
[HBOSC o dqLiiddehdamw M kI - Mtffswr M@
COf dzsilsd {f Hj Bsdemistcdtelz j Is Hisflstsoe j todzlz ®
Ozlstsd B33z dzdztse s 6§ dzj L O, olClsizf fu@®@W d MBR @t «
1 dzgH 5C tod dzdzr = (Rfi@Is1892)s € 6B Is ftodd3j e Wodzv,
fsCOLOIsj dz dgr d3 H dzw sftcj H dzpded Wo totis@ado
dBzdsOmMmMsydJtcso Odzdz" = L OBBdzj 9 Odzd 2. U O
BZOSC tOHT 9 OW fiy! O kdzd € Odz' dz" 2 Hdzv H Odadz
Hilbjtodsddzdtetso Odagdz" = ftodL dzgOSC s, Bsckzls MMl
L oatsdzd ydtsdadats 2 s sy StajO dzj telgddzd WL Ot Gsfigt]) te tOfighs| 2
sftcjHjdzj dgdetsets G j deslsdif O.

1.1.2 RBBzdSEjdisdCO o {§ohscj dsddkzy !

[ HdzOC 5 HOd dzj 2" § § ©OLodlsdj " b d
B dsdsecdd bkttjBtsoOdks §jtjRtsHO dO ¢
ftododzj yj ded j o5 H Odzdig fifdztte Gsnj digjjlssdzupgvinkddds o o3
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dL d3j deyd o sfmisd GJ dztso d d3d3lz dzdzts G 15 slso j |
d sz dzs OmMMtsyd Jtoetseo Odzdzr = ftedL dzOC 59 .

1 Bar j otsL sy detsmisd o H O dzdzts 2 sB dzO
ftetsj SISO ¢ J desd3 yJ @&teraer, Adams ed al. 20D 1] @sda’ kz
tcjLkzdz SOl tej OdzdL Oydd 1 Ists? d3d Y H Iz
Wstcdzdteso Odedj Htej HMIsOQodzj ded?2 5 tetsdzd 6 ¢
sHddsydy = dzz € ddg. tslg fH diff jo6 SLH@IEE b dzd 2 H j dz
d f sdzdzts?2 BdbSNPM H ©@atidsl @National Centerfor Biotechnology
Information) MtH J tey dIlsmw ddaW stcdzOydqw Bisdzj J
fsdzd BsteW dzr = EyoOmlsCtse o cjdesdzdd yYJ dzso j ¢
SNP(fts H O dzdz" Wwywwin@ihlisi.@h.govsnpme stcC O -~ 137) .

10deBdzj j wttCddz fteddzj esds HOdzdesec s Isd
d BBz dedetse s Blso jlsO d, o Hisd cudindzpy tydHn
Odzdzj dz! dz" § 9 0OtdOdzlsT cLOSCtejfddzdm! ¢ o
Y gzi M s tc OKlers fd JFigueroa 1986 [ HAOC dzOtc W H
CsHdtelze h d d3d BBtsdzj € &z dzr G dzOo dzgtsG 5 C s
EMlsOdetso dzj dets L dzOydlsj dz' detsj yd fi-eHA ¢ QzshQ
Ctolstster j] CoHdksls Gettsdids] ©OL dstsetcO]
1L WWj CSlsstodz n C s3] ts dds ek jsle O, d d3tizk tdatiafste s M
WdLdBdzsedyj MS sd3 (Didkindgrizand @hgripls RaB%Serrano,
Millan etal. 20086.

J L OC dz¢ yJ ded § ntslsj dzts ¢ B ' slsd3j Isd Is-
zOf e Oo dzj dzd W ) dqizdiz desdzsedd M Mmjtcj HJC
sWstcdgddoh jetsMw © IsHjdz dgz¥ HdMydt dzd dziz
fn ftesetcj M d3 ) sB dzOMIsd dK J& ks tdd o
GjdesHOcG dzsmlsd € d . g ftwedzj dzgdj &3 detse ' A
o4 Cliste HOdz! dzj 2h J G tcOL odlIlsdw dzi ¥ dlIs
B HdyYyddzemMSdr dMmMMmdzj Hise Oded 2, dzOff tcOo dz
HdOGcdzsMmisd € d, O IsO¢Yy) My Gdedadz Azj § Bk

MejHimise d MjHflss (oW ddoSlsdSd, indzs
36



f Oydj dzlslz. Clstsls ddzHdodHEZOdz dz" 2 f SH A SH
Bsdzj Cdzvtcdzyr =« B rOdzdL d3se W EdC ydsdzdtetsoe
dzd C Odzr detsflsd ¢ jodgf ded 6 sty Odedzis g 5  di3d3lz dedzts
stec Odzd L B3O Il st s dHj dzZsdWdE oOoydw G J (
ftoj HcOMY sdzsy J dzdzsisd & BdBdZtedyd MEdd;
dzsor d3 dzj S OteMmise jdzde" d3 o f OtcOISOd3 MisOdz
dZzOff tc©o da3 alzd R d g g dz" .

1.2 1 {JrREJEARYSE (0L rREJOULULLLL LUl
AJTITRTI LI O RR rsovravl 118 VHU [ BY
RIJuor 1ol RrRerR[ZI[ 100 ff ]l oLRCS

]l Oted Odzls * GJ dzs 9 d dizdzlz dzdzts 2 mMd misj d3r
H Odzdzts G 15 yJ dzse j € O d Bdsz dzts G § dzd Isd yd & d 2
qdzedHEZzOdz dz" d3d B dzdlzsmisw dzd W E2dzC yd tsd

ANz dzC ydw GJjdei sduj MEBEts C s dzls te ts dzw d
MY sted3dtctso Oa h d dzmw ) Isj ud dzd J 9 jCtso i
sCtoclzy O h j 2 yJ dztse j € O mMtej HT . s 0¢Cdds t

dmyf " Isr o Glt@ dBJ B 4 tcjelkzdzdtlze M j | oftsLHJj2Tf
weo dzw j Isfpw shdzso dzr d3 d3d ~ Odzd L dZGsAZ OH OF SO
sCtezy O h j2 MmMtojHT d ot Wdhdtsctsds tsftcj HJ
tcj OCydd dzO Ists d dfHedrnfkiAS76Ne dand Chgs3eml9R3d |

1 Otelzh jdzdj BOERZORMNO diBj Y HE ttOL dzd ydz d3c
Bsyjls ftedotsHdIs! ¢ tOL 9 dlsdetmcalrls st Ofsizizd
f sded  OJ Is Mcfteslsdo dzv j dzssMls Stec Odzad L ABC
slslststey j dzd W Istc Odzinf dzOdzls Ols © d, IsO¢
ftoj HicOMY sdztsy J dzdets M ls ¢ Yyd zso j €O € t©OLo(
(Goulmy, Schipper et al. 199Bunn, Old et al. 2004

lteddzyd § d Odz! dzOW tc ts dz- Gjdzgj Isdyj M¢ tsc
d Bz dsOmMMtsyd Jtctso Odedz" ~ 2Otz j ded 2 3§ tSt

Milsjfjdd c¢jdjlsdujMSs?2 Code sSton Odzlsdetsls
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fsCOLOj &z CtdltstcHOMsdksMIsd 5 MO- Otedat
Iz BsdesL d 6 BsIsdz = BdzdL dzj ytse i ts Mtc©o C
ModHjlsjdzt Mlsalzjls B L dzOydlsj dz' dgs?? otc i oc
L Issets LOBtsdzj 9 Odzgdw (lsOB dz. 3)

v OB dz. 3. lddzgilsdyd M Ow € tsdzC tstcH O dzls dzts iy |
L OBtsdzj 9 Oded 2 Lk MZgts déts LHf[d PEds’ lgtlzd dfj yts o

1 OB tsdzj 9 Odzd j MZ % DZ% |& " dzC O

4 On Otcdzr 2 HJdOBJ |3570 10 (Redondo, Yu et al. 2001

tdodBOISsSdH Az 2 011215 2-4 (Seldin, Amos et al. 1999

t OMmMmj wdadzr 2 M¢ dz] 2530 0-5 (Mumford, Wood et al
1994

g dmilsj dzdzOW C tc Ofi 2557 0-5 (Grennan, Parfitt et a

(al) 1997

1l sdzj L d2@ stsdzO (2050 3-5 (Thompson, Driscoll et a
1996

1 Msted OL 72 15 (Brandrup, Hauge et g
1979

¢ Mis 30 59 24 (Sarafino and Goldfedde
1995

[ 5 dzjHOadzjcts ote] A3 dzd Bfdetse dztsy 9 dz(
GJjdzgjIsdyj mMSdn ts f) dzts o L OB tsdzj 9 Odzd 2 B ' dz
s dets G § dede’ = dzOtelzh jdad 2 (o3 deH j dzd telze P d §

Mtse toj d34 dzdzr o3q ftcd HiMlsOo dzj dzd W d3d , B t5dz! !
L OB tsdzj 9 Odzd 2, dzj Mh drn o MmMeatsj?2 Mmdesoe j
Mtso &3d Misdzs G s o dzd W dzd W Odzdzj dzj 2 , tcOMY s

(Bzd sd¥% 0C st d Od (Rizrezratxets) Baskdet &. QaB@odner
2009. 1 OL Ol! H SMGESGS ipazzr ' o¢ j dssdf O )
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¢ OSCdds LOBBSdzy 9 Odzgd W d3 L dzgOydIlsj dz! dets Mmadzts:
¢ Otels d dzr ftoj fwismlsolzjIls dzj SHdzSL dzOydzetsmls!
oL ded € detso § dzd W dz ssydesfils § 2 W dzw j Isfw
Bd X s zdv ydsidgdai d-2 o 6 OMYtej H]dzj dedd  ck
My j f dzj dzd (Pfaf, Pazms dy@l. 200McClellan and King2010. s tets d3,
ksets, 90)dzg &3 f OteORj stesdz, HtOCIsdyyj M d
d3d dzd 4 , odzdweshdd3z dzgO tdm¢ twOLodIlsdw L
WOChktsteso Stk Osh j2 MmMtejH' (Sktejdad ],
dzj f cOo d dz! dztsj  {Cdfrisa® ABPQYSmith ars .Ebrahim 2003Hunter
2005.

vud B3 daglel S5 2 EZMsOdzse dzj dzdy 64 daj sdud M¢
f sihdzz ) d Is dzZOH j Yy dgr &3 dBREOtS jtesd3 Issets dd
fsLotsdzw jIs tyj ded s ZOMS sdz Cts ted MC tc (
Yyd dzse § €0 o hj ddzd dedyd MmMtejHdzi 6ts tedm!
sO¢ d A ROt jteso By des EZd3j dz' h s J Mmc
dzj ¥ Oh d j ) O di3ts 2 sMmdzts o § Wstedsd tots o O dza
ftoj HicOMY sdztsy J dedetsils 8 € L OBtsdzj 9 Odad ¥ .
OmMmMsyddtetse Odzr ) dzj M 620 B (Hatyd 4nd Ricus2®(j8o O c
Smyth, Plagnol et al. 2008R MMmdzd HEY G Jjdai sdyud MEdIsoff 5
Bs ) dzts Iz Iy ldgDdESojefdedw ¥ P dj dzO Ekttse j dz 1 G
Mos2Mlso ® jets ftosHEZCIO, d, sOCdd3 tsB (e
Widetslsdf O M fserh jdedes?2 ftoj HicOMY sdztsy j dac

[N] BHdB2 90)ydzs?2 LOHOYJ?2 f(tod dMmMmdz
L OBsdzj o Odadivlsiiigw weprdB st Isdf O ¢ j daj Isd yd M
OfmMsydJese Odzdz' 2 f) dzd dW OSssted Odz' dz'
or MsCkzs Yyomkstsiskz ) fsfkzdvydd, H ts dz
MisOB d dz' desmis! & (day dMmyr Isr 9 Ols! z0O Mmj B
ZOC tsdzj Yy,B 'HSBUFjdE S s OHOfsdekzj &g € HJOC dz
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v OB dz. 4 . 1 J dzr OfmMMmtsyd dtetso Odzdz j fn
L OB tsdzj 9 Odzd v d3q

| d dz Az dz€ ydw ) sdzj L dg
PTPN2 TCR-Md ¢ dzO dzd dzGc r fosjls, ml)
PTPN22 TCRM d ¢ dzO dzq dz@ rdqosjls, ml)
IL23R W% jtej deydess®GPw diml 1 s, fMmMsted
IL2-21 tdekdyydvy mMkzeEphitae, (¢, HJO
IL2RA t j Gz dzwSudfjvls tes€ te, HJOB,Is
STAT4 { 4 ¢kzdvwydjvs mydesets 6t ¢, ol

IRF5 tjekdvydy IttOdmMCte|al, mIlys, i
CTLA4 t j uj 46 Ists ¢ rdosjls, t ¢
TNFSF5B tJjekdvydw QUgdsss@y|t ¢, ol

ATG16L1 ltetsyj Mddee Odzsdcj mlys, §Mmtsted

Iy 3 +sdd3 [ fndztSNEvdD disldsedgj YOO MY etsfls
Gjdaj sduyj MSdr o Oted Oy (Marth,sKorfcej alztd B9 Taillgy- dzts o
Miller, Piernot et al. 1999 SNP i 1 Ists 9 Oted OB j dz! dz" j
f smdzj Hs9 Olsj dz! dztsmisd 11 8. ] sdzd d3tsteW d L d3t
EyomlsSdy s o A dzw Cslstste’ m Yyomilstsils © o fi
tcOMf etsMistcOdzj dedztse s 9 OtedOdzls © MsMmilsOo dzw §
fsdzdBsteWdLd3 By jls BT Is! ftoj HMMIsOo dzj dz
Yd Isr te! dzw  Odzdzj dz dzf 3 o Otd OdzsOdzd ( f ts
HOdzdzets2 df srdayd, SHd&ZOCt Btd hddfmlseo s ¢
o Otcd Odzls Or ( B d Odzazjj dizr jids ) {f tc tsfiglists laski{Beapkes H d
1999. Il " mMsCovw § dzclsdzs s d {1 e8tdz ydtsdzdzO
sHdzdd3 dL d&Odetdzjj fJijtemtfjSlsdede » H v
s totsd3j ss6 s, mMzjHkzjls Glsdjilsdls: zdzd o 4
[Hdsdzz C dzj sIsdHdz" | ftodzdd@dsteW dL i3r dagnlst,j y
sMmtse J dzdzsmisd o sjr d3 MsOR, GHJ f SHHJ
wWodw jlsfipw L Odzsetsd3 M j" detsets o' f tsdzdzd dzd
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B ~nOdzdL BIsd3 WistcedZ3dtctso Odzd v BhetsestsBteOL W
d3ts dzj C telde’ &ZOtew HE M {§ tddsdgdflaisdyldsdzts?2 d+ ¢
wodzw jIlsfmw f sizd d3ts isiizdetafigfldydzy dz0 Ektetseo dzy St
(Parham 1988

s O0Cdds sBtcOL 53, smdzatseo dzr j G4 dz' ,
ftoj HicOMY sdztsy J dedets s+ 8 € dzdztiztess dz® o & 1§ dzds
stcj d3 Btsdzr hddz ctolkztf f Od3s:HLAL st j dz’j dzr Mmdcy 16
HAWW j to] dzyd tetso € ts 2dzdddzW@tusidisots@y ( jf2ts dqus B to j Is §
d GJj dg'ls,o jIsMmlse j dadz" j L O MetsstcH ddzd tets o C
Codi3f sdzj dzls 59 oty H | dzdzls G 15 d ftcdtsBtcj s
ZzOMmilsswh j j otcj &3 ff sMmdzj H dzd j Ho J CGtelzt {f
fd Mmls j-BA cdeidets o d d3d3lz dédaseetsO dstise, § IssOs W f OH d ¢

121 t sdz HLA-G j dats o ) tcOLodIlsdd ftcj HicO:
ddizz dzsL Ooa dMddzr &3 L OB tsdzj 9 Oded Vv i3

] sdzd diI3steW d L dLAMdefirlsvj jdis M SHdzd 3 d L 5 fdat
WOCIststets o tcOL 9 dols] v d dpdidzddztsh L dodafiyfldn d d3(ARes, L OFE
Davini et al. 2012Nurzia, Narzi et al. 2015un, Wei et al. 201Hughes, Coit et
al. 2013 Nouri-Aria 1985. adMmilsj &30 G Jjdzso IsC Odzj 9 52
cOMf cdzsy j dzO d20O 6 ~tesdishtsdsy o ftoj HJ dzC
M jtydls 224 GJ d&zO BBdzj J f sdztse d dz" ,
Mo te] d3f dzdz’ o5 f o) H Mls GbAlzjdedOVipls o Enidlin Is jod3O t
d i3z dzdzdssoty s @s oLOdBsH | 2MIsedd d dizdzlz
Stce Odzd L d30. t 4 OdzdL Oydw 1Isdn WkzdzS yd?2
Mistetsj dzgdWw ¢ dzOo dzesets C i3 dzj CMO IsC Odzgj o 52
tcOL destsBtcOLdj B jJeBB G jdilsdyj MEts?2 MBkzC
HLA-Odzlsd ¢ j dzts o HLA § tzgzp @ixtf O dzw ¢ Is MsB 82 kYo
tsls dzd y O Isfmw ¢coO¢ d3d dzd d3lz d3 S H dzd dg d Haidr U3
f sdzd dBtstc W d LOdgEdsdz) . 1 Isyd - dL d3j dad dzd 2 f tod o
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ORddesC dMdztsIsdzgs?2 f sMmdzj His9 Olsj dz' detsisd B
J ¢ 5 CWylHfighes1990).

LMIs Odzts 9 dzj dzO Cotetcj dzw ydw d3d Y HE dzC
St HJdzj dgdg" = Odzdzj dzHRA d( dftfolaefj HeeCDYfrrtf tasisirisiy g oc
Bdesc 3 Oklstsd d3dzkz dedz" o3, gds¥ j € yd tsdedzr o3, 9
IsO¢ Y J LWWJGIsdo detsfls & Is tc © dzf lf TiZ® @ztiz® a) dz g
OMMsydOoydd ®&ixHE tdmitsd d IWyjMmls! s
My fjde v Mseods Msdismisd HBdsLO d -
fcdzd 3stcW dL di3sd3z G j datso , tc OMY s dzebAj deddzts:  d
o' fsdzdzv s hdr Odzlsdej dzff tej L j dzlsiqadE h j B | de®
Mdmilsd 3" $ s dzj i3 dels O, B J dMysk ansl TYddzBH)Es G
Simmonds and Gough 2004 s totsd3j IsliSAGlsts), Mdets) dEfyj f dzj dzr
d @iz dzstcj czdzv sstedz” d3d G J dzOd3d, twWOMY tsdztsy
zsC E2Mmse .

{ Hdzd O3 dL dzOd B sdzj § dL zyJ dzdz" n (0)74
OfMMtsyddtetse Odade" = M YHEAZ] ditsaedzd L Isitp'ds  fig Q -Hiadste
Is d §(Todd, Bell et al. 1987 Pociot and McDermott 2002 LMilsOdzts o
Hsfistse J tedzOW O M MPRBLPDORBL*0D fipdzjc @y 2 d Isd j d3
1 tesHECISTHLAG dZBHM O Y ODRBizB@AId BOBL o' MisC
fesdzd I3steW dz" d dcetcOs s totsdz! ,CDL GREj daff jHftdddidg, J
d o Vstedsdteso Odzedd dJdsdszdesazsed yd MG 52 I
fMyd § dzj dzdzts i IsSRRBL-DRAMDOBL fMH j dzO dzts L OHOYlz
L Isdsdztsedyd M e ts GOt j tcO Hiso Sdz' dzts f
dimimdzj Hise Odzd v f ¢ DRBOERJ(,DRBIfGARY o Galrdz jsdpgf  y «
¢ Of dzts IDEBRLI*8HDQB1*02-DQA1*05:01 (DR3 ) DRBL*04-DQB1*03:02-
DQA1*03:01 (DR4 ) , OffgtOgafialtE f L OBtsdzj o9 Odzed j &
smtse § dzdzts M is d EDRIE/jds)j.ets) o8 j dzd § ted < (
oJteWisdats, Mmow L Odzts PO ty telzfg dotists oH@BIERPMAE IS to
HLA-DQBL O dzdzj dzw o3d , tcOMmf sdzsy § dede” d3d dz@ @

¢ MMmsydrAyAd)y @Gr{jIstsdz 1 IdJfO sCOL O0dzO IsO
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OLdOIkmMEts?2 fsfkzdvydd. v O¢C o W tsdht s?
Hisfistse J tdzOwW Oty fIPRY (DRBOELBEDOBI®MdALY
d HLA-DR9 (DRBL*09:01-DQB1*03:03) (Erlich, Valdes et al. 2008Zhang,
Wang et al. 2009

10 tWWjCls lsH jdg dlt &-DRG EHitdxDQgs®y § Is o dzd
dr ©BStlzyj dzdJ (fdzgf dgtletc ¥ d L adEs S Ifgtp o , v
WOCIstster ) . v O¢, dzOWLi-D@B] t6 j 2 fyls ofdigii HQ dixaR ] d
o Otc! Jtetso Ols tsls 9" tc Oy J detiAsROBL*06@Ate 5 Isy &€
dzj ¢ Ols d ldLdeB@BE*0302) (Erlich, Valdes et al. 2008

stesd3] Hiswhsegdtsdz qettOjls SHdkkE dL thd
sSO¢ dnr L OS] oteXppfiP] W dzdz” 2 MG dzj tesL d fmd
OfMfmsydBLAPE2 ( ¢ Of BIBEB[*15:01-HLA-DQB1*06:02) iy
tcOMmMmjwdader &3 ME dzj esL sd3 His Mdrm §tste dzj ¢
ftcj HY tsdztsy HIADRBL*1510bds Isj Mdzes Mo w L OdaditA?
DRB1*1503H sfMistse j todzets OMMsyddtcseo O@d3j i d £ O Hzfk
d, ojttwilsdes, Bk J o tctsfindaswyjOedzd Ws tdf edfjH f O
dzj L Oo dMd dzs?2 HLA-DRBOIH.@MEHEANQBL*06:020Mmtsyd Oy d
O dzdzj dHLARG dzO fi) ffHRA-A*02:01, HLA-A3  ILA-CwO05) O kOG
Odzdzj HA®BL 3 2*354( B S tetsMOIs j dzdzd Is) BUARPRE M
(Fernando, Stevens et al. 206f&fler 2007).

1 0dBtsdzj j HBMise j todzOW MmowrL ! ) t©OL o
Hdzv  Odel fzgz® fij ff ORBL*03:01, *1401, *150 1 d:01* 0 B H dzO¢
syj dzC O tshdtsmdlsj dz' desets 9 C dZOHO 1 Isdr 0Odzd
HOdz! dzj 2 ''sjdap dedriando, Stevens et al. 2008 1 d X J ftod o
sOB dzd yo© eEOMHER: | O 5 OfMMts WHHAO Y O MififRzdz]
tcOLodIsdj ds sMdeso dzr = &z dztsL Qo dMmddzr = L C

Il fto]j HJ dzO RILA tésjOdndf tsdids ¥ j dz sOCYj G dz
dzd f sftcj HMlse jdzadets o© HtojLJdzZsOydd Odzlsdc,
tcj OdzdL Oydd 1 ISuRs Wolz dzf e 2 BAR jdtcl M, G

slso jlsMmiso jdzdz' j L O f sy fiind dzeMPORAMPE j dzt
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O ntSHWIS ) mMsMmMisOo fteslsj OfMtsdz, sBJ M jy
BXZOGtSHOW yYd BBz HBMisdeOjlsmMw MmMistslse jIsfis
MeowLr o O hQj difts diHRAAEZZOMMO. Ak dz€ yd wTAPLtG tSH
d TARP2 IsOC ¥ J§ mMowLOdO M jekzdwydy? tcOL C
ftojL jdzsdolzj d3" AHLAdSsd fig@zO g Otczh | dzgdAPL W Iz d
d TAR &3sc kzls B ' Is! Mo w L Odz MM ftoj HIOMY & dzts
Okzlstsd i3z dzdz" o3 L Ostisgzj v @fdaif )’ 3¢ ) O (Desbpinsieslz
Wheeler et al. 20Q8rorsson, Tue Haes et al. 2010DeshpandeNolan et al.

2005.

v OB dz. 5 ¢ Mt H{OM d f O 10axafidg dizjj B tsMhdztse dzr -
L OB ts dzj(lda@digthetthi, Ramagopalan et al. 2010

1 OB BBdzj 9 O HLA-G GlifsIsd ff r HLA-G Of dztsIsd f *
Jotkf JsdHBY OL dOlIstse

r d©s J Is 1/ DRB1*03DQB1*02 DRB1*04:05
DQA1*0501; DRB1*04 | DQB1*04:01;
DQB1*0302-DQA1*0301 DRB1*09:01-

DQB1*03:03

t ©OmMmJ v dzdg DRB1*0301; DRB1*1501 DRB1*04:01

MmMC dzj tetsL

g dMmlsj d3dz0 DRB1*0301, DRB1*5:01 | -

o 5 dzy O dz&¢ O DRB1*14:01, DRB1*08:01

ml s DRB1*01:03 -

t 4 © 30Is ts d| HLA-DRB1*04, HLADRB1*01,| -

OtelstedIs HLA-B27

{StwriIsdy B4 m Oded L BO  d B3z edzbftsiz tis y odC0

odtekmder 7 Odidsdejdese o Co&fdjShmi M
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cdmissmise i3J Mis d dsfstgls e § tf dzts s dlslz2d dztsyIs 5 HifAs dzd ¢
By jls qewOk! tjhOshks sd o (WWjCld:
slso jlsO dz®@ ddztjCydys. JgsmdjHmseadd I
Bdescdrn M Hse Odzdwa. 1 IkOBddyj 6
Odzdzj dzj s WO ¢ jdzj sdyujMSd ©BEMdss dj d
ftoj HicOMY tsdzisy | dzdzts Mdzezs RS d 2OHNT 1666 detzOdgj L C

vOBdz. 6. ¢MMsYdOoydw Hddny df Rl s UG OH G
ykemlsedlsj dzt detsflss 6 ¢ tcOMmY totsfls tc O dzjHitkdz" o3
Elvin et al. 1992 Almarri and Batchelor 1994DesombereWillems et al. 1998
Hirayama, Chen et al. 1998&ngyalosi, Neveu et al. 200%haw, Donaldsoet al.

2001, Stephens, Klaythong et al. 2Q03hankarkumar 20Q4Hananantachai,
Patarapotikul et al. 2005Alves, Meyer et al. 2008 ripathy, Shankarkumar et al.
2009 Duarte, Cawalho et al. 2011Kuniholm, Gao et al. 2031

10BBdzj o HLA-MY j yqdW d ydesiC w W Cls

| dr 5tc OH HLA-A*02:03, -A*02:07, -1 tcj HicOMY Bzt J

[ 4 dzG J B*51, B*52 GJj BstetcOC d d
HLA-B*44, -B*62, -B*76 -|u Mists2 yd o tsfls
B*77 L OOy § dzd &

L 4 § Ols d I HLA-DRB1*1302, -A*03:01 | dzd 8 &zOyd ™ d o

HLA-B*08, HLAA*01-B*08-|} j temd mlisj dzyd v
DRB1*03,-B*44-Cw*16.01, -
B*44-Cw*05:01

L0 OlsdKEHLAA03,  -B27, -6 dzd d3cdzO f dz j & 1
DRB1*0101, -DRB1*0401 d
-DRB1*15
HLA-A*23.0 1 -Cq*04 ) jtemdmlsj dzydw
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v OB dk.totBH.tsdzY j dad § .

1 OB tsdzj o HLA-MY j yd W d ydzes{C W W jCls
skBj el BHLADRB2*1501 d -|{ OLoedIsd
DRB1*1502 Bz dz' Isd B Oy d dzdzw
L OB tsdzj 9 Odad W
HLA-DQA1*03:01 d -|lumks2yde sMmls:
DQA1*05:01 L OB tsdzj 8 Odzd ¢
[ j§8O® |HLA-DRB1*1501- 1 59’ M j dzdzOW
DQA1*0102-DQB1*0602 |9 st ted d By d o s
HLA-DRB1*0701, 1Y s hj dzdzOW Bz
DQB1*0201d -DQA1*0201
[ Odz¥ te d W HLA-B53, HLADRB1*13:02 |} tesls j S Isd o dz" 2
DQB1*05:01
HLA-B46, -B56, HLA|} toj H e jistzdzts )
DRB1*1001 swy jdzr o
L OBtsdzj 9 Odzd W
z dMmistsL § HLA-A1 (HLAA*01) d -B5|1 tsdzj bW ¥y J dzts j g
(HLA-B*51:06) HLAA2|L OB tsdzj o Odzd
(HLA-A*02) -B12 (B*44:09)
HLA-DQA1*06:01, HLA|)l eislsj S Isd o dzr 2
DRB1*12:02d -DQA1*06:01
1. 2. HLA dgjj dz’ d izazdedegi2d3T ) o slso jIsj
gL d&3j dgj dedz" | MmtsBMilse jdzdzr | Odelsd ¢ j dz
dtejHd c6jdse, dzj Y wldl&OHdz] B5BO&EEAY Mdhig
Gjdese tjoekzdzvydd d OSCSIkdeOydd ddid3kzdzde
OfmMmMsydOydd M tOL ddyd" &3 dzOtlzh j dzod W d
z i lss@ddzj dz' Hdzw ¢ jPE¥ND RIBNE SIs@L IsOC Yy 4-
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C dzj ISGSEA4. | Ot Odzls T 1 Isdn GJ dets o detcO¥ Is
f Ostsdkzsedwvn, ¢0O0¢ MOROtdz 2 HdOBJjJIs 1 IsdH
o tsfiglfdds j dz' dzts § L OB ts dzj (EdpelzdSghulz&apps j ety dbd200
Kleppe, Lahortiga et al. 2010essard?012,Chapmar006,Ueda2003)

dstcJ Hd dzO(d B t5dzjdgts oL, dzCnpdwdg CGrdzde” j» ) -G dziv W
d OmMmtsyddetseo Odzdz" ~ M tOLodIsdjd3 Btsdz! " dc
By dzts B iIs d3JIISLERAP, IL18, JLAD, STAB SJAB( HdW W j t6j dzyd
Thl) . 1 ddg, OnnYyYdEde D@mdgapganmn S04 de
o Oglz v toc s dz! 9 w©OLoadlsdd dJdddzzdzsL O dmd d3" -
Mo w L Odzdz" n M otmMif Odzj dzgd j d3 IS¢ Odzd 2 ( ml
fMstcdOL ). stz bets, o hmdtse ] ddtsc
GJ ddL2 d IL2RA tslso jIsfylse jWddaf g Oyud@® @jt-2dzy st
(Zhernakova, van Diemen et al. 20@ho and Brant 2001

g ©BOLoadlsdy a3 OMMByd Ods@ o Has 8o dijin Makzy detsd
d tc ts dz GJj dzts o, sBj My jyde O h da C dzs .
dBsdszdzd Isj s O. v O¢, zOf ted d3d to, Btsdz! h C
d sz desL O dmd d&3" = L OB tsdzj 8 Odzd 2 O MmN~y d d t
s sMtcj Hiso Odzdats 2 fJitdHOyYd thdchmsd®do, dt
otetsy Hjdedzgr di3 d HtodtsBtcj Isj dzdz'(Clgen ared jGizddetzd
2002. v 06, zOf ed d3d to, Yydlsts € d ANFSHASS tsSH
OmMmMsyddtese Odzdz" ? tcthlz@w te@j Isdz' 8 s dzg |, ¢coO¢
Oy H ] dzglzse B JBBzdEZEets Slso jIsO, K@ IsdsC
(Takedatsu, Michelsen et al. 2Q0&avier and Rioux 2008 1 Otclzh j c
oLOdBsH ] 2MIse 2 ( 6 dzO 9 dz' d3 TNiEB tfetOf sjdH s & B
4ty HOU] Md e dzO0dzO) B4 A HE d d3d3lz dedz" d3d
ficdsBtcjIsj dzdzsets dqdA@zBzdzdIsjIsO Bftej HJ @TEIS
tcj o BOIssdHdz" 2 Otlstedls (Mathgw P06Y Fdga@an alwdts dz;
Davis2010 ¢BtcOd@se, stPydJOHd d HE. 2012

LMIsOdzts 9 dzj dzts, Yylsts dOwkzh jddw ftesyd m

ooty Hj dzlescts daisBzdzdls jsO, O KOS J dt &)«
47



Cdzj ss¢ wodzwe Isipw tSHdddB dqL tthdse dzr -~ dd
¢cBOW! jtodzr mne L OBtz 9 Odzd?2) ,( B BdzjlstOd'y j s )
o ts dzy QRigkes, Barrett et al. 200Barrett2008).s 0 ¢, dzOff ted d3] tc,
stesdzO BQPEzs g tcdosHdls € M deipd B d dzddzdSy@ d
o' MotsBBY HJ ded & Odzsd d3d ¢ tetsB d2' fJtilsdHTBE
Cdzj s€ d, Yylsts ftedoatsHdls ¢ § jlked3R O 7 mdf c
sftcjHjdvjls OCIkdeOyde d +SMmfOdsimds § tsMmc
Okzlsts¥W Oc SAYGBISATGIBLL () |, o 15 99dz] fudj iy gz O dzls
L Oh dIsT d or ffsdzdzv s hdy WikzdsC yds ftotsyJ fi
isd Bz dzv ydd «GOL RO BRI Olssdzsedd, {§tt
Btsdzj L dzd s tcwids® b tehidrigldsXdsvier muad WROwzQ08Kaser
and Blumberg 201, 1 evine, Mizushima et al. 20)1

10 ffmdzjHddy 5 dj skziinG lsdddHaps @ d ¢ d
YOoOfmlstsisr Odzdzj dzt dzr n o Otcd Odzlsts o G4 dztso 9
Clsister » Blso j yosrls L O Of sifustisdzd W j HedORUW j¥ te
(OB ds BW/)OH (). 1 2s@AzNy J dedz" §| HOdzdzr § & yOofl
Cdzd dzgd yd MSE d SNRIaBE H " B " Is dmf sdz! L s Odz
s zdzv wdidgdssf ud MSdn dMMdzj Hse Odzd 2,  dzO
9 C &zOH O GjdzgjIsdyj ME sets WOCIstste O 9
d BBz dsomMmsyddtetso Odzdz" = L OBtsdzj 9 Odzd 2 o
dMmimdzj Hise Oded 2 dzO dzd ed §6 | fiafpisE{mdg@ids d3 f oY
Ctolkzq ff r (C0O0¢ fttOo d dzts, LHBtes9 " n ddzHdo(
LOdsesd3 OHJ CoOlsdzsets fetso jH]jddY MIsOIs
tcjLEzdz OISO dmMmdzj Hise Odzdw o yJ dzts 3.

I fts imlseoc fis@ M Is jddg'tc O € fBj g etsda' f tetsy g M
cjokzdzvgddPSisdo oy j Clsstfdzjids st Odzjddzd v
6y OdzdL Oyd d sdsdiiisclzg s s < d dz' , dn MG dfde's to
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1 0 dOflstswh d2 dBsdj dzls SedaDelzhly aas 1 tsdze &
GJ dPEOSC I sdafpdl d j Migdds 6C d dzlsaz’ " o d&fy lsps@ d dzts

=

IL2-RA

4 IL2-RB bl HbIA OTBET|
2 ] ~NA) 1, Th2)
N Cs,

IL-18RAP

AyTOpeakTUBHble
aHTUTena

t dfgy j dz ftcdsBtejIsj dzdzsets (¢) , o totsy H j dad
sO¢yJ cjdf, sMmkzhjmlsedvehdj MmewLs  d3j
etsd o fiojHELOMY Sdsy j ddashisd yj dastadCd
(fsWidej ded¥ o Isj SMisyj)



sOBE&. YOMISSISNP G j dzts o o s Odzd Is j @zs thit  ®H (
SOHtYydzed € s5200). JuyyBMIsd] o© oM Odzd s dz/ dzt
sMhdztseo Odzd B OKEGG H (@azdgenomgp/kegg dBioCarta
(www.biocartacomn).

14 dz rstt 1l Oted O|f d tztcdz’| vy Ofists Yy Ofistsis
Odzdzj d d&3d detste G j Isj tesL ¢
O dzdzj d

ADRB2 rsl1042714 CIG G 0,4 45,7
AGT1 rs4762 CIT T 0,16 25
rs699 CIT T 0,49 50,3
AGTR1 rs5186 A/C C 0,28 39
PPARG rs1801282 CIG G 0,14 24,3
IL1IA rs1800587 g/ T T 0,3 39,7
IL1B rs16944 AlG A 0,34 44
rs1143634 CIT T 0,25 35,7
rs1143627 CIT C 0,34 44,3
IL2 rs2069762 GIT G 0,37 53,3
rs2069763 GIT T 0,37 48,3
IL6 rs1800795 CIG C 0,45 53,7
IL10 rs1800872 A/C A 0,23 36,3
rs1800871 CIT T 0,23 36,7
rs1800896 AIG G 0,44 51
TNF rs361525 AIG A 0,03 6,7
rs1800629 AIG A 0,14 26
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v OB7dz. 1 totsHsdzy § dad j .

14 dz rst ]l OtedO|f ddetsted Y Ofls s Yy Offls sls
Odzdzj d d&3d detste G j Isj tesL ¢
O dzdzj d
INFG rs2430561 AIT A 0,43 48,7
TGFB1 rs1800469 CIT T 0,34 47,3
JAK?2 rs10974944 CIG G 0,31 40,3

[ dzv  dzgd S slsster = dL dzed- f 8¢ OLIOdaR] dffiyfn
dMrtHEBd ddeW j S ydodzdz' = L OBBdzj 9 Odzd2, O Kk

zdestts dLeojMmisdy &3 feddijesds MmeawLd
ftoj HteOMY sdztsy j dadats ls+ ¢ ddzW j € yd tsdzdz’ o3
EMmls Odzts o dzj dzd j Oommtsydoydd 9 Otc d ddsidd®do Gl
nd BsCddese ) kfMmMists2 yde sfmis: v - datf j Ytpdatf)ls o «
and Murphy 1999 1 Bdzy ] sSHEsBMs 1 Istsls ot teisf
G dzOo9o j .

l otsBdzj B30 H s detsL Jtetso Odzdv  twOMY etsfls
dqdz% j Sydsdzedzr 7 L OBtsdzj 9 Odzed?2 ¢ tsylsd oMfMmj ¢H
WOCIsstc Odzd . J fjtcolzs syjtej H! , 1Iss Is
fsdrj ddetsets tedmMCO d dL d3j dzydoe tsfls! f Ols t
BOCIsjtcdwds dqLBJjGOIs! HJj2Mlsadw d dizd3lz dzdzts 2
d 90Cyddz. s ctokzffOd fsorh jdedesets tod m¢
dqdzd dd&" &3 feduddzOods ftoj HeOMY Sdgsyy j g | K]
Yyd 3 MmlsOdzr dzr j§ ftcj HMIsOo dlsj dzd f s zdzw
sBRzMmdztse dzj dzr , CO¢ Yo jHJdyMEddd sMts
WEdS ydsddtetso Odzedw L Oh dlsdzr = iy @ffplis jydf O dz'tsa
fsoJHj ddj weg dzw j Isfpyw 9 Oy dzr d3 - W Q@ Vs tistelryg A3
flJtejHOshdomw fJaser &3 ks d3, Is OC (Y&, € C
Zhang et al. 20Q7Todd, Abed et al2007 Colemanand Curtis 1989. Il Mmo ts
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syjtej H' , slsdzd ydw o toj O¢ yigodv L tiea¥ORL]lS gk
JMisjMmlse j dedets? EMss2ydoeossmisd d otmf ted d d3n
10 MmietsHdwhdd?2 Hjd dLejfMmlsdes dzj MC
otsmMf cdd dBBud o sMmixds Otclze" BB OL®IOS IS tod Odz! dz" 0
L OB tsdzj potOediftyddis o dejHtAdzts  dzO d3d d B3z dAddis @ #sdz. s |
(Simoes, Goncalves et al. 2Q0Burgner, Jamieson et al. 2Q0&ykouras

Sampsonas et al. 2008

v OB dz.

SHLA G gztzts oz d d3dzz dzdzs G 5 SIs9 J SO 9

d esmMfwedddiyudesmisd ¢ ddaij ¢ ydsdedz o3

] OlstsG j dz dMMsydoydw |[ Ot j to
L OBtsdzj 8 Odzed |

N. meningitidis 1 t6J HteOMY s dzts C5C9, CFP, CFD

S. pneumonia 1 t6J HicOMY tsdzts IRAK4, MYD88

vk jtblzdzjL |1t HicOMY sdzts| SLC11AL

HSV-1 ]l toj HicOMY 5 dzty TLR3, TRAF3
UNC93B1

HPV 1 .oj HtcOMY tsdzts EVERLI, TMC6
TMC8

HIV-1 ] 6 HicOMY 5 dzts HCP5, CCR2

HIV-1 Viists?2 ydoe smis| CCR5

HCV 4 ff sdzls Odzdz” 2 | 1L28B

[ 760 ] o HicOMY 5 dzts LACCL
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) cssdosfsdzsyd 2 5 L%WjCkk ©tdidj
Mow L Odzdzr = M ftsorh jdadets?2 otsMmftedd dBByud o tsf
f OcOd3j Istetsdi ftod syji dz& 2 d dzH dtp t5[tf dzd2vo
ftoj HteOMY sdztsy j dedetsisd € ddaW j S ydsdader o3 L C

lddeilsdud MSdJ WOCIstster Mo w L Odzg dzJ
Fded C Odzt dzr = oL OddBstslsdetsh j dzd?2 Btec Oded L &3O
e OCydj2 dz2O0 dzj S Otcflse j dedzr jJ  to jtdfO tdW)jlste O
L OB s5dzj(B®Baz@P v OS¢, dOftddkit, ftodi dd tSH
By jls orL"o0Ols! sfilstclz s tej OCyd¢ j e | dzezl
BJjLOt]j HAz d3 (Phitips 20)nc@ nfpj e sHdzW h dzgd 2 H j d
sjteOf jolsdyd MS¢ d~A ftoj f OcODB e, MisH SBEE
WOt BOS 56 j dzj Is g dE Uz ddde¥ f teslsd o 5 5C OL
otsMftedd®Bude " i3 Ovasufdagal)n Zk 3@dsmmdd o dzOM
f sH BB dz" § dmimdzi Hise Odzd v  dzj 9JHEILMW, ts
fsLotdzdd&z® B' fMbkh jMmise jdides flsdBdL letse
LHtcOo st5'% s Odzj dzq

1.3 RfJULLL 1 ILUBRY[ HSRY[ firmorrRY T 3
revrduvl i1 { veuvs[BYRBYMURABRAIBYRY

lRY ofMmMjeHO B"d& d tmMmkOjlsmMw tHds2 (d
It ftsottHE MOBEes jeéts fWodzj dadwWw o© Yg ¢
FeOfmdzd Mt oty OdB B dzglzgd dnj ¢ tsH dgv " dad 2
oJtemMdwy 8 ftesdmMeantyHjddd I RY 9 (§tjHJ O
Hts SfftejH] dzj dedetsets otej d3j dad tsdz Mtsh tcOdz
tcOL dzd ydz" = o dHBo OGaa ¥ué exf S1§9GadsBajes et al.dz
1999. J fsHHjtey Sk 12 Isjittedd By dts |
BiNHE jtctOVdud MEdBd to] ¢ dets dp® dighs d3fn " d&zO:
I RY d Otcj Odzts 3 sB dIsOdzd W fsfzdvyd?
1M jtedd3d dzlsOdz dz" » ttOBtSls 8 dBsdzj § 2 dzv tec
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v O¢ d Misj Mlseo j dedzr 2-2 tocg L gztoc otdAfGdg] H J dzy dz
fsf zdzw ydd HT d3y Clersosabus dif(teentsys Pybus dt al. 20D3
4 Wddztsejded sdyd mME 2 stsy¢d L tej dedw dzO
CtcO2 dgv W Mrtty i Misi2 dfj dzsB3so (ddelzMO d d
OWted ¢ Odzin € d AWertheinp ad Watmbey 2009 1 oafmji?2 ofd
IRYL IsO¢Y) dd3dddls LtsdtsL dsy fotsdme Y H,
czCsotsHMmMsoatsd oW j MMhstcO 1 j Olsted f MmO
HSCOL OIsj dz Mlsoa © Bh dr -1dMds sEsp, 1 g dstd® bjdf
f s zdzv ydw - (Pantfadgd@edrioglodyted (Gao, Bailes et al. 1999

[ Mdzd csotstedls! 8 otcj dzj ded 1 tsw o dzj dad W
otsLdzdCdgtso j dedw Mo tcj d3j dzids @ o th & d3ifists § y & dkt
w9 dzw b Isfpw 30 GESHT H9 OHYOIlssets Milstsdzj Isd
fcsmdzj Hise Olsj dz' desfls j 2 tcOL dzd ydz' n h'Is O
o stesmy jJ SIsdodets ftetsmdzj HJIs! 1 otsdzs yds ¢
(Korber, Muldoon et al. 2000 1 5 omj 2 odHJdBMIs,
o Mistej YO dzts M+ M I RrRY. g Yyqdlsojlsmw, Ylsts f t
Bd te ctolzf tfr [, W dzw b Isfpw f slstsd3C Odzd
ydteliziadOo h dm t©Odzd 4 © dzts$ Odz' dz{ZAu, Kobes d & C
et al. 1998McCutchan, Carr et al. 1999

[ Hz20C 5, dzgi MsIstew dzO Ists, ylsts dgdzesc d 4
tcOdedzj j] Htswodzjdedj IRY Bk dz#EHj2, Hjtoar 2
Yyj dzse j €O Bls I RY HOIdttseo Odz d® dzj d3 198
Gottlieb) sfzpdzd Ctso Odz MisOls! 9, O dadaed s is t
mortem f dzj © cBsy d fMls dzlz ¢ Pripumpeystis dadnii, (s fdzts ) dzj
qadz¥ j S \CY H COdHdHBLEdE E 5 §0O0ydj distse,
tcOL dzd ydzr = ¢ sy iflzd 5 Q doRji€b] Fhyoff et al. 1991 1 dzw
stesdrm dL dedr (HO9O HEkedma Yoededzd d dz
dzy 5B" Ydetsy JaBBEZHJWVJydlsdesy j M is w2 dgh s J .
IsO¢ Y J MO iyl j cOlsdo dzf d3 tslseo jIstsd3 ded d3

Odzlsd e j dg" . yjtejL HO8O E6BHO dMmMmdzj Htso Olsj
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PHOdM: or Hj dzdls! o dtclkz M, Retfordriflar0O H Ay Is) OB %
d~ d3dzj dzd ¥ , B dz MoawL Odz i tcOL o dIs(Bayres dc
Sinoussi, Chermanat al. 1983 Francki 199 l femdzjunlkzshdj ¢
Mz yoj M Bd hddzgmlso sy detseor 7 o dtelzmdz ~
fcsCOLOIjdzj?2 LOBGBHd] o0 d@3dsMmisd d Md3j tols dats f
I RY MmOdlstse d ReEd&OI! joO 1992)

LY J dZzO0 tOdzded 5 dzd Ol @Y @UrHay ftej HJ
d3d » Odzed L o3' oLOdhisH | 2MIse W o qtelzmO fn
tcOMmh dWtctso Odz o JahithyEdsBasaket gl. &AL hazalandGerlier
2003,Chehimj Starretal. 1992,Chirmule Kalayanaramaetal. 199Q Clerici and
Shearerl993, Clerici, Stocksat al. 1989, Clouse Cosentinoet al. 1991, Coffin,
Haaseet al. 1996 Coffin 1979, Cullen 1992. J H,dd6igsss d | CdzOmMm
f BHAGBHT , ~nSesh s L Oy Csd3j dzHso Ooah dj Mmd
L OBtsdzj 9 Oded W 3,  WhdeLdddzd B! s tizdasdf dpigdSdy d 4
l dqekzm ot dBhsetsda kdzd ¢ Qa@idizs B3l ¢ e Oz & 5
tcOL dzd ydz' n GJBeteOWdyj MSdn tcJ 6d 8dz0n ,
gd¥ j Sydd ldzdyojlsmvy s ¢ dzommduyd MSE 61
WBsteds d Mftshseszksmie s€c GBdzdinlsGeydd MmMistelz€
cOL tcOB SISOIs! f tctsils d o (Blerghdolz Guiriarpes &tCal. 7@DAz"
1 BBRHd B ftodL dzOIls Yybsts +WWjCIlsdoe dz n
dqdz¥ j Sydd dzO0 MmjcetsHdawh dzgd?2 Hj dz dzj Is. J
MLHOddY dtsoceEc EEitez) ¢ Hdfdise dzj i3j- t6C
gdzgW j Sydd. uvtd Mmdsedz = dzOff oo dzj dzd W 1
tcdmMC O, ©OLKOBBISCO ddzHdo dH zPdat dizy & tc tf dcBd
d fsdmM¢ fitmMfiSClsdods » d@Esdzj Ckdzw tedz 7 d3¢
GJ@gsdyyj dzso J S O, Clsster §j LotV ttOL 60O
dzj u J (@ @lercqg 2002Marks, Crepaz eal. 2005 Cooper Imrie et al 1987,
lZHdBO, 1 Betso@ddg tskiso 20 0 20046 sdzOj 9 © d |

LMisOdats 9 dzj dzts, Yyls ts dzO ddzH d o dH EZ Odz:

L d2Oydlsy dz dz' § ©sbadud™ o {-GdeicONd Edsys
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cOLodIlsdw C dzddzed yd mezg 8 Odztb s W b dzfp Ged @z E O Hzis |
2-3 H Bl 510dzj Is, O otsmftedd dBuydoe tsfmls ¢ d da¥
e OCyd?2 BGtee OdzdtslezOo MY OB SEF Al tcd d dB3Yd 9
f sdzdzts?2 [k Mis ts2 yKasten Ddrak €t all 20§3.ama and Planelles
2007). 1 hdtse j 1 Isdr Sldzdyd?2 djydls c¢J dzj
BiNddzido dHEZOdz dg" § & J dijsldcBjehr® d jd j ts dzdizf]
dzOB s tc ftedL dzOC 59, slse jIsMise j dzdzr = L O
Emilss2 yd o ts fidawhidi§, Rdsenberg et al. 2001

1.3.1 HLS dzo tMcdzsdtetseo Odzd d Gjdej Isdud MSd
emiss2udesmisd d ykze Moz s dqdsnlsd ¢ IRy
[Hdzs2 L MoOod3r = 903 dzr =» MmMdMmlsjdz tej @
St OdedL RO yjdzso j SO d HLARY Iv o@izisfgn @ @&
ctof 52 OdRjtedC OdzMC dr Ekyjidzrdd IsEDisdzd itz
Bzdz' Isdt Isdzed yd Mm< dn Ctsetols, o Cdz¢g yos h dn,
L Od3j H dzJ dzdzts 2 ftosctcj Mid j 2 dqdzW 4 Sydd, s
(Pereyra 2010 ) COyy mlso § Bz stsH O Qolstster
f sdzdetse j detsdzdetse s MCteddzd dzc ©. 1 5 tj L z2dz Is
GJdad sdud M& dn OfMFOEG ) dettstwe, O dzdz" ) d dizfinls
otsMftcedd diizyd o )OO Odsh' R YdzsC Odzd L s9 Odats dzC
Csf3f dzj S MO ¢ jdese, G dolze P dn MdMmisj i3z
dtejHd ddzHdeodHEZEZdtse , ftod dzOH dzj ¥ Oh d =
HEsMistse j tdzOW OMMsydoOoydwy M ¢ raQimfoLdesly jfd
o dedsHEA | € d&ZzOMMO. RL dzedr dz2OdBtsdz hd2 ¢t
L WWdCls, MowL Odzgdzr 2 M YBHHjtey Odzdj a3 f sl
f sdzd 3 J dzdats 2 9 JteBWIsdzatsflss & fiteJHOYd IR
KOt J HiNB*57:01 B*27:05, B*14/Cw08:02, B*52 d A*25, O
slsted yOlsj dz dgr 2 B*Bp qdgwtdX (| @tz tc B3OyYydvw 5 |
Htcze drn Oldaddy iz Hlsts2 ydessmilst ¥ d ftoj HicOMY

gdz¥ j S ydd ftede j HJj dzO ) IsOB dzd y O~
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v OB
2001)

dz. 9. HUAMS dwdrdsusRdy d o tsfflsiz2¥ ¥ ¢ TraLidterberg

¢ dzdzj dz Jezff O todl) sflzdzw ydw

G Off dztHEA |

HLA C d&zOfhm O

A2 fjtcddzOsOd¢WtcdS Oday "
Jlzd ydtetse G

A2-A*68:02 ftiosMisdlszlsi¢Witcd S Odzyr

All ftosMisdlskzlsig j o j todz” 2 1

B18 ftosMisdlskzlsig j o j todz” 2 1

B*44, B*55 s W OdzdzOW| ¢ 3§ ted § O dzfn !

dqdzH j 2y" d

B8 ddeW d ydtetsolr otetstf j S H
ftcd Istc O dzf

B*58:01+] RY |[fd3j " OdzdzOW| o W tcd € Odzy "

HLA € dzOfijlp ©

DRB1*0102 ftosMisdlskzlsi¢Witcd S Odzyr

DRB1*13(*130 |ff j tcd dzOIs O & d3J " O dzdz" j

1-3), *15:01 ddW d ydtetse

DQB1*0303 Md3j h OdedzOW|[ o tetstf j ST H T

OWtetsOd3jrted !
DQB1*06.03 mMdzj M OdzdzOW|[ o tetstf j S H T

OWtesOBj tod !
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v OB dz. 10. LA s ytiff @i o dzts ) § dzdzts k&' dzgt § € y I
(Trachtenberg2001).

¢ dzdzj dz Jezff O ()l sfzdvyd

G Of dztHEA

HLA ¢ &zOf O

Stsdz StoH (|

BOIsjted d
f LA C dzO fi) fi

fjted OO
ddev dydtets

oW tcd S Oday

A*23:.01

fosmisdlsk

oW tcd S Oday

A32 dqdWdydtetsif otetst j ts5d
fted IstcOdz

A*24,B39,B18 |fd3i h OdzdzO} ¢ d3J tc d & O dz]
Ctelzf f O gdzH j 2 yr

dMmy Oday "

HLA € &zOfijf ©

DRB1*0301 fjted zOjsOfa i3 " Odzdz |
ddzit d ydtets

DQB1*06:03 3] h OdzdzO{[ o e j 5q

DQB1*06:02 Ctekzf § O OWtesOdj te

DQB1*06.04 fjtod ZzOO(o% tetsOd to
ddziv d ydtets

DQB1*06.05 M3y " OdzdzOV [ o et j ts5q

DQB1*06:02 Ctezf § O OW tets O3 to
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1. 3-HAdzjdz@ o Blojlsj dzO I RY

Iy dj MS& ddasjtej MO € s dAj d3d f tof tfidm dfv
GJdzjIsduyud MSd BGeBEMdzce dzj dzdzts?2 (Jtej HicOMY B dz
fsweodzjdzgd¥ HOdMzdzr = BB SlIsH j dz dz" #HL AOted Gakl
Cslsster | IsO¢Yy ] dBsekls B! dMmftsd L s9 Odz
BOts jteso kMO 1§ dzg @ribatmfWirtkler 2011

v O¢, &zOof tod A3 to, dL o j MisddD4 , ydzp ts#f &3
H dzw ftetsded ¢ datso § dzd W Il RY ) Cdzj IsC Iz,
o qtezmMddzH Eyd tctseo Odzdats 2 WELdd sftej HJ dzw
slsdesmw h 7 Mw  TM tefij Jydg Jif Ashidldcotsln GrB jj ddtisE of dzts ® O¢
tgg yJ f Istslmore) Trkola et al. 1997/Bushman Fujiwara et al 1990 Capon,
Ward et al. 1991, Fauci1988. gz Jtemj &3 2Mlsets = j BC dd
Bj k¢ 5o 508 sds®L Hjdzv jdsr » 5 MstekzCIskzte]
mMetslse jlsmMisedd M tOL dzdydw &3d ) sBh jd3
wg dzw 8 Isfyw 3 Hd Olsstc O d3( , sBkMdzOoe dzd & O h (
¢ dzj Is(Blétnik and Yoshie 2000 dlstczCsktedz | sMmtsB §
tcOL dzd ydz' n CdzOmMmtse M j i &3] 2 Mise O ¢t
Bddzsecdy MEs?2 OCIk o dgshlefdzr woOLwWE XMy -
H dzw dzj 2 IstetsW d dzts o , CdzOmMMm wd ~nd BBBEC d dats
BOLGWddzse d { BLddtsWw ddztse, -WOdzjds sLdzv oSl
CdzOmMMOd ~nd BSC ddzse Motslse jIsMise zs Is G to
My s dzsmisd ndzdydz'ojOIsm § dgtOS d dz" nd BSC
Hjdzvwismw dz2O0 MmMewLr o0Oshdj o, H 4, H Mb
nd BsC ddzse s H(MEser tagpdddjoetmditer 2001 s dz¥ yj o OW
Wstcdiddtetseo Odzd d d Mlsj Mlse j dedats 2-d dzle NG5G i o
fteddzOH iy dls ] YyLAIRELOBY CLRpdzds N ddis I &
stestf dL d3 d L & dz¥( I Bheull Buvet al. 199)

JHdddB dL doOdetsdzj j did W@ Uddas € ts a5 | 1A st
I RY Woddzwjlsmw ¢ dzCCRaqIieBBR S R dz OB tedzts y J

CCRRd fwdotHdls ¢ dmujLdssejdeds tojygtls
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Hj dzOj Is dzj o L sy dz" &3 § tetsdzd € dztso j dzd § o d
Zdsj dz' " ©OjIs td m¢ (SmithiDean etdzd 199 Rlitahell, Walley et al.
2000 ¢ ftowisddz, 1 200ldzOQded2] o @tc. mizMmdez B A § d

[Hdzsdzz € dzj sIsd H dzm J f sdzd dGI3tsteW d L o3r )
tcd Yyl flsstetsoa IsO¢ Y J dBseckzls sCOLT" 9 0ls! o dz
1 sCOL Odzts, Ylsts L OB dz@ o O0dzd dz®@ dzO dL tsd
HiS ] doj  tof CER I oftasaizd d3ts GORZFGAIN3 tofsH dzj © O Is
ByHHEZ ddvdydse Odzd i3 d 6 OEmitl, Dgan & aln d d
1997).

(hd BHdddE ¥ OCIlsttds, odzdwe h ddz dzO I
BOtcC jjtezjo, o€ SH Jtclzy SDFI d&f jcdsEHd dz dzEXCRY)) y J ¢ L
IR dW Jydtetse Odedz n, dzi Meh drn < Istsls BOLE J
¢ } R [Winkler, Modi et al. 1998

Mip-1a
¢ Mip-1B
RANTES

CD4 CXCR4 CD4 CXCR4 CD4 CCR5 CD4 CCR5
X4-BU4Y1- 6nok X4-BAN4Y1- R5-BNY1- 6nok R5-BANY1-
NMHeKLMS NHeKLMn MHeKUns NHeKLMn

tdm. 13 ftesyimm HtosddCdztso jdzdw 1 RGD4 o d € ¢
Cstej Yyj I B@E" ( BOCtotsW Octslstetst dzf CXCRP ITO d3dz’
dzd W sydistsistctstf dz" j h s Odzd3r . l sor h $RENRZOW
(dzdcOdzH O BACR)] se@o sH s € Ed3j dz'dg jaded ©
tej ydflsstese d HJjdzOjIs drn dzgj HsMiskzy dzr dzd |
6 yd f @A BdzsC delzj Is LEMy e Mid® GJ d

d dzW d yd tcts o O @drpetafiditgsedtihe] 990,Fauci 1996)
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1 OC sdzfellayfpy MtsOo lsstceOd3d M § sdish @ A s 5¢
(GWAS 1 GenomeWide Association Study) ZH Odzts ! ZMmils O
f sdzd d3ts o WrePL2dg=led 4 2 HLANES ¢ 22395029 ¢ j d’CPS) fn
Hd dzOdd ¢ 52 tcOd de¥f JsYYWd JI.RYlI 85 HOdzdz" &5 ©Ools
HsMmMisse jtedzt OMMsyddicse Odz § sdad ¥-4 dzdz
ddW dydtcseo Odegdz" = dzdy. stesdd Istsets BNPAzO
(rs9261174, rs3869068, rs2074480, rs7758512, rs9261129, rs2301753,
12074479), ©OMf sty | MBI ZNRDOLE)B dr@pkrdci] L
L OB tsdzj GF&lagd 8hianna et al. 2007 R dzls j toj fdats, Yls ts
r2395029 &zOr sH dIsmw ) dzj cOQo dztso j mdd
O dzdzj dzHIdg*B57.01, OmMMmtsyd dtetso Odzdz" O3 fn tc ©
cdf Jteylze mls edefs jfd jdftdsIisdz@oBrOS dDjojd tetc O Y to ts
ftcj f OtcOIls, onBBHWh 2 o MMisOs Odlsdtc] Istot
dHj dzZlsdW dydteseo Odz & o HYAERBS7dS(M(Is§ )dzj § 1B dz@
1005 HLA*B57:01-dzj G Olsd o dz" ~ ftcj HMIsOo dIsj dzj 2 d
(Colombo, Rauch et al. 2008

1.3.3 1fkzdvydsddzs 2 § =mhdaVgHs yod dd taeld wdr dzd
[HAZOCE ftoed dMftsdy LsoOdedd HOdzdzr =
dmmdzy H sazPeetE Is MzydlIls' o Ols! dzj NS sdz €5 9
O tcd d3d 6, G Jjdzilsdyu MCOwW Gjlsjtesej dedatsmls-
BOtcs jteso €& LOBtsdzj 90Odeds) d otsL i3y desflis
wodwe hdamw dhisddzadets? ftodyddets?2 tc®Oud dIs«
BzlsOydd) , By il LdOydlsjdz des o dzdvw s
dmtf sdz L s9 Odzd j GYVAS H @QudHddz" ~Kruglyak et al. 200
ANz dzC yd sdzOdzt dzOv BlsOydwy d@sy il MEzh j Miset
Wsdzy o tlter 9 s tOMmMfcsMistcOdzj dzdzr =  BC
ded B e Prsdes sz o ©OL dduydsy 7 (sfkzdvydwsn
BiNfsfzdy ydsddzOy o0tkdOsjd dsils: sted

dlsstedj?2 ©OLoadldw §sfbdvydd, HELyj@d s
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(Campbell and Tishkoff 20Q08Hamblin, Buckler et al. 2011Novembre and
Ramachandran 2011 1 s 2dzw yd tsdzdz" | tcOL dzd yd w
Widetslsdfse d cJjdeslsdftse (4 Isdedyd MmEOwW Gk
dzd S stetcj € Isdzr d3 (MeQlelldn dmdIKiddsZD1R | &3 Misd 1 Is(d
Wstedzddtelzs Is M j ydWdud Mk Hdzw HOdzdzts?2
s0Cddz GBEOL 53, sSHddd3 diL tsfdetso dzr n )
WodzW jIsiw  fted &3 dzd Bsfyls! kM jMlsekzr M dn
My Jj Sstelz (&Y, Rekzeceplal. 201Rrasad, Kumar et al. 20112

LIsOdzts o dzj dzd § GJdzd sduyd mE&dn BOtE j ot
Emists2 ydotsmbj ¢ ydyd ddzL otsdzdls tcOL 5B OIS
B - OdzdL $3Or 9L OdBsSH ] 2Mlsodw f Olssej dzO (
fsSHAatSHT € dzjyjdedes, C0OC o f dzOdzj t©OL tcO]
MBLHOddW GJjdetsdadey J dzj tede”" » S dzMlstelz$ yd 2,
N L dzj dedetse s ydSe dzO f OtsejdzO d L Of d s dats 2
GJdzjIsduyd MG Ow Emists?2 ydo sfis ¢ dda? § €
L otsdzd ydsdads” d3 d3i » Oded L d3ts 0, ftedL o Odedz” i
LOBSdzj o Oz © HtojHjdZOR silkzdvydd.

] Motslse jIsMmise dd dity 2 tc @Y tofitsjindsticHOody] hdzlzd 2
Liejdzdv, @OMMser j L fdHjBdd weodvwelsmw 3
slsB s5tc O, fesLotsdveshdds LO CtteslsCtsy otej d
ftedL dz0CO. v0O¢, dzOf ted d3d tcYersinifpgstg) i3d ¢ sl 1
ftode J dzAzsHMOAE dz' f YJ dzse J Uy MEdds Yslsyte
Isr mqw yJd dzj Isd v, Bs ¢ d&zO MisOls! 9 Oy de" g W C
Isj ctedIststed d { otetlsyr G J GEjRisleftaRd M ¢ ig @ WsL OdiLoiis
Emiss?2 ydo s dz¥ J S(Dehrg Rarrington et al. 1996amson, Libert
et al. 1996 Blanpain, Libert et al. 2002 [ H dzOC 5 H gzt X Hf isdadso 4
cdislsjL’ Istej BEz¥ smw H ElWis &iBgnsgndet alz'2g04 H O
Hummel, Schmidt et al. 26).

|l dsetOWdud ME sy tcOMYf ted HJ dzj dzd J hls Oc

COMY tesMistcOdzj dzdj ©® GtojHj ZOR tOL dzd ydz 7
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cdzaj CdZzOMMduiMEéOwe HJBOBIJSCO twWOMYftesmist
s dS Gdzscdn dmidzj Hise Olsj dzj H.0j dg' 23] M4
LOBtSdzj 9 O d3sMisd o dgj Stslstste’ = 5 2dzv ydw
ofMmMistcj yoj smisd YisOd@s®2dzj Ry oiBj tcj B 'slsy O
sBEMdzse P stc s d3 d Misj Mlse j dzdets 2 G4 dzd Is
Emists?2 yd o sfisqddz¥ § ¢ dlr[y O dzO dzts 6 d fic z pde'zdz o
d dz¥ j ¢ y(Hiendgsd 2004Rumyantsev 2006

1.3.4 NOtedBOSBBGjdzj IsdC O Hotslsdotse dqtckzmdz -

1 O€dzj y j"d BHddB o203d && ONMfjSltd
f etsB dzj d3J d MisjMmise j dedzets?  -dedglisisQ wd{ch ts s af «
s Odzts 9 dzj dzd J BOtE j teso, Mo w L Odzdz" ~ m
dzj COteMmilso jdzdzr | Gtoj f OO, Htodd3j dgv j 3" §
dLo jMisdzgdzd tc §f PG 21 fisasy L dzy J Zf sd3d dzOoe N
cdt Jjteylze mlse d Is jddiz¥ dftyfigfldc'ts © A dzde’ ~ f OydJ dzlst
(Mallal, Nolanetal. 2002 1 1998 cEtHiHEBEIPAMC DL dz6 ¢
fted dMfssd LseaOddd ¢BOCOoadtc® B'" dzd o1 ¥
LWWiClsr. 10detsdzj 4 bwyjdzm &3 dqL dzd~ MmlisC
ftocsweodzwes h Ow fpw ) L Qo dMd dssmisd ts Is10%ts © fn)
fOydj dzstso. 1 0 Wisdz kY shpjlsdshefiasicds] L f 6 H ¢
fjtcotets ftcdj &3O dz¥ H j 2 tcOL 9 do OdzO M
cdf jtoeykzomlsodlsj dzv detsfls d , o tWHJ fndzz y O
(Escaut, Liotier et al. 1999

1 Z20ydlsj dz dz" § Mmtej HMlso O, (slsteOyYJ dedz" |
dd t©oOLtOBBIsCE ftojf OOl O, O OS] MmEH,
feso jMisd dmmdzj Hs9 Odedy B8 f8dMEk 64 daf
ftcj f OtcOIskz. ) ~SH] dMMmdzj Hiseo OdzdwWw dzj ME
z Mmils Odats 0 dzjHiZA BERYOLMjotey L Odzdz 2 fijc jOflsya] j 2 dz0O
(Martin, Nolan et al. 2004Mallal, Phillips et al. 2008 ] 20 0FBA G 51

o' femegzsdsj dzh Oydd s ftetso jHjded® ¢ dzj
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O dzdzj HizX B*57:01 f j toj H ZzOL dz0yJ dzfivyveiidadhdsj f PO O
MdetsHdW N dzgd?2 Hjde @Gjdzgjlsdydmecd?2 IsjMmls H
MstcOdzOr d o9 w2z ¢.

RLEZYJ ded J tej OCydd e Odtby BO d jdzO o
Odzlsdtcj stcso dqteczmdets?2 Isj tcOf dd, O LOCYJ
tej OCydd By jIs dzd ssdz' €5 ftej Hislso te©
f smdzj HINlse d 2, orLoOdzdz" » fJtodj BB o O
LWWJiClsdoe desfls'-d aiff iy dadts o @ dedz’ -

[JHddz ddzlsj toj mdz 2 fMzz yo 2, Mo W L Odzdz"
ftcj f OtcOlstse ¢t v HdWj zyug dzd Olsif s Odz BO
Holkzrdzjlsdzj cts toj B J dz€ O, dgdeW d ydtetso Odzdets ¢ s
ftesraHYh jes Cktfl Oddsdtej stetso d tetf idzsd dz,
dej o 6O ddg) , ¢Yosmdzy 18 djmYyje dzj ud ded"
fsCOLOIjdzv odikzmdes ¢ saPtclicizdzts gfts H bists tsdz jda
(Persaud2013. 1 5 dgdej dzd tczCtsotsHdlsj dzv  d Mmfc
[ YtsdzMistsdz ( Rowena Johntsddng HQdedesds fizdyh
9 dzj 2 Mls Odzts 0 dzj dzdzr = O fj ectsHdav h dad 2 H
deso Stetsy Hjdgdg" » Hilj?2. Cll fMdazEyo2 M H,
s dMOdzdz" 2 o7 hj MdzkyO©2 dLdzj yj dedw ¢ B te
o Oy dets fyls ¢ HOdz' ddgj"2 h g SO dddL Lzdzgjo  d d3d3lz dzdzts G t
Gjdgj sdyj MSBsets € tsdzlstetsdzv .

sO0Cddz tBtOL t5d3, EmMlsOdzso dzj dzedj G J dzj Is
ftoj HoOMY sdztsy j dedets-th bzt § S y§d | dz@ ddzH d o d
fsfdzw ydtsdzdzsdz kZtetsodzy wWodzw jlsfqpw o Oy dzts?
GJdziIsd¢Sd. tJOdzdL Oydw 1 Issets f jtemdf j Clsc
Hstetsg sfistsw h d A d BOdztst WW jCIlsdodz R Az t
fshf siseMmlsolkzjls Wsttdsdtotso Odzad® detsotsEts ¢
[ Odz! dzj 2 M dj dmmdz Hse Oded ¥ GJd da Isdud MS g
Emlsts?2 ydoe tsmisd ¢ Il RY/ &) Ry f sdisc izls tc C

BjnOdzdL BOR fOLBEjdjLO IrRY d t6jOSydd
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Gdescdj otsftesfr d o jtsvWisdts SlStss ks dat
B ssHtse dzj-dideWlzd ¥ yd .y

1.4 1113 RIfJuvivdesdgrotdfzs o1 A0t L1010
g tOmMhdtejdedj d3 L dz0Oded?2 8 dzOMmdzj H iz d3ts
ftesegtcj M HisfMisd ¢ dzlz Is d ) sB dzOMlisd z fn
COdzyd tetstc@adelpd JO d MMdzj Hiseo Oded W G J daj Isd ud M
dzO dL zyd dzd d Md d3d 2 dzs 6 59 O¥AZO BzdzPL O, dz
9" MsC s §j dzj Istc Odzls dz' ~ BzlsOyd?2, tsB Iz
Mistsf tetsyJ dzls dzlz © o J sV isdzts s tcOL odlIlsdw |
BzlsOoydd dmfrisr a0l dzO Misd HIIMbad]
LiIsddz, rOtcOCIsj tdaf L @t OshylshdzteFOl ‘4 2 dzv 4y d ¢

[ HA2OCHsBd d&3ts Iswy j dzr 7 dzOfmdzd HMise j dzdzr n
f Olstsdztsc d 2, tcOLodlsdj MEBiIs@ezEz ds B iz jnozgis o
WOCIssttezy O h j Qo Megdagr yd mdzj WdLdyd MGt
ftoedtemud.lsr 9 OW Ists, rylstasO Cs@ CwfQ fry ISV kBt oHOH
MlsOHdwWrR tdstejd L O, ¢ dzgj Is6d ydpirigktaatyd tetfiztg ls
zO WipaRp St sosdva@ vqd dzOfmdzj Hizg spw  dzOB 5
Gjdzj sduyui M drma BOLSE jtoso .

s O0Cdd3 tet®ttdgseduyj MEdJ L OB tsdzj © O dzd
o' MsC s J dzj IstcOdzlsdz” d3d dZzlsOydw d3d , sO¢
f sdzd GI3steW dL dzs 9, sCOL" 908 hdn dzj L d&z2Oydlsy
L OB 5 dzj(Phé@rdal, Dunningt al. 2004Di Bernardo, Broderick et al. 2013

vydlsr o Ow fteddzeydq d Odz! dzlz s tc ts dz- a3.
Sd¢ s Jto]j By H]dzdz" » Cdzj S5C, O IsOCYj ot
Bsy dzs § o) HY lsEziSe Jdz" , d IRz dzdzse B8 tsls9 j SO ¢
d3d » Odzd L dzd ¢ Qkarip janel tSeetprd2P@%3arrido, Cabera et al. 2010
1 jtejydOw 2009
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1.4.1 rREBBzddtsdtedyj Mcd?2 SCtdstttsdr ffkzat

v stedwyv dJdJBBzdtsdzsedy MEsets € dzls tots dzw
COC BJddhizzds sted Mkt MMtstcdzr = § E2iIsd, t
dqdzd fsLotsdvehdn € tsd3lfojsjodimsjddsdgizdzs dz]tdsjcO
o tsL ded € dets o § dzd § sdeC Y j o] totsy H | tedzlz B) dzts o€ e
L OodMmd dfsdgysB 8¢ sl My juydwdud Mcde Mde dzt
LOfEME ftesetcORZB 6dBjdzd S dzilsSCd (ISOE
BZOted S MO o §wissdedzy |s ges’ oat@®NtgREEE G
(Lowe, Cepero et al. 2004

l ststes?2 fEkls: thdtseo Odz dzO 3 -~ @ ddefr'Lh JG AN
Cdzy ssC¢ d CBBdzls@tizgrs s fdztsqp Ms®OJd dssH J 2 Mise
1 0 2ME H Odzdptsciasc s MHREHORH KO ¢ tMlsOdztso
yd S dzO o dzQneitiz™yjoded W yqj JdzisjfndsoiiatsimisiClisdR) 160
Cekanova et al. 2008

stej Isd?2 flzls: smdzse Odz  dzO d3d » Odzd L ¢
IstcOdzmMW stedzOydd dStstf jtojtetsyHjdadzr = Cdzjls
fryf M Is j([@ghn, Bruce et al. 2002

R BBz dzdzOY MmdMmisj B3O L O dhOjls tstceeg OdedL d
M edtkMmdz i3 ddaw j Cydwdd, { dzd o3d dzd telzij Is
d My smssdz0 My Jjydiduj msd LOMY 5L dzOo C
1 CMmftc MMdtelze h d 4 sfkzratsdzj or j Odzlsd ¢ j dz" .
CGotsted Is sB hkh jMmise dzj dzd d d dzd3lz dzts dzts G ¢
Cdzj s€ O], dLBjyOah ddid HJj2Mlsedw Htclz
RdzIstclz d3j dzls Ote d 2 d dzd3lz dzdz" n Cdzj sts¢, sz
ZOHLtste LO Szt HBGBMOLyds " Jttss
oLOdAisHj2AMsoadwvdy M tg yd flststcOdzd Bd s A
slso jIsMmise | dzdzts G 5 L O LOf 2Mm¢C Of sfIstsL O
otsL By detsfyls s ¢ orBttsydtsddz kdzd ylstsy J ¢
(Smith, Berrieman et al. 20D6
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1. 4.2 uBote] dzg dzgdzOW Isj stedVw d d@zdzlz detsdztse d Y

10 fsMmdjHddd Mbstsdjldy Sodyjfydv
sfkatsdzy didd ded MEtsdz! €58 OL ftojlsjtolf j scOdzO
CGoHBBe ftotsh dzsegts Mlstsdzj Isdw ddalsjtejm € H
JHdOCEs M fweodzjdedj o3 detso’ 7 HBdede'sH ZE SE
fJjtej MOy Jdedz = 1+ CMY Jtoedd3zd dzlsOdz? dz" d3 » do tsls
dqdzlsj oW | e dEG) g ORBdE® KOC % J B BtSd hj2 yk
f 85H O9 dz] dzdzts 2 IFNGEZSZSE ¥ b jc23d tctso Odzd & dbiCR)g dzn t
OmMmMyddtese Odzdzr = MOtc ¢ sdfFikz Hxiasy acedj i S o ctad
sfzrtsdzv B odseo! otsLtemM. o Isjrn Bt toj
ftotsyd MMy csMis© Btsdz! h JdzMlsoa O Isdy tse i d
sfzrtsdzj 2 dzj tSH dats € to O iNdztskawtf, tSJageroej &.>2008uizO fn !
Uppaluri et al. 2006Wakita, Chamoto et al. 20R9l Oy dzr d3 1 IsOf ®fd3 o
ftcj HMIsOoadzj ded?2 t tesdzd d BRzdedzs?2 MmdMmlisj d
MOkt tlsCterIsdy oddwddvw dddszdzdzr = € dzj Ist
zO0 J d Isd{ . s0¢C Bfikzattdd I dJdd@RkRkzdsH|j
WEkdzC YNGR d dzd @ RAGKRZO t]j clzdzdtolkze iy j dwig ¢ tf dgesd)dz
mMftsmtsedzr or LT’ 8 0ls! ddisdzz dzdzr 2 wslsojls Bk
ot d3Ww MGCA@SdzH 2 yd tetso Odzdz" | sfkzatsdzd dddzzd
H] dsdzmistcdtelze Is MBEWB, e dz a2 20¢5s fipdsOC d i3 5B |
sfkzatsdzd, MWsttdzkdtcseo Qah djmw o Efmdzsedwn
WEZdC yd sdzOdz! detsmyls & Btsdzj J§ d B33z dzts ¢ § dz'
MW stecdzd tctso O h d dizmw £ Ydotlsde n M JddzsO¢
HOdzdz' M¢ tsddg €5 BHdW Jydetso Odzd Isjtsteds dd
Mtse toj d3d dadats 2 dqdzsjtef toj sOYydd sdz0 f sMiste
ftoslsj CSIsdodesds Hj2Mlsoadd ddzdskzdzdzts? fmdmisg «
tcjebkdzdtelze M j2 tosdzd B3z dzd s IsO o dL d&3j dzd

HotcfaBy dz s sted W dLEyojls Ited 0O
mdMmisj d3r M fkz-td b : WOLE {dzddsd dzOydd
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d B3B3z dzdzts 6 d yd MSE se 58 € ts5dzls t 5 dzfDundz @l etalf 2004 s dz,
Swann and Smyth 200Grivennikov, Greten et al. 2010

l WOoL] {1 dzdddddzOydd dBtsdzy Skzdzr d dksgesC
gz dzdIs j sO tOBSISOs s o IsjMmdes?2 MmeaweL €
sfkatsdzd Jhj HS fttswedz dzgdw G dzddeduyud M&
sdfr Sfkratdkjerrn Cdzjbktst MfsmMedy k- tH
Clsd Cdzjls€d fHtejrmrBHWIS o Ghpds2H k¢ dydzlz dzddO® L
M smtse dz0O ¢ tsdzls tots dzd GMSDLAES | tc Qordzs w5 Mg v . 1
sfzratsdzjeor j CdzjkCd, Hjtihjunhdj o WOLE
f Olstse j dzdzr = Moats2Mmlse d tmMisOs Ismw B jL Y (
Stec Odzad L BO. it OdzdL OwdsL. Bisp z®j o Wiakzkz yOj
sfzrtsdzjor 7 CdzjlstsC (o Id3 ydmdzy ¢ tsH o
Mz yoO] dL d3jdzj dedw WEkdzeC ydosdzOdzt dzr = Mo ts2
MsOtej dzgdJ &3 ddzd dzOtelkzh jdzdj &3 B OzOdzlM O L ON
f esw ovtlzw § lddg dzd ud M< d, fsi sz fsdms {§ to
wodzwjlsimw ftodstejls sdzs?2 L OHOYJ 2 Mot did

1.5 tdJ? LrlrrvryYypas o611 ot du o
torroOAR VLV L T LT BEBUIRY

[ sdzj € zazy wagzts d yd ME dJ B ~ Odzd L a3’ CO
HOdz dzj Yh zautg ded v . ytejLo" yoOldets dJdzlsg ted M
90y de" 3 M HwOCIsdyd MEs2 stsySd Ltej dedw
L dzsC OyJ Milse j dzdz' = sBtcOL s Odzd 2, OfmMmMty
oLHj2MIse dj &. [ M jdzdets f jtefmtf j CIsd o dz" o
Mo j Isjdlsiziedg' Hdzr = HESC OL Olsj dz Mlse tOL dzd ydw
CGJdzslsdf © d&zO0 twOHJOyYydsdzdztsj 9 tsUBegtZerindnd d J
Overgaard 1994Zimmermann, Kumpf et al. 1998Andreassen, Alsner et al.
200. [ HdzOGC 5 Mdzj HEZjIs tSIsdB]IsdIls! ,-L Qb tMmb)iE fgh
WOCIststetso sSCtgayQr hgRMtdtayj dedetsy t6OL o dIs(
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Cdzd dzd yd M<E dn Md B ssdiBts o, RZOC dZOH T 9 OB Is
fsHtsBdzr § dMMmdzj His9 Odzd W .

s 1945 G6tsHO, CSGHO B ds dJLGEtlstse dz
fhdzz yOd dzOB dz¥ H J dzd W LWW CIlsse tcOH d Oy
tLfdLHdyd M&d?2 ~nOtcOCIs] to. 1 jtoor o3d i s¢
dmf " sOdzd dz0 Mmisjy dBIHISHd d dmMmdz Hise(
sdztcOH t jdzlse j dazz wpds,C tcp ezt d 2 §f pEfpelp dacr o
ifMlsjMmlse j dzdets?2 tOH5OC Isd o dzts fgl8 do thistE BdzO® h d
tcOHdB0OCIsdoadz | Mo 52 Mis@derntfirs d@8IdRged 201 tc O
Ve HY sdztsy J dzd v toBdztSSip Nojddyl WddgdefO IifOH d Oy d d
teW HJ tcOB Sls, s dmr o O h dn Cdzd dzd yd M< o
ftcdded 3Oeah dr o jMm! O hdqesSts dmftsd L Ezj d
dzj yj dedv dStsdzteduyjmMédrs L OBtsdzj 8 Odzed?2 €
dzj 6 C sSHMIskz ff de'dAi3J dajdzizd W tcOH dW &3 Mls, 0]
LOBBdz] 9o Odzd 2 o Mt Osfzg Is §f dz?¥ 26 © § YEmAGIO83). - Ot
t OHtBEdEOHdBOCIsd o dzr 2 GOL , sBtoOL 8 h d2 Mmw
tcOMf OHO WOHJW, HOYJ s MOdi3r d3 mM¢ tc s d3dz
Ldg@ di3r = { Szt dyuj Médr WOCIkttese, s toj !
Yylsts €0OC 1 dzj d3gj dzls, odesfpwh d2 MmMets2 oC¢ &zOH
tcOHtsdz SBEMdZOs zdo OjIs ftsweodzjdedj tsls 100
dzj ¢ € dr joy juczshadatsl98(7).

J HOdz dgj 2Afhsw o d dzd HOdzdz" § 8 daj ¢ sl
Ctozf f O3 HdzdIsj dz' des OB IS dd3 o dzj B
tcOHdtBdztse d, Zzdyod drLeslssodzwoh dy d dzOdz

ftsH jtoy ON d j steqdilsd?, COHd?2, Hiclz ¢ d
cOHdsOSCBdddmbo). IsLHdj w©wOMh disdddf:
cOHdsOSIsdody j wkH', o, &OCEday, dzO

i j toc s dzO dz, MLHOoh d2 thmdtser  sdzlzyy dedw
HdzWw o] dzdzr = d (GBdis &Gilbert ety dB9FDmar, Barber et al.

1999 Wang, Zhang et al. 2002
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[JHAEZOCts fQdedr'rji, HitSLotsdzdehdj MmdMmilsj d3l
WOCIlkr s Hj2fMmadd ttOHdOYdd dz0 tstcc Odzad L ¢
fesdzscoddzg mm 9]¢ O, CSEHO yYjdzse j yj Mlsot
Olstsdidzts?2 1 dzj tec d d . s Mmtsy Odzj dzd ¥ , Btsdz M
tgg L zdzt IsOIsy O Ottd?2 d&O fwjHftedwisdwa O
J HddzmIlse jJ dzdzse 5 9 dMmissted fn dziz(Yh®mipson@ Is ts
Mabuchi et al. 1994Preston, Ron et al. 2007 rRdz' ddz 2004, {
1 OfMmilsj tedzd $s9)O d HE. 1993

S tots 3 Ists@ ts, tslsH j dz/ dats g ts o dzd 3O dzd v
gsdzdL dqtekze h jets dqL dzeyd dzedw o C dzdded uyj S 5=
ftoed tjdascj detsdzsedyd M<dn dmmdzj Hise Odzd W -
MO tsdtedyj MEts?2 HtoOCIlsdC | d Ctdif! sl
s wOfjoldud MEdna yJ dzv - (Crdutaliprg, dgnPitezy ef al.ts
200Q Kleinerman, Tucker et al. 200kinstein, Henzlova et al. 2007

LMisOdzs o dzj dzts, L dabys] 3 s BYftdts B SyYdzr d3 + W W
S sdzsedyd M dr LOBBdAdzj 9 Odzd?2 wodzw jIlsfmw
l twwH] 1fdHjBdsdZtcduyj MSdr dMmMmdzj Hise Odz
tcedmMC O tOLoadIlsdw dzj2¢BLBe d MdzdHdze =
tc OH d & lsf f3afdais 1976Roychoudhuri, Evans et al. 2Q0fravis, Fossa et
al. 2005. |1 HSBER®HE@F yj dets, yYlsts dwsdzdL qtclzs h
f stesyHOIs! ftOSCIsduyujmMeéd oMy odHr L dzc§ O
sftej HJ dz dzdz" | stce Odz" , ZOftcd d3d o h fFlstso
o dHJddi3ts Bl Ot dgjuz ody’ls,o oniigijatdz'd § (¢ dz8ej dzn tsStcdz

1.5.1 CAWJCIr ©OHdOyYydqtsdzdzsets o9 tsL HJ 2Mise

It tjLiEzdz SOSOd3 ftse j HJ dzdz' - zO0 My
EmMsOdetso dzj dets HOo O Isdf O 1+ WW jCIlstso oL H 2T
Mo w L Odzdz" j m lsjtj? W 2 dzS ygejdzOts § @ @3 d
fzedzd S Oydd 6 0 [ st o 3 Mists L stedfdz I

HJ Isd ted3d dzd tc s 9 O dA@80 Recombhengatiolssf the ICRP). sWyjMm
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f stcOY j dzdV¥ tstcdOdedL BBO o HOdzdetsdz fmdzz yOj ¢
HiSL ™, L O Cslstster d3 oY to wMigjdigsifds ' s talpCidgdh
FojdzdydeOjlsmMv. d4ddkzO kOCBEets 1 WWjCIsO L
z odgd U dad jjdizdtfiag 2digts Bz L OC tsdgz  ( ©te gz Gz 628 1§
2003.

l sstets?2 Isdf 1 WWjClstse dtsmdls ojtetsWisdz
dL o3 dzj dzdCjbgz dgfts d€jdzj sts€, GCtslstster §j 5 fftetsh
LWWiSCIl) dsckls ftedejiMmisd & wOLoadlsde L O
Mstsn OMisd uyd MS d d3d d nOtcOCIsjtedL 28 Isfmw
ftoesf stcyd sdzOdz! detsfmlss ¢ tedmME O HBL .

t OL dzd ydzr d3d Qo Iststc Od3d sSfsd O dEs,L H jRA
dzdL CSBHBL dsets tBdZizyd ddy dO0 ttcOddL d3 o
yomlsdesmis d, IsO¢ d f sdzsy dIsj dz' dztsj , n
ftesHtsd dlsj dz detsfylsd s dLded d f§seorh jdzdj d3
(Luckey 1982. [JHdOC s ddescdj M j ydoOdzd misr
HdzdIsj dz' dzf d@3 oBBLHj2Mlsod] &3 HOMIGB dBfOdP rjL 'cC
Cdzj sCOR BeOddL BO dL di3j daj dadw HtodotsHW!
L dzsC Oy Mise j dzdzr o3 dso stsBOL ts9 Odzd W d3,
Ciecso J soastedz” = W k2 ddeemehdegery, [81Gdedziepenl et al. 1984
Plappert, Stocker et al. 199 einberg, Korol et al. 20QMullenders, Atkinson et
al.2009 z Otej y<d?2, ,u lrttadddsfodz 11999989

s O0Cddz sBtcOL ts50d3, mils Odzets 9 dzj dzd J tsls d
Wstcdzddteso Odzedwv Mmistsdzr tcOL destsBteOL dzr = 4 W W,
9 BLHJ2MIsadwW, W dzw JIsimpv  tsHds?2 dL dzOdB ts
ddzsz dzs dztsc d ¢f. AP icj Mpdes?2 d o9 Oy dzs?2 1 SO
Mo o d3j dzdz" ~ Ctsdzyj fyd2 t ftwoddydf dodz
St Odzd L GZO s kS sdtcdyjmMédr L OBtsdzj 8 OC

Iy ddjsnhdjmw dzO fMjetsHdwh dzd2 HJ dz
ZzO BtcOdzdL d3 yYJ dzts £ JjOLOP ,tc OQ ol BLY Y J st Ord 1

tcOHJdOYydsdzdzts ¢ s otsLH]j2Mlse W W dzw b Is iy
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BOlsj BOdUjMSdr dsHjdj2, §jtjdsno ¢
qazd ) Skd skt CdzjlstsC dzO0 e OddL &5 U
BEhBE OHdisoCd MOBOMOGY, dMfsd Lo Odsd
f sz U dzdp' Rz dls Ot j  dzj My Ofls dz § tc gz @j dzdzt
qaizd fted dMitsd LsoOddd KBjkssHss ©OHJEIS,

v OBldz) ted d3j 6 o dzdwdzdWwW d3Odzr =7 HBO edddzd
Uj ds@ydoslsdy & (s se®@RO I 1 .

l sedztsh j|) sfypdzj Hinlse dw tsB dzlz yj dad v

HSL O My

25 ldBjdz2 Bl tOCO 1 yjdzsej O ¢
LO 70 dzjls

15 1 SHOoa dzjdzd ] Ctotso jlsotstcjdedWw o

10 Lo jdduyjddy dMEO MdijwlRp B
Mk BROtedets s tsBdZEYj dzdd L O 70 i

5,7-21,3 VHetjdzdj yYydmdzO rtetsdidsmtsdzdz -

3-10 ve jdzdydddj yYyOmkslsr OBJjttcOYd

9 LYyoh jddj MmMdzzyoOjes oL dd$ dztso j

5 1 S0’ h j dgdzOW M) els desfpls ! ®ls Mis
Il sWwodzjdedj otetsyHjdede 7 fStotsCts

4 Il sorhjdedd Md3j telsdesMmisd Bl t©0O
sBdzEyjddd LO 30 dzjls

1,61 3,5 Isorhjdedy ydmdzO dzj B dzOctsff tedw

1 Vo jddyd ddd udmdzO d3j telso stetsy H
1 sorh jddj yOMmksls' 7t gkl sdgd
o jddydddy MmMdij tlsdtsmisd Gls o
sz yj dedz’ | §sfydzj 45 dzjls
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4 BjssHBEEedUjMSEs2 koySd LejddY b
tcOHdOydtsdzdzese s oL Hj2Mlsadw d3Odzr = d Mmtej
LWWiGClstse fto] HMEZPH dzwistclizimvdzts 220 d OB Oy J 2 .
oLHj2Mlsadd MdzOBtsets dL dzzyj dedvw, OCIEZOCc
cOCd, dOYOds BtdjLdd BGlsHOd] dzs 5 ot
fdtedtsH, of Weodzjdedd o MMBz o iddug BmdY ol
LIOtczHdzj dBs HEMIsOlsydets?2 Mmisj f j dg' & HisMlists:
Bsy dzs sftejHjdzdls! dzdh!' @EPORGHasHs2060EIRY

Il HOdzdesd3 Mz yO,j Y tsC OL Olsj dz' dgr &3 W o dzv
E tcOBtslsdzd Ctso Bl jClstse M tsdz' LyschaO@ddhvg =
oBdzdLd ftjHftedwigd®Re s Ousithifdsss 5 ¢ &Y dz.
fjtodtsHT O Oted 2, Ctolstster j o fftej Hj dzj dad:
dL zyd dzd w slsH Odzj dzdz" - f sfdzj HMIse d 2 tc O
dzOff tod d3d tc, © 1951 GeEBHE BT isdlzr B8Mihsj sz
dzj 6 j G dzOd3j dzlsdz" 2 MmMBtetsf tlkatsHise o tjCk
1, 238320z sd, SCtlbtster 2 dOWHEZ f HkZzdc
sBizMmMdzsco ddz HdzdIsj dz' detsy otSLHj2Mlseodj dtsdz
ftesydoOoahjj o § OHE M deon dtc@thridrdpy d2daf
ZzZOB dz¢ HjdedW L O wBAZEY]j ddz" &3 dzt H! B ¢ €
fsmdzj Hso Ols jdz' dz" 7 MdMmlsj ddde" = dL d3j dzj dad 2
~ntetsdzd yj MS d?2 dzlz y J(opt€$2dzy jipd dzH2OBBM 5 ¢ tS)ozts ©
t OMY 6 v dzj dEfigie (P ydrjtasdzd ud M dd3 dzzyd o
fsedztsh jdzgdes?2 HBL] d2O0 CtsMmisder 2 dBsL e o
dzOB dzt HjdzdW ftojHMlsOodzjdzr o IOBAZdYj 12.

vOBdz. 12 {OmMYte] i of e ¢ § @jdststol . 2
Isd&jj 0,4 |676 §0Oydj dzs
Isd&jj 1,0 |276 §Oyd] dast
Isdzjj 2,0 |55 §0Oyqdj dests
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R L SlIsHOdzj dgdzr = 1 WWjClsse tOHJOY(J tsdad
dqdzsjteijfm fm JwLolisdquimiés2 d «&JHdyddms
LdzsC Oy Mlse jdedzr | tsBteOL B OdzdwY d 6 dgj Isc
Ml ezt MG OL Ols* Yylsts tsB0O 1 Isdrs WwWodzj
My j yd O0dzd misr ZOMisOdo O Is dzO - ¢ s diztc Jisdzj HAt
sB dzlz yj dzd | smtse j dzdzts MiIs©o M § J tejLzdz IsOlI
sf Ofmdes HdzZW LHBSESO ! W, 1 5 d3dzgzdzdb 8 dziz g gf
Bsckzls BT Is OfMmMtsyd Jtctseo Odg MOdir | tOL dzt
Mistsn OMis d yd M (Ldtle, Wakeférg Etlalr 2000 [ HdzOSts o da
oto] BVIstsIs o s tetsf wo dzw j Isfw ftojHB]BEXR
Mfjydodzdmlsse ttOHdBddsSG s .

1 SH Hyj2Mmseodidd dtsdzdL dtekze h jets dL dzz
fsfmdzj His9 Olsj dz' desfils! Mt Isd2 dz2O0 dBsdzj € &«
Yy Ofpls ! LiIsdes ftesyd Mntsd O a@Shsjlst , dzj @s B He®lis & @
B Is oMmMmMisOdetso dzj dzO © dhMeBH SR Mtshistsv
OHOf IsOyd tsdedz’ n BBy - Odzd L Bs o . Il sLBEYH] &
BBs dzj € kz dz, ontsHWh dR o MtsMlsOs Btee Odzed L RBO
olststcd Yydz' » o L GCpffdsmtsis2diy Isso dRr, e tc O ls ! 9 Oy dzlz
Mstsn OMisdyj MSdr 1 WWjiClktse d, o f jtoolks
(Rosen, Fan et al. 199Bajonk and McBride 200Bauer 200Y.

dlstclzC Iskztodz d3d J Hdded yOdBqd Bsdzj € &z dzv to
stec Odzd L BO, wodzwe lsiqw dzdf JHT d kcdzj ots
Slsdsd Isdls’ ,dedegls szO B § ded v Bsdzj S Zdzv e dets G 5
ftetsyj Mtse NydLdaj HjWlIsj dz daetsfyls d dzO0 B tsdzj
stec Odzd L BO. RL d3j dzj dzd J MlstczC Iszter d3ts dz
dzz C dzj slIsdH dzs? f sfdzj His9 Olsj dz! desfylsd 11 s,
tcj Odzd Mo @O tstcc Odzgd L dq3j dedes A3 kZtctso dzj © W o«

t OL dzd yoOe Is ftsotej YH] deGesBEdhsidzzg BOF §
Gjdadzr | BzOYydd. mtcsd@smtsddzsr j] OB jttcOYdc

Ctsdzduj Mo jdedy j d MbstekSlskztedy j. sl dzf gg
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dL d3d dzad dzd d ydmdzO ~ tetsditsmisds, O MlstekzC Iskzte
~ntosdBsMsd3r . 1 so " h j dadzts § ydmdzs rFtosdisimc
Mz HEE N dR EmMdtsedwa:

Hftod ftosW jMidsdzOdz! detsd3 tsB dzlz yj dzd

-9 kmMAzsedwnrn f§worh jdzdesets | Misg Mise j dadat

Hftod sYdgo Odedd dztHj2 o© LtsdzOr ) dzj B d
sBMisOdzs e C 52 .

Adlstsejdzj sdud M) Y] H] djazddd @ictsyEs
fdtedWjtedud M ek jYsdfafd@@d B sdzd j dLojMmisd
syJ dz€ d z tc ts o dzv (Hlatkyg dBaachg dad wal. 2002 t OL o (L
ydbtsejdajlsdyj médrms dBBjbsHS dzO tOdzdzj d3 ¢
Ldz2ZOydlsj dz' dzets tOMmh dJtcdIs ftcj HINIsOo dzj dzd W
ftesyd MmMd GCOdeyjtetscj dai L O. R i3 [z dz' dipjdsds HE] €
fesmdzeyddz ftesctej M o IIsjrdtsdzcedwrn ¢ Ekd
nlcsismMsdider = ftoj f OtcOlssea. vMmse jtoh j damiso t
dimf sdz' L 59 Odad j dztso ' A Bsdzj € &z dzv tedzr ~ i
EmlsOdatse d Is ts G to ts d3dats j tc O Lddztlg Bollg QlEdR) oM ts
Bsdzr ddzmlso © fkatdj?2 yYddsej o, 1 o d a3,
COydmMsej GMdeso dzgsets 8BJ JCISO dMmMmdzj His9 O
g W sydilsr . RMftsd LsoaOdedj dzd BBW sy dIs Otc da
LOdzsy d dzs tsfdzts o "¢ sEdsd3osde detOodiaj jdgf v o Mtso
(Nowell 196Q Kouri, McKinney et al. 1982Mazumder, Grimm et al. 1983

Ir s Ow ykemlseadlsy dz desfylss dzd 3w sydlsts:
Zodzd udj Mfjyuydidyds ~ HdY tOHJOYEtEts dst
SR OttOCIsj tedL tso Odzdz” A H dzw Bisdz: h ddzmise O
SftejHjdvel L WFgfdaddiafs! ydlstsej dzjlsdy
HeLdd&3j Isted (. } SH O9BLHJ2MIsadjd3 ©OHJ O
~nlcclicMmMsdzder = OB j tloteOYd2: dzj Mls OB d dz' dz" j
Oy dzsted ud MSdj WtOedzjdzlsr) d MmisObqifir dz

Is tc O dzfn dzt{Sa®nad, Sevan'kaev et al. 1997
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y Oh j omjets H&Y yjdsd o4 dzdydd (]
dmMyfsdz' L k2% Is YoMl tsisk otsL dzd C dztso j dzd W
ltejddzzh jmMlsets Hdyd destedSCtse MsMmissdls o
wodwe Isimw My Jydwduydz d@gd Hdzw o9 BLHJ2MISo (
dzj c BEHZOEBEZY dIs! o Mo jlstsotsdy RBJCtsME sy j B
sBtcOB SIS d d o Ods[Wiec OR tots d3ts ) ts d3dzet iz of dotg jf O@ O
JHEZOCt MdizjHEzjls dd&zjls? ©9adHEk, yYlsts §dzj Is¢
fted Hjdzjddd cjdzjlsdud mMéd daj fgp QHdBiREITH]RL
ftcdotsHdl § dn { ddiddkzoydd. ) tiltdBz &f
OB JjtotcOyd?2 HdAW ftjHjdjddYy HBL' Bd&Ekzy
(Hs4 3d3j MW yy 9) MesCd fYoMmMdz BGHAEESCtOIsdd
COHdOYydddisdts oL H QEHERW"NS & s i)tk wb jj|
toj stesmt j CIlsd o dats 2 syJ dz€ § HiSL T teOHd OYd
ftod d3j daj dedd ©OL dzdydz' » BOLJ BOBdUI MEdn
ftesyj M  dzddBddzOydd §sHsBd 7 S dzjlstsS
tcOMYf tej Hj dzj dzgd v OB jBdwafs Hifdholntet ak 280i5Is ¢ O d3

[ftcjHjddIls: Misj § j dz tcOH JOYydtsdedzts G s
sy4d dzd Is! HSsLE Bedkkzyd ddw mMfkzmlsw HddlsJ
otsLHj2Msoadw ddzd o MmMdzey0O] ~tetsdzedyd MS ¢
fMlsOB d dz' dzr = ot i3ts s d3dzr n OB j totcOyd?2 (
fjtedWjtodyj mEts2 Cteso d. Clts o tsL ISy dzts
fsotcjyHjdedW RtotsdsMmMisdy dzj dzOtelzh O Ismwis jou,
teWHE Cdzj stsydz = f sCtsdzj dgd 2, ss j Mmlis!
fsHe jtee Olsy Mw L dzOydlsj dz' dz' (Zeorthnd,dRueitjetad v o3
2005.

Il fomdgwrzd jHdzY fftcjHjdzj degdWw yYOfMmilstsis'
OB JjttcOyd? (stcOdzmdzs € Oyd?2) hdtesSC s d My
G d B ted H g sun(FH) Cslstster 2 ffLotsdzwjls odL E
TtesBsMsd’  ddd kvafisagen Rompesat @ 26§2ntura,

Martin-Subero et al. 2006
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SOC Brd&zs MCOLOds o'hj, &OvHE
dtsdadaeditg) § dLdzeyd dedy fHtwdotsHdls € dzOC S
dzOfmdzy Hizj 3" = d dewmoveBdcE BBl a3 Bsdz S zdz 1
dzsor | oL By dsmisd o kMt Pdasls dyj g 9 d ~d3ts
ykzefmlseadlsj dzt desisd € tOHd Oy s dzdztsdigizls t Hsts @
sftcjHjdvjls drn ftejddkzh jfMlsets f jtejH & dzO
GJdad sdsd d BftejHjdvjl f§jtmfjSisde dsmls
fsor h jdaed tcOH d Oy d ts dzdzts 2 BJd LGS OMdesmis(d,
tcOLodlsdw dzjcOlsdodzsects ofFpHBED QO ¢ dzd ttc O K
e OH d Oy tzdzdzs d o 5 © O dzdz’ TUNSCEARR02)o O dzd 2

[ desesyd mdzj dedz" § dMmMmdzj Htse Odzed W Lktetso dz®
Cdzj ss¢ , ftsHO jtce Qoahdamw eotsLHj2MmMlseads d
Ylsts Cdzs yjor d3d d3j - Odzd L d3Odizdkts fiy Isfiy edydL Otelziz® ¢
tcOHdOyYyds wWodwe Isfpqw MmdMmilsj B3O tojckzdzv ydd !
Hjdzjddj, edejd Cdjstd), MmMdmiksjBo {6
GJ dsBO (tjfoOtOydw r1s) d MmdMmlsj B3O da
d dizdizz dzs dzts ¢ d yJ MS d&F s 6zfs tizs tc © dzts © @dgd v , tcj f s
¢ dzj Is(MEBjide, Chiang et al. 2004 | Odzj j J 10 fi) fipdstEste dz" j
WEdeC yd sdzd etso Odad W 1 Isdn mMdMmlsjdd d HOdMz
Cf sdzj dzlsts o .

1.5.2 stdbtesd! Sd&jlssydkses yds o

sdzstetsdzr Cdzj ssydese s yqds &z tsmikh j mise
M smMtsedzr &3 L OH jtey do Ols! dZzOy O dzts 5§ dzlp fipd
Emdzse v, Bd&zOcectsftedwismlsoks h dj EmMfjh dsd
1 IsOf s yd¢ dzO. 1 Otelzh jdzdj MsckzCIlskzter I
Otej MlsO® dzO HOdz dgj2h jj Hjdzjded] SCdzjlsC(d
By sOWOL" ) ddzd dzO0 1 Is @ s tidfos) jiulmdzts frHisjodiz) dadjsc
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MuTO3 Hauano

KoHTponbHas
AeneHnA

TouKa 2

KoHTponbHas
TouYKa 1

Pennukauus
tdMm. odsdidstesdz dr j IstsySd Sdzjlstsydssets yd
ydqédz &0 msondd tjifddéoydd ddazd &dls:
dzj sBotSH BsMisd LOfEMCO fdjHEsh jegs 1150
1) ftojHslotOh OjlgHpezdztsd ded j s f ST O G-
ssy¢®© 2) dzgj HOjIs eMmlskzfdls! {tsotej y Hj dzdat

Clsts dzj 5B~ BH d di3ts H dzw Ists¢G 5, Yylstse
toj f OtcOyddedz’ §| d3d mnOdzdL d3¥ ftoj HEBISOtcOIsd dz
MstckzClskztets?2 ddzd JjJ  J tojGiddudzd LH sSiagg deadzlp? d
f BMsOdstso € 52 Cdzj ssydese s yYydsedzO f s¢ OI
dzOR sH WM g fmw ) LOHJjt)Y S J Cdzi ssydets @ ts
MtcOo dzj adlmf usB fizlz yJ dzdz" d3d ( § B¢ fla2®@ dz2 A 1 GzYf 4
o’ MtsC d 2 Ftotse j dz dznierQadedspd ts dzddsz s ©Oc j dzj L O
ctsotstedls! 5 o MsCts?2 OCIkdodesfmisd toj f OtcO-
1 WWjSldeodetsisd d3j -~ Odzd L dztse , o sMmis OdzO 9 d
By dls fesHsdydls! H § dzj dzd § ddd fscd
sdzs yjor dsd B J 2O dHdRd e jlsasHsdzdyftadasATM fiTHIK1/2w o dz
d TP53 (Branzei and Foiani 2008 dIstclz-f Bz dethts dzOdz! dzr | ¢
1Isdr dBsdzj Sz ddzd Htekzedr dsdzj § kzdz, tc J
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Cdzj ssydesets yds dz0 dtsckzls L Of M OB & dzff 5l
mMudsd ftdotsHwhdnan ¢ tc@havnd dd JackaZ)E Y Ols 5 ¢

1.5.3 tdfoOLOyd™ r1s
dlstezClskter , Ctlstster j fBH oL HJj2Ms®d.

cdBjdzd SdzjlsSd, &BkzlkOcjdjLbk ddd ¢ 0oday
sBtOLtsd3, o GCdzjlssydesds WHij. dwtcjHd dadna
CsHdkyhdj Mows2MmksoaO® d ftodL dz0Sd H O dac
Cjebkdzdly hjj oBLHj2MIsod] ZO0 oMgt |
YdLdagj HjWIsj dzt detsfyls! & . l sotcj Y HJ ded W 18
dL dziz yg ded § o3, Bsckzls 1§ tof ansEzdyo? dz’'¢d3 dIkisd,
fMistc iz € Is Iz tdAbralfamsen, Bender et al973). Clsd dL d3j daj dzd
dMyrlsr 90sls d© MjBj CtttejClsdekzshjj o
BjdCto. [Mdd ©jfowOydedds j &j - OddL ds
yofmis: ¥ dmfteOo dzve sy, JMmdd XJ§ bt ddd
Hisfls Ols sydats W b dzC yaflisjdd® dzo gzt s v Mnde®s fj lopls  § j t
ZOtekh j dzd?2 MdzjHbEs " dds S tsdzj dedv &5, 1 Mz
fslsjtej? o0yds?2 WekdSydd, jJj dzjcOlded
CjfesHkCkdodsets §lsj dydOdd tcOdsdL &0
SCOLT 90% swinlsg dsjids HjMBIsj Mlse j dedatsdts tslsB
Ldzd B ded ez sfpw  dL  fsflzdvydd. {Ismizls Ml
fesdzsydlsjd dr 2 {W%jiCl) &kzsOoydd dO st
fsfdvydd, Ykt BBEM&ZzOs ddo Ojl MshtcOdsj
% OCIs s sddzs ydd .

Il shdtses] tQ&zdPydetzaz®dzdzr = dL 3j dzj dzd
dzj ¥ Ols dzOtclzh jdedw dzz€ dzj slIsdHtse ( 5Mdzs o dat
sfsso ®) . Clkd d&Otkh jddY ftedosuwls ¢
COL " 8 O3 dsdzy S zdz" 115, O WEVIF 1 §JGgaL
r1 e84 azsl )(dfpf s 1 JPOBPYd sdede” | d3j ~ Oded

LYWW iSkkdodss dMyeOodWsls dgzS dzj slsqHdz j
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cOL e 9" SHAEZOSCEE ftd o' MsCdm HBLOR

B J dz& 5o fnd misj B ey fOLOyddelzls  fRsEA fiz
Hokyjftsyj yder § t©OLtr ar . | Odzdz" 2 Isdff dzO
Cdzj sS€d d Mmdzlzy g y dsdgids opdAfByjj ddzflzr 8 € dzj Ists
1999).

OkncnenHoe [ByLenoYeyHbIN
OCHOBaHue pas3pbiB

><ED5>/ '@ /@
,EI,HK-O 0OGG1 ><G:

rmukoaunaza NTH KUBOO O

NEIL1-3

ObbegnHeHne KOHLOB

U

O6paboTka KOHLUOB
Artemis

>®/ DNA-PKs
AP-aHaoHykneasza APE1 @

4;; APE2
AHK- ! POLlambda

1
YpaneHwe 3'-HeHacbILLeHHOro nonumepasa TqT
caxapa

PacnosHaBaHne 1 yganeHue
noBpexgeHHoro oCHoBaHMA

3anonHeHue NpoOMeEXyTKa

POLbeta
Lig3 @

Ligd
3anonHeHne NMPOMEXYTKa

NUrUpoBaHne >®/ XRCC4
XLF
>®/ ©) Jlurnpoeaxwne B

t dm. Pdzsedzr § L sOfT ftesyd Mmtse ] f O
zz C dzj slsdrutse ( @O)n deOndclrgjshtsyjgdz O I[SOC
Cslstster 7 EZyOmlsaksls o tojelkzdvwydd HOdzdz -

1 JfeOo d dz' dzOW M"dfiaf$ Q@zOdgtizdr jj Wadr’ toj f Ot (

Wstedzgdtetso Odzd ¥  dzj MlsOB ozt dzr 7 7 tets Bts f) ts dzdz’
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sydtejrH! LOJEMCOS s dftctsdyizldnde jeddisL) @zdd dzddzjd
LEmMf e Mdd cjdzse. 1T d3iMmisy M OfsfltL 5
ftsotcjyHJddW d3j d3B tc O dz" ) d dzgj StesL s5d3 ( f
MowL OdzgdzOY M dL Bj dzgj dzdj d3 Moats2Misa ®©  tesd
" stedd oz ¥ dsv ben@irsed s f Ok tsdscedd.

1.5.4 Jjd ddzBzdzdescts tslso jIsO o tj O ydc

RMMdzj Hise Odad W oBLHJj2MIse W tcOHdOYydd
Yyofmlsdzsmisd dzO d d3d3lz dzdzlz ¥-L @) d fip dizts ¥tz iy O tcdz B 1
Csetstcls SR OtOCIsjtcdL BOOdetizB § tsfzts ¢ iy glzlg & etz
BdtsadBIyuj MSdds ¢ OL Olsj dzv 3. 1 sdz h Ow
B hOr ddzd dzO SCEkdz' stcOr Cdzjlsts¢. vOE o
Yls ts ) SlsH Odzj dzdzts d3 fJtodBH] s fqalzpy j dég
dzOB dzt HOj Isfw Mg J ddff BV B dIstse 5 MitcOo dz
N doe tslsdzr o3d, o Ists Y j otcjdzw fYmdzy WtOC
ydmazs dzd 3w sydlstseo ko j dzd ydoe Odzsm! Cihd+ dzOd
Cdzj ss¢C d MOBf.J ddd JBHsH Odzj dzgdztsd3  J ted tsSH §
zO0 W sy sdgdIstsL O L OtcjedMmistedteso Odats - Iz d,
nd dzf jtetseo d el sjydedsise v i Mizy o M iste dats 2
ssets tlsdzj yj dets dzOtcOMisOdzdjy W OesYydlstsL O
O¢ Isd o datdffylsudd worjun ) Wy dadasjjdzs@ (f OHdJ o O 2

[HZOC B tOL dZzdydwy o Mmbstetsj dzedd d d3d3lz dzdats.
yd fmdzj ) slsdetsd s j dz' dats 2 ftoj HMIsOo dzj dzdzts
HdWW jtoj dzydtetse € j Cdzj sts¢€ d dzd3lz dzdzts 2 nd
tej yiflsstesea, 1 WWjCly dzgj Sslstster n @j b PO
teWwH 1CMyfjtedd3d] dzlsOdz! dzf = BEteOded yj ded?2 1 to
Yyofmlss dzj tsLeotdvwesls ftsdzkzydls! §tsdddzs ¢C
Bhes e S il sdzj dzlsdzr = MdMmisj &3, ¢ OC d d3d3lz dzd
Ylsts H Odzdz j BBtsH j dzd HEOEgSedd 2 s isd g jQ.diz ddz
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1S jted g destse  yOfmlsts HOEIs dzdh! slsH Odz
cOLodlsdw ddisdszdzdzr = t6j OCyd?2 o wlso jls dzO

[ dzd Is j dz!' dz" j dzOB dzt H j dad W L O dz¥ H! BT,
ZCOLT 90 s wWwOts Istddilz dzdzOw | Isfipgf i Istg Higs 2 W o dflz
Ewirodd@d = € HJj2Mbeade dodedL dqtolzs h gz s L 4
smdzsloded dzd ud MSdn  Md Gy Is SMmddsjor dzj oo "L BSOY HAES
5B dzlz yJ dzd J 3.

J Y J dzts o3, ftod tcOHJB0OCIsdo detsdz tsB dzb
dzOB dzt H Oj Ismw MHudetsfigd I8 jOdZOMHINO tots jsHs s O e dzj d
Czj IstsC dzO Vtiasfdg st g dgdd ( C dzdzj @ isdzdlay 2 0D 3
LOoadMmMddiisMmils! ¢ OLOLjdzv OBMbdzs sdetsé s Y

sOBHA. o¢BMd sdtsj ydnds ddf Y sapdsksyj da
(€ jzdzl Stz 2003

ssdzd yj Mseats dzd W sy dzOyj dedj G tedL dzOS G

1 sdzj j 2dz0* 10 [ BLO ©OHJOYdd dzj
f sfMistcOHOo M jets

1.22.0 *10/ oz 1 Z20ydlsj dzt dzr 2 Bktetse
o jlosWisdats dzj Mdzj tels

[jdajj L dz2*10 Wy jdzs] f steOy j dad §

[jdajj Ddz5*10 #CBte] j5 gy dz0
HiSL O

[jdajj Ddzl*10 [ jlsOdz dzOW HtsL O

1 OWHE f ddiWwes] jddd?2 lsddj yj dets f sor
MOsd3s HJ dzj 11sd fsCOL Olsj dzd oLOddismo v
otsLHj2Mod) ddedL dtekzes M jets L d&zkzyjtsdbadw |
dzOd B tsdzj § ZwiLoeodd3 n ¢ O9BLHJ2MIso ¢ tc C
tcOL tolzh j ded W dzd 3w sydlIstso o' MosBYHOJ IsH

Bdtsdsedyud ME¢drn @oBdzjSkzdz (t1s8. ris. G4
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slse j yoOtv Is (HadayamadTanaka et al. 20@daka and Mizuochi 2002

1 j dzj o d dz0. 190Ey) H j dadz’ | ZOtlkzh jddw 9
slso jlsMise jdzdzr = L O fbdHF OB dQ | dzts filgls dat
Hdzw  dgz S dzj ddeseo " 7 CdMmdzsls dtsdedL Oydd ¢ te
sStceOdzmdzw ydd d §oMmislstcOdzmdzw ydsdzdztsets ff totse
ftcdotsHdls ¢ sSBtOL 59 Odzd Btsdz! h sets ydH
Bsdzy Szdz OdzsdG § dztso .

[ Oddzj 2" jJ ©OLoadlsdj MmMtsBrIsd?2 ot ddatsc
M sf zdzv yd2 dzd d&3W sydlIlstse d OWddzdetsils d
HLA/ { j t Is@mdéertorC Radu et aR001, Dorfman Stefanoveet al. 2003.

v O¢ ftosmMyf j Clsd o dzts | dmMmdzi Hise Odzd | dzd
BB OtcHdteso € CtctsH SO mdtetsd diz0 d

L dzOydilsj dz' detsj zo j dzdNK jCdraHjjls s ©OC I o dzts s @ |
OB Msdzé Is dztCPl 6ud MWdazgzle B ¢ d dz L elZ0Odg Is j dz! dzts o '
) 4 dzM dcHBnaru and Ishimaru 1975 1 It Y j o%edrjdi¥ s Sy, d feo
ud mdzj CD4 + CD45RA + dzOd o dz' n Cdzj Ist
slsdesdIs j dz' dzts OdzOzts e d ydz' n f s5COL Olsj
qdzHdoedHizEdisse, dzgj Y BHO jtceOah drMmw B A&k
BN dzO dmMMmdzy H 59 OdzO ) fistORIS| Q dzdzty © 1) Is tsdskOIs O G § C
CsHdtokzy L d ssydz j tTECRY J fds 5 A & dzO i O
(Sankaranarayanan 19¥yoizumi, Umeki et al. 1992 vy OMmMilstsls©® o 5L d
MY s dzls ©dzdz" = BzlsOyd?2 ) 1 Isd A G J 0z0n H
f sC0OL Olsj dzd, SHdOSCt EMisOdzso dIs- YyJj sz
EHOdsh: .

1 OC s dzj dzd § BzlsOyd?2 9 tcGg dz@ds,0 | Kigls a |
ftedLJdesOyds Odzsdejdzso d tjebkzdzwyds: tc
mr ctcOls tcjh O h ¥ totsdz o My Jydw dydatsml
dzj d3j dz' h j 2 Mmisj § J dzd 1 Ists slsdzsmdIs mw ¢
st j dzdeslsw d3 8 dr CSHEBEEZMO- . d7) B¢ Hady

OBqdzsS dfdzslsT fedosudl € dLdsjdgj deds €
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mMsjtdui MEdr EMdtseod?2 oL OddBsHj2Mlsedw (d
B JIs LOf z2M¢ Ols! COms OH HOOz dgi 2N dn
oMy Odzd Isj dzv dg" 2 tstdxNfj e d3dplziadaz j2C Oslso j
(Hulsmeyer, Hillig et al. 2005tewartJones, Simpson et al. Zf)1

v O0¢Cdd3 f5BAEA d=dg dzjHLASB tzisq & ] dzts od dzdzts Y J
ftotsedetsmisd yj Mme s L dz0y 4 dzd 4 ) syd des §
tcOH d Oy d s dzdzts ¢ 5 HodsRagD AT Is 0 MRS & cziOdgthdDe s s
ydmdzi OfmMmtsyddictse Odede A teff H i dzSoias/ IO editsielz j Wiy
4t dzd Mh d n ~ntoetsdzd yd M& d?2 dzz yj o 52 fn d dzH
tsB dzlz y jHdedipls,ts 0 | to dz" ~y Cdrdsdizdsyid 2d ro  addy Is tdsj\iEDjtedzt
(OB dzf Istt 4Btsy i Is EZCOLT™ 9 Ols! ZzO tj OdzdL O
L WW €@l yfl A j H Mis o tsdf tHdig dgldiitfds L dg'dzs tc O MY 51
Odzsd d gzedzO dzO0 ktetso dzgy Odzdzj dz' dz" = 9 Ot Odzls 5¢
v OBdz. 14. Y OfnssACzIOjcCj=lsEote "' m dzd vy, 4 ted
zzyj o2 (WJdtesdgts ¢S dzj jokz 2012)

HLA-Odzlsd | dyO f mf s [ dyoO BjL m[ s
uJ dz. % uJ dz. %
o 2 40 571 206 59.5
A3* 11 15.7 71 20.5
¢ 9 18 25.7 80 23.1
A10* 10 14.3 38 11.0
A26 2 2.9 16 4.6
A28 1 1.4 5 14
W6 23 32.9 99 28.6
B12* 6 8.6 51 14.7
B35* 13 18.6 47 13.6
B27 17 24.3 36 104
B51 1 1.4 10 2.9

*desdGed dz, OMMtsyddtese Odgdz | M S SL OB
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1 ®mmdHd i3t Bz,  dzOtclzh j dzd v o5 W Ez &B3OGHA
dzd SBlstster | Wited3sX dJddizzdzetsH jW¥W dydlsdzr = Mmisfl
dzj ¥ dls felsjty oL @sydshisd M) Mind
C dzj Is(Réitl, Satola et al. 198&riscelli, LisowskaGrospierre et al. 1989
sz HEj s Gdglsgsy , Mfytsissefdzsmisd ¢ 1 C MY 6
d3d d3B tc O dzOr  WCadzpsjsEls v ISOC Y | SHdzdd3 dL s
Lo jdz jo t©OLoadldw sdz¢ gBetinced Brgwnifigetal. 19930 B t
Maeurer, Gollin et al. 199@aul, Rouas-reiss et al. 1998

R 034 dzdzts f s Istsdi3z, tcOMMdBZOIstcd o OW tsfts
Yyjdzseo j CO dz20 wOHdOyYydtsdedetsj o tsL H j 2dayisjodg j
ddz dedzs toj czdzdqtelze P j 2 tesdzd HJitflsdHBoe 1
tcj OdzdL Oydd da@zBzdzdzsets sSlso jIsO k2§ tcOo dzw
fifdIlsdH/ HLA d Odzlsdc jjide Iss@ipf sL dzOs h j 65 6]

1 tod tcOMMmdstsiste j dzd d BOL s n B ~ Odzd L
tcj OC yd?2 ) tsifeQyls] s dialats jtcOo sSL H | 2Mlsead | tc
LOMdzEyx do Ojls ftesyjmm otmMmisOdesse dzj dedvw
tcWH] dhMhdzjHseo Odzd?2 C0OL Odzts, Yylsts k2 oL
OCIsdodesmisd IsddzzmMO ftetsyd M toj f s zdzwv yd
fjtedWjtdyuyd MSdn Stce Odzts o d dzd3lz dzdats 2

ftosdzdW jtcOydw) . Lo J dzd yd ded § i zdzO ts dzd
dzOfmj dzw s h d A dzd d3W sz dz' ftcd o tsH dIsC d&j Is fy dedeh
ted yd f Is STEMW a ¢ Ists, ) Mo ts¢ sy te H! (

oLOd @K 2odjplesC M fkzatdyer di3d Odzsde
tcOLodIlsdw s Ostsdzsed?2. sdzs yjo" &3d yd
tcjfsfzdzvydd vydlIsticldhddbdy (LodelazvBodadnat al. 1998
Tan, Ernst et al. 2002

RMMdzj Hso Oded ] CckdBstcOdz! detsets L o j dzO (d
oLHj2Mlsads ©WOHdOYdd {f sBCOk Okt typlsdsO tot
Isj dzH j dzydedz €@ j dzdlsr M o tsL teOMmls tsd3, SH dzOC s

Cdzj ss¢ © HBLT ©OHdOYdd slhklsflselkz,
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Ctsdzyj dzlstceOydd ddzdszdetse dzsBlzdzd dzO o Mr o st
SOy d B d2Otclzy Hdef Mezglzs m| datf § d3 dz L dzOlged Is § «
d IgM (Fujiwara, Carter et al. 1994

JHdZOC s fBylsd ot eMmjnrm EZYSdBWdkzIsr 7 1
o0)ydz" 4 OmYf JCisr WEdC ydsdzdtetso Odzd v @B AL
o Otc! Jiesoa OdzO o HJOYOL Az tIs MtcjHdd - H
f sded B3O dedyjizj HiNsL KR 2 Misedw O BtecOdedL &3 L
MdeBHdYMdzd?2 HJjd lsmikzlsMmisealzjls.

1.6 1Ty fdrvdfsvr T RIVIVRCIVULYRSVY TR
frofrdd 1 rREJULL] LLRR

[ B d&zOMdsiymdzj H 59 Odad W Mo toj d3j dadzts 2 d d3c
hqtesCO. |1 fjteoky wtyjtejH' ©dO L OltcOGd
stcOdetf ZOdzEls Oydvw e Odetso IS Odzj 2, 5 (
d izdzlz dzdzO W dzj H sMisOlsydets s+ ftotsWd
d izdzlz dzts O iy ) tsTyd Juc@m Odizde» O dzd 2 .

#jGeBHd ftesyjmMm dLEzyjddw ddidkzddkses
BJL dMitsd LsoOddw ISjrdzsdzsed?2 d d3j IstsHt
[MtsBlzE 9 Oy dzsfls sdzd ftedtsBtcjlsOsls ftcd
Mse i3 Misd BsMisd, Q) d&z§ fdzsh s dzdsdsiz daizfc 3 tsls
Ftesodzw 1 CMftcj MMdd ftcjH]jdzj dede" = G j datse
L OBtsdzj 9 Odzd 2 , O IsO¢YJ ftod 6 j detsHd OG datsr
d dzdzlz dzdzts ¢ tS(CotplsyoTjndalDet al. 1988, Daar Moudgil et al. 1991
Dalton, Pearsoretal 2003. v OS¢, dzOftcd d3j tc, d BBZzdAS] OL
ddat j S yd?2, oCdzg yow I rRY d ¢cGjfOIdls s
zOctelzL € d, SlstcOy O8N jets HJZOBISCE Isj yd ¢
9" BlcOdzdesets i3 ssHO Isj tcOf dd.

sOC Y] ftoj HMIsRo dawj jsdg® © o O s ils o j dzdz” -
fsCOLOI] dzj 2 odkmdets? ddeW j Sydd o Ekmdzse

mdMmisJ d3r . v O¢ dmf sdz! L s9 Odzd § d d3d3lz dzts fny Iz
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Iste Odzf d&zOdzls ©Oyd d StcG Odzts o d IsC Odzd 2 f te
Ctsdzd ud Miso Jj dmdgd dge d§tlsdidstds ~  dzj sB - SHJ d3 H dzw
sjteOfdd d ftojHBIsoteO jdzdw tshdztsy dzj dzd2 &

S tots d3y Istsc s, MM ®OLoadIsdjd3 Odzlsdmdy M
dzj COteMmilse jdzdzr = Gtoj f OlcOIstse o tsMmistc]j B9 Odz
1 CMmMftej Mid ¢ J desjep L dStistsig® , 7 O tcOo dzj dz 1 &
B Mistets?2  Itsydets? tsyjdeSd + WWJjClIlsdo dztsfls
o qtelzmO slsCtcr 90] Is h qtesC dJd fjtemyf j Silsd ¢
sted j dzlsdtetso Odzdz ~ fioslsdosddz¥ j € yd sdedz’ n
(Doench Peterseret al. 2003 Elbashir2001, Meisterand Tuschl2004 Welbourn
2006.

l j C s3] dzj & MG Jdgdg dejdCulzj diryCiefddts f SH -~ SH 59
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