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Abstract 

Study of genetic association of diseases caused by multifactorial inheritance 

The cause of multifactorial diseases is highly associated with genetics. However, there have been 

a small number of reports on genetic association on multifactorial diseases in Thais . The aim of thi s 

project is to investigate the role of genetics in knee osteoarthritis susceptibility and cervical cancer. 

Knee osteoarthritis is the most common fonn of bone malfonnation in the elders. Although the 

mechanism of the disease causation is not completely understood, it is associated with genetics and 

mechanical force on the bones, as well as other factors: age, sex and weight. This study analyzed single 

nucleotide polymorphism (SNP) in DVWA, GDF5, FRZB and ADAMTSI4, which are genes rcported to be 

associated with knee osteo,arthritis in other populations. The results demonstrated that none of the Sl'J P 

studied was statistically associated with the susceptibility of this disease in Thais, with the P value <O.OS . 

Cervical cancer is the most common form of cancer found in Thai women. We investigated 

mechanism of the cancer that is caused by Human papillomavims (HPV) infection. Promoter methylation 

of tumor suppressor genes was reported to be a cause of cancers. This study was perfonned on CCNA I , ::: 

tumor suppressor gene. The results demonstrated that the physical state, but not the quantity of IIPV , was 

associated with the methylation level. We detected a significantly higher percentage intensity of CCNA I 

promoter methylation in cervical cancer tissues infected by the integrated rather than the episomai form of 

HPV. The results supported the hypothesis that in the episomal form, E2 suppresses E6 and E7 

transcription, whereas in the integrated fonn , E2 is dismpted , leading to up-regulation of E6 and E7, alld 

subsequent gene methylation. 
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i'\11'J.Jthfttyllil~n'J.Jl'Utl.:jiJty111 

{ylm\PI'UO-:J fll ') In~1,)fI~ln~ 'il 1fl'Yll'rU 'il ~VlJfll1:U r:Y:Ul~"'..l'fin1J~U 1i m ') :UltlU mil-:J:IJlfl U\PIV-:J:U. . . 	 "" d 

'j/ 31 I, 	 . 

-:J1U1~Vflf-:Jihj.:jI.wU hJYi h fI~U1im'):uYiln~ 'illfl'Yll'j'U'il~V 2 fl~:U fitJ hfl.umiftJ:U !!"~:U~I~ -:J1hfl 
q 	 q q q 

~ v ,~
1. t'ii'\'Utll'Ullinm (Knee osteoarthritis) 

. 	 ". 
1h~ I'Ylfl'l 'VW'Yl'lJ 1') fI.um ifomh ~:IJltll 2, \-3 ~lUflU fll1:U ~~'l1fl\nU In~ 'illfl fll ') I ifo:u'U tJ-:J m ~	~ fl ~ tJU th.utJ 

" . 	 " . 
'i l:U n'lJ fll ') I'l1 ~VU I 1'l1 "-:J 'U f) -:J fl ') ~ ~ flll i;l ~ l-w0 IV f) ') tJ'lJ "1 .utJ ii fll ') 'Vi 1 i;ll V'U tJ,:j 19f i;l ~fl ') ~ ~ fl ci tJ U 'il ~Iln ~ fll ') I I \PI fl 

d I '9 9J 	 .J 9J " ~ 9J d... d 0 9 ~ .::. 
11 ~~ 1!i;l~:Ulfl'EJm~~fltJtJUi;ltJVtJ~ !U'UtJ (Birchfield, 2001) (15-:J'il~m~\9.!l.J!9fi;li;lWtJ'l..J'UtJl1i;l-:J{yl,)'Yl'Yll !l1lfl~ 

fll') elfll{y1Jri -:Jfm"Hln~mfln'l11~ l~tJiifll,)lfI~tJU '1111lJfln l~v~~Yh1Mln~fll,) ') ~mV!fio-:Jl~tJM:u.um!i;l~. 
'" . 

I'W mvf)') 0 'lJ'l In~lJI~v-:J1u.utJ lli;l~ 'il~'Yl'lJ fll H tJ fl 'U tJ -:Jm ~~fl~tJU ~1.u tJ1J ~ I1ru 'U tJ1J.utJ!!" ~ ')OV~ tJ 1111 M 
" 

'" 	 . 
'UtJ'lJ m~~flhjt'j V'lJ 'U,) 'U,) ~Ui;l~lJ fll') l1l.Jl~l~U ') tJV~ tJ ') ~w.il-:J.um,]lUfl1J i;l-:J l1 r:YVfll,) I fli'i tJU 1111.utJ" ~"-:J.. . 

" ti~lijVl Itlmi'u Iw~m'ilntJ1Mln~ml:Ul1fll,)\PI1:U:lJl'1~ (Aspdcn. 2008 ; Kee , 2000; iJi;lfll~i1-:Jft, 2548) 

". 	 ," " 
G-:JUJJfl" '1 fl'UtJ-:J fll') In~1,)fliJ O-:J '11il'lIuVi'Yl ') 11J II 'Iii~ !!~I15tJ 'hn~~U 'il lfll1 i;llvl1 'il ~V'Vl-:J'Yl N~lU 

. " . 
~u'f1m'):u U"~!!,)-:Jfli;lVim~111~tJm~~fl (Spector and MacGregor, 2004) ~ltJfl'illfliJl1'il~VBU'l !'lfU mQ 

o 
'" 

Q.O God I d 
. 9J 'j) 1 ., Q 1 'jJ

1'Ylfl' !!i;l~l.Jll1Ufl fl:U{y1U!flVl'UtJ-:J~lV (Teichtahl , et aI. , 2005) M'Yl1Jl1fll heritability 'UtJ-:Jfll,)lflIPI ,)fI'UO 

l~tJ:U'lJ~!1ru'l11!']1 {Y~ hlfl lli;ldJtJ iifil'l.h~:IJlru 40% 60% !m~65% (oll:u ih~'lJ (Spector and MacGregor. 

& 9.1 	 G)9Jd '~V Q.I d 

2004) fll')fl'flm'Yll-:J~l'J linkage regions 1!i;l~fll')111 candidate genes !!{y~-:J !l1mUl1Ll'il'ilV'Yll-:J'YlUllm'):u:u 

mlmlll'lty~tJfll'J~WJU1'UU-:J lHl (Loughlin , 2002) 1J'il~'lJUfll,)\PIn'il{ytJ'lJ single nucleotide polymorphism 

http:w.il-:J.um
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" 
(SNP) ll~~1ulJonil1m1~1Uf11':iftmJ1tl~rl'l.h~ntlU'V11~~lUYrU lim ':ilJ'Utl~f11':i ln~ 1':ifl 
~ . 

~ ~ 'JI , dt 
ln~ !':ifl'Um'U11"HllJ (Miyamoto, et aI., 2008; Valdes, et aI., 2006) 

11 1H1Uuiivu mn nil 20 vu~ii\On l1J'tmi1iifl'lllJl~rn<Utl~oum':i ln~ h fI<um~tllJ 1~v1J1~vuii• 

fll1lJ ~lJYru ,rm'l"n~o'lJ1':ifl <um,j11~mJ uvlhh~Vl<Utl~OU<u()lj()l~tllJ l1~tl<umY~ l'1"lm~()lJ 1J1~VU~lJYru,r 

OU 1 ':i fI <U()I~mJ1tJI'I"lfl'l1 tY~ U~ 1~I~Vl<U() ~ lw l'I"lfl''I!'l V Un ~u l~V'W ii f11 ':i ffmJ1'1"l'lJ i1ii fI 11lJ ~lJYr'W,rOU 

:II} I d' "I' 'I '" ~I:II
~ulV'I!'11Wl'l!'V UI9I llJ'I"lU !'W'I!'11f1mfll'l!'V'W lu'WI9I'W (Valdes, et aI., 2007; Valdes and Spector, 2008; 

Valdes, et aI., 2006) 111n!!tJ~Vt.J~I~Vl<U()~OU hfl~m,j11~()lJl~t.Jn~lJ1mY '11~UriVt.J~I~Vl<U()~OUf11':i 

vm""u, extracellular matrix, bone morphogenetic proteins, Wnt signaling !!n~ protease (Tammachote, 
.

2011; Valdes and Spector, 2009) l~vm)1~tJ1t.J~t.J~t.J1J~ffmJ1vt.J FRZB, GDF5, DVWA !!n~ ADAMTS14 

cl ~ :II ~ 

95~lfWl'Utl~flU Wnt signaling !!n~ bone morphogenetic proteins 


Vt.J frizzled-related protein (FRZB) tlQUt.J If!) IlJ 1951Juyj~~ 2 1'l1!!l1U~ 2q24.3-q31.1 (Min, et aI., 
• v 

2005) 'I'11m!l'Yi""r1~ hh~t.Jvuv~m)'I'11~1t.J'UtJ-3 wingless protein l1~tJ Wnt I~Viif-H'l~1t.Jl~tJ'I"lU11 
• v 

polymorphism 1J1~'I!'-U~Ut.JVt.J FRZB '1'11111'flt.Jij 1 tlf11mtlt.J h fI~8l,j 1IiYvlJmfl~t.J1t.J'I!'11~1nJ (Valdes, et 

aI., 2007) Loughlin lW~flru~ (2004) 'I"lUm)I'l.l~tJt.Jll'l.Jn~!!UUU'V1t.J~ 2 !!UU (R200W IW~ R324G) It.Jvt.J 

FRZB ~-3f11) 1'l.l~Vt.Ju'l.In-3!!U'lJ R324G iim!1~!!n~m1lJ1:lm~t.J ,rO'lJ h fI<Utll ,j11~tJlJ 1t.J~l1tY-3(Loughlin, et 

aI. , 2004) m)'V1~n()-3 1U'l1ntJ~'V1~ntl-3'1"lUi1 polymorphism ~m l1J'I"lUfi 11lJ1:llJYrt.J,rrilt.J 1 l1qjri ~f-ln1,rln~ 

mm'V1t.J~1J1ntJ1{~ijt.Jltlt.Jlf1n~t.J1t.J netrin domain 'UtJ-3 FRZB ri-3f-ln1,rnl)~uot.J'Utl-3 Wnt nu FRZB 

n~n-3 fll1lJ1:llJYrt.J,r'UtJ-3 Polymorphism 'Utl-3Vt.J GDF5 ~tlfll1lJl11t.Jm)ln~ hfl<um,j11~tJlJl~fUf11) 

tit.JVt.J1J1nnl)ffm111t.J'l.I)~'I!'lml1mtJn~lJ )llJ0-3'1!'11~t.J~U (Lane, et aI., 2006; Lories, et aI. , 2006; Min, 

et aI., 2005; Rodriguez-Lopez, et aI., 2006; Valdes, et aI., 2007) 

Vt.J GDF5 I'lJt.J£j,.,Iff111 fUfll) ""rN 1'l.1)~'W Growth differentiation factor 5 (GDF5) ~-3tlci1t.JflrilJ" . 
1'l.1)~t.J transforming growth factor 13 (TGF-I3) iiU'V1U1'V1ff1f1ty~llJOU bone morphogenetic proteins l1~tl 

BMPs 'I!'-U~~1~ '1 hJm~Ult.Jm)I1J~UJI~U 1191 1~!!ri fll)""rl-3m~~flritlt.J m)""r1~m~~n If!)-3~N !!n~ 
u " " 

Q 'j) I & d I .::.1 
nl)I1J)ty'IJ()-3'Utll9ltJ (Chang, et aI., 1994; Yacs, et aI., 2008) 1J1nnl)fl'nfl1f-ln'Utl-3tJt.J GDF5 I9Itlfll1lJl""V~ 

'UtJ -3~ltlci 1-3'l.1) ~ 'l!'1 m &ilt.J ltJ "" -3tl1tJ1t.J m) ln~1) fI<um StJlJ ~ wnn1) fI~8l,j 11StJlJ !!n~ 1) fI ~ tl ""~ 1'I"ln 
U q 'U q 
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ll-:i~')j'lm~iJ['J'\JUfl~ (Miyamoto, et aI., 2007) "HJ~f1~tl.:jt1l1f)l)~mnhjfl~llU)~')j'lfl·Hi.:jflqll (Chapman, 

etal.,2008) 

" . 
hi tlfl'illflU V.:jiJf)l) ~fllll'WlI1WjtJi'llltl{:rlcJ111Vi~ltrtnJ.:j rs 11718863 (Tyrl69Asn) tln~ rs7639618 

(Cys260Tyr) 'ljtJ.:jVhI Double von Willebrand factor A (DVWA) ~.:jt~hlVhI~fi\.I'WlIhlli1lJ1I 2008 

tln~V.:j 111"1) 11l11.u l~mlhltlhl tlQlItJ 1m 111 1 CJllltt'yi.:j~ 3p24.3 iJfl1111 ffllYlhl ,rI91Vfl1111 11'IJtl.:jhmj'Vt"th 

!~tlll1hI')j'11~~tJtln~')j'11~hI ~hI (Miyamoto, et aI., 2008) UI91111'W 1If1 1111 ffllYlhI,r~.:j flri111 hi ')j'l 1'ff11 

)l')j'tIlU!l;ijm (Valdes, et aI., 2008) 

" " " 'il~!MhI 1~11f)l) ~fl'l:nm rilU V'JiJfl1111 111'fftl~f1~tl.:jt1h1 ltJUl91n~t~V')j'l~ !m~!'Wi'1' hltlfl'illfluu'Jl11 

!f1t1iJfll':i~mnHn'IJtl'JYlhl ~m )ll~iJl91tlf)l) !n~1) mj'Vt"th!~tlll1 hI')j'111 'Vltl ~.:jiJ~hI~m) lltm~'Wq~m)ll~ 

U(9)flI911'J'illfl')j'11~hI~tJ !f)l11~ vh!!~tI!m~uitlhl ~.:j!tJtJU)~!'Vlftlh1'Vl1U!Vt9ftl 4 ')j'l~~I~yhf)l)ftmnlh1
u • 

2. 'll~I~,nhm.wIi:lf) (Cervical cancer).. 

. " . 
Vi'WlIlh!{Y(9)~ Il'ltl Im~ 'WlIlJl fl 1 hI'lf1'J tIl~ 35- 60 11 1l~1~ 'J')j'tJ~UI tJtJ')j'tJ ~Yi(t'llJl) i:liJtl'J flhl 1~'illflf)l) (9)) 1'il 

" . " Uhi tltlflmtYlV ri '11 U1tJ 'iJlltI'Vll 'J'W til TI1'Vltlll91 tl 1 U 1t1911tJf)l) 1tJ 'illltl'Vll'J'WtllTI1'Vltl1U til 'iltn~f11111~~'Wm~ 
. " 

1 ~ I'W tl'J 'illfl 1 hi lIl.:jfl~'1111 (t'llJl) mwfltCJIn ~ll~L~ '1 fllltCJIn ~U fl~ 1~1hi 1J'il~'IJ'hI hltlfl 'illflfll) (9)) 1 'il'Vll'J'Wtil TI 

Q 9J ~ 'jJ Q ~ I 9J ~ 9J1 cl 
1'VltllUm M19j'f)l)(9))1'ilmfll)(9)~t'lfV Human papillomavirus (HPV) lJl)111~1t1 thltl'J'illfl~t11t111~t)'J 

" . . 
U1flll~~flri1h11mljiffl'il~iJ(t'lml'J'illflf)l)~~t95V HPV (Psyrri and DiMaio, 2008) 1~tl9j'tJ~Vil'llltJtltlYi,!~ 

" " . 
fitl HPV 16 Un~ 18 fll)~~195tll1~(t' HPV U'I'111,riJf)l)tU~tlhlUUn'J1911'J "l mtllh1ICJ1n~5h11tJhlHn'il1fl 

1u)~hI'lJtl'Jl1~(t' tlflI'11VU1'JI'lfhl In~f)l)(t'mtlI'11'IJV'J 1u)~tJ P53 5tJ!~tl'JlJl'illfl 1U)~hI E6 l1~tlfll)IIU'J 

" d 

hi tlfl'il1flhl 

" . 
tumor suppressor gene ItJhI flrillVhlUlIV'JICJln ~'illflf)l) IU~tlhllIUn'l 'ill fllCJIn~U fl~iuru hi ICJln~ll~ I~ '1. 

,.. ,.. '" . 
UlIU'lfll) '1'1 1'1 1hl 'lJtl'JV'inT'iJ'vl'J 2 /ttl n ~ n'l'11lM'111iJV'iA'YiiJ tl'Jfl'U fll) I'iJ~ tljt~1I1Vll1 ~ tl fll ':ill tJ'J1'11'IJtl'J tCJIn~ 
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l~Q~~~~~~~e~l~~~nl~ 

1. 	 l~flfffnllmllJfflJ-WlJ TI'j~l1 'h:jl'HJ~lJfl{ylc'l1lJ'lJtilJ'UH'l1U~ nmnllJ l:lilJflll Ifl~1'j~.u'EJl"h 

l~fllJi lJ'l1111'VItl ~'1fll'j'VI~(H)'1 ilJ ~fl'lHl!~ifjjilJm'\1t11h~I'VIff~11(1fl 'j1lJ~'1 4 'l11~llJlItl'Uml~tI 
lI~iJ'1 iUlf"WlJflllffmn1JlntllJilJlh~!'Vlffi 'VIti 

~()'UI~~m~l.urJ 

i 

I. -ff111i''U llfl.u'EJl'\hl~tllJ 'il:;;1lm1:;;l1l'1tli1lJtl{YFiflJilJVlJ~l~tl1,jtl'1n'Um~'U1lJfll'j Wnt signaling, 

!lld cl .:: '" ""!II-'I 1 !II , .d
bone morphogenetic proteins 11(1:;; protease 1~tI 'l1~mlJm'VI(1'flfl'il1fll(ltlflfjlJ1t1 'jfl'tl'EJl'tl11(1'tllJ 

~llJ1lJ 100 fllJ I1Jjtl'lJ1Vitl'Un'UfllJ11fl~ 100 fllJ 

2. 	 -ff1'11 i''UlJ:;;lj'111 1fllJfl (lfl 'il:;;ffflEllfll'j IflflllJYl(llClilJ 'tItl'1VlJ CCNA 1 hU9fCltllJ:;;lj '1111fllJ~(lfl~iJ
~ ~ 

~ ~ 

fll'j ~fll95tl11i'(1' HPV 1fltllim 1~l1fl11lJ fflJ-W lJ TI'tItl'111j 1JlU! fll'j ~fll95tl HPV n'Ufll'j lflfl IlJYl(l 1(1 

" Q.I Q.lQ.lcI Q.I 	 Q~CV Q Q Q.I 

'l1lJ 11(1:;; fl11lJ(1'lJ l'IlJ"Ii 'tI tl'1 (I flll Ul:;; 'VI 1'1 flltl flll'l'tl tl'1 fll 'j \Vlfll 'l1tl fl'U fll 'j I fl flllJ 'VI (I lCI'l1lJ 

= '" d'
lJ1111'V1 til (I tI"Ii 'j 'j lJffl (1'\Vl 'j 

o 	 & 
lJl1Jlff fllll 

1.3 	 (1'nfl~IVlJltl 'il1fll~tlfl'tltl'1H~ '~i''U fll'j lU'il,rtllI~1';1111llJ1l fl.ueJl'U 11~tllJ~llJ1lJ )00 fllJ IlCI:;; 
~ 

1.5 	 11m 1::;11fl11lJ fflJ-WlJ TI'j :;;WJ1'1'l1U fl'tl tl 'l U 1fl ~1tl , 'VI~'llJII~ (I:;;l'Itl i1lJ tl {Yl9ilJ 11(1:;; V\Vl 'j 1 fll'j 

lfl~ llfl.u'EJl"'ll~tllJ 



6 

iI 'j/ . iI 

2.2 fffnJ1m'j~~H~tJ HPY 'lflJ~'lJtJ~L~tJ L!,,~tl11J1UH~tJ h..!~1mh~h\.J1lJ 25 ~1mh~ 

" 
2.5 1Lm1:;;l1fl11lJiflJ~lJ£'IJ'U~tl11J1rum'j~~!~'U~tJm'jLn~!:J.J'n"mi'lJ'IJ'U~ CCNAl L!":;; 

"'" ,,~ 
'lfl..l~'IJ'UW15" "lJ~!H 

" H"'l1fN1l..ll~tJU 'Ulllri~H"~tJm'j1\1 llutJu,,:;;m'j fflln'U'U~Ul"lVlVl~tJ 

1. .,J'UlJ"Vl1~'WlJlim 'jlJ m1l1.utl'j~fw'Um'j llJllutJ hfl 11.11'1 1 tI'1 f1EJ1!m~L!lJ:;;tJ1NlhtJ 'li1m1'1J19ff) 
" q 'U 

" 
llJ m m.Jfl f 1 i~ ll..1 'UlJ1fl\?ltJ1111.u.,J'UlJ "UllJ~1lJ!flif'lf'W l..Ilifl1",\?l{ 

" q 

I ~ '" .,; :v: I "" ~ 1 cO Q :v :v .,;
2. m'j\?l'j 111l"l'U ! 'j fllJ~! 'j ~lJ f)11:;; \?l'j 111l"l'U!lJ'UH1J1t1!'UlJlJ:;;! H lJ 'j:;; tJ:;;VllJ mm'jlJltllm1U"1 LlJ'U~ 111f).. . " . 

llJ 'j:;;tJ:;:u'j m1lJ~1J1tJiJf) i:i.J}jmm'j 1~ '1 tI'j 1f1!) 'Ii 1f)tJ1fftJfl11lJf~lJ~ll..lVi':i1m'j Ln~lJ:;:!~ ~!n~ 
. " 

!'U'U~111f)m1lJH~tlf)~'U'U~"'n~l..I~m 'jlJ ri ~H" 111'!'lm~'I1lJ '1 }jfl11lJH~tlf)~It1 !,J11J1'l11tJllJ m'j 

" " 
lJ 'Uf) 11 1f1U ~llJl~tJUtJ~1~tI'j:;: ltJ'lfullJ f)1 'j H~\?l'Ufl mm Vl1~1VltJ1fl1"'\?l{f)1 'j lll"lVlV 

q 

fl1",\?l{ vf~ llJ 'j :;:~'U1Vl tJ1fl1 "'\?l 'j .urucY1\?l lJ'Ii 1.uru cY1\?l u" :;;~llil.uru cY1\?l BlJ 1l:;:tJ11J1~~fl11lJn11'1i.u1Vl1~ 
" 1'lf1mm":;:f)1'jl~tJ llJfl1"'\?l{u~'U i tI'llJ'UlJ 1fl\?l 
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, 
"" Ul1l1 2 

.. 
~1'W1i(liJtlti'Jl~lJ 2 ff1'W ~Cl 

I. 	 f)1'j 11m 1:;;Mfl11lJ~lJ~lJ £n;'I111'JvW~lJfJ{YlcJ$lJ!!o:;;fl11lJ111lJ f)1 'Hnifl ilfl'llm<u 11~mJ 

CCNAI 

"" ~ " lJ 'I111'Yl tJ 1 0 (lli 'j 'j lJft'l 0'\91 'j 

1.2 l-11f)1'j1Iml:;;M\9l1l!'I1,j~'lJCl'Jl~Cl~lJCl{YlcJ$lJllJVlJ FRZB GDF5 Uo:;; ADAMTSl4 ~~:;;':hlJlfffl'l:l1 

1.3 InUI'l1VV1'JI~fJiflml:;;'IlfJlJO~I~tJ1'1lfJ'J'lJCl'JHU1(1~ 1~f)1'j 1il~,rtJ~lml~'YlVll~1111~lJ i 'jfl'llVI<U1
" 	 '" . 	 .. .. 

IffVlJ ~llJ1lJ 100 'j1(1 fJltJ 30 1J~lJ"hJ 11~I'Vm'l51tJllO:;;'I1tU~ llo:;;1'l1fJV1'JI~ClIfl'IJfJ~lh:;;'I51mUfl1l
• 	 v 

.... 	 , 

100 fllJ fJltJ 30 1J~lJ 1 U 11~I~ff'l51tJllO:;;'I1l;U'J Yi l~i'uf)1'j (jlJVlJ~lf1!!~'YlVll~111 hjl~'W ilfl'llfJI<U1 

l'ffCllJ iifl(ll-11f)1'jln1JI~fJifl I fli''J fli''Jo:;; 5 iJo~~\91'j iifltJH~TlJ1m '1 flU 11'1'11 lJlfllJl 'il lflh'J~tJ1Ulo 

• v 

" " ". 
'" 

tI Q. d ~ 

li 'j 'j lJff1'ff\91'j IlWlJ~'j :;;!f)(I'j \91 

1.4 O'nifl~lglJW 'illf)!~fJifl'IJCl~flrilJI'l1VV1~u'j:;;'I51mUfl~~llJ1lJ 1!O:;;flrilJI'l1ClVN~ 1~i'uf)1'j1il~,rtJ. 	 . 
'lI ' ?t i'll'.oj 'lI

1l0111!'UlJ 'jfl'IJClI'IJlIO'fJlJ ifl'W innuPREP Blood DNA Master Kit (Analytikjena, Gennany) \911lJ 

1.5 	11m 1:;;M'I5illfl'IJCl'Jil1f1~ i fJ '1 m1~l!~o:;;\9l1!l'l1,j 'J~Cl~lJfJ{:WcJ$lJ~1tJ1li Polymerase Chain Reaction

Restriction Fragment Length Polymorphism (PCR-RFLP) 1'Wu'j:;;'I51mUfI~ !!o:;;U'j:;;'I51m~I~'W 
, 	 • jJ Y 

1'j fI'IlfJI <U 1 I ffVlJ cJ$ 'JlJ,]lJ \91 VlJ ~'1 iJ 
, 	 Q 0 IQ d1 

1.5.1 tWflUUU Primer m fJlJ U 'j nUl \911l!'I1lJ '11'1 'il ::;f'(fllI 1 

http:i'll'.oj
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Gene SNP Primer (5' -7 3') Enzyme 

DVWA rsl1718863 F = TTCTTTTCTGCGTTGGTT CC 

R=TTATCTTACCCTCCACTGCTGAG 

BsrI 

DVWA rs7639618 F=TGGCTGACCGGTTGAAAGAAGATGGAGTTG 

TTGTGTCAT 

R=TTATCTTACCCTCCACTGCTGAG 

NdeI 

FRZB rs288326 F = TGTTCCATTCGTTGAAT A TC 

R = ACATCATGGCACTTAGTCTTTATCTCTTTAA 

CTTTAGCTC 

a 
Taq I 

FRZB rs7775 F = TGGTGATATGTGCTTGTGAC 

R = AGTCCACTGTGTTACTTTTTGTATTTCGGG 

ATTTAGTCGC 

BstUI 

GDF5 rs143383 F=CTTCAAGCCCTCAGTCAGTTGTGCAGGAGA 

AAGGGGGCGAT 

R=CAGCAGCAGTAGCAGCAGAA 

PvuI 

ADAMTSJ4 rs4747096 F = GGAACTTGGGACGCCAGAGGGGCAGTGGG 

TG CCACAATCCG 

R = AGGGAGGTG AAGGTCACACA 

EspEI 

~ 0 .:::1 ~ ~~ 'JJ 
1.5.2 !'VilHJ1'W1'W~Htl'WItl'Yl\9ltl'lmH11Vm::;'U1'Wm) PCR 

1.5.3 (01) 11l'\11i:hr)'U'U1f1~1tl"l 'Yl1P1 !~tl(01) 111 fftl'Ufl11lJ\1f1~tl'l'\Jtl'l PCR product l~vm)~lJ 
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'JJ'" "" 	 'JJ Ii]"". i.1 .1 .,.1.5.5 i 'lHl'Ifl'Ufl peR ml::~~ peR product ~ltlW'U !C)j'lJ~~'illl'Yn:: 'Uu'j::'l11muf1~ 100 fl'U 

I~Vfff1fll':hliihfl~ i V il'l~ltl~tI'Ulltl~~ itll1~Vhi lYitiUtlUf11'j~~W'U iC)j'lf'\Jv~ peR 

'JJ.'I
product 'il1f1f;;!ultl 100 fl'U 

1.6 1Im1::"jt-m 111fl1fll1lJ-ftlJ~'U£'j::w:h~'l1ij~'\JV~ijlfl~iVi'Vl~~~lUl1li~'Wv~lJv{Vl91lJ'\JV~lllP1~:: 

[j'U IP1Vfll1lJili'Uf1nlil~ hmjVl'ti11~VlJ U~::1!m1::"jH~'Vl1~'ffG~ ~ltll~ odds ratio (OR) ll~:: 

95% Confidence Interval (95% Cn ~ltl itl 'Hlf1'ilJ Statcalc (AcaStat Software, Leesburge, VA, 

USA) 

.. 
Ao t! OJvt! v 	 aa..t!tv Ao Ao QJ .c:f, 

2. 	 fll '.i llfl '.i l::'Mfl l1'JftTlJ'VfU Ii'll V~~fllJW::l'I Hfl1l'Jil1l1'llV-3fllWIV'U'tI Vfl'U fll '.i lflVlllJ'YI~m'tlU'llV-3l'JU 

CCNAJ 

31 	 • )I , • 

"[ "" ..
2.2 11m l::"j!,UVlVV~Te:l V1 ~ illll'W!\1 VlVtlYilJ 1 'illfllJ::!~ ~tl1f1lJ~~f1 !~ tI'W tl11i l! 'W'Vltl 

'" 
.. 	 d 

~W1~~f1'iru lm::'j::tJ'j::tI::'\JV~lJ::l'j~~llJ International Federation of Gynecology and Obstetrics 

(FIGO) stages I-IIA 

v 	 v ~ 

2.3 	~'jJ'il'fftllJfIl'j~~I95tli11'ff HPV i'U~ltlV1~11~iY'U 25 1'11tlV1~ hWml'iJ'fftllJ[j'U Ll i~tI peR 

~llJl~f11'j'\JV~ Mutirangura l!~::flru:: (Mutirangura, et aI. , 1998) ~~i,*i'W'jllJV{~liil1'f1lJijlfl~ 

itli'Vl~'f1~~n1~~ 2 

2.4 	ml'il'fftllJ type '\JV~ HPV i~tJ dot blot hybridization ~llJl1if11'j'\JV~ Mutirangura !l~::flru:: 

(Mutirangura., et aI., 1998) 

2.5 ~'jl'il'ffVlJtl~lJlru'\Jtl~ HPV i'U19l~~lJ::!~~tl1f1lJ~~f1 hw PCR i~tlml'iJ'ffVlJ[j'U histone acetyl 
. 	 . 
dl~1 	 .. d dl5licl "" 

~ 

transferase (HAT) 91~!u'U house-keeping gene '\Jtl~lJ~fltl !l~::tI'U LJ 91~I1J'UtI'U'\Jtl~ HPV 'il1f1'W'W 

o 	 ot=S (lJ' 9J de::: .::::s td V 
'UllJl!'VltJlJV~'j1'ffl'Ufll1lJl'\JlJ'\Jtl~!!()lJ~!tl'UW'il1f1 PCR 'lJtl~tI'U Ll ~tltl'W HAT~ltJ ImageQuaNT 

software (Molecular Dynamics, Sunnyvale, CA) 'iJ::Vh'11'Vl'j1lJtl~lJ1ru'\Jtl~ HPV .f1ltli'U 

.. d.1
!9HH'llJ::l'j ~u lflmnlfl 

'" 
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" 1.1 m1'HH)'lJ~m:ltu::'V1l~f11tJml'l'tltJ~f11'j~~!.:}ftJ'tItJ~ HPV il!~'W episome '\1~tJ integrate l~tJ PCR 

cs &,,~ ~.:~ & lrJlO cl .c1d 
tJ'W £2 'UtJ~ HPV 9f~m!'lJ'Wf)l'j\9l~!"lftJ t'W~llU'lJ'lJ episome 9f~ E2 !lJ\lf)'Vll"ltJ "'~!'\1'WUfI'lJ~!tJ'W!tl 

'UtJ~ £2 !!~t1lt~'Wf)l'j~~t4tJ i'W~ll!!'lJ'lJ integrate ,.,~ llill 'j If){]UfI'lJ~!gtJ!tJ'UtJ~titJ £2 

1.2 \9l'j1"''''tJ'lJ'j::~'lJf)l'jtn~!lJil,,!m5tJ'UB~VtJ CCiVAll~tJ 

0'" cl dll]~'LI'
1.2.1 tJl~!tJtJ!tJ'V1 !~ IlJNltJm~'lJ1tJf)l'j bisulfate treatment (Sigma-Aldrich) 

1.2.2 ~ltJm~'lJ1tJf)l'j Duplex methylation-specific primer polymerase chain reactions \9lllJl~ 

'UB~ Kimkumthom !n'!~ fltu::; (Kitkumthom, et aI., 2006) 

" 1.1 ltfl'j 1::;tlfl1llJ fflJVltJ1l'UB~ll~liltu f11'j ~~!.:}ftJ~ Bf11'j !n~tlJ ill:lmi'tJ 'UtJ~ CCNA 1 Ul:I::;fl1llJfflJVI'W,] 

Correlation Ul:I::; independent (-(est 

oC::lo d' Q,I Q,I d' c:::!o <:::::it. ;r Q,I c.: Q 

1.2 1!fI'j 1~'\1f11llJ"'lJl'ltJ 1i 'tIB ~1l 'j mtu f11'j \9l~!"lfBf)'lJ'j ~tJ::;'U tJ~lJ~!H (clinical stage) In'! ::;"lftJ ~'UB~ 

Primer Sequence (5' 7 3') 

MY09 CGTCCMARRGGA W ACTGA TC 

MY II GCMCAGGGWCATAAYAATGG 

WD66 AGCATGCGGTATACTGTCTC 

WD67 WGCA W A TGGA WWGCYGTCTC 

won CGGTCGGGACCGAAAACGG 

WD76 CGGTTSAACCGAAAMCGG 

WD 154 TCCGTGTGGTGTGTCGTCCC 

WD 133 ACACCTAAAGGTCCTGTTTC 

WD 134 ACACTCTGCAAATTCAGTGC 

WD 103 CAACAGTTACTGCGACG 

WD 170 GCAAGACATAGAAATAA 



II 

Primer Sequence (5' -7 3') 

WD 132 GACAGTATTGGAACTTACAG 

WD 165 AAATCCTGCAGAAAGACCTC 

WD 166 AGCATGCGGTATACTGTCTC 

RR 1 GTACTGCACGACTATGT 

RR2 ACCTTTGCAACGATCTG 

Consensus primer for 

HPV 16/18 

ATGAAAATGAYAGTAMAGAC 

E2 Primer HPV-16 CCAGTAGACACTGTAATAG 

E2 PRJMER HPV-18 CATTGTCATGTATCCCACC 

HAT (F) GGATGGTGAAAAATTGTCAT 

HAT(R) TTGGTAAACTTGAGGGATAT 

PIGR (F) TCAGCCAGGGTAAGGATCC 

PIGR (R) TGATGGTCACCGTTCTGCC 
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. 
..::t 

'UYI'YI 3 

Parameters Controls OA patients 

Male 9 20 

Female 91 80 

Age 54.34 ± 2.86 66.17 ± 9.85 

Weight 61.1 ± 9.95 62.00 ± 9.31 

Height 155 .72 ± 5.06 156.27 ± 6.79 

BMI 25.23 ± 4.22 25.37 ± 3.42 

nn i'Yn'Yl~h!"l'Y1'1l~1'1111l1t.i .:J'VHl~lJ tl1YlclflJ llJth.A~l.:J "l ~'w1linn PCR-RFLP ,~j:-H't~.:J\il'Hlcil.:J 

llJ'j'I.J~ I.. 
M U 


250 bp 197 bp 

GA AA GG AA GA GG GG GA AA GA 

DVWA M ;itl DNA marker, U ;itl J;.j~\?li)ruqf.w9iCll1't1lJl\Pl 197 bp ~l:U~llJmnjlJJ{':1tI 

lDlJl951f\il\Pl~wVn~ Ndel 
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"
.
l~tHlllJl'HHqu~mfl1)ffml1~l t! l'VI'LlYil'llLmu~'VH)~lJfl{~9hJ1t!vt!~h~ ~ "l~fl~ij 
dOl d Q.I d 

1.1 tit! DVWA \911U'l1t!~ SNP rsl1718863 mHWI~\91nl~'Yl 4 

\911)1~~ 4 ~lt!"l'Yl~~l'llLmU~ rsl1718863 

Genotype 
Samples Total 

TT TA AA 

Knee OA 30 43 27 100 

normal 21 55 24 100 

1.2 vt! DVWA 1'l1U'I1U~ SNP rsl17 I8863 JjrHlfl~\91l'n~Yi 5 

\911)1~~ 5 ~lt!"l'Yl~~l'llLmU~ rs7639618 

Genotype 
Samples Total 

GG GA AA 

Knee OA 12 61 27 100 

nonnal 24 56 20 100 

" . 
1.3 vt! FRZB 1'l1U'\1U~ SNP rs288326 vnJ'~hl1~1\J'l.h::;'lflmUfl~ ufl::;Hthtll )l'loUm~lLilfllJ'Jj'll

'" 

" . 
1.4 (it! FRZB 1'l1LmU~ SNP rs7775 Yl'lJ'~hl1~l'W'lh::;'lflmtlfl~ Ufl::;Hth(J hl'loUm'lllLilfllJ'Jj'lli'Yl(J

'" 
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1.5 trw GDF5 ~lmnJ.:j SNP rsI1718863ljf-Hl~.:j~l'iHYi 6 

~l'n.:j~ 6 ~h/l'nil~~luYl,j.:j rsl1718863 

Genotype 
Samples 

TIT TIC CIC 

Knee OA 12 61 9 

normal 21 25 6 

Total 

82 

52 

1.6 V'U ADAMTS14 ~lU'l1U.:J SNP rs4747096 iJ~'H'l~.:J~n1.:JYi 7 

~n1.:J~ 7 ~l'Ul'nil~~ltm,j.:J rs4747096 

Genotype 
Samples 

AlA AIG GIG 

Knee OA 45 44 II 

normal 39 38 23 

Total 

82 

52 

~.:Jti1m'j 1~ l'U1'nil! 'U SNP ul'i"~~lU'l1U.:Jl.Jlfl1'U1W '11 1fl1 1lJ-alJYr'Ui'n'tJfl11lJ 11!'U m'j tn~.utJt~l 

t~tJlJ!'U'1f11''nV ~ltJhhumlJ StatCalc ull1 'Vfl.r,hllJiJ SNP ~ltm,j.:J!~~iJm1lJ-alJYr'Ui'n1Jfl11lJl1!'U 

~ .! Q./CV.! cv ..:::::..c9v ..:::::..at. cv Q" 
2. fIl 'j11f1'jl~'Yifl1UJ (;flJ'V'ru 1i'\Jij.:)tt fl'l:lW~m ':)flll'Jill~'\J ij':)fll 'j~AI'll ij fl'U fln I flAIlJrtttti.1'l1U'\Jij ':)I'JU CCNA J 

~ ~ 

~1Jm'j~~t9$tJ HPV!'U 2519l1tJVN l~tJ 2319l1tJV1.:J ~1Jm'j~~t9$tJ HPV type 16 u,,~ 18 ri1'U~n 2 

19l1tJV1.:J~1J 'h~'U type ~'U ~.:JllJml.Jl'j()1JtJn type 1~ l~tJ 1619l'.ltJVH~1Jm'j~~t~tJ HPV type 16 u,,~ 7 
~ 

Q.J t 0 ~ 

~ltJV1.:J ~1Jm'j~~t'litJ type 18 

H"m'j~'j111r:YtJ1JU1:1JlW HPV !'Ub95"~lJ~t~.:JU1nlJ~"n 
o 

. ~ ~ 

111n 2319l1eJV1.:JYi~1Jm'j~~t9$tJ HPV type 16 u,,~ 18 ~1JU1:1JlWnn~~t9$tJ HPV ~.:J!'U 

t95"~lJ~t~.:JU1nlJ~"n l~tJ~l{1'~tJci~ 58% U"~{1'.:J{1'~tJci~ 94 .5% 
<u Q <u <u q 'V 
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., 
~lfl 23 ~1mh:J VrtJ':h 13 ~1mil.:JiJ~fllltu~'VI1.:Jfllt'Jfll'Vi'UtI.:JfllJ~~I~fll1J'WU'IJ'IJ integrate Ut'l~ 10 

~1t1ci1.:J11J'UlI'IJ'IJ episome ~.:J\9IlJ1.:J~ 8 

., 
Yl.:J 23 ~1t1ci1.:J ~n~'Vi'IJllJ'Yimt'lotl'W'Ufl.:J CCNA 11~t'J'Vl'IJfl11lJl.ulJ'Ufl.:JU()'IJ~I~'UItJII~fl~1.:Jil'U 

" 
t1t1flltltlcii 'U'lh.:J~.:JII~ 5%-79% 

<u 

" 
lli 'Vl'IJ f1111J il1J~'U £'U tI .:Jtl~1J 1 tu fll J ~~1~tlil'IJ I1JVl t'llt'l otl'U 

<V Q4QJ C\ Q.I " 
t'lfllltu~ 'VI1.:Jflltlfll'Vl'UtI.:Jfll J \9I~I'lftlfl'IJI1J'Ylt'lICl'lf'U 'U tl.:J CCNA J 

Q.I Q.J tI 'Q.I Q 4 Q.I Q Q.I " 
'Vl 'IJ f111lJ ~lJ'Vl'W'!i J ~ 'I111.:J Cl flll tu~'Vll.:J fll t'Jfll'Vl'U tl.:J fllJ \91\911 'lftll!'IJ 'IJ integrate fl'IJl1J 'VI mCl'lf'U '\J tl.:J 

CCNAI t1ci1.:JiJ,r£Hhr1t1J'Yl1.:J~()~ (p=O.OOI, 95% C[= 11.96-38.44) ~.:J~tl~ 2 

100 

s::::: 80
0 .... 
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19l11TlYi 8 Quantitation, physical state ofHPV and % CCNAI promoter methylation 

samples LllHat % methylation Physical state 

I 63.5 ·54 integrate 

2 66 24 integrate 

3 82 51 integrate 

4 76.5 47 integrate 

5 62 39.5 integrate 

6 71 56 integrate 

7 94.5 56 integrate 

8 87 42 integrate 

9 67 43 integrate 

10 91 43.5 integrate 

II 77 53 integrate 

12 91.5 79 integrate 

13 67.5 62 integrate 

14 58.5 33.5 epIsome 

15 58 32 epIsome 

16 63 7 epIsome 

17 60 25 episome 

18 87 5 epIsome 

19 88 34 epIsome 

20 83.5 27 epIsome 

21 86 11.5 epIsome 

22 86 63 epIsome 

23 74 10 episome 
-



19 

, 
.<:l. 

U'YI'YI 4 

. 
~ ~ v v ~ , ~ C:~I .dJ " G) q) '1J , ~ 

1. fll~,)!fl~1~'l'ifl')1'J,J1l'J,J'W'U1i~~'l'i,)H'VHH1'J,Jel~l"t9r'J,JUt1~fl,)UJ t ') t'Ufll~HWI t~ fl'Uell'Ul!llel'J,J 

'il 1flH(lflWVl~ rIC) '1 hj'W'U11l'H)~lJ fJ{VltJ1lJ 1 'U1'11U'l'itJ '1~ftfl1J 1iifl11lJ ~lJ'W'U TIO'Ufl11lJ111'U fll) !n~ 
• t • " 

hfl~m~11fffJlJ~'W'lJl'U'l111hw 111fJ'1'illfl hflU v'1lliiifll) ftfl1Jl1'U'l111l-vW U~ri1'U htt1iu~1!1l'Ufll)ftml1 

l'U'l111rHHfl!9ftJ'U ('YlitJ~ l)1J 1'li'U (l''l'i)1'l1fJ1ru1~m ll(l:;;ltJfJ)lJU 'YlitJmlJjfll 1'li'U mlJjfll 1l(l:;;llfl'U1~1 

(Loughlin, 2005; Loughlin, et aI., 2006; Meulenbelt, et aI., 2008; Rodriguez-Lopez, et aI., 2006; 

Rodriguez-Lopez, et aI., 2009; Vaes, et aI., 2008; Valdes, et aI., 2004; Valdes, et aI., 2007» ll(l~ii'lJ1'1 

fll)ftfl1Jl~'Yhl'U'l111Im9ftJ 1'li'U ~'U Ifll'\1~ U(l~ ~t1'U (Nakamura, et aI., 2007; Park, et aI., 2007; Shi, et aI., 
u • 

. . " 
2007; Song, et aI., 2008; Wakitani, et aI., 2001) tJ1'1fJ1'illll'UltJl~111h~tJlntJ1n'IJ'l11~'W'Ui 'Vl'1'W'U~m)lJ 

fJl'\11) "'flllru~fll) ~h'W'U9fl~ 'il~iiH(l~fJfll) ll(l'~'1fJfJfl'tlfJ'1 hfll~ (Tarnmachote, 2011) 

j,I •• , " 

'U fJfl'il1flU 1'U llin1J~H1'U lJ1 l~iiflWt~WJ'Ull 'Ylfl'Wfl~ (l'1lJ1) tlm 1'il (l'fJ'IJ'W fJ ~lJ fJ{YJtJ1lJ 1~'Vl'1~ 1'U lJ 

• '" cl '1 ~II] ~ o· ~ & &0 

1'l5'U SNP array '\1)fJ Next Generation Sequencing 95'1fJ1'il'Yll 1'\1 l~mll'l'i'U'1 candidate gene 'Yl'il:;;f1'fl1Jltl'1 

mlmllJ'W'U,rn'IJfl11lJI11'Ufll)ln~ 1 )fl~m~11~VlJl'U'l511hwI~ 

)I j,I • • 'jI • • 

l'Ufll)'Yl~(lfJ'1UI~Ii1fJfll~Il'JmVVlJ:;;11'1tJ1fllJ~(lfl~~~I'lffJ HPV 'l5'W~fl11lJlfftJ'1(l''1 fifJ 'l5'W~Vi 16 
<u <u 

U(l~ 18 

" 
'il 1flH(lfllnl~(lfJ'1'W'lJ11tJj lJ1TlI 'tIfJ'1I'lffJ HPV lliiifl11lJ ~lJ~'U,rn'IJfll) In~llJYl (lmi'U'IJ'U 1'W) llJ 

cI d I I Q.I ..::::::. " ~ ..:::::s I I Q 

l~fJ) 'tI fJ'1 tJ'U CCNA 1 U~'W'IJ11(l flllru~ 'Yl1'1 flltJi11'W'tIfJ'1fll) ~~ 1'l5fJU'IJ'IJ integrate lJH(lfJtJl'1lJ1fl~fJfll) lfl~ 

llJYl(lWi'U'tIfJ'1v'U CCNA 1 ~'1I'IJ'U ItJ~llJ(l'lJlJ~] l'UllffJ'1~'U ~'1fJ1'illtl'U I tJI~111'Umru'tlV'1fll)~~14fJ 
j,I • j,I j,I 

1l'IJ'IJ episome 11'U V'U £21~fl~fll)tlfJ~)'I1(j''\JfJ'1V'U £6 U(l~ £71'U'tIru~Vifll)~~I'lfml'IJ'IJ integrate 11'U V'U 

" 
£2 tlflYilmtJU~1Yh111 £6 U(l:;; £7 iifllm(l'~'1fJfJfllJ1fl~'U !l(l:;;ri'1H(l1111n~!lJYl(lI(li'U'tIfJ'1V'U~llJlJ1

'" 

~'1J'U 'illflfll) l~tJif1~u(l'~ '1111111'U fl(l Ifll'U fll)ntJlJ~11 '1't1fJ'1V'U £7 ~'1fJ1 'ill~tJ1~tJ'1n'IJfll) ~m;1 

n'IJw'Ul95lf DNA melhyltransferase ~1'11!mtJ'11'W) llJl~fJ{'tIV'1V'U CCNAI ~'1Yil111In~fll)llJYl[lwi'U'IJ'U 
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v'Uii' u(l~mllnt)i,r!nfllJ~!~.:j ifltlfll)(lflfll)Hi1(9) llh~'W cyc1in Al ~'ff~1.:j1l1nV'W CCNAI U(l~ljl1Ul~ 

!~tlJti'\Jfll)9fmJU9flJ~!fl'W!t) (Muller-Tid ow, et ai., 2004) ~.:jfll)tnfllJ~!1.:jlhnlJfl~nll~lj'fflml'llJl1l1n 
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