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Angiotensin-converting enzyme (ACE) has been evident to influence the 

activity of the hypothalamic-pituitary-adrenocortical (HPA) system, which shows 

hyperactivity in the majority of patients with major depressive disorder (MOD), an 

increasing public health concern worldwide. This study aimed at determining 

epigenetic and genetic mechanisms for regulation of the ACE gene expression. This 

study was divided into 3 following parts: 1) study of pattern DNA methylation 

CmCWGG for ACE gene at -122 and -316 in 6 human cell lines was performed using 

a methylation-sensitive isoschizomers technique, 2) case-control association study 

between two SNPs (-240A/T and -93T/C) of the ACE gene promoter and MOD in 

northeastern Thais was conducted using a PCR-RFLP technique to genotype 187 

unrelated patients with MOD (44.89±12.92 years) and 207 unrelated healthy controls 

(41.34±9.76 years), 3) functional study of -93T/C SNP in 2 cell lines (HEK293 and SH

SY5Y) was carried out using a reporter gene assay. We found that hypermethylation 

at -316 was correlated with the reduced ACE gene expression. A significant 

difference in allele frequencies was found only in case of the -240A/T SNP. The 

presence of -240A allele of ACE was associated with a decreased risk for MOD (P = 

0.040, OR = 0.702, 95% CI = 0.508 - 0.971) . With regard to the functional assay of 

the -93T/C SNP, we found T allele resulted in 2- and 4-fold higher transcriptional 

efficiency than that of C allele in HEK293 and SH-SY5Y, respectively. 
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LLf'I :::;Yl'Jlill'W'J 'Wl-J 1 n'1J'WL~'tl U1 L 'W'tl~1il1 n ~~ rll-JUIil ,U'W LtJ'W~~ rll-JYll-J n1 ~LL'H '1I'W~~ LLf'I :::;th:::;"ll1 n ~ 

41'W'J'Wl-J1 niJL'tln 1 ~~Iil:::;'ViU C;:'tl~~I'J~J'WYl'tl'W~'1I111'Vi~ j;]U'tlU lOll n.jf'tll-Jf'I"lJ'tl~'tl~ f'1 m~'tl'Wl,ru Lf'I n . ~ 

" , 
~:::;1.J~1 OJ UIil,u'Wil ~'J Lf'I niJ ~t1'JU ~'JUL~rl~l-J LPI¥1 ~'1 154 ~1'Wrl'W fi1 (;l LU'W¥'tlUf'I:::; 21 '1J'tl~ 

U~:::;"lllmLf'ln ~~LU'WU'1J~I~'tl~f'1m~'tl'Wl,rULf'lnlrJ\''Vimmnr~IL'WU rl .PI. 2020 L~rl~l-JLfII¥llil:::; 

nf'llmU'WU'1J~I~lfil~OJ~'1J 'tl'W~U 2 ~'tl~lillnhrl~f'I'tl{;lL~'tl{;li'JLIil~{;l~'W(1) LLf'I:::;L'Wu~:::;LYlflllYluiJ 

~thUL~rl~l-JLfII¥IU~:::;l-J1OJ 5 LU'tlfL'JI'W(;] ~1'tln~1 3 ~1'Wrl'W(2) ;'1~t1'JU~LU'WL~rl~lil:::;iJmll-JL~U~ 

~~(;]'tlm~L~U~';)j;] Iillnm~~I~'Jj;]IU~~~'1¥'tlUf'I:::; 60 L{;lU~111'J:::;L~rl~l-JLPlh'tllIil"'l:::;Ln{;lL{;lUj;]N 
~ ~ 

" ~1'tl Ln {;ll-J 1"'l 1 n m~iJu '1J~1 hrlYll~ mu'tl~ ri'tl'WLL~'J iJ'tlI m~~l-J LfII¥1111U~~~ LL(;]Ul~ rli''1111'J:::; 

.." "1- I ~ -J " ...... % 'JIl-JLPlnQnl-J'tl~'1Jll-J u 'JI~¥"i~~f'ln~:::;YlU'tlUl~l-Jlnj;]'tlj;]'WL'tl~ rl~'tlUrl~'J Lfllntsn"'l LLf'I:::;'C1'1rll-J 
" , 

'W'tl nlill niltT~'ViU~1 L~rl~l-J LfII¥1 LU'W L~rlVi LU'W~ 1 L ~ f;J~ 1 ~ '1J'1J'tl'l n1~~ '1J L~Utl~'1J111'J:::; (Disability 

adjusted life years, DAL Ys) L'WU 'Vi.fII. 2542 ~~~~{;l L~'tltJ{;l"'lln41'W'J'WU~~'1JL~ulUL;1'tl~"'lln 

mll-J~m~LLf'I:::;mll-J L~UtI'JU L{;lUL~rl~l-J LfII¥lri'tlrl'Jll-J~ '1J L~mu'W'tl'W~u~ 1 L 'Wm1l~1 YlU LLf'I:::; 

LU'W'tl'W~U~ 3L'W"lllulYlu(3) U'1J~1 hrl~l-JLfII¥I~~ LU'WU'1!~I~~'1~iJ mll-J~I~'1JLLf'I:::;iJLL'W'J L lJl-J"'l:::; 
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Ll-JYif'lU'W~ L~'WL'tl~'J'WL ~ qjlil:::;~n1ilL'WU'W~ L~U'J;r'tl~nuhrll-J:::;L~~ LL(;]L 'WU"'l,u'Wm~~ n1ilnf'l1n 

~:::;~1JL ~ij'tl~'W ~n nl-J L~l-J L U'W~ ~'WL"'lL 'WU'W~ L~ U'J .jf'tl~ nu n 1 ~Ln {;l hrlYll~~ j;] L'J"ll (mental 

disorders) LLf'I:::;L~rlYll~~:::;UUU~:::;~IYl(neurological disorder)(4, 5) L-litJ U'W 5HTT (serotonin 
, 

)
(6)"" (7 8)..... L ..,. ..., -J' 

transporter LLf'I:::;U'W RELN' 'JI~n1~Ln{;l methylation 'WU'W{;l~nf'll'J~Il-Jl~Cl¥"i~~f'lj;]'tln1~ 

LL~ 'M'tl'tln"lJ'tl~u'W~~'tlI"'lUl1u~ n1 nn {;l L~rlYll~~ j;] L 'J"ll LLf'I:::; L~rlYll~ ~:::;uuu~:::;~IYllcJl 
~ 

'W'tlnlilln~U"'l4'UYll~cJll'W~'W~nnl-J (genetics) LU'W~1 L~ f;J~~I~ '1J'1J'tl~ n1~Ln (;l 
L~rl~l-JLfII¥IU~:::;l-J1OJ¥'tlUf'I:::; 40<9) ~~iJ~I'W,;)4'u41'W'J'Wl-Jln~~t!'W~~'W~IL~f;J~~nfh'J L-li'W "'lIn 

n1~~m~n'1J'tl~ Levinson DF(10) 'Viu~I'hU{;lI~1'tll-Jl~{;llrl'WL{;lrl'W~~~LtI'WL~rl~l-JLfII¥1 uj;]~"'l:::;iJ • 
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L~tJ') nhJlcJl"'1L "" Ln c;] hfl~~ LPlh lcJl LL~:;Lil'W~'VlnlJ~1;'W't)rJ rllJUIOl~tJ'Vl1-:J cJl1'W~-:J LL,) c;]~'t)~cJl,)tJ 
" 

~ ~ 

L"Ii'W n1~L~tJ-:JC;] L 'Wl'mtJ11'1 1, 12) LVin:;'U:;U'WL~fl~~ LPI~1~-:J~ c;] Lil'WL~fl'Yf\."UIOl~tJ ( multifactorial " . 
disease)(13) 

~-:J LLaJ~1n1~~m~t1'Vl1-:J~'Wfim~~"ll't)-:J hfl~~ LPI~11 'WUlOllOlu'WlcJllJ-:J L,j'WhJ~ fl,)1~ • • • , , ~ 

CJc;]iJn~"ll't)-:J~1~~'t)lh:;~1'Vl (neurotransmitter) LL~:;~')flJ (receptor) 'IJ't)-:J~1~~'t)iJ~:;~1'VlU'W1 
" • I' I " 

~,)~~-:J U'WL'W':jtl~'W1 YlLntJ');r't)-:JrllJ~1~~'t)iJ~:;~1'VlL~~hn L'll'W serotonin LL~:;dopamine LL(;\1'W 

.Of ... ~ "'.... ........1 ~ ..I "'... ... • I ... lJlOl,lJ'W ~c;]~-:J1'W,)lOltJ'Vll"l m~t1 LntJ,)"ll't)-:J nlJ fl,)1~ C.J c;]lJ nl?l'IJ't)-:J~:;lJlJ Renin-Angiotensin System 

(RAS) ;-:J~1~1~tlVilJltrL'W~t1')tJL~fl~~LPI~1 L;l't)-:J1Ol1n Angiotensin-Converting Enzyme (ACE) 
~, , 
... .... "' .... ", '!l • I (14 15)" ~ "'. "'" "'.' ... 'W'W ~~'W1'Vl L'Wn1~tJ't)tJ~~1tJ~1~~'t)lJ~:;~1'Vl dopamine ' L'W~~'t)-:J ~C;]'Vl1 L~~lJ')mnC;]111,):; 

~~LP1~1~'W 'W't)nIOl1n~m1~CJc;]iJn~'IJ't)-:J~:;lJlJ Hypothalamic- Pituitary-Adrenocortical (HPA) 

~1~'wtlVilJltrL 'Wc41htJ L~fl~~ LP1~'1 L'll'Wrl'W ;-:J Ln c;]1Ol1 n n1~"'1-:J1'W"ll't)-:J t]'t) fi~'W (neuroendocrine) 
" 

CJc;]iJn~(16. 19 ) LL~:;L'WUIOl,U'WiJC.J~-:J1'W':j~tJ~1'W,)'W~'ln~lcJlC~lJ~nM1~1U'W ACE iJm1~L~m;r'tN 

rllJn1~Lnc;] hfl~~LPI~1(20·22) 

ACE "'1~,j1~~1~'lJ 2 iJ~:;n1~(23) ~'t) 1. Lil'W~')U11'Wn'l~C.J~1?I Angiotensin II 
~, , 

2. Lil'W~')rJ'f.}tJ~~1tJ Bradykinin 'W'f.}nIOl1nil ACE U-:J"''l~,j1YlLil'W~')rJ'f.}tJ (hydrolysis) ~'l~~'f.} 
• I ... ov , .J (14 15) 'i' • I "" ~ 
lJ~:;~'l'Vl~~1tJ"ll'Wc;] m't)tJ1-:JL"jJ'W substance P dopamine LL~:;neurotensin ' Lc;]tJlJnl?l~1~~'t) 

iJ~::~1'Vl dopamine Lil'W~1~~'f.}iJ~::~1'VlLLlA-:Jfl,)1~~'IJ(24) LL(;\1Ol1n~,j1~'IJ't)-:J ACE ~Lil'W~')rJ'f.}tJ 
• 

dopamine ~-:J"'1L""L~'WlcJl~1 ACE iJfl,)1~L~m;r'f.}-:JrllJn'l~Lnc;]L~fl~~LfII~1 'W't)nIOl1n~U-:JiJ 
n1~~nM1~VilJ~1~::~lJ cortisol ~1~1~m~~~-:J;'WltrL 'W111'):;~i1-:J n'ltJiJ fl,)1~ Lfl1tJc;] 111,):;~ I?I 

" 
... .dI '" (21) 'i' ~ ..I "'... ... " ..: .... 
n-:J,)~ 111')::'ll~LM1 Lc;]tJ cortisollOl:;LlJ'W'Vl~lOlnn'W L'W~1'W:; "stress hormone" L~'t)~ " .... 

q ~ J' I ~ <4.J 
m'l~LfD)~tJC;]LnVl'!l'Wn-:Jn1tJlOl:;I?I'f.}lJ~'W'f.}-:JLC;]tJn1~~~-:J cortisol 't)'f.}n~1~m::LL~L~'f.}c;]1'Wm~1ru'Vl 

'lJ 

II " I • 

~-:J~-:JilLil't)-:J~11Ol1nn1~"'1-:J1'W"ll't)-:J ACE YllJ1mn'WliJ~-:JliJiJ~'VlfiVi~(;\'t)n~ln1'W~:;lJlJ HPA LVltJ 

~ 

LnC;]n1~"'1-:J1'W'IJ'el-:J HPA ~1nn~1iJn~cJl')tJ ~-:JU'Wc4t1')tJL~fl~~LfllhlOl::iJ~:;~lJ cortisol ~-:JI?I~'f.}c;] 
" 'lJ 

llJiJn1~~C;]~-:JLLlJlJ Diurnal Pattern 

~ , ~ 

ACE LU'WL'f.}'Wl'll~1'WVi')nil?lrfL~tJ-:J~ncJl')tJ'W~ U'WYlti1tJ'Vl'elVl~i~ ACE ~-:J'f.}rJlJ'W 
" " 

..I 'i' 'i' 'i' ,..I .... ~.... .1 '" 
LL'IJ'W'VltJ1,)'IJ'f.}-:J Lfl~L~ L'll~~'Vl 17 (17 q23) tJ'W'W~m'l~tJ1,) 21 kb LL~:;lJ~::n'ellJc;]')tJ 26 exons 

LL~:; 25 introns(25) ;-:JL'W National Center Biotechnology Information (NCB I) lcJlu'Wl1nH~1iJ 
, 

..... ~ ..:::II q cI I I 

fl,)'llJ~~1n~~'ltJ'Vl1-:JVi'W~n~~~'IJ't)-:JtJ'W ACE ~~'el'VlL~tJm1 genetic polymorphisms ~1nm'l 

... (23) ..:,,/ " ' ~... 'i' " 160 "ll'WVl 'll-:Jri')'W L~'lJIOl:;LlJ'W~nMru:; Single-Nucleotide Polymorphisms (SNPs) Lc;]tJ L'W 
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" i1Iii1Iii1Ut.ln1~~m~t1t1~1"l,)1).m~1n~~1UYl1~~'Wfin~~~~:::~~1~).J1l~ULL(;]~:::I"l'Wt!'WL~fuf'l')1~~'W11ii1 . . ~ 

LL~:::LLyd~~1u1 'W,)~ n1~':jYlU1 fiIl1~ ~fn1~LL YiYludj'W'tlth~~1 n L ti!l~1iiI1 n 1"l,)1).J~~1 n~~ 1UYl1~ 

~'Wfin~~~n LlI'Wn1~LLu~rr'W1 'W~:::~U"1l'tl~ ~'W~~'tl11ii1i1 c.J~ (;]!l n1 ~LL~ IM!l'tl n"1l!l~ ~'W~,) U LL~:::n1~ • ....... .... 

LL~ (M'tl!l n"1l'tl~~'W~1Lu~u'Wlut!'Wn~12.J1~C1YiIiil::tJ11u~ n1Hn (1) hl"l (;]1~11~ ~~t!'Wn1 ~~ m~t1 t1~ 

1"l,)1~~~ 1 n~~1UYl1~~'W~ n ~~).J"1l!l~ ~~~U ~ 12.J1~C1~IiiI::tJ 1~ 11,~ n~1~'W ~ n'tl1,x Ln (1) L~I"l~~ hl"l 

Yl1~i1~n1ULL~::hI"lYl1~4i~11ii1 

1ii11n~1~mh,)2.J1;r1~~'W I"lru::':j4'ul~ ~~::~t!n t1~ f'l')1~~1 PI '1J"1l!l~ L~I"l;2.J LfiIlh 

LL~::U~::~~ rlliil ::~1 n1~~ n~1 t1~ n ~ In ~::~U L ~tl'tl~'Wfi n a2.J LL~ ::~'Wfin~~2.J1 'Wn 1~I"l')U I"l~ n1 ~ . . , 

.... .... I . '" I 

':j4'u I"l f~ \l~12.J1 ~C1tJ11"l,) 12.J lYil~).J 11, riuhl"l; ~ Lfill ¥1 VI ~ 1 'W ~1 'W n 1 ~~ 1 'W 1U I"l ') 1).J L~ U ~ 

(prognosis) n1~i1'tl~ri'W (prevention) n1~~~,)IiiI':jUIiil'ii'U (diagnosis) LL~::n1~fn~1 (treatment) 

L"Il'W n1~tJ1if'tl)J~Yl1~~'W~m~2.J ).J11'~1'W~1'WL1li"ll~'W~fiIl1~~f (pharmacogonomics) L~!l 
" Fl'WI"lr)1~1mfn~11~~ ~-;'tltJ1~11-n'Wn1~~~,)IiiIU~::Lij'Wu~::~YlfiJ11Yi i,)2.JVI~c.J~;r1~L~U~"1l'tl~m 

L~Yi1::Uf'lI"l~ri'tl'W1'mfn~liiIl~ • 

" LL~(1)~'tl'tln"jJ'tl~~'W ACE 1'WL'1i~;LYi1::L~m2.J~~ (In Vitro cell culture model) 

2. L~'tl~n~ f'l')1~i~~'Wfi~::~~1~ 1"l,)1).J~~ 1 n~~1UYl1~~'Wfim~).J"1l!l~~'W ACE • 

n1~~n~UYlU1YlYl1~ epigenetics 1'Wn1~f'l')u~2.Jn1~LL~IM!l'tln"jJ'tl~~'W ACE 
........ .... .... 

1'WL'1i~;LYi1::L~mu4~t!'Wl'L'1i~;LYi1::L~mVl~~~(1) 6 "lIU(1) ~'tl L'1i~; Jurkat (Human T cell 

lymphoblast-like cell line) L'1i~; K562 (Human erythroleukemic cell line) L'1i~; He La 

(Human cervix carcinoma cell line) L'1ifl; HaCaT (Human keratinocyte cell line) L'1ifl; 

HEK 293 (Human embryonic kidney cell line) LL~::L'1i~; SH-SY5Y (Human neuroblastoma 
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, " , 
cell line) LYl'flLth..lL'lI~;LYll::;L~tI~~lJLLUuViH1.lJn1~~m~n~hlJ epigenetics l'l'fln1~jil'lUI"J~n1~ 

LL~~~'fl'fln'1l'fl~~lJ ACE 

~~~tj ~ L~ tI ~~~tj ~~lJ'fl~U'J ~ 111 LL~::;~~~tj '" 1n ~ L~tJ~ L~ tJ n 1 ~Lnu'if'fl ~ ~ LL~::; L~'fl ~'1I'fl~ 
~ ~ 

" ," 
'fl1~1~l1jil~~~mi~~t1'JtJL~f1I;~Lli1h (n = 187) LL~::;mi~~ViiJ~'1I111Yl~ (n = 207) L~m1~~'fl~ 

41 " .. " " 

mi~~1"'l1 n~lJ~U1L'J ru L~tJ'J rllJ ~::;Vf'fllJ~~iJ"'l~tJ1lJn1 ~~1 N'flrJ1lJ~111Yl LL 'l ~ ~'fl~'Vl1~ fi~~~'111 ~ . ~ 

, " 
LM~n"'l LL~::;i~f1I~Vi1n~ L~tJ~ rllJ lJ'fl n L~~'fl"'l1 n n1~~ ~ L~'tln~~~'tl~ n~~1 ~iJ f1I'J1~1n~ L~tJ~ rllJ1lJ 

~1lJL"'H1 LL~::;'tl1tJ LtllJ~lJ iJ"'l~tJ~1lJ~(;]oK~f1I~~UlJVinLL~::;',jLf1In::;'If l~LLfi LYlPl 'tl1t1 ~Cl1lJI11Yi • • 
~~~~ 'fll~Yi 1~n1~~m~t1 ntJl~ n1~~u1J~i LL~::;n1~u1LI1 jilLf1I1'fl~~mL'tl~n'fltl'tl; 1lJn1~ 

" " ~ ~"'L~'fln~'J'tlth~t!lJ 1~~~1L~'fln"'llnYllJ'Vl~'tlu1lJ (~1Ll1'tlLij'fl~) LL~::;~'tlU'W'fln (L'1I(;)~'1I1.nU1~LL~::; • " ., 
'lIlJU'Vl) ~~i1 L-DL'Vlf1ltljil probability sampling 1lJn1~~~~'J'flth~ 

It Sf " I 

n1~',j4'tJjilf~i1"'l::;Yhn1~'Vl~~'fl~L/iml::;1lJL'lI~;LYil::;L~tJ~ (cell culture model) Vi~1"'l1n~lJ'rttJ • 

I '" "" 

93T/C LLUU~LlJl'VliJ'lItl~ TIT rlU C/C "'l1m.h::;"ll1ml'Vltl -if'tl~~Vil~"'l1nn1~'Vl~~'tl~jilf~i1t!lJ"'l::;(ln 
~ ~ 

tJ1~1',jLf1I~1::;'lfjil'J1~LL(;)nl'l1~L~tJ1-if~~~ (-test ~~n1~lJ~~1 P-value i!'tltJn~1 0 . 051lJn1~ 

~"'~lJ1"'l~1~1~1~iJjil'J1~LL(;)nl'l1~rllJ'tlth~iJl!tI~I~'1!~1'tlhl 'flth~h 

" "" n1~(;]~'J"'l ~'flU n1 nL~ ~~'fl'tl n'1l'tl~~lJ 1 'Wn 1~~ n'rt1',j~tI jilf~i1l!'W "'l::; 1-ifn1~m'J"'ltj ~ 

n1~LL~~~'fl'fln'1l'fl~~lJ luciferase reporter L~tltj~ luciferase 

jil~1 ~ Lf1I~'tllJ"'l1 n jil'J1wtllJ"'l1~1~ LYin::;hl1~ jil~'flUf1I~~~~'J~"'l n'tl~ n1~f1I'JU I"J~ (gene 

regulation) 1lJil~n1tJ~~'rttJ L"lIlJ n~lnn1~f1I'Jul"J~U'tllJn~u (negative feedback) Yh1~~1~ 

tj",1~m"'l~1nn~1f11'J1~LtllJ"'l1~ LLl'ln1~"'l::;(;]~'J"'l~'tlU~::;~U (level) LL~::;n1n11~1'W (activity) '1I'tl~ 

ACE ~ Ln ~~lJ"'l1~111tJ1lJL 'lI~~1~tJ~iJ n~ In n1~f1I'JU jil~U'fllJn~u ~'JtJ,rlJ~ 1 LtllJ~"'l ::;~'fl~ 1 ~ ~1.]')tJ . ~ 

~~~tJ1~1-ifri'fllJ~"'l::;1~fum~(;)~'J"'l~'flU~::;~u LL~::;m~~1~llJ'1I'fl~ ACE ~~~11~tJ1n L~'fl~"'lln 
, . ., 

m~~tI"'tJ1Vifn'rt1'fl1"'l~~f.J~l'l'fl'fl1m~'Vl1~f1I~tln'1l'tl~~lhtJl~ lJ'fln"'l1ni1n1~LnU~'J'flth~"'l::;~'tl~ . ~ 

Lnu~'l'flth~ L~'fl~ 1lJIULLuu~1~iJ~1~rllJL~'fl"'LL'ii~ (clot blood) L~'fl~"'l::;~Il-Jl~(l (;]~'J"'ltj ~~::;~U 
LL~::;n1~~1~1lJl~ ~1~ (l n ~'tl~ LL~lJih LLl'l ~'J'tlth~ L~'tl ~~ LnU"'l1 n LNYltJ lUI ~ ~ (;] L'J"ll L~ tln"ll 

~ 

" , 
lJf1I1lJ'Vlfl!lJLtllJm~LnUL~'tl~ 1lJIULLuuViiJ~1~rllJL~'fl~LL.:n~ (EDTA blood) ~~1~~1~1~(ltJ1~1 
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, " " 
rhVi~ ~Yl~1~ ~-ll11L '" Ln ~;)'tl~1 n ~'lI'tl-l-l1kl,;)4'tJ Flf-l~ 

1. ~ ~1-l'tl-l r1 Fl'J1)Ji1 "nh:n-l~ n'Vl1-l'tl'\1:n'J';)'VltJ1~ LL~ ~-lL '" L;)1L"l ~-l n~ lm':;~l.J 
Ll-1il'tl~kl~n~~)JLL~:;~kl~m'~)JL kln1~Fl'Jl.JFJ)Jn1HL~ ~-l'tl'tl n'll'tl-lUkl ACE L kl)J'l~U ~-l"l:;,J1 hJ~ 

" , 
lh:; LtJ'lItJ)Jl-11 Pl1~ ~'tl L~Fl~)J LPI~1Yi-lL kl~1kln1 ~l11kl1tJ Fl'J1)J L~ tJ-l n1 nJ'tl-l flkl n1 ~1'l~'J"l,;)il"l'iltJ 

LL~:;m~fn~1 

" ';)"lI1m~~:;~l.Jkl1kl1"l11~ 'tlth-ltJ'tltJ 1 Flf-l LL~:;~1)J1~tl,J1c.J~-l1klhJ,J1 L~kl'tlL kln1nh:;1)J';)'J!1m~ 

" ~:;~1.J'll1~1~'tlth-ltJ'tltJ 1 Flf-l 

5. ~1)J1~tlc.J~l'lurweVil'l~:;~l.JmC1JC1J1L'Vl~iJFJnJll1Yl~1kl'Jkl 1 Flkl ~-lLilklm~ 
~-l L~1)JL tXiJ n1 ~~ ~1-l LL~:;~ ~kl1,rn';)'VltJ1 Pl1 ~ I'l HklL mJ L i1kl n 1 ~1'l'tl1J ~kl'tl-l LL~ :;~'tl ~ Fl~'tl-l • 

" , 
Fl'J1)Jnl-1l-1 LL~:;c.J~ I'll.JFl~1m''Vl1-l';)'VlmPl1~l'lfLL~~L'Vl Fl L klL~UL kl~:;~l.J~-l ~m1-l LYl'tl~h-lurweVi I'l 
fl. " 
" , ".... ~ ... ~oC:III ... ... ... .c::tt. tv 

Ylffi)J'Vl-l c.J ~-l1kl'J"ltJ'Vl)J FJ ruIl1Yl~-l~)J 1M L "ll'lkl1~)J tJ'lI'tl-l, ~ 1~-l n ~rw)Jl-11'J'VltJ1 ~tJ 

o ,,~~ .... ..., 
~1j;l1.J'jJ'Uj;I'el'U ~ 'U n1'lL~'U'el ~~ n1'l'J'UJ 

1. 1l1L~kl'tlc.J~-l1klLkl~U~:;'ll)J';)'ll1m~~:;~1.J'J!1~l-11'tl~~~l.Jkl1kl1'll1~ • 



1. hfteV1JAf'l"f,(U) 

, 
.::t 

111111 2 

L~~~lJLfII~1 ~'tl ~'l1lJ~nVJn'jJ1iOl LfII~1 L~'elmJ1U Yl'elLLYl ~m~tru~~1~'\J"ll'el.:JL~~ 
., , , 
\1~'tl~tl'lUii'tl1 n1~~lJ LfII~1 LUU'tl1 n11L~Ui ",i'llJ rlU'tl1 n1~~1~ ru'elrh.:J~u L-rlU Lij'el'tl1~1~ U'elU 

~ ~ 

• 'tJ,jiin1~ru"ll'tl.:J n11Ln '" h~onlJ LfII~1 (3) 

L~~onlJLfII~1LUUL~~~"r'iUtl'tlU 1.h~"ll1m' 5 1.u 1 00 ~U iOl~LUUL~~~lJLfII~1~~~U 
, ... 

~ULLN LL~~~n 5 1.u 100 ~U iOl~ii'tl1n1~~lJLfII~1~~~UU1Un~1.:J 1.u-rl'l.:J1.",-rl'l~~lj~"ll'tl~~(;Jb~\1 • 
'tl1iOl Ln ",~u~'tl1.",nl~ LL~~Ln '" 1~ rlU ~U'Vl n'tl1u'Vl n~1U~~~ ru~m'eln1~ LUU L~~el~lJ1 n n~1 ~"ll1U 

~ ".. "... " 

L;h 1.iOlrlU 1. UifiOl"UU'Vl1~ n1~LL"r'i'VlU "r'iU~1 L~~onlJ LfII~1 Ln "';UiOl1 n~1 L ~j;j~1 ~ '\J ~~e 
n. ~1~~'tlU~~~1'Vl t U~lJ'tl~ii~~~Uhl~lJ "'~ , 

., 
tU~lJ'tl~ii~1~U~~L[l'Vl\1~~1U~'l L-rlU serotonin dopamine LL~~norepinephrine "1~"1 
., , , 

~1~"r'i'ln\1~1LuutUn1~l11~1U"ll'el~L"ll~~~lJ'el~ Lii'tl~~~U"ll'el~~1~LL(;]~~~'lLU~UULLu~~lu ~lJ'tl~ 

LL(;]~~~'lUniOl~l11~U1~ LLU~U~'lULn '" LUU'tl1 n1 ~Cj Ci1U n ~ (;]1~1 ~~~ n~ 1'llJ 1 LLf{'l iiifiOl~U~~1U 
'tlth~~l11 t~~~~U~1~L~ii LU~UULLu~~lu L-rlU ~Ufim'~lJ m1lJ LU~1~U1~'Vl1.:J~'l111"r'i L~"r'i1~ , 

~. I"'" ""'.... 1......... 1 0., .?l ... 
1.J~~~ ~'llJ ~u{N ~'l1lJ (;J~ L~~U'" U"lI'l (;Ju~~iOl1'lU LuU(;JU 

"ll. ifiOl~U'Vl1~~1U~(;JtiOl iOl1nn1~~mt1"r'iU~1 

1.L~~onlJLfII~1~mn"'111U~~.:J~U'lu~iiif'\J~1'Vl1-1~1U~(;J1.iOl'tlrh.:J~ULLN L-rlU n11L~U~(;J 
,,~ .J.., ~ ~ .., I Iii .. 1 .. 4&f '" 4dI 

"ll'tl~1.J~~~~LUU'Vlm lJL~'tl~U1Ci1~lJ1.:Jnu~m'tl~ n1~~mn~ u~~~Uu'Y~1'Vl1~"'1Un1N1U ~~'tl 

LM~~niOl 

2. ~U'lU~il'tl1n1~lJLfII~1iOl~iiLLU'l~'l1lJ~"'L~mrlU(;JUL'el~'Vl1~~1U~U 
~ 
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~. i1'"l4'U"'1~~1'W~'W~m'n.j 

i1'"l4'U"'1~ ~1'W~'WDm'nJ LU'Wi'l1 L~11l L 'Wn1~Ln '" hf'l~~ LPlt1tJ~:;~1 ruttlU~:; 40(9) . . 
n1~~ m~t1~'W~n ~~~"1Itl~ ~thUhf'l~~ LPlt1tl~r)1~'W~m~~ LU'Wi'l1 L ~[;J~~1 Ff'lJ 

tJ~:;n1 rn;j~ L"'U~U~ n'rtru:;~1 Ff '1J c;)~ n 

1. 'lJ1~i'lU"'''1Itl~ ~tl'lUmtl n1i'l LU'WL~f'ln~'lU~~nr)1tJ~:;"ll1 n~~'lltJ 1.5-3 Lvh LL~:;iJ 
Lt:ln1i'l LU'W L~f'l~'rt~n ~tlf~ L 'W'tll1ln~~~ nr)1tJ~:;"ll1 n~~'lltJ 

2. 
, 

nr)1L~m;'lltJ 2-3 Lvh(10) LL~:;,huC;)1LL~:;~1~"'1LU'WL~f'l~~LPlt1 'l..J11l~'"l:;mt:ln1i'lLU'WL~f'l~~nr)1 

L~n~'lltJ~~ 4 Lvh 

3. '"l1nn1~~n'rt1fOimJ",~ur)1L'WfOiLL~"'~Ln"''"l1nl"JlLuL~u'ln'W tl1f'l'W~;j~LU'WL~f'l~~nf'l'W 
" " 

20 
~, ~ 

4. n1~~n'rt1L~f'lUL'W'l..JI1l~'l..J'lJD~~~VlLn"''"l1nuC;)1LL~:;~1~'''1Lu'Whf'l~~LPltTn~ 2 Fl'W 

~Ur)1'l..J11l~'l..J 'lJD~~~'"l:;LU'W L~Fl~~ LPlt1 ~'lU L 'W'tll1ln~~~ nr)1'l..J 11l~'l..J 'lJD~~~~ Ln "''"l1 nu "'1~1~"'1~~ 
LU'WtJn~ 

LLt;l~~t:lth~hn 11l1~i1'"l4'U"'1~ ~1'W~'WD m~~mh~ L~U'l nhJ1~vi1 L'IX Ln '" hFl~~ LPlh 1~ • 
,~ ~ 

'"ldft:l~tl1 ~Ui1'"l4'U"'1~ ~1'W~~ LL'l "'~t:l~ n1 n~u~ '" L.;r 1~1i'l~ ~'lU L ~ n:;'U:;,r'W hFl~~ LPlh~~ 
" 

L(;)U n1~~n'rt11~,.j~ ~~i'l1 L~I1l"'1~~'WDn~~~~vi1 L ~\nc;) hFl~~ LPlh ~~ L~m;rt:l~ • • • 
~ , 

nun 1~iJ Fl'l1~~~1 n~ ~1U"'1~~'W~n ~~~ ~:;~r) 1~~~'rtULLt;l ~:; f'l'W,r'W L u'WVll~fu f'l'l1~i'l'WL '"l n'W 
~ 

t:lth~LL~i~~1UL'W'l~n1~';)"'U1P11i'll1lfn1nL~"'ULU'Wt:lth~~1n ~~1~iJn1~U1U'W ACE U~1~n'rt1 

~~'"l1n~1'W,;)4'U"lJt:l~ TC Baghai(21) 1~vi1n1~~m~t1L~u'lnuf'l'l1l,J~~1n~~1u'Vl1~~'W~m'nJL'W 

n~~Fl'WLUt:l~,r'W ~~~ur)1Fl'l1~~~1n~~1u"'1~~'WDn~~~~iJm1~i~~'Wfit:lth~iJ,rU~1Ffn'nu . . .~ 

n1~Ln(;) hFl~~LPl11ti'WFit:l Fl'l1~~~1 n~~1UU'WLtJ~L~ Ll1ltlf"1ltl~u'W ACE ~~ Ln"''"l1m~U~U'l Fl~Lt:l 
l'Vlc;lL~m (SNP) ru ~1LL~tl~-240AIT (rs4291) iJ~~t;ltl activity "1Itl~ ACE L",un~~~iJ'tl~~~ T 

_ .... .J J' ....::. .oe:i 0 I .4 

"l:;~~:;"'U ACE activity "'~~"1I'W (;)~'W'Wf'l'l1~~~1n~~1U"1Itl~U'W ACE ru 11l1Lm'W~ -240AIT '"l~~n 

i'l~iUr)1 LU'Wi1'"l4'U~vi1 L'IX Ln '" L~Fl~~ LPlt11~~1u;'W 'Wtl n'"l1 nntT~iJ n1 ~~ n'rt1 ~~ f'l'l1~~~1 n~~1U 
"'1~~'WDn~~~U'WLtJ~L~Ll1ltlf"lJt:l~u'W ACE ru ~1Lmtl~-93T/C (rs4292) (27) ~~iJ~~t;lt:l~:;C;)U"lJtl~ • 
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ACE 1'.!nJ':;Lb~lH~'elV1~n~')tJ ~')'WmJ'~m~t'l'Vl'l~~'l'Wmnb~V1~'el'eln"1J'el'&w ACE d~i'jmJ'~m~t1 
n'W'tlth~ LbYi i~~'ltJLV1tJ Li~iOi'l n n'lJ'~ m~t1 n'l t.J ~'Vl'l~~'WfimJ'~iOi'l n"1J'W'l V1"1J'el~ LthL~ L(;l'elf ru • 

I II '" I 

Yi1J~'l"1J'W'l V1"1J'el~LthL~b(;l'elfi'jt.J~(;]'el CAT activity ViLL(;ln(;]'l~n'W..r~1 'Wb"J!~~LYi'l:;L~tJ~V1i'jmJ' 

LL~VI~'el'tlnLL~:;hJi'jmJ'LL~V1~'tl'eln"1J'el~u'W ACE LL~:;(;]'tl~'l1~i'jmJ'~m~t1n~Fl,)'l~Vf~'ln~~'ltJ'Vl'l~ 

~'WfimJ'~"1J'el~u'W ACE ru j;J'lLL~ti~ -240M (;]'elmJ'm1JFl~mJ'LL~V1~'el'eln LV1tJ1-ir3fi Luciferase • • 
" " tr .oC:iI tr reporter gene assay ~'WL"J!~~LYi'l:;b~tJ~~~~tJ (human neuroblastoma; IMR 32 Lb~:; human 

embryonic kidney; HEK 293)(29) ~~Yi1J~'lFl,)'l~~~'ln~~'ltJ'Vl'l~~'W~mJ'~"1J'el~u'W ACE ru 

j;J'lLL~ti~ -240M vh1,xi'jmJ'bL~V1~'el'eln"1J'tl~u'W Luciferase ~h1LL(;ln(;]'l~n'W1'WL"J!~~bYi'l:;L~tJ~ 

, 
• ~'lJ'LFli'j"1J'tl~~~'el~V1~'l'WFl,)'l~~"1J • 

cortisol LU'W~L~tJJ''eltJr;)e1'tlfL~'W (steroid hormone) ~~nt.J~(;l~'liOi'ln(;]'el~~~')n 

1(;l (Adrenal gland) 1'W~,)'W"1J'el~(;]'el~~~')n1(;li'W'W'eln (adrenal cortex) LV1tJ cortisol iOi:;bUtJ~')~ 
I I II I 

vh~U'lV1Li~~J':;~1JtJ'l(;l'l~ 1'WL~'tlV1 L~~ mJ'~~'l~n~ LFl~ (gluconeogenesis) LL~:;1JJ'H 'Vl'lmJ' 

t1m~1J Lil'el~iOi'ln cortisol i1n'Vli1'WmmV1Jlij~~n'W (immunosuppressive) L"'tJ1.Jn~ cortisol 
VI " • 

U'eltJ(;]'l~n'W(;l'l~-rl')~ L,)~'l LV1tJiOi:;'1n~h~~~~V1(;l'el'W~tJ'W'el'W LL~:;~'l~ V1(;l'el'W~~1J ~tJn~'l "Diurnal 
~ '" CIj 

Pattern" LL(;]~~~J':;~1J cortisol ~'l~'lJ'm ~~~~~'W1~ lh bd'eli'l~ mtJ'tlti1 'WJl'l,) :;~i'jJ':;~1J~'l (;l'l~ 
" " 

1tJL~'elV1~'ln~'l1.Jn~ mJ'1~f1Jmn.h~", ~1'el Jl'l'):;~i1mJ'mt~e1'tlfi:~'W Adrenocorticotrophic 

(ACTH) ~",1.Jn~ i'l~mtJfiiOi:;~i~ cortisol 'tl'tln~'l~'ln~tJ L~'elFl,)1JFl~~Jl'l,):;L""LL'Vl1J'el~;~"1J'el~ • 
" 

f'nfi:1J1e1LVlJ'(;l L1.JJ'~'W 1"1J,r'W t.J~(;]'tlFl,)'l~~~V1~"1J'el~Ln~'elLbi ~b~nL'VlJ'1~l1l tJ'l Lb~:;1JJ'H'Vl'lmJ' • 
, " 

t1nL~1J LL(;]n'lJ'V1i'jJ':;~1J cortisol ~~1'WnJ':;LL~L~'elV1 (hypercortisolism) t1'WiOi:;~~t.J~L~tJ(;]'el 
, 

i'l~mtJ vh1,xLnV1LJ'Fl Cushing's syndrome 1~ LV1tJc.J~iOi'lnmJ'V1i'jJl'l,):; hypercortisolism ~'el 
, . " 

LiiVl glucose tolerance ~~'el'liOitJ'l11.J~ mnnV1 hFl L1J'l~,)'ltJ n~'l~L-n'tl~1J 'fl'el'WbLN Lb~:;m:;~n 
J ci ci~ J' .,...,~ J' q I 

Yi~tJ L'W'tl~iOi'ln~mJ'~~'ltJL1.JJ'(;l'WLYi~~'ln-lJtJ mJ'~~'ltJ ~"1J~'WLYi~~'ln"1J'W LL~:;~c.J~(;l'el electrolyte 

Metabolism ~~iOi:;vh 1,xi'j t.J~(;]'tlmnri1JL"J!L~tJ~ LL~:;~'l L~~~'ln~tJ ~~ Ln V1mJ'1J,)~~'l LL~:;Fl,)'l~ 

~tJL~~(;l~~(;l1~~'l LL(;]'elti'l~hri(;l'l~iOi'lnmJ'~m~t1"1J'tl~ TC Baghai(21) Yi1J~'lJ':;~1J cortisol U~ 
c:. J' '1!A\ .J. q q ~ ..... <4 '" 

~'l~'lH1LYi~~~"1J'W ~V1 ~'WJl'l,):;'Vln~ mtJ~Fl,)'l~ LFlJ'tJ'" Jl'l,):;iOi (;ln~')~ Jl'l,):;"J!~ LM'l LV1tJ cortisol 

~ ..I" ...... 'I ..; "" "".,. J' , ~ 
iOi:;LUtJ'VlliOi nn'W ~'W~'l'W:; "Stress hormone" L~'el~Fl,)'l~LFlJ'tJVI Ln V1"1J'WJ''l~mtJiOi:;(;l'tl1J~'W'fl~ ~V1tJ 

mJ'~i~ cortisol 'tl'tln~'l~nJ':;LL~L~'elVl1tJm~'lru~~~~~~Lil'el~~'liOi'lnmn1'l~'l'W"1J'tl~ ACE ~ 
" " 
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o 

l-J1m1hJhl~'1hJij~VlfiYi~(;j!Jn~1nlw~:::uu HPA L(;1tJ'tl1~m:::uu RAS -w'Wnf.1'fl ACE /OJ:::.yhn1~ 

LU~tJ'W angiotensin I ( AI) L"LU'W angiotensin II (All) ~'1 All ~'Wn/Oj:::1um:::~'W~:::lJlJ HPA L" 

l11'l1'WL(;1tJ All /OJ:::lun~:::~'Wn1~~i'l Corticotrophin Releasing Hormone (CRH) ~(;j'fll-J 

hypothalamus LL~:::ll'flfll-J'W CRH n/Oj:::1un~:::~'W(;j'fll-J pituitary L"~i'lll'flfll-J'W ACTH (;j'fl1U~'ltJ 
.J ~J'~G' 't II ~ • .,~ 

LL~:::n1~Vllltlfll-JlJ ACTH LYil-J*lllJlJlJn'"l::: ~un~:::l'llJn1~~~'l cortisol /Oj1nl'l'fll-J~l-J'ln bl'l"lllJ'W'fln • 
tltlnl-J1 ~'1/Oj1nn1~';j4'tJ1~YiU~1L'W~thtJL~Fl~l-JLPI~1/Oj:::ij ACE activity ~~'1~'W ~'1/Oj:::l11L"Ln(;1 

" n1~l11'11'W"1ltl'l HPA l-J1nn~1Un~~'ltJ ~'1-W'W~thtJL~Fl~l-JLPI~1/Oj:::ij~:::~u cortisol ~'1l'l~tl(;1hJij 
~ ~ 

n1~~(;1~'1LLlJlJ Diurnal Pattern 

o 0 '" 

LL(;j'flth'lhn l'l1l-Jn~ 1nVi LU'W~1L~l'lVil11L "Ln (;1 hFl~l-J LPI~1-W'W~'1hJ mJ'W'fl'W LL(;j1~ • 
I I 11 I 

ijn1~~ m~t1 n'l n1 ~Vl1'1 Fl~ilnYiU~1 ~:::"'lJ ~'l~::: ~lJ cortisol Vi ~'l -W'W'fl1/Oj ~'1 (:J ~ (;jtl~:::UlJ n1~~'fl 
" 

.J.J "'.... + + .d ,.?I ~.J 0 ",.J" 
U~:::~1VlVlLnm*lltl'lnu Na /K ATPase Pump L'W'fl'l'"l1n cortisol Lu'Wll'fl~bl-J'WVlVl1~'W1Vl b'Wn1~ 

fm~t1~:::~u Na + 'W'flm"ll~;LL(;jLri'flLn(;1n1~~tlU~:::~1Vl (action potential) Na + ~Un~~'fl'lL';hL"ll~; 

LL(;jnilJ L.;)1 L "ll~~1"l1~'1l11L "Ln(;1n1~~'flU~:::~1Vl~~ (;1un ~ ~'1'tl1/Oju11u~ n1~Ln(;1 L~Fl~l-J LPI~11~30) 
'IJ 

1l1Yi~ 2.1 : LL~(;1'1LFlN~~1'1"l1'fl'l1l'flfll-J'W cortisol 

(https:/ /www.treatmentonline.com/articles_pre/index. asp ?artic Ie _id =46551 &category) 

·n~1nn1~~~1'1 Cortisol 
0" " 

cortisol ~~1'1l-J1/Oj1n cholesterol ~'1n1~~h'l-W'W~~1'1/Oj1n(;jtll-J~l-J'ln1l'l-n'W'W!ln 

L'lilJ Zona Fasciculate L(;1tJn1~~h'l cortisol L'W(;jtll-J~l-J'ln1l'l ~l-Jl-J1/Oj1nlltlfll-J'W CRH ~"n 
" o 

~i'll-J1/Oj1n hypothalamus /OJ:::l-J1m:::~'WL''(;j'fll-J pituitary L'W~'l'W Anterior lobe (:J~l'lll'flfll-J'W 
o 

ACTH tl'flnl-J1 LL~'l1um:::~'W cholesterol Vi~h'll-J1/Oj1n mitochondrial L'W~lJL"Ln(;1n1~ • 
I '" I " 

LU~tJ'WLLU~'1LU'W~1~~'1~'W(;j1'11 ~!l pregnenolone LL~::: progesterone LYi'flU1~1~~'1~'W 

"''I n~ 1'll-J1~ ~1'1 LU'Wlltlfll-J'W(;j1'11 ~'fl 



3. androgens 

HO 

Corticosterone 

to -Heth~l group 

CYP 17 • 
HO 

Major Pathways in Steroid Biosynthesis 

CYP17 • 
.. 

Oehydroepiandrosterone 
o 

HO 

Androstenedione 

10 

11-deoxycortisol Estrone Testosterone OH 

. CYPllBl HO 

:t17 f.<HSD 

D Major progestagen 

o Major mineralocorticoid 

o Major glucocorticoid (species variation) 

1 ',·" 1 Major gonadal estrogens 

D Major gonadal androgen 

OH 

J11Yl~ 2.2 : LL~(;l~tJlJmtJ1n11~'H~11:;,r~L~tJ~'eltJL'1e1'elfl2.J'W (steroidogenesis) 

((http://www.vivo.colostate.edu/hbooks/pathphys/endocrine/basics/steroidogenesis.htm) 
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2. ACE(23) 

ACE ,"1tl ACE1 Vi'nrU1~~1iil'Y 2 lh'::;n1~ ~tl 

1. LtlU~'l,j1·b • .m1~c.J~1?! All 

2 . LtlU~'ltJtltJ~~1tJ Bradykinin 

~ ~~ ...... d ""..... .ca..caI.Qr, '" 
Utlnr.nnuu FJru~~'Ul?!tlUl'lltl'l ACE tJ'lLnm'lltl'ln'UYm1fiM~'l'Vlml?l'ltJ ACE 

LtluLtlUL,l!Yi'ln Zinc metallopeptide ~'lYi'UL~'Uu~h'lltl'l endothelial LL~::; epithelial cells 

ACE ,,::;iJ,"il1~L1.J~tJU inactive decapeptide (AI) L1.JLtlu active octapeptide 

(Active All) ~'l Ltlu~'l~Vi1 L ~'Lii 1?I,"~tll?l L~tl C;)," I?I ~'l (vasoconstrictor) Ll?ltJ All LUUc.J~ I?!nru-n 
o 0 

... RAS(3 1) ~ PI L ~~"I ... '" • ~ 
,"~n'll'M~::;'U'UlI'lLuu~::;'U'Un~ n'Vl~'U'Vl'U1'Vl ~Un1Ull'l'UFJ~fil'l1~I?IUL~tlI?lLL~::;u~~1ru 

L~tlC;) hI11'ln1tJ 
o 

renin ~n1.J~tltJ)..J1"1m'~; juxtaglomerular LULl?! ~'l~nfil'l'UFJ~111tJL~~::;~'U 
o 

4CiIiI '!!l .. ~.ocI '" ~.Qr, .AI 
'lltl'l Na 'Vl~C;)~'lo m~~'YL~tJu~~1(;j~'lltl'lL~tll?l LL~::;mm~::;f;JU'lltl'l~::;'U'U'~Yi1L'Vll?!n ren in "i::;~ 

,"il1~L1.J~1?I inactive peptide angiotensinogen (i'lLfil~1::;,"1I?1tJ~'U) Lm~Ltlu AI ~'lLtlU 

inactive vasoconstrictor protein LL~::;LU'Vl1'ln~'Unu AI "::;t1m1.J~tJuL1.JLtlu All Lc;)tJ ACE (~'l 
" 

.J 
111YiVl 2.3) 

Kinin Kallikrein System Renin Angiotensin System 

Kininogen Angiotensinogen 

Bradykinin Angiotensin [ (1-10) 
(Vasodilator J /Inacli l'e / 1 ............ @J .......... ~ 1 

~ Angiotensin 1-9 

$ 
Inactive Bradykinin Angiotensin 11(1 -8) JAcE21-.... Angiotensin 1-7 

[VasocofLl"lriclor/ ~ [Vasodilator/ 

o 

111YiYl 2 .3 : LL~I?I'l';)~m~~~1'l AII (23) 
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, , " 
All LtI'W~,)Vll1'l t,x~~'el~L~'el~~~~,) ~\I~'l'-J'lJ'tl~'H.J~ ~'el~'el'-J~'-J')nL(;l-n'W'W'eln l1'l 

t,x Ln ~n'lJ'tJ~'eltJ"1l'el\l!l'elfL'-J'W aldosterone ~\lLtJm::~'W'Vl'el t 'WL(;l ~\I~\I~~ t ~(;l~'l'-J'lJ'tl ~~n~'U 
q ~ 

'" I II I 

L"l! L~tJ'-J LL~::tJ'lIOl'l nif~~'l')::HI'-J'ln (32) ~\I ~~~Ln ~'-J 'l1Ol'ln n'l J'Vlij n'lJ'~ t1J L~m.n'-J'l (;lJ'''1l'el\l L ~~') t 'W 

L~'el~~~\ll1'l t,x All '-J'l'el'eln~'Vltl1'l t,xLn~n'lJ'L~'-J~'W"1l'el\lm'-J'l (;lJ'''1l'el\l L~~,) t'WL~'el ~ LL~::I"l,)'l'-J ~'W 
L~'el ~~\I~'W All ~\I LtI'W~ 'lJ'~'el n ~ 'l\lJ'::~~ 'l\l n'l J'L1Ol1t1J L~'U L(;l LL~ ::n'lJ'~ ~'W 'l"1l'el\l L"l! ~ ~1~tJ n 'lJ' 

m::~'W"1l'el\l~'lJ'~'l'Yj')nL"l!L(;lI"l'ltJ,r"l!il~~'l\l1 LL~::growth factor(33) (~\lfl'lyj~ 2.4) 

sympatnetlc snmulatlon 
Hypotension 

Decreased dium Delivery 

Angiotensi nogen 

Ren;n! 

AI 

", , 
'W'elnlOl'lm!'W All ~\I~'l'-J'lJ'm~~mtJ'lt,xL"l!~; endothelial l1'l~tJ'lVl~~tJn~L~tJ 

l1'lt,xn'lJ'~~(;l nitric oxide lOl'lnL"l!~; endothelial ~~~\I (35) (tJn~ nitric oxide IOl::LtI'W~'lJ'~L"l!~; 

endothelial ~h\l~'WL~'eltJmJ'el\l ~,r\l.r'Wt 'W"1l'el\l~~'el ~ L~'el ~1Ol'ln~\lJ''U n'd'W~'l\l1 ) ~\I n'lJ'~'Wyj'U~l1'l 
t,x~ltl\I(;lJ'::wwn~\lI"l,)'l'-J~'l~t1J"1l'el\l All t'Wn'lJ'Ln~yjmfiij'Vlm"1l'el\l~~'el~L~'el~ (cardiovascular 

pathophysiology) ~L~mn'U'U'Vl'U'l'Vl"1l'el\l RAS 

ltJ~ 2.3) ACE bradykinin 

(vasodilation) t,xn~'lmtl'W inactive metabolite bradykinin 1-5 
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1.1~::~1Vl"IJ'il..:J~::UU1.1~::~1Vl~')umn:j (Central Nervous System; CNS) ~..:Jr1TVliJ1~'\Un1~ 
~..:JthUfil,)1l-JL~U1.1') (;1 n1~fil')Ufill-J'il1~l-Jru n~ lnn1~'tlnL~u LL~::n1~I1l'ilU~U'il.:jVl1.:jJ1il~l-JrlU(36) . " . ,.. , 
;..:J n1~~UYiUL ~~:hihtJut1lilr.ru~..:J L~l'l-J ,\,xil n1~~ mt1 hfil Lnm rlU~l-J'il..:J L"lfU L~filYi1fnu~u(37) L~fil 

;l-J LPI~1(20-22) LL~::fil,)1l-J ~ (;11.1 n ~~U1 

• UU ACE 
" , " 

ACE Iil::LtJuL'ilul'l!l-J1uYi')n~11l1L~u.:j~n~,)uUl-J uuvhhUVl'ilM~~ ACE r;i..:J'il~ 
, , " 

"" ~ ~ ~ ,"" "" """" .1" UULL"lJUVlm,)"IJ'il..:J ~m ~l-J ~'l!l-J f!)Vl 17 (17 q23) UUUl-Jfil,)1l-Jm') 21 kb LL~::lJ~::n'ilU(;1')u 26 exons 

LL~:: 25 introns ~..:J'\U NCBI 1~uulinH~1ilfil,)1l-J~~1n~~1uVl1..:J~ufim~l-J"IJ'il..:Juu ACE • 

... -------- 20.5kb -----------+ .. 

UU ACE ~1l-J1~ml'il"'~~~LtlU ACE 2 isoforms 

1. Somatic form (sACE), ill-J,)~ Ll-JL~n~ 170 kDa ~..:Jiln1nL~(;1..:J'il'iln"IJ'il~UU~ Somatic • 
tissue 

2. Testicular form (testis ACE, tACE) ~1-'ilL1un~1 germinal ACE (gACE) ill-J,)~ 

'i:l-JL~~~ iJ'ilUn~1 100 kDa ~..:Jiln1~LL~"'..:J'il'iln"ll'il..:Juu~ germinal cells l.u testis(39) 1il1nn1~~il 

2 forms ~LijUtJ~l-J11il1nn1~il[;]1Lmti..:J"ll'il..:JL1.1~Ll-JLI1l'ilf~ t111..:JrlU 

~ Somatic ACE Clml'il(;1~~~L(;1Un1~fil,)Ufill-J"IJ'il..:JL1.1~Ll-JLI1l'ilf ~~~'ilUUU[;]1LL~ti..:J 5' "IJ'il..:J 
" . " ", , 

exon 1 (Spro) LL~::U1L1.1~n1~ transcription 11l~'il(;1l1..:J exon ;~Iil::l~ mature sACE mRNA Vi 
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I I I 

.. ~ '" .001. I '" .001 <V 12 (Gpro) '1I..:!"'l::: ~j;') mature gACE mRNA 'Vlu1:::n'BUj;')'lti Exon 13-26 'Vl~nCl'Bj;')1·W~'B'Bm .. n 
" I 

rl'l1l..JLLlJlnj;)1..:!"1I'B..:! 2 forms t!'W'B~Yl sACE il 2 active sites (N and C 

terminus) t'W"1Iru:::~ tACE ilLYltl..:! active site ra'WL~m ~..:!rl~1t1nU~'l'W C-terminal "1I'B..:! sACE 
I I 

(~":!Jl1ViYl 2.6) 11t1~:::L~tI j;')"1I'B..:!VloW1Yl"1l'B..:! tACE ~..:!bJ'Vl11U LL'W-n j;') LLj;)'W1"'l:::ilU'VlU1'Vl t 'W1:::UU 

~u~'Wf"1l'B..:! LVi PI'1I1t1 

Homologous "1I'B..:!L'B'WL'1IlJ ACE ~'B ACE2 ~..:!~n~'WViut'Wl..Jttmr "'l1nn11Lrl~'W 
human heart failure LL~::: lymphoma cDNA libraries(40) L~"f11n11~Lrl11:::,r~1~U'Vl1..:!~'W~m1l..J 

"1I'B..:!~'W ACE2 ~..:!U1:::n'BU~'lti 18 exons L'B'WL'1IlJ~"'l:::'B'Bn~'Vlf~..:!~ AI LL~:::AII "f11tm~ 
Angiotensin 1-7 (~":!Jl1Vi~ 2.3) ~..:!il11t1..:!1'W~ L~m;r'B..:!nu Angiotensin 1-i 41

) ~1ilVloW1~ LU'W 

~'l"1lmtlVl~'Bj;') L~'B j;') ~..:!"f11 t "\11 j;') rl'l1l..J~..:!tl1 n nU1:::UU RAS t 'Wn11'Vl j;')~'B..:!L~ LL~ j;')..:!t,x L~'W~1 
," I 

u1:::~'VlfiJl1Vim1"f11..:!1'W"1I'B..:! ACE2 ~1V1fu All "'l:::l..J1nn~1 AI tl..:! 400 LYl1 ~..:!1.J..:!~~1V1oW1YlVl~n 

'1I'B..:! ACE2 ~'B n1nu~tI'W All t,xLU'W Angiotensin 1-7 Lj;')tlU'VlU1'Vl~~1~ClJ"1I'B..:! Angiotensin 1-

7 ~'B"f11V1oW1~LU'W vasodilator antigrowth LL~::: antiproliferative 'B~.h..:!hnIJl1l..J ACE2 "'l:::~n 
J' " " 

~1nj;')n11~11..:!'1I'Wl..J1l..J1nn~1 ACE i1"'l'U'Wiln11~'WViU ACE3 t'WilJlr)L~tI..:!~n~'lm11'Wl..JVI~1t1 

']f\lj;') L"ll'W WI~ ~'l LL~:::~t!'1I~'Wl..J1tmJ~..:!L11j;')"'l1nn1m~1t1~'Wf"1l'B..:!LU1~'W ACE t'W~'l'W catalytic 

site tl..:!'Bth..:!L1nIJl1l..J~..:!hJ'Vl11UVloW1~"1I'B..:! ACE3 'Bth..:!-nj;')L"'l'W(42) 

1 l-EMGH HEMGH 1306 "'../ ~L 
Somatic N • • I C 
ACE 

HEMGH 1 732 
~/ .8 I I Testis ACE N; C 

805 

ACE2 N ---------- C 

I 
.001 .001 

Jl1Vi'Vl 2.6 : LL~j;')":! Isoforms LL~::: homologous "1I'B..:!tI'W ACE 

(http://www.fbs.leeds.ac.uklstaff/Hooper_N/vasopep.htm) 



15 

., 
LUi] 1940 Waddington i.KL"\\lmlJ~'el'l~1~1 n~i.n~::;~uL~il'el~u~m~lJ H~'1\l 

u~UIJ1~m£J 1~'el'lUUnu~'l LL'J "'~'ellJ~U~'l ~ ~ L "\iJn1~Lu~ £JULLU~'l~'el'l ~ m~tru::;~Lui. VIti ,, (43) 
., , 

~~'l1il1 mrui.~iJ n1~L~lJ\l£J1lJ~'el'l n~ i.m::;~u L ~il'el~u~m~lJ L;r1 i.u~n~1 un1~~1£JVI'el "'Vl1'l 

~::;~uL~ilt'l~u~m~lJ (epigenetics inheritance) Ltlu;r'ellqj~~'el'lL'1!~~'lu'elm~ilt'l1il1n;rt'llqj~UU 
~1~ULU~ ~'lIil::;~1£JVI'el"'~::;~~1'ln1~mJ'lL'1!~;,, (44 ) ~~n~::;VluVl1'ln~i.n~::;~uL~il'el~u~n~~lJ~'el 

n1Hl'el",~i~ (transcription) LUL'1!~;L~£J'J;r'el'lnUn11LL~"''l'elt'ln~'el'lUu (gene expression) 
., , 

~'l,rUIil'J1lJ ~"'Un~Vl1'l epigenetics 'el11il~'l~~ m::;Vlu11mLN ~'el~'liJ:D';)1J1 L"'m~1~1lJ1Hl LLtl'l 

n~i.m::;~uL~ilt'l~u~m~lJ t'lt'lmtlu 2 n~lJ ~t'l n1~L~lJ~~LlJ~~UU~L~UL'el (DNA methylation) 
.,,, 

LL~::;n1~~"'LLU~'lLIilN~11'l~t'l'l'5~LIJ1U (histone modification) L"'£J~::;~~1'l 2 U~::;n1~\l,ru DNA 
I I" " 

methylation LtluVii.~fu n1 ~~ n'M1lJ1 nVi ~ '" ~'J lJvi'l'l1U':3{£J'ilUu\l~'J £J 

• DNA methylation 

DNA methylation LtlUn1~~ "'LLU~'lVl1'l~Ufi::;LIil L'J L~Uj;f~'el'l\l'J Iil~L'el 1. VlI1lLL~::; 
'" ... J' '" 1. 'i' ... . 
lJnlil::;Ln"'~UnuLu~ '1! ~VI'1!U (cytosine; 

(guanine; G) Ltlu~1u'JUlJ1n~L1£Jn~1 CpG dinucleotide ~'lLu~i.'1!LVI;ulil::;~m~lJ~~LlJ~ 

~Luu1L'Jru~1LL~t.!'l1il1fut'lu~"\1Lc;)m'elui.'1!,r DNA methyltransferase (DNMT) ~1U universal 

methyl donor ~'el Sadenosyl-L-methionine (SAM) 1il1nn1~~m~t1YiU~1 5-LlJ~~i.'1!LVI;U (5-
., 

methylcytosine, 5-meC) lil::;iJU~::;lJ1ru1t'l£J~::; 1 ~'el'lLU~UU~L~UL'elvi'l~lJ'" LL~::;~'JUlJ1nlil::;'el~ 

uu CpG dinucleotide ~'el'l human somatic cell(45) ~1'elLUU1'1nHn'el1IilLn'" DNA methylation 

Luu1L'Jru~iJLU~ CCWGG ~'lLn"'1il1m'elui.'1!,r DNA cytosine methylase ~1'elL1£Jn~1 dcm 

Lc;)mt'lui.'1!,r DNA cytosine methylase 1il::;";1 n1~L~lJ~~ LlJ~~ L "\nu LU~ i.'1!L VI;U#('J~2~'el'l 
CCWGG nucleotide(46) 

, 

5-methylcytosine 

H'N"'H 

H3C~ 
methylation l .. ~ 

N 0 
I 

.c:.I ~ I.t:lit, q ct 

fl1YiVl 2.7 : LL~"''ln1~LlJ1lJ~lqjLlJVI~UU'''L'elUL'el 

-B1'l~'l1il1n~,r'l~'el Molecular Biology of the cell, 4th Edition 
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I I 

·n1~Ln", DNA methylation Yhnm;r'tl-.lritJn1~Ln"'n1m~1£J~'Wf (mutation) 

5-L~Yi~ l"11LYl;'W~1~1~() Ln "'n1~,J1,.nJ L'fl~'W'fl'fln l~L"'£J (;]':) L'fl-.l (spontaneous 
" 

deamination) l~LtJ~lYl~'W (thymine; T) L'W"l1ru:::~ unmethylated cytosine ~Ln'" 

spontaneous deamination '"l:::LU~£J'WLtl'WLtJ~~non~ (uracil; U) ~-.lhh'itJtJ'W~1£J~L~'WL'fltln~ 

vh L ~ m:::tJ,)'Wn1~lJl~,)'"l~'tltJ'1I'tl-.l ~ L~'WLtl~1~1~()"ll'fl~ LL"1I~ eJ1'WL'fl'Wl"11lf DNA-uracil glycosylase 

tlth-.l hn 1J11~ n ~:::tJ,)'Wn1~"ll'tl~ LL"1I~ ~1£J ~ L~'WL'tl'"l :::hJYl ntJ ~,)1~ ~ ",tl n ~'"l1 n n1 ~LU~£J'W 5-L~Yi ~ 

l'l1LYl;'WLtl'WLtJ~lYl~'WLLJ;]'tlth-.lL", ~-.l,r'Wn1~Ln", spontaneous deamination "l1'tl-.l 5-L~Yi~1'l1 
LYl;'W'"l:::,J11tl~n1an"'n~1£J~'Wfi"l1'tl-.lLtJ~1'l1LYl;'WLtl'WLtJ~lYl~'W (C to T transition mutation) L'W " . 

(1 ) 

(2) 

o~~ 
0 

deamination ~:) 
DNA repair 

OAN 

I I 
H H 

Cytosine Uracil 

~
NH2 CH3 :YO CH

3 

I I deamination . .. HI I 
~ NO DNA repair ~ 

° NON 

I I 
H H 

5-methylcytosine Thymine 
(5-methyluracil) 

111Yi~ 2.8 : LLM'-.ln1~ deamination "l1tl-.ll'l1LYl;'WLL~::: 5- L~Yi~1'l1LYl;'W n1~ deamination "l1'tl-.ll'l1 

LYl;'WLtl'W£J~1on~ (1). ":::~n1~'tl~LL'lI~ ~,)'Wn1~ deamination "l1tl-.l 5-L~Yi~1'l1LYl;'WLtl'W1Yl~'W 
" 

(2). '"l:::hl~n1~tl~LL'lI~ 

• n1~Ln'" DNA methylation ~L~£J');rtl-.lritJn1~Ln", gene silencing 
>-

~,)1~ ~~~'Wfi~:::~~1-.l n1 a~~~~ L~Yi~ ~-.ltJ'W~ L ~'WL'fl LL~:::n 1 ~LL~ "'-.l'tl'tl n'1l'tl-.l ~'W,r'W 
" ., I I 

"" "" r... .... :"1""" (48) 'i' 'I " 
~nlJlYi~Yi~NLLmL~'fl 25 uYlLL~,) ~"'£J murine undifferentiated embryo cell '"l:::~n ~~~1~ 5-

azacytidine ~-.l Ltl'W~1~UtJfi-.l n1~LnC;m1~L~~~~ L~Yi~~-.ltJ'W~ L~'WLtlnU-.l~1~1 ~() LU~£J'WLLU~-.l Ltl'W 
" 

r "" I 1" . I'" ~ r" J' !'t .., 'i' • loel • 1 ... J' 
L'lI~~'lI'W~ 1J11-.l1 ~1Jl1~unlJl~,)~Yl-.l L'lI~~n~1~L'W'tlLL~:::L'lI~~ ~'1I~'W ~~£J n1Hu~£J'WLLu~-.l'"l:::Ln~"l1'W 
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1. kltklt1 ~ lt1"l1'fl-l L'lI~ ~~-l LL~ ~-l1.,x L ~kI~1 n15'~ ~~-l"ll'fl-l n 15'L~~ VI~ L~Vi ~Ukl~ Li)klL'el~ 1 ~15'rl 

reactivate UklU1-lUkl111 1. ,x~1~15'rl111 1. ,xLn ~ n15'~ l'J,Jkl1"l1'el-l L 'lI~~1 mJ~1~~1'"l1 n Li)~u1L'ell~ 

5-azacytidine (nucleoside) 

fl1Yi~ 2.9 : LL~~-lLrlN~h-l 5-azacytidine ~-lLtlkI 5-methylcytosine analogue 

~ ..aI cr .4 

L~Vl~UkI~L'flklL'el rl'el 

t15':::n15'LL5'n ~Li)klL'tl~i1n15'L~~VI~L~Vi~'"l:::1111,x transcription factor hJ~1~15'mn1::: 
I ~ 

U1L"HlJ~ transcription factor Ln1:::'tlU(;l1~t1n~l~ L~tJn-lLL~~1n15'mUrl~m:::U'.lkln15'LVlt'htllk1 
~ . 

• . .... I-' I I • • • (49) 
In VIVO tJ-lYiUkI'fltJ LL(;J'.l1 transcription factor '"l1Yi'.ln Ets-1 LL~::: boundary element factor 

CTCF(50) 'W~1~15'rl4'uriu~Li)klL'tll~Vl1nl'l1LVl~kllk1u1L'.lru~4'u~1LYn:::"lJ'fl-l transcription factor 

t15':::n15'~~'tl-l ~Li)klL'tl~i1n15'L~~VI~ L~Vi~'"l:::1111mtl5'~kI~~1 Lvn:::[;J'tl methylated CpG 
~ 

~ I 

VI'1'tl CCWGG ~1 Ln1:::fl-l ~~ 1.,xi1 n15'UUU-ln15'rl'fl ~5'lr~L~tJn1 5'LtI~tJklLLtI~-l Lm-l~ h-l"ll'fl-l Lrl5'~1 

Vikl (Chromatin remodeling)(4) 



, 

gene regulatory general 
protein~ /tr nscription factors 

_ ____ _ GENE 
- ' t . ' - ON 

I LOSS OF GENE 
REGULATORY PROTEINS 

_ -================ ____ -========= _ GENE OFF 
=- BUT LEAKY 

1 NEW DNA METHYLATION 

-c=~~~~ ____ ~~=== 

I BINDING OF PROTEINS 
THAT RECOGNIZE METHYL C 

:t:~f!"". ~~. ~ .. ~ 
-c::::= 

t..( .... 
-..:~, ... -.....-- ---\- ~ 

_--==c:::=== -

1 
BINDING AND ACTIVITY OF CHROMATIN 
REMODELING COMPLEXES AND 
HISTONE DEACETYLASES 

-~= 
GENE ___ t::::=======- COMPLETELY 
OFF 

oIIiIiI ., oIIiIiI I ~ I AI .cilia' 

l1'1'V'iVl 2.10 : LL~t')\ln11~,)lJ ~'-Jn11Cl'tlt')1"H~~'tl\ltJUt-J'1Un11L(;l'-J~~ L'-JVI'CllJUt')L'tlUL'tl 

~'1\1~\I~'1n~,r\l~'tl Molecular Biology of the cell, 4th Edition 
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methylation L t.!UU~\I n fl'1,) ~'1'-J'11Cl~\I t-J'Cll'l'tl n11LL~ t')\I'tl'tln~'tl\luu1~ Lt')tJ~ '1 n\l'1u~r.rtJ~'tl\l 

Robert Philibert(6) 1~~n'li'1~\ln1nnt') DNA methylation ~~'1Lm\l\lhhL'-JL(;l'tlf~'tl\lUU 5-HTI 

~\li1 CpG Island 'tl~ ~\I~\lt-J'ClL~i1n11L~'-J~~L'-J~'Cl~lJ1L,)ClJhhL'-JL(;l'tlf Lt')tJn11Lnt') DNA 
~ , 

methylation ,rU~\lt-J'Cll'l'tl1:::~lJ mRNA ~'tl\l 5-HTI YlLL~t')\I'tl'tlnLt')tJ lymphoblast cell lineLU 
, ~ 

m'-J'1ClJYI'Clt')'Cl\l t.!'tln~'1nilu\li1\1'1u~r.rtJ~'tl\l Abdolmaleky HM(7) 1~~n'li'1~\ln11Lnt') DNA 

methylation ~~'1LL~\l\lhI1L'-JL(;l'tlf ~'tl\lUU RELN ~\li1~,)'1'-J~'1~ruL'V'i11::: UU RELN "''1~tJ'1~ 

~1'1\1 hh~u reelin Ltlt.!hh~u~~')t.!L ~qj'V'ilJL t.!~'-J'tl\l LLl'l'tl'1~'V'ilJ1~ un1:::LL~ L~'tl t') LL'Cl:::'tlt)m::: 

l'l'1\11L u1'1\1 n1tJ LtJ1~U reelin "''1~tJ'1~L Un11~,)lJ ~'-J ~'1 LL~\l\l L Un11L~1ru~'tl\l~'-J'tl\l L U1:::tJ:::~ 
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djhl~'J~'tlhlrl'JU rl~ n1~Lrl~'tlhl~'1I'tl~ L'ilf'l~~~'tl~ ~'Jrei'tlhlL ~'tl~'"l:;~ ~1~ L'ilf'l~tl~:;~1'Vl (dendritic • 
" cell) LLf'l:;m:;~hln1~L'"l1'1J'1I'tl~L'ilf'l~tl~:;~1'Vl~n ~'JtJ ~~t!hlCl1'111C;] ttl~~hI Reelin "'l:;vh1'-"Lnc;] 

YitJ1fi~fl1Yi'Vl1~~~'tl~1~c;]tJn1~'1I1C;] hh~hI Reelin ,rnLnC;]"'l1nn1nL~c;]~'tl'tln'1l'tl~£jhl RELN 

f'lC;]f'l~~~~~tJf'l1'-"LnC;]n1~~h~ttl~~hI Reelin f'lC;]f'l~ ~'JtJ ~~Ltlhlm(;1~1~ru1h1n1nnc;] t~rl'Vl1~~(;1 . ., 

L'J'iI tVltJrlru:;Wj4'tJl~~1n1~~mt11h!~tl'JtJt~rl'Vl1~~(;1 1 0 ~1tJ ~~YiU(;hLnc;] hypermethylation ~ 
~ ~ 

" ~1 LL ",ll~ ttl~ tl-JL(;1'tlf'1l'tl~£jhl RELN 1 hI~tl'Jm;~ 10 ntJ LL~ c;]~ t1~~1 n1~Ln c;] DNA methylation 
" 

" " ~~ tJf'l (;]'tl~:;~un1m~ Vl~'tl'tl n'1l'tl~£jh! 1 hlm~1 ru~f'l C;]f'l~~~ tJf'l n1 ~~ m~t1ill~~'tl c;] rl~'tl~ nU~1h1~4'tJ 

''tl~ Grayson DR(S) 1~~1n1~~n~11h1~n~ru:; case-control LmtJuL~tJu~:;"'~1~~tl'JtJhrl'Vl1~ 

~(;1~1h1'JhI 15 ntJ LLf'l:;rlhltln~~1h1'JhI 15 ntJ tc;]tJl~m'J"'l~'tlUn1nnc;] DNA methylation ~ 
, " 

~1LL",1l~hht~L(;1'tlf '1I'tl~£jhl RELN Lil'tl~"'l1n1h1~1Lmll~'1I'tl~ttl~t~L(;1'tlf Uhlij CpG Island 'tlt1~~ 
" , ," 

~~ tJf'lL '-"il n1n~~mJ L~~f'l~u1L'J ru ttl~ t~ L(;1'tl;.n~ mnn c;]il"'l:;Yiul~ h!~tl'JtJ hrl'Vl1~~ (;1 L'J'iI LL~ c;]~ 
~ " 

~1m1LnVl DNA methylation ~~tJf'l1'-"Lnc;]m1LLM1~'tl'tln'1l'tl~mhl~f'lC;]f'l~ ~~~~tJf'l1'-"~tl'Jmnc;] 

rl'J1~nc;]tln ~~hlLLf'l:;U1 hJ~ n1nn Vl hrl'Vl1~~ (;1 L'J'iI t1~'tlt11~hn (;11~ n1:i'~ n~1 m:i'Ln c;] DNA 

methylation ~U1L'J ru CmCW(Nf)GG U~h1Ltlhl~~4'tJ'tlt11~ LLyd~f'l1tJL hi t~rl'Vl1~~ (;1 L'J'iI LL(;]L hi 

iJ"'I"UhlLi~ijm~~n~11h1~thtJt~rl~:;L~~LijC;)L~'tlC;]'1I1'J'ilUC;]L~tJUYi~hltl:i':;Lfl'Vl lymphoid cells ( 

Acute lymphoblastic leukemia; ALL) LL~'J (51) tc;]mtlhlm:i'~n~1L~tJ'JnUm:i'~n~1n1~Lnc;] 

DNA methylation ~U1L'Jru CmCWGG ru ~1LL~1l~hht~L(;1'tlf'1l'tl~£jhl TP53 ~11""m:i'LL~c;]~'tl'tln 
" , 

''tl~£ihl TP53 f'lC;]f'l~LhI~thtJ ALL ~~t!hlL~(;1tJf'l'"l1n~'J'tlt11~~1h1~4'tJ~1~n~h'J~1LL~'J~1~1~tl 
~ . 

~UU~hlhlrl'J1~~~ L~m;r'tl~ nunf'lln:i':;~u L ",il'tl~hlfin :i':i'~ LLf'l :;m1Ln c;] t:i'rl'Vl1~~ (;1 L'J'l!l~ LL(;]U~ hlil . ~ . 
" m~~n~1nf'llm:;~uL",il'tl~hI~m~~''tl~£jhl ACE ~~t!hlrlru:;~4'tJ~~tl:i':;~~rl"'l:;~1m:i'~n~1t1~ 

nf'llm:;~umil'tl~hlfin:i':i'WJl'tl~£jhl ACE ~'tl1tOiijtJf'l(;]'tlm:i'Ln c;] t:i'rl~~ LP1~11 hI~hI~tJ1~ • • 

, "" 
tln~~:;~u ACE 1 hlm:;LL~ L~'tl C;]"'l :;rl~~ LL~~1"'l:;il m:i''Vl C;]f'l'tl~.n1"'f'l1tJ rl¥~ ~'JtJ~fi 

" L(;)mnhltc;)tJ1-n~'Vl C;]f'l'tl~"'f'l1tJ1 rlhl ~~t!hI~~l~ij m:i'L~hI'tl~1 m:i'rl'JUrl~ :i':;~U ACE L hlm:;LL~ 
~ . 

LhI'l!1'Jrl'tlLrl L~tJhI YiU~1rl'J1~"'f'l1n"'f'l1tJ'Vl1~~hlfim~~~ L~tJ'J;r'tl~ nun1:i'il (insertion, I) ~1'tl • 
m~"'1tJltl (deletion, D) '1I'tl~~h~h!L'tl'1lhl1C;) 287 ~LU~ (liD polymorphism) LhI~'JhI intron 16 

" tVltJYiU~1~:;~U ACE activity 1h1 r.ithll'VlU DO il activity ~1nLtlhl2Lvl1'11'tl~ r.ithll'VlU II hI'tln"'l1nil 

Kario, K LLf'l:;rlru:;(53) 1~~1m:i'~n~ 110 polymorphism 1h1rlhlqj~h!YiU~1 ~:;~u ACE activity 
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~~~":;Ylu1u ~Luh11j DD ~~i.Jf'1f'1fl~~n~1'l~n~m1~b~tN(;]'flmJ'biJuLJ'f'1(;]1~1~~ L-nu~'l1"'l1£J 

LLfl:; Stroke 

~m~tru:;'1I'fl~ SNPs j;J'l'flth~L-nU~1U';j4'£J'lJ'fl~ TC 8aghai LLfl:;f'1ru:;(21) 1~vhmJ'~mt1L~mnU 

f'1'l1~~fl1n~fl1£JYl1~~Ufin tJ'~ 1 un ~ ~ f'1UL£J'flJ'~U ~~YlU~1 m1~~fl1 n~ fl1£JYl1~~UfintJ'~~~ • • • 
f'1'l1~i~~ufi'flth~~,r£J~1~t1JnumJ'Lnlflhf'1;~LP!~1~U~'fl m1~~fl1n~fl1£JUuhhL~L(;)'flf'1l'fl~ 

~u ACE ~Ln(;l"1n SNP ru ~1LL~tl~-240M (rs4291) ~c.Jfl(;]'fl activity '1I'fl~ ACE L(;l£Jn~~~ 
4:111.... CIII... .J J' .... ::. CIiI 0 I 

~'flflflfl T ":;~J':;IflU ACE activity Yl~~'1IU Ifl~UUf'1'l1~~fl1n~fl1£J'1I'fl~£JU ACE ru (;)1LL~U~ -

240M ~~ ~n~~i£J~1 LiJUt1,,4'£J~~11 ~Ln Ifl LJ'f'1;~LP!~11~~1£J;U U'fln"1 n~~~~mJ'~m~t1ti~ 
f'1'l1~~fl1n~fl1£JYl1~~u~nJ'J'~UULlhL~L(;)'flf'1l'fl~~U ACE ru ~1LL~tl~-93T/C (rs4292)(27) ~~~ 

c.Jfl(;]'flJ':;~U'1I'fl~ ACE 1um:;LL~L~'flIfl~n~'l£J 

~ 0 

,rU~c.Jfl~1"1nmJ'Yi~m1~~fl1n~fl1£JYl1~~UfimJ'~'1I'fl~~U ACE LLfl:;~~nlij1U~'lu1~ni~n • .... Ols:f 
~ 0 

YlU~1f'1'l1~i~~ufi'1l'fl~f'1'l1~~fl1n~fl1£JYl1~~UfimJ'~'1I'fl~~U ACE 'l!uLn£J'l;r'fl~numJ'Ln(;l • 
Yl£J1fi~'h';jYlm lu"uti~J':;UU RAS LLfl:;J':;UU HPA ~~nl~~~1u';j4'£J~1u'lu~1n~1~~m~t1 

L~mnUf'1'l1~i~~ufiJ':;~~1~f'1'l1~~fl1n~fl1£JYl1~~ufimJ'~ LLfl:;c.JflLb~Ifl~'fl'flnYl1~filiHln LIfl£J • 
~ ~ 0 

n1J'~n~,ruhJl~LL~L~Yl1:;mJ'~'fl~~1'flmnn(;lhf'1LYh,ru LL(;]~~J''l~1uti~~n'rtru:;~u1~'l£J L-nU 

" 'fl1mmfl:;mnL~Ifl~'fl'fln UJ':;~YlfiJl1Yl'1l'fl~m mJ'YJuj;J'l"1nLJ'f'1 mJ'~1LUu1U'lJ'fl~hf'1 LLfl:;mJ' 

pressure) 

~~~n~1umJ'J'1£J'l1U'lJ'fl~ Levy LLfl:;f'1ru:;(55) n~1'lH~1 ~1LL~tl~UULf'1J'L~L'l!~ 

~ 17 ~Luuu1L'lru~~~'1I'fl~~U ACE ~u~m1~i~~ufinULJ'f'11fl'l1~~ULfl~(;)~~ (;]'fl~1 Xiaofeng 

Zhu LLfl:;f'1ru:;(56) 1~~n~ti~f'1'l1~i~~ufiJ':;~~1~m1~~fl1n~fl1£JYl1~~ufimJ'~ LLfl:;hf'1f'1'l1~ • 
~ULfl~(;)~~1u"ll1'ltimm(;):;t)u(;)n YlU~1 Jl1'l:;f'1'l1~~ULfl~(;)~~":;Ylu1uf'1u~~tifl~fl T LLfl:; G 

'!J'fl~f'1'l1~~fl1n~fl1£JYl1~~UfimJ'~LLUU -240M LLfl:; A2350G (;)1~~1~U • 
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(Coronary Heart Disease) 

Carole A. Foy LL~~l'\ru~(57) 1~~m~t111'l1'\'J1~~~~'t..lfi~~~~1'l1'l'l1~~~1n~~1t1 

Vl1'l~'I..lfin~~~"lJ'tl'l rs4291 (-240AIT) Yi1J~1 ~L'I..l1Vlll n ~~~'I..lfiri1Jm~LnI?!L~1'\ Myocardial • 

Infarction (MI) 

1.'I..ltl 1992 ilntl'l1'1..lL~mri1JI'\'J1~~~~'I..lfi~~~~1'l ~~~~ D LL~~ L~I'\ MI Ll?!tI 

Cambien LL~~l'\ru~(58) 1~~mtILL1J1J case-control ~'ltl~~n'tl1J~'JtI ~thtl MI 610 ntl LL~~I'\'I..l 
'" 

~ , 
tln~ 733 ~1t1 Yi1J~1~L'I..l1Vlll DD ~'I..lYi1Jtl'tltl1.'I..l~tbmYiI'\"lI1t1YhU'l..lL~1'\ MI ~1nn~11.'I..lI'\'I..ltln~ 

'" 

disease) 

L~'t)'l'"l1n ACE 1tlvh1.lX amyloid beta peptide 1.'I..l~~'tlI?!VlI?!~'t)'l~I?!~'l ~'l"'11.lX 
~~~1J ACE ~~'l;'I..lL~ni!'tltl't)1'"l'"l~LU'l..l~'J·lhtltl'tl'l rl'l..lmnnl?! L~I'\~~ 1"l1L~'tlf59) 

'" 
. (60) 1" • ~ , Patnck G Kehoe LL~~l'\ru~ I?!Vl1n1~l"1m~t1LL1J1J case-control Yi1J'J1 1'\'J1~ 

~, , 
~~1 n~~1t1Vl1'l~'I..lfim~~"lIUc;! rs4291 "'11.lX~~~1J ACE 1. 'I..lm~LL~ L~'t) C;!~'I..lLtl~tI'I..lLLtl~'l~'lm'"l • 

~ 

fl'lt.J~vi'tl age-at-onset "1J'tl'l m~Lnl?! L~I'\~~ 1"l1 L~'t)f 'I..ltJn'"l1ntl Kehoe LL~~l'\ru~(6 1 ) 1~ntl'l1'1..l11'l 

1'l'l1~~~~'I..lfi~~~~1'l I/D polymorphism LL~~L~I'\~~1"l1L~'tlfl'l..l~~tI~LLm1 Lc;!tI~m~t1LL1J1J case

control Yi1J~1ill'\'J1~~~~'I..lfi~~~~1'ln1~il~~~~ I ri1Jm~Lnl?!hl'\~~1"l1L~'tlf 

TC Baghai LL~~l'\ru~ (2 1 ) 1~"'1n1~~mt1L~tI'Jri1JI'\'J1~~~1n~~1t1Vl1'l 

~'I..lfinn~ 1. 'I..ln~~ I'\'I..lLtI't)~~'I..l ~'lYi1J~11'\'J 1~~~ 1 n~ ~ 1t1Vl1'l~'I..l1ln a~~ ill'\'J1~ ~~~'I..lfi'tlth'l il • • • 
~tI~1~'1Jrl1Jm~Lnl?! L~I'\~~LI'\~1ti'l..l~'tl 1'l'l1~~~1n~~1t11J'I..lLtl~ L~ Lln'tlf"1J'tl'lU'I..l ACE ~Lnl?!'"l1 n 

SNP ru c;l1Lmti'l-240AIT (rs4291) ilt.J~vi'tl activity"1J'tl'l ACE Ll?!tln~~~il~~~~ T '"l~il~~~1J 
cJ J' ....::.. ~ 0 I £t I 

ACE activity Vl~'l"1J'I..l 1?!'l'l..l'l..l1'l'l1~~~1n~~1t1"1J'tl'ltl'l..l ACE ru J;]1LL~'I..l'l -240AIT '"l'l~n~'l~m1 

.l"l if ... .J. 1."'" 'i' '" "1'" J' ,:"" .J... ~ ... r , Lu'l..l '"l'"ltlVlVl1 ~Lnl?!~~I'\"lI~LI'\11 1?!'l1t1"1J'I..l 'I..l'tln'"l1n'l..l ~~1t1'l1'1..lLntl'Jn1JI'\'J1~rl~Yi'l..lfi~~~'J1'l liD 
, 

. 'i' '" " (62) ''''''i' 1 ."1 ".' """"""'i' 1."1 "" "" polymorphism LL~~ ~~I'\"lI~LI'\11 Yi1J'J1 '"l ~'I..l Vlu t.Ju')tlVl~r.h'l..l Vlu"1J'tl'ltl'l..l ACELL1J1J DD '"l~~ '" . 



, 
'" lJ'YI'YI 3 

... GU4 . 

1.1 .1 L'lI~~U.J:;L~'lL~(;1L~'tl~'1I1'J Jurkat (Human T cell lymphoblast-like cell 

line) 1~JUn1~'tlULl'ln:;tfL'lI~;'"l1n P\ . t.lYi.~~.'el1i.r[;J,JU ~l1n'ln~ 1l11'l~'lI1n1t1~1l1I'lf'l1~lilf I'lru:; .. . " 

1.1.2 L'lI~;~:;L~'lL~'tl~"1I1'J K562 (Human erythroleukemic cell line) 1~¥u 

n1~'tlt.lLl'ln:;tfL'lI~;'"l1n f'I.M . Yi~Li'lYi Lyjtlt.l~'J1n~ 1111'l~"J!1'"l~i'l~~f'lUf'l1~lilfl'l~Un I'lru:;~,"L'J"J! • • • 

1.1.3 L'lI~; HeLa (Human cervix carcinoma cell line) 1~¥Un1~'el~Ll'ln:;tf 

L'lI~;'"l1n ~f'I . ~~.111'J~t.lfi Jii'l~Lnf'l~ 1l11'l~"J!1'"l~:n'J~i'ltl1 I'lru:;LLYii'lti f'l1~ Iilf '"l~1~'lnnU • • 

1.1.4 L'lI~; HaCaT (Human keratinocyte cell line) 1~¥Un1~'el~LI'l~1:;tfL'lI~; 

'"l1n Prof.Or.N.E.Fusenig, German Cancer Research Centre, Heidelberg th:;Li'lf'l~'"~t.lfi 
... .,. 

~1fi1~ru~~LtI'tl~~t.I 

1.1.5 L'lI~; HEK 293 (Human embryonic kidney cell line) 1~¥Un1~ 

'tl~Ll'ln:;tfL'lI~;'"l1n ~f'I.t.lYi . .rt.l~h ~~~:nlil 1l11'l~"J!1m£JM1~lilf I'lru:;LLYii'ltlf'l1~lilf ~~1~'lnnW 

~,"1~i'ltl1~tI 

1.1.6 L'lI~; SH-SY5Y (Human neuroblastoma cell line) 4'(;1~'tl'"l1n American 

Type Culture collection (Cat #: CRL-2266 TM; ATCC®, Manasas, VA, USA) 

... 
K562 I'l'tl Roswell Park Memorial Institute (RPMI) 1640 Medium (Hyclone, Logan, UT. 

USA) ~c.J~~riu 10% Fetal Bovine Serum (Hyclone) LL~:;tl1tJD:n'Jt.I:;~'lth:;n'tlu~'JtI 100 

U/100 IJg/ml Penicillin-Streptomycin (Invitrogen, Carlsbad, CA, USA) LL~:; 0.25 IJg/ml 
" , 

Fungizone Amphotericin B (Invitrogen) L~tI,j1L"J!~;~1 incubate 'tt.l~'elULYi1:;L~tI'l CO2 yjij 

~ru'"1Ji3 37 °c LL~:;1'l'J1~L;r~;rt.l'1l'el'l CO2 tJ~:;~1ru 5 % 

" 'tl1,"1~~1,"¥UL~tI'lL'lI~; HeLa, HaCaT LL~:; HEK 293 f.1'el Oulbecco's 

Modified Eagle's Medium (OM EM) (Hyclone) ~c.J~~riu 10% Fetal Bovine Serum LL~:;tl1 
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, 
.1"' ... 4.1 " u!)"l!'Jt.!::"l!~u~::n'tlurn'Ju 100 U/100 !-Ig/ml Penicillin-Streptomycin LL~:: 0.25 !-Ig/ml 

Fungizone Amphotericin B LrnUUIL"l!~~l-J1 incubate "t.!~'elUL'Y'II::L~U~ CO2 ~ij'tlruVf1Jn 37 

°c LL~::I'l'JI).JL.;r2-J'~'t.!"1I'el~ c02 1J~::l-Jlru 5 % 

" 'tl1VfI~~IV1fuL~mL"l!~~ SH-SY5Y ~'el Minimum Essential Medium (EM EM) 

(Hyclone) ~~l-Jnu Ham's F12 medium (Hyclone) "t.!'t1(;Jn~'Jt.! 1: 1 1 0% Fetal Bovine 

Serum U11J~;ht.!::~~1J~::n'tlu~'Ju 100 U/100 !-Ig/ml Penicillin-Streptomycin LL~:: 0.25 !-Ig/ml 
" , 

'i'. ~ " " CJI .r::IIq Crt. Fungizone Amphotericin B ~rnut.!IL"l!~~).J1 incubate t.!~'elUL'Y'II::L~U~ CO2 Yll-J'tlruVl1Jl-J 37 

°c LL~::I'l'JI).JL.;rl-J.;rt.!"1I'el~ c021J~::l-Jlru 5 % 

1.2 tJ'i::'il1n~ 

1J~::"l!lmLihVl).JIU (Target population) m..nui1~ 1'lt.!1Ylu~tl'Jmut.!hl'l:nl-JLfllh 

n1~" ,xu1n1~"1I'tl~ h~'Y'IUIUI~4i (;J L'J"l! L~ml"l!t.!1'l1t.!Yl f 'el~~ I'l ru::m4'u L Ut.!n1 ~LriU ~'J'elth~" t.! 
'" " , 

4'~wr rnL~U 4'~Vlt)rnVlt.!'el~U'J~11l LUt.!VI~ n L'Y'I~I::ij't1 (;J~II'l'JI).J"l! n"1l'el~ L~I'l;l-J LfII¥I~~~ rn" t.!Ylt.!Vi 
.,. ~ '\J 1 

~lfil~ru~'llL'll(;J 10 • 
1J~::"l!lm~'J'tlth~ (Sample population) Vll-Jlui1~ 1. case: ~tl'JUI'lt.!1YlU~LUt.! 

L11'l:nl-JLfllh~ LUt.!1J1::"l!lmLUIV1l-JIU LL~::l'lrufll-JU~mU(;J1l-J criteria ~n~I'J 1t)1 t.!m'll-J ~'J'tlth~ • • 

1 ~q .ell 4 q Crt. 0 .clI.......... .. 1 .. '1 ..-=to 

2. control: I'lt.! YlUYl).J~"1IIlI'Y'1rn "l!~l-JIll-J~ILt.!ILrnmnt.!nUu~::"l!lnnulV1l-JIU LL~::l'lru~l-JU(;JI'l~U . '" . 
, " , 

n~)J~1'el!i1~ ~'tl ~tl'JUL~I'l:n).JLfllh ViL.;rlfun1~fm~t1"t.!Ylt.!Vin1~",xu1n1~"1I'el~ . '" 
LNViU1UI~4i (;J L'J"l! L~un"l!t.!1'l1t.!Ylf ~~ LL~ rn~" t.!1l1'Y'1~ 3.1 ~~1J~::n'elU ~'JU4'~Vlt) rn L~U 4'~Vl1' rn 

Vlt.!'tl~U'J~11l LL~::4'~Vlt) rn "n~ L~U~ LrnU'tl1fllfl21I'l~~ L .;rli'Jl-J LI'lN n1~~'el~ ~~t.!I).J LUt.!~ IU~ nM"cW 
'" 

" 't1nM"~ t t.!"uut.!U'tll-J df1i'Jl-J LI'lN n1~~4'u (LLUU~'tlfl-J'tlt1" t.!~'Jt.!"1I'tl~1l11'l ~t.!'J n 'll) Vi ¥'tl).J..r~ 1~LL~~ 
" 

~ ~ . I 

I'l) ..r~il1~Lriu~'J'tlt11~L~'tlrnLL~::Ut.!~n.;r'ell.!~'1l'tl~~tl'Juhl'l;l-JLfllhVi L'ihi'Jl-JLI'lNn1~~4'u 187 

Inclusion criteria 

1. L;hfun1~fnM"1tt.!~t.!~n1~",xu1n1~'1l'el~LN'Y'IU1UI~4i(;JL'J"l!L~ml"l!t.!1'l1t.!Ylf 
2. 1J~::"l!lm'"l!IUVl1'tlVliY~'tlI~i~LL(;] 18 il~t.!11J ~ut.!U'ell-JL;f1i'Jl-JLm~n1:i'~4'u 



3. hh~UthtlVl1'1~j;]~(;lUhr1j;J1'11 L·lh.! schizophrenia, bipolar disorder, 

schizoaffective disorder LL~:; substance abuse disorders LU'W~'W 

5. L.;J1Lnruev1n1~';jU9,rtlL~r1~~Lfl\¥1L~t1~j;]LL~V1~ ~'fl iJ'fl1n1~j;J'flhJ~'fltJ1'1,j'fltl 5.;J'fl 

Lii~;'W~¥~~n'W~tJ1'1j;J~L\l~'1LU'WL,)~1'W1'W~tJ1'1,j'fltl 2 ill~1,r ~~'1 

~~'1i1~tJ1'1,j~t1 1 L'W 2 mn1~,"~m,"~1~ 
., 

1. m~~nrLfl\11LU'Wj;]~'fl~~'1rj'W ,"1-'flLn'flUVlnrj'W • 

" I II "I 
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3. lJ1m1n~l'1~'1'fltJ1'1~1n Ll'1t1~hJl~~'1L9'fl ~'fl1,"1~ ,"'1'fllJ1m1n d~~'fltJ1'1~1 n 

L~~1:;ii'W9 • 

, , 
5. n1nr1~'fl'Wl,",)LL~:;r1,)1~~~L~'fl'l-n1 ,"'1'flm:;')'Wm:;,)1t1 'fl~hJ~'1I 

7. ¥~nUrh ,"1-'fl1~nti~~1nn~111n~ LU'WLn'flUVlnrj'W .... . 
8. fl~1fihJ~ ~~hJ'fl~n ,"1-'fl~~~'Wh~1U1n LU'WLn'flUVlnrj'W • 

., ., 
~'111 ~thtl~'fl'lhli111~:;rWi'1l'fl'lmn1nL~Llltl (mania) ,"1-'flle1LllLL~Llltl (hypomania) 

Exclusion criteria 

,"1m.;J1~n~rudf~Ll'1 .;J'fl,"~'1L,"~1~ 

1. 'WU'WtI'fl~L.;J1i')~Lr1Nn1~14't1 

2. hlL.;J1Lnruev1n1~';ju9,rtlL~r1~~Lfl\11 
.... .... ... ~ ~. I .... 

3. Lr1t1~mn1~LL~L'WtI (mania) ,"~'fl ~e1 ~uLL~L'WtI (hypomania) 
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.c:J J'.J iI .- .Q .::. r~ .... A 

Jl1ViYl 3.1 : Vi"lYln1~"L~tnn1~"Il'fl..:lLNVitl1U1~Iil(;lL'l"J!L~m'1"J!'lJf'1J''lJYl~ "J!..:I~Ue.J~"J!'flutl~~"J!1n~ 

4'..:I~1' ~ L~tJ 4'..:I~1' ~~'IJ'fl..:lU'l~1Jl LL~~4'..:I~1' ~ "Ln~ L~m 
'IJ 

(Jl1Vilil1n http://www.rploei.go.th/web/index.php?option=com_wrapper&Itemid=40) 

" " 
ml)JA'UJA)J ~'fl nf'l~eJViij~"IlJl1Vi~ ~..:ILtI'lJtl~~"J!1n~1tJ~1'fl~ni..:l'fl1tJ~..:ILL~ 18 " " q... q -if q 

tJ~'lJltl ~U'IJtJ'fl~L.;r1i'l~Lr1Nn1~~4'tJ L~m~'flnn~~r1'lu~~~ijr1'l1~"Ln~L~tJ..:InUn~~~tl'ltJL~r1 
" ~~ LPl11";..:I "L 'IJ~1'IJi ~~'l'IJ~~~~1..:1 LVi Pl LL~ ~'fl1tJ (r1'l1~ LL(;l n ~1..:11il1 n nf'l~ eJtl'ltJ L~r1~~ LPl11 hI Ln'IJ 

• • 'IJ 

" , 
±5 tJ) ~'l~";..:1 ~'fl..:lijJl~~1 L'lJ1 "L 'lJU1L'l ru"Ln~ L~tJ..:I nunf'l~ eJthtJL~r1~~ LPl11 ,r'IJ~'fl n1~L~'fl n 

'IJ • 'IJ 

tl~~"J!1n~~'fl1 ~tJ'fl~i"L 'IJ~'IJ~4'..:I~1' ~ L~tJ LL~~4'..:I~1' ~~'IJ'fl..:lU'l~1Jl LtI'IJ~~n 'IJ'flnlil1 n~ nf'l~ eJ~ij t1 ... q ... 

bipolar disorder 

schizoaffective disorder LL~~ substance abuse disorders LtI'IJ~'IJ LL~~hh~utl'ltJ~'ltJt~r1 

'Vl1..:1n1tJl'IJLLNIil'IJLtI'IJ~tl~nr1 ~'fln1~~4'tJ 'fl~..:I 1~ Lnu~'l'flth..:l L~'fl ~ LL~~U'IJ~ n.;r'fl~~"Il'fl..:l ~~ij 
~"IlJl1Vi~~L.;r1i'l~Lr1Nn1~~4'tJ 207 ~1tJ ij'fl1~L'tl~tJ 41.34±9.76 tJ 



26 

.J q~ t.t 
1. Lf'I~~-.3 Micro High Speed Refrigerated Centrifuge Vision Scientific Co. ,Ltd Lnl'\~f'lbl1l 

1'IJ VS-15000CFNII • 
2. Lf'l1~-.3L'1Ithc.J~2-J (Vortex Mixer) 1'IJ FINE VORTEX • , 
3. Lf'lffi-.3 Vacuum Concentrator 

(DNA SpeedVacs) t'IJ DNA 110-230 
0-

4. 'tl1-.3,J1f'1,)UF.l2-J~ru~1Jij (Waterbath) 
I ... , 

5. Lf'I~~-.3 Block Heater ~'IJ HB-1 LL~:; HB-2 

6. ~LL-rlLL;j-.3 -20 °C (Top Open Chest Freezer) 

7. ~LL-rlLL;j-.3 -80 °C (UL T Deep Freezer) t'IJ DF8524 
, ... , 

8. Lf'lffi-.3 Thermal Cycler ~'IJ PTC-200 
, ... , 

9. Lf'I~~-.3 Themal Cyler ~'IJ ep Gradient S 
..I 

1 O. Lf'I~~-.3 Thermal Cycler 

t'IJ GeneAmp PCR System 2400 

Finepcr 

Thermo Scientific, Inc. ~~fJ~L2-J~n1 

Memmert 

Wealtec Corp. 

Sanyo Electric CO.,Ltd 

ilShin Lab Co. ,ltd. 

MJ Research, Inc. 

Eppendorf 

PerkinElmer 

~~fJ~L2-J~n1 

&U'IJ .. . 
..... " 

Ln1~~ ~11l 

~~fJ~Ll-J~n1 
... 

Lt.I~~l-J'IJ 

~~fJ'f)Ll-J~n1 

11 . Lf'l1~-.3 Thermal Cycler t'IJ PX2 Thermo Scientific, Inc. ~~fJ~L2-J~n1 
, 

12. "Jjc;)d1t.1I11YH"'l~ (Transilluminator LL~:; Doc-Print) Vilber Lourmat ~f-.3L1i'l~ • , 
13. Lf'lffi-.3'l LM1:;oJLL~:;d1t.1I11Yi n1~'l Lf'ln:;oJ~1~11'IJfimnJ Syngene 

(G:Box Chemi SO) 

14. ~'f)U (Incubator Shaker) Minitron 

I ... . ' 15. Lf'I~~-.3 Suction ~'IJ Pumpe 4010 

16. Lf'l1~-.3 Cryocentrifuge t'IJ Biofuge Stratos 
0-" ... 17. ~~ULYi1:;L~m CO2 (C02 Incubator) 

18. ~~U (Incubator) 

19. ~tl~~C;)L~~ (Class II Biosafety Cabinet) 

t'IJ NapFLOW 

20. ~tl~~C;)L~~ (Larminar Flow Cabinet) 

21. Lf'l1~-.3tjC;)LL~-.3 luminescence (Luminometer) 

1'IJ VICTOR
3 

• 

• 

Appropriate 

Technical Resources, Inc. 

Boehringer Mannheim 

Kendro Laboratory Products 

Sheldon Manufacturing Inc. ~~fJ~Ll-J~n1 

Memmert 
... 

Lt.I'f)~l-J'IJ 

Thermo Scientific, Inc. ~~fl~Ll-J~n1 

(Napco) 
, 

E.S.I. Flufrance ~f~LPI~ 

PerkinElmer ~~fl~Ll-J~n1 

Thermo 



(UV-Visible Spectrophotometer) NanoDrop l'U 1000 
, , 

23. LFi~/eWn'lLL1J1J~~L~t1!n i'U AB204-S CLASSIC Mettler Toledo • 

24. 5'1 Liquid Nitrogen l'U XT20 Taylor-Wharton 

25. n~'tl'l"~Yl11P\oJ'"llU!n~'ln~1J (inverted microscope) Olympus • 
l'U Olympus CK30 

, 
<II , 

26. LFl1'tl'l Electroporator t'U EC 1 00 
, 

<II , 

27. LFl1'tl'l Power Supply t'U POWER PAC 200 LL~~ 300 

EC Apparatus 

Bio-Rad 

28. LFl1'tl'l Power Supply l'U SX250 MightySlim PSU . 

1. Microcentrifuge tube ("ll'U1!n 0.5 ml LL~~ 1.5 ml) 

LL~~ PCR tube 

Hoefer, Inc. 

Continental 

Lab Products, Inc. 

2. Centrifuge tube ("ll'U1!n 15 ml LL~~ 50 ml) BioLogix Research 
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~~f~'tlLlJ~n1 

~~'U 

~~f~'tlLlJ~n1 

~~f~'tlLlJ~n1 

3. Oak Ridge Centrifuge tube ("ll'U1!n 50 ml) Thermo Fisher Scientific, Inc. ~~f~'tlLlJ~n1 

4. Pipette tips ("ll'U1!n 1 0, 200, 1000 IJI) Corning Inc. 

5. BARRIERTIPS ("ll'U1!n 20, 200, 1000 IJI) Continental 

Lab Products, Inc. 

6. Autopipette ("ll'U1!n 20, 200, 1000 IJI) Gilson 

7. Autopipette ("ll'U1!n 20 IJI) Bio-Rad 

8. Pipette Aid l'U Portable XP Drummond Scientific 
.:: .t 

9. "1'ULYi1~L~mL"ll'tl (Petri Dishes) Bibby Sterilin Ltd. 

10. Luminometer Plate PerkinElmer 

2 2 
11. Cell Culture Flask ("ll'U1!n 25 cm LL~~ 75 cm ) Corning Inc. 

12. Disposable Serological pipette Corning Inc. 

("ll'U1!n 5 ml LL~~ 10 ml) 

13. Pasteur pipette Copan innovation 

14. Cryovial tube ("ll'U1!n 2 ml) Simport plastics 

15. Cell Culture Dish ("ll'U1lPl 1 OOmm X 20mm) Corning Inc. 

16.96 Well Cell Culture Cluster, Flat Bottom with Lid Corning Inc. 

17. SUB CELL !'U Mini-Sub Cell GT Bio-Rad 

18. SUB CELL l'U Wide Mini-Sub Cell GT Bio-Rad 

~~f~'tlLlJ~n1 

~~f~'tlLlJ~n1 

~~f~'tlLlJ~n1 

~~ffj'tlLlJ~n1 .... 

~'1n~'M 

~~f~'tlLlJ~n1 

~~f~'tlLlJ~n1 

~~f~'tlLlJ~n1 

~~f~'tlLlJ~n1 

LLFI'U1lPl1 

~~f~'tlLlJ~n1 

~~f~'tlLlJ~n1 

~~f~'tlLlJ~n1 

~~f~'tlLlJ~n1 



19. Electroporation cuvettes ~:;tI:;\h-1-rltl~ 1 mm. 

" 
1. 'lI(;),Jlt11 FlexiGene DNA Kit • 
2. Ethidium Bromide 

3. 2-Propanol 

4. Absolute Ethanol 

5. n-butanol 

6. GenePure LE Agarose 

" • ® . 
7. 1"'\llt11 MasterTaq Kit 

" 8. 1",,Jlt11 PfiJ DNA polymerase 

" 

Bio-Rad 

Qiagen 

Sigma Aldrich 

Sigma Aldrich 

Merck 

Sigma Aldrich 

ISC BioExpress 

Eppendorf 

Fermentas 

28 

tl~L'VIfI 

fl~fJtlL~1-n1 

fl~fJtl~1-n1 
... 

Ltltl~~\1 

fl~fJtl~1-nl 

fl~fJtlL~1-n1 

LLr1\1\11 (;)1 

9. 1",,Jlt11 Taq DNA polymerase New England Biolabs, Inc. fl~fJtlL~1-n1 

with standard Taq buffer 

(Quantum Prep Freeze 'N Squeeze DNA 

Gel Extraction Spin Column) 

Bio-Rad 

11 . Sterile Water (deionized water) General Hospital Products lh:;L'Vlfllhm 

Public Co., Ltd 

" 12. 1(;),Jlt11 pGEM®-T Easy Vector System Promega fl~fJtlL~1-n1 

13. Ltl\lL'UJ PspGI, Kpnl, Hindlll, Smal, Xbal New England Biolabs, Inc. fl~fJtlL~1-n1 

DNA Polymerase I, Large (Klenow) Fragment 

14. Ltl\lL'lI~ Mval , Hindlll, Sacll, Hinfl ,100 bp ladder Fermentas 

15. 25 bp ladder, 50 bp ladder Prom ega 

" 
16. 1(;),Jlt11 T4 DNA Ligase Invitrogen 

17. Tryptone Peptone Becton Dickinson 

TM 
18. Bacto Yeast Extract Becton Dickinson 

LLr1\1\11 "'1 

fl~fJtl~1-n1 

fl~fJtl~1-n1 

fl~fJtl~1-n1 

fl~fJtl L~1-n1 

19. Bacto-Agar Becton Dickinson fl~fJtlL~1-n1 

20. AMPILIN (Amplicilin,Ampicilin Sodium) Atlantic Laboratories Corp. Ltd lh:;L'VlfllL'Vltl 

21 . Sodium chloride Merck 

22. Calcium chloride dehydrate Merck 

23. Magnesium chloride APS Finechem 



24. Sodium acetate Merck 

25. Potassium acetate Sigma Aldrich 

26. Tris Base Promega 

27. Orthoboric acid BDH 

28. Ethylenediaminetetraacetic acid disodium salt BDH 

29. Sodium hydroxide Carlo Erba Reagenti 

30. Sodium Dodecyl Sulfate (SDS) Bio-Rad 

31 . 'l!~~IH1~ PureLink™ HiPure Plasmid Invitrogen , 

DNA Purification Kits 

32. Ribonuclease A 

" o ® 
33. 'W1tJ1 TRIZOL Reagent 

" 34. 1~tJ1tJ1 Avian Myeloblastosis Virus 

Reverse Transcriptase (AMV-RT) 

35. RNase AWAY (for RNase Decontamination) 

Sigma Aldrich 

Invitrogen 

Promega 

Continental 

Lab Products, Inc. 

36. Ltl'Wl·uf Deoxyribonuclease I, Amplification Grade Invitrogen 

37. Chloroform Sigma Aldrich 

38. Diethyl pyrocarbonate (DEPC) Sigma Aldrich 

39. Dulbecco's Modified Eagle's Medium (DMEM) Hyclone 

with 4.00 mM/L Glutamine, 

4500 mg/L Glucose without Sodium Pyruvate 

40. Roswell Park Memorial Institute 1640 

(RPMI-1640) Medium with 2.05 mM L-Glutamine 

41. Minimum Essential Medium (EM EM) 

42. Ham's F12 medium 

43. Dulbecco's Phosphate Buffered Saline 

(DPBS Modified) without Calcium, Magnesium 

44. Fetal Bovine Serum (FBS) 

45. HyQ Trypsin 0.25 % with EDTA 

Hyclone 

Hyc lone 

Hyclone 

JRH Biosciences 

Hyclone 

Hyclone 

with 2.5 g Porcine Trypsin without Calcium, Magnesium 

46. Penicillin-Streptomycin Solution 10,000 units/ml Invitrogen 
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q 

LtJ'tl~l-J'W 

~"v1fJ'tlLl-J1-n1 

~"v1f~'tlLl-J1-n1 .... 

... q 

'tl(;11'Cl 

~"v1f~tlLl-J1-n1 .... 

~"v1fJtlLl-J1-n1 

~"v1fjtlLl-J1-n1 

~"v1f~'tlLl-J1-n1 .... 

~"v1fj'tlL~1-n1 

~"v1f~tlL~1-n1 .... 



Penicillin, 10,000 IJg/ml Streptomycin 

47. Fungizone Amphotericin B 250 IJg/ml 

48. Dimethyl Sulfoxide 
., 

49. 1(fltJ'UJ1 Lipofectamine ™ 2000 
., 
• TM 

50. 1C;)lJ1tJ1 Dual-Glo Luciferase Assay System 

., ., 
Lnc;) DNA methylation) 1h':;n'tlur:i'ltl 3 -nlJ(;l'tllJ ~~il 

Invitrogen 

Sigma Aldrich 

Invitrogen 

Prom ega 

30 

~~f~'tlLl-J~n1 

~~f~'tlLl-J~n1 

~~f~'tlLl-J~n1 

~~f~'tlLl-J~n1 

~ .-a l:. .- d' .... .co 
3.1.1 ~n~'el1'iL'elUL'el'VI~'l.uJ~ (Total RNA) "nn L'1i~~L Vi1~L~!.I~ 6 "lI'lJ~ FI'el Jurkat. 

..,j "I IV 

K562, HeLa, HaCaT, HEK 293 LL~~ SH-SY5Y LVi'el~'i'J~~'el'Un1'iLL~~~'el'eln b'lJ'i~~'U 

mRNA '!I'el~iiu ACE n'Un1'iLnf;1 DNA methylation ~1ij~~9i'eln1'iLL~~~'el'eln'!l'el~LLIR~~ 

L'1i~~\11'ell,j 
" "I " I ..., ,.. CI.... ...c:::I.oCIro '" .c:::I C"'q 

n1~~ n c;)'tl1n'tllJL'tl'Vl~~l-J C;)'"l1 n L"l!~~ L'Y'n:;L~tI~ LUI (;llJ'"l1n L'Yn:;L~m L"l!~~'Vl 

~'tl~n1~~ric;)'llJ cell culture dish ("DlJ1C;) 100 mm X 20 mm) ~1~L"l!~~r:i'ltl Dulbecco's 

~CJ t,loCII c. !' 
Phosphate Buffered Saline (JRH Biosciences, Lenexa, KS, USA) 'VlLtllJ LL~'l~UL(;ll-JlJ1t11 

TRIZOL ® Reagent (Invitrogen, Carlsband, CA, USA) ml-J1(;l~ 3 ml ~~ltl'llJ'"l1lJL"r'n:;L~tI~ 
"1nt!lJ'liiLuSj(fl~Yi11"l'l1l-J~:;mc;)r:i'lti RNase AWAY (Continental Lab Products, Oxford, 

., , 
USA) "D c;) L'1!~~1 ~~~ (fl'tl'tl n'"l1 n'"l1lJL"r'n:;L~tI~ tl Ltl (;l (;]~1 ~~:;~1t1 L"l!~ ~Vllr:1'l~~~'tl (flLL~:;L~l-J .. . 
chloroform ~Li.ilJ~~ltl 200 IJI (;j'tlml-J1(;l~~1tJ1 TRIZOL ® Reagent 1 ml L"Dt.h'l~L.jhrilJ'tlth~ 

LLNLL~'ltJ11tl~lJ~'tJru~1Jij 2 °c -8 °c r:i'ltll"l'l1l-JL~'lhlLnlJ 12,000 9 lJ1lJ 15 lJ1Vl ~1~~:;~1t1 

~l~'"l:;LLtin'tl'tln LUlJi"lJ Lc;)tli"lJ~h~~ (fl"D'tl~~~'tl(fl ~'tli"lJ~Sj~ LL(fl~~~ LtllJ-B'lJ"D'tl~ organic phase 

(phenol-chloroform phase) tl(fl;lJl-J1LUlJ-B'lJ interphase LL~:;UlJ~(fl~'tli"lJ~1~hISj~LUlJ-B'lJ"D'tl~ 
I II " " " 

aqueous phase ~~'tl1fLillJL'tl'"l:;'tlu'llJ"ilJil '"l1 ntrlJ(fl(fl L'il'Y'n:;~'llJ'l~ilJUlJ~ C;)l-JTVi'1 n1~ .. .. . ., 
(;In(;l:;n'tllJ'tl1fLillJL'tlr:i'lti 100 % Isopropanol ml-J1m 500 /.11 (;j'tlml-J1(;l~tJ1tJ1 TRIZOL ® 

"''' 1 I I I 

Reagent 1 ml ~~l-J'l~L.jhrilJ ~~Vi~HVl'tlru~llij -20°C lJ1lJ 20 lJ1Vl Lij'tlMUL'l~1tJ11tliflJVl . .. 
fJru~1Jij 2 °c -8 °c ~'ltll"l'l1l-JL~'lhlLnlJ 12,000 9 lJ1lJ 10 lJ1Vl LL~:;~1~(;l:;n'tllJr:i'lti 70 % 

., , , 
Ethanol ml-J1(;l~ 1 ml Yi~~l-JC;) 3 ~'tluLc;)tliflJVl'tlru~llij 2 °c -8 °c r:i'ltlI"l')1l-JL~'lhiLnlJ 7,500 . .. ., , 
9 lJ1lJ 5lJ1Vl ~c;)Yf1t1(;l1n(;l:;n'tllJmfLillJL'tl'l~LL~~LL~'l~:;~1t1r:i'ltltJ1Vltl~1Pl'"l1m'tllJl'1!,r RNase 

(DEPC-treated water) ~fJru~1Jij 55°C -60°C lJ1lJ 10 lJ1Vl ;~~1~ ~:;~1t1'tl1fLillJL'tl~~ri(fl 
~,,~ ..... ~".J ... ° 
~C;)lJ~1l-J1~mnUm~ L'l'Vl'tlru~lll-J -80 C . .. 
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3.1.2 n1'5"UI'5"'J~~'2l1.J n1'5"LL~ ~HI'2l'2l n'll'el.:Jii'U 11l'J!.I LVI Flij FI Reverse-Transcriptase 

PCR (RT-PCR) 

" Yhn1~j;]~,)'"l~'flun1nL~(;l'l'fl'flnlt.l~~~u mRNA "lJ'fl'lUt.l ACE It.lL'll~;LYi1~L~tI'I 

L~'flR(;l L~'tlm'll~;~L'lnJ1~~~hln1~Yl(;l~'fl'l ~')mYlI'1UI'1 RT- PCR t(;luH'Ut.l~-actin d~Jt.lj;]') 
" " " l'1')ufiJ~ n1~Yl(;l~'tl'll'1f'ln'"l~H'1(;l'lJ1U1 Avian Myeloblastosis Virus Reverse Transcriptase 

(AMV-RT) (Promega, Madison, WI , USA) LL~~H''fl1fL.at.lL'enr'l~~(;l~~n(;l1~'"l1m'll~; 
, 

LS-~'"l1nn1~ treat 
, ," 

.c!iIo .... Q" q U:"I 
Deoxyribonuclease I, Amplification Grade (Invitrogen) LYi'eln1'"l(;l(;lL'tlt.lL'elYl'fl1'"l t.lLu'tlt.l'"l1n 

" n1~~n(;l t(;lue.J~~'tl1fLtflt.lL'tlf"l,)1~ L.;J).J;Jt.l 200 ng nU'lJ1m (1 x DNase I Reaction buffer with 

MgCI2, 1 U DNase I Amp Grade) ufum).J1j;]~H1~ 10 1-/1 LL~,)'lJ1LU,)1'1~~ru~lJij 37°C 

t.l1t.l 15 t.l1Yl L~'tlI'1~uL,)~11'IX inactivate L'tl'UL'lll1 DNase I ~')U 25 mM EDTA, pH 8.0 ~ 
" 0 

'tlru~llij 65 °c Lijt.lL,)~1 10 t.l1Yl '"l1nUt.l'lJ1'tl1fL.at.lL'elYl~1t.ln1~ treat DNase I ).J1LUt.ltli't.lLLUU . .. 

" " , 
Ltflt.lL'tl '"l1mrt.lufum).J1mlm~ 12.5 1-/1 ~')U DEPC-treated water LL~')j;]'1Yl~ru~lJij 75°C 5 

, " " 
t.l1Yl L~'tln~~~t.ll 'IX RNA 1'1~1U tI'1N~r1'1).J14'unu Oligo-dT20mer '"l1 nut.l') 1'1Ut.l'lJ1 LL ;j'l~t.lYl 

, " 
L~'tlijl'IX RNA niU).J14'utl'1~'1~h'lLLUUL~).JLL~,)L~~'lJ1U1 1 x AMV RT buffer (50 mM Tris-HCI 

(pH 8.3), 40 mM KCI, 8.75 mM MgCI2 , 10 mM On) , 1 mM dNTP, 40 U RiboLockTM 

RNase inhibitor (Fermentas Life Sciences, Burlington , ON , Canada) LL~,)L~).J 10 U AMV 

" , " 
RT m).J1j;]~~(;lvhmvhnu 20 1-/1 j;],:jHYl~ru~lJij 42 °c LUt.lL,)~1 60 t.l1Yl '"l1mrt.l~!J(;lu~mm 

" 0 , 

t(;luj;]'1Yl'tlru~llij 70 ° C LUt.lL ,)~1 5 'U1Yl LL~,)'lJ1 e.J~ j;].tl ru"Yll~uYl (;l~'tlU n1m~ (;l'l'fl'el n"lJ'tl'lUt.l . .. 
" " ACE LL~~ ~-actin "ll'tl,:jL'll~;LYi1~L~U'I~1'11 ~')mYlI'1UI'1 PCR t(;lUH',(;l'lJ1U1 Taq DNA 

, 
"'0 Polymerase with standard Taq buffer (NEB, Beverly, MA, USA) LL~~ primers Yl'"l1LYi1~ 

, 
• 0..., q t cv q 0 q~ cr 

pnmers ~1~~Uj;]~,)'"l~'elUn1~LL~(;l'l'fl'tln"ll'fl'lUt.lj;]1'11 IMj;]1n'lYl 3.1 Yl1n1~e.J~).J'll(;lL'elt.lL'tl 

" , 
tli't.lLLUU 41t.l')t.l 5 1-/1 nu 20 1-/1 "ll'el'l'lJ1mlt.ln1~';hu~mm PCR (reaction mixture) Yl 

lh~n'tlu~,)u 1x buffer (50 mM KCI, 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCI2), 0.2 mM 

dNTP Mix, 0.2 I-/M Forward LL~~ Reverse primer, 12.5 U Taq DNA Polymerase t(;luil 

~1l1,)~~L~).J1~~).Jlt.ln1ni1u~mu1nu Primer ACE LL~~ ~-actin ~'tl 95.0 °c 5 t.l1Yl (1 ~'tlu) , 

95.0 °c 30 ~t.l1Yl; 59.0 °c 30 ~t.l1Yl; 72.0 °c 30 ~t.l1Yl (45 ~'tlu) , 72.0 °c 10 t.l1Yl (1 ffiU) 
, ", 

Li~'tl L~~LL~')j;]~,)'"l~'elU"llt.l1 (;l"ll'tl'l:nt.l~iL.at.lL'elYlL~ '"l1 nn1~LLU n ~ L.at.lL'fl ~')um~LL~ L YHhUt.lL'"l~'eln1 
, 

'i' ...... ""!"l " " ~~~Yl).Jf"I,)1).JL"ll).J"llt.lLut.l 2 % (2 % agarose gel electrophoresis) U'tl~L'"l~(;l,)U~1~ Ethidium 
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Primer Sequence Product 

(flLtI'l4) .. 
ACE- Forward 5'-AAC AAG ACT GCC ACC TGC TGG-3' 392 

ACE-Reverse 5'-CCA GCT CTG GGC CCA CAT GTC-3' 

~-actin-Forward 5 -ACG GGT CAC CCA CAC TGT GC-3 656 

~ -actin-Reverse 5 -CTA GAA GCA ITT GCG GTG GAC GAT G-3 

o _...a _ 0 I "" 

3.1.3 n1'i'VI1U1t1t1'iL'HU'VILn(;l DNA methylation r;u (;l1LL,"U~ CmC(AIT)GG ,"'i'tl 

L;!Jn11 CmCWGG "'!l~iiu ACE 
I 

o ~ q ~ !;'.CIIt, ..c:.. ... ~ .:::I 

n1~'VI1tJ1t1U~L(H1.l'VILn~ DNA methylation ~')m'VIf1l'Wf1I,)Lf1I~1:::~L'll~'ll,)~1~~tJ 

L'VIfiI (Bioinformatics) ~~f1Iru:::~':j4'tlt-ifhhLLnnJ Lasergene® 7 

(www.biocompare.com/Articles/NewTechnology/1717/Lasergene-7-Software.html) L~tI 

tl1~tlm1~~1LVi1:::'!Itl~LtltJl'll,r Mval (BstNI) ~"'l:::~~~1LVi1:::t'W~1LL~i.J~ CmCWGG ttJn1~~1 

U1L')ruL~tlt-if1Jl~,)"'l~tlUltlLLUUn1~Ln~ DNA methylation ~~ViU~1~~1LLWW~ -122 LL~::: -316 

UtJLtl~L~LlJltlfijtJ ACE iJ~1~ULU~ CmCWGG tlrJ f1Iru:::':j4'tI~~~1n1~m,)"'l~tlU~tlLLUUn1~Ln~ 
'IJ 'IJ 

" LtlnLn~~ Methylator (http://bio.dfci. harvard.edu/Methylator/) LLj;J.;r'el~1 Ii ~"lltl~ LtlnLm~il~'el 
" I 

~1~1~(l~1tJ1t1 DNA methylation ltlLLUU CpG Lvhl!'Whl~1~1~(lt-if~1tJ1t1ltlLLUU~'W11~ 

3.1.4 n1'i(;l'i'J~'l4't1t1lt!LLtltln1'iLn(;l DNA methylation r;u ~1LL,"U~ CmC(AIT)GG 

"" "" • m "" ...a 0 I <;'.1 <;' .. '" ,"'i'tlL'itln'J1 C CWGG "lJ'tI~tlU ACE 'VI(;l1LL,"U~ -122 LL~::: -316 tlUL1J'iL~L(;l'tl'i(;l'JtI 

-L'VIflUfI methylation-sensitive isoschizomers 

3.1.4.1 ~ L~ U L'tI ~'J'tI !h~;i"l"lli. un 1 'i'VI (;l'l4 'tIti 'it! LL tI tI n1 'iL n (;l DNA 
" 

methylation 

1. ~L~tJLtlVi~1~~~~cJ1'Wn1~Lf1I~'W'lI'el--1~'W ACE U1L')ruLtl~L~LlJltlf~iJ 

'!I'W1~ 528 fiiLU~ (-499 t1~ +29) ~~"'l:::t-ifLijtJ~,)f1I,)uf1I~u')n (Positive control) 'lItl~n1~Ln~ .. . 
DNA methylation Lrttl~"'l1n~L~tJLtlVi~1~~~~(lnU1L.;r1~L'll~;LLUf1IYiC1t1 (Transformation) "'l::: 

... .. 
~mtltJl'll,r DNA cytosine methylase (dcm) ttJL'll~;LLUf1IYiC1t1~1L~~~~L~Yi~t,xL~~tl (67) 

2. ~ L~'WLtlVi~1~~ ~~cJ1tJn1~ Lf1I~tJ'lI'el~~'W ACE U1L,) ruLtl~ L~ LlJl'elf~iJ 

'!I'W1~ 528 fiiLU~ (-499 t1~ +29) LL~:::1~~1n1~L~~~1tJ,)'W'lItl--1~tJ ACE U1L')ruLtl~L~LlJl'elft!tJ ... 
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~'lm'Vlf"lilf"l PCR ~~"'l:;t.jfLrh.Jc;i'lf"l'lU~iJ£'lU (Negative control) "1J'fl~nt~Lnf;l DNA methylation 

L~'tl~"'l1n~ L~t.JL'tlYi£'l1~ij~~tJTWntn~iJmiJ1ru~'ltl~'lm'Vl f"Iilf"l PCR "'l:;LUt.J~ L~t.JL'tl~hJiin1~ 
L~iJ,u.lLiJ~£'l L~'tl~"'l1m'Vlf"lilf"l PCR LUt.Jn1n~iJmiJ1ru~L~t.JL'tltt.J'VI£'l'fl~'Vlf;l£'l'tl~ 

" 

, " 
~'lm'tlt.Ji.,,r c;i~~1 LYi1:;L~'tl'Vl ~~'tlUlULLUUntnn f;l DNA methylation "1J'tl~ L'£'l~L.,.n:;L~t1~ j;h~1 

3.1.4.2 u1~h~UL'el~1'el!h~ (n~h1'u'li'el 3.1.4.1) ~1~i1n11~flfl1!1 
.. tl'tv 0 

L'elU ~'li~(;l(;l"'1LVf1~ 

U1 ~ L~t.JL'tl c;i'l'tlth~~iif"l'l1iJ L ~iJ~t.J 500 ng iJ1vh nt~c;i ~ ~'lm'tlt.Ji."l!,r c;i ~~1 LYi1:; 
" , , 

LL£'l:;'VIi~"'l1 m!t.JU1 i.u L 'YiiJmiJ1 ru~ L ~t.JL'tl ~'lm 'Vl f"Iilf"l Polymerase Chain Reaction (PCR) L ~'tl ~ 
, " 

lULLUU"1J'tl~n1~Lnf;l DNA methylation L~m'tlt.Ji.,,rc;i~~1L'Y'l1:;~Hiic;i~i1 
" , 

1. Mval (BstNl) (Fermentas) (CmCWGG) c;i~i.~'Vlnc;l1LL'VIti~11~~Ln~ • 

DNA methylation LL£'l:; unmethylation (dcm:no effect) ~~tt.JUnmtl1~:;U~:;n'tlU~'ltl 1x 

Buffer R (10 mM Tris-HCI (pH 8.5), 10mM MgCI2, 100mM KCI, 0.1 mg/ml BSA), 5 U Mval 
" , 

LL£'l:;~Ltlt.JL'tlc;i'l'tlth~ 500 ng UfUmiJ11'l~~f;lVl1t1H\'Vhriu 20 IJI c;i~H~'rJru'VIJJij 37°C LU'\.J 
, " , 

L'l£'l1 16 -r'lLiJ~ "'l1mr'\.J'VItJ~UnmmL~t1nt~u11.Ul'lnl'l:;n'tl'\.J (precipitation) L~'tlt~~htlt.JL'tlii 

f"I'l1 iJU1~ 'Vl t LL£'l:; L;r iJ-ir UiJ 1 n ~ t.J Lf;l tI 11 L U I'l r;l ~ 1 ~£'l :;£'l1 tI ~ L tlt.J L 'tl~ tJ 1 t.J n 1 ~c;i f;l ~'l tI L 'tl'\.J 1.,,r c;i ~ • 
" ~1L'Y'l1:; Mval iJ11'f;lmiJ1I'lm~'lL~iJU1t~f"I~U 100 IJI e.J~iJt~L~1nuriu 3 M Sodium acetate, 

" " 
pH 5.0 miJ11'l~ 10 IJI LL£'l:; 100 % Ethanol miJ11'l~ 220 IJI 'l1~c;i~~~Ht.J1'\.J 30 '\.J1~ LL~'lU1i.U 
, " , 

."1 ".. "" "" d , "' '' ""'1 " " ut.Jf;l'ltlf"l'l1iJL~'l 13,500 rpm 'VI~'tl G-max '\.J1t.J 10 t.J1'Vl L'Vl~'lt.J~~'Vl~LL£'l:;£'l1~I'l:;n'tl'\.J'Vl ~f;l'ltl 

n1~L~iJ 70% Ethanol 200 IJI £'l~1.u e.J~iJt~L~1rit.JLL~'lU11.Uirt.J~'ltlf"l'l1iJL~'l 13,500 rpm 'VI1'tl 
" , "" d'.... ,,,,,,, "" G-max '\.J1t.J 10 U1'Vl L'Vl~'l'\.J ~~'Vl~LL£'l:;1'l1nl'l:;n'tlt.J ~mL'VI~f;l'lmFl~'tl~ DNA SpeedVacs (Thermo 

. ::. ~ cr .eli. II '" ~ ~ .J Q 0 
SCientific) ~1n'\.Jt.J£'l:;£'l1t1I'l:;n'tlt.J~L'tlt.JL'tl'Vl ~f;l'ltlt.J1n£'lt.J (deionized water) 'Vl'tlru'VIJ1iJ 65 C . '" , 
~ ~ .dI I oI::iI go o.<C:il cr ~'1 II c:r 

Lut.JL'l£'l1 5-1 0 t.J1'Vl'VI~'tl~Un'l11'l:;n'tlt.Jf;l L'tl'\.JL'tl~:;£'l :;£'l1t1'V1iJ f;l LL£'l:;'\.J1~1~£'l:;£'l1t1 ~ L'tlt.JL'tl'Vl ~f;l Lnu 

H~~ru'VIJJij -20 °c 'VI1'tlU1i.U'Vl~~'tlUlULLUU"1J'tl~n1nn~ DNA methylation Lf;ltlnt~L~iJ 
m2.J1ru~Ltlt.JL'tl~'lm'VlFlilFi PCR 

2. PspGI (NEB) (CmCWGG) c;if;lc;l1LL'VIti~~hJLnf;l DNA methylation 

(dcm:block) ) ~~tt.JUnmtl1"'l:;U~:;n'tlU~'ltl 1 x NEBuffer 2 (50 mM NaCI, 10mM Tris-HCI 

(pH 7.5), 10 mM MgCI2 , 1M OTT, pH 7.9), 5 U PspGI LL£'l:;~htlt.JL'tlc;i'l'tlth~ 500 ng ufu 
~ I I'" 

miJ11'l~~~Vl1t1t~L'Vhnu 25 IJI c;i~H~~ru'VIJJij 75°C LUt.JL'l£'l1 16 -r'lLiJ~ "'l1m!t.J'VItJ~unmm 

Lf;ltln1~U1 i.ul'ln l'l:;n'tl'\.J (precipitation) L ~'tl t ~~ L tlt.JL 'tlii FI'l1iJU1~'VltLL£'l:;L~iJ~'\.JiJ1n~'\.J L~t111 • 
LUI'l r;l~1~£'l:;£'l1t1 ~ Ltl'\.JL'tl~ tJ1'\.Jn1~c;i~~'ltl L'tl'\.Ji.,,rc;i~~1 L 'Y'l1:; PspG I iJ11' ~miJ11'l~LL~'l L~iJ~1 t ~ 
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FI~tJ 100 1-11 ~~l-J1,,\;r1n'witJ 3 M Sodium acetate, pH 5.0 ml-J1m 10 1-11 LL~::: 100 % 

Ethanol ml-J1~~ 220 1-11 ,)1-:J~-:J~-:JH'WTW 30 'W1V1 LL~,)U1hJ,1'WC~)')tJFI')1l-JL~,) 13,500 rpm ~1'e) 

G-max 'W1'W 10 'W1V1 L'Vl~')'W1~~-:JLL~:::~1-:J~:::n'e)'W~1~~')tJmn~l-J 70% Ethanol 200 1-11 ~-:JhJ 
, ~ 

~~l-J1.,,\;r1n'WLL~,)u11ui1'W~')tJFI,)1l-JL~,) 13,500 rpm ~1'e) G-max 'W1'W 10 'W1V1 L'Vl~')'W1~Yi-:J 
, ~ 

LL~:::(;l1n~:::n'e)'W1"'LL"'-:J~')mFl1'e)-:J DNA SpeedVacs (Thermo Scientific) r.nmr'W~:::~1tJ~:::n'e)'W 

~L~'WLtl~1~~')tJ~1ni'W (deionized water) ~tlru~fl~ 65 °c LtI'WL,)~1 5-1 0 'W1V1~1'e)41'Wn~1 . " 

'Vl rn~'e)tJlULLtJtJ"1Itl-:J m~Ln rn DNA methylation LrntJ mn ~l-Jml-J1 ru~ L~'WL'e) ~'lm 'Vl FltlFl PCR 

3.1.4.3 'e:I'elnLLUU primers 

m~tl'e)mLtJtJ primers L~'e)'Vl rn~'e)tJ~u LLtJtJ n1 ~Ln rn 
" 

DNA methylation ru 

~ , 
li-:J~l-Jrn 3 L~'W ~'e)L~'WV1 1 tltlnLLtJtJ1.'" primer 4'tJntJ~L~'WLtl (LLUtJ Forward) U1'L'lrur;)1LL~tl-:J 

ritl'W~Ltl'Wl'Jar Mval LL~::: PspGI 4l:::{;]rn~1L"fj1::: ~-:JLtI'Wu1'L'lru~~'e)-:Jm~'Vlrn~'e)tJ~uLLutJmnnrn 
" 

DNA methylation L~'W~ 2 tltlnLLtJtJ1'" primer 4'unu~L~'WL'e) (LLtJtJ Forward) tJ1'L'lrur;)1LL~tl-:J 

~~~~Ltl'Wl'l1,r Mval LL~::: PspGI (;]rn~1L"fj1::: Lrnmh-:J'e)'e)nl-J1u~:::l-J1ru 5-15 ~LtJ~ L~'W~ 3 

tltlnLLtJtJ1'" primer 4'tJnu,~h~'WL'e) (LLtJtJ Reverse) tJ1'L'lrur;)1bL~tl-:J~~-:J~L'e)'Wl'l1,r Mval LL~::: 

PspGI {;]rn~1L"fj1::: Lrnm~1-:J411nL~'W~ 2 'e)'e)nl-J1'e)[h-:JoW'e)tJ 50 ~LtJ~ (~-:Jfl1"fj~ 3.2) LrntJ primers 
" 
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aagagagga9gccctttctccagcttcctct9cig9agcccgacccagcccca.cccgccaccccc999c.gcacctcggcccctcccc99ccc9cgccc 
" I'" I "I I" I" I I" I, 'I"" I·'" I"" I"" I. I,,;, I ,; I; ;; I;'; '1';;; I'; "1 200 
ttCtctcctccggga.agaggtcgaaggagaegccctcgggctgggtcggggtagggcggt99999cccgacgtgg.gecggg9'99ggcegggegeggg 

I 
KE liP 0 EPOPAPSI!HPRA~P 
KRGGPFSSF CGSP OP PA PG 
REEA SPASSAG"RPSi"PPPPGC 

P G P II P 
G P SPA R " 

$ A 0 P R P " P 

ctgeceggggegggccag aacctc99ccc9c9cc9cti9ggactttgga9cggaggaggaagcgcggcggggegggggeggg99t9t9tc99gttttat 
'I" I Q .1' 1'1 e' 1'1 1'1 i 'I ' , t i ; ,t iii; I; iii I' i'I,; 'I i' i' I';;; I' ;, I.';' I' 'i I' 0 '.1 300 

CPG loR GPRII W S G G G S " A G ~ G G C Y G f Y 
PA GGPG SA AA GAEEE,l.qRGGGGGVSGf I 
lPG"GO£I'RPAP EA II RGGAGI.GVCRV 

aacccgcagggcggccgcggcgcaggagaag99geagagcc9a9caccgc9caccgc9:catg9999 
i iililsoloo::1 'I; ::1. ,I •. I.: I:: I, :1 .. 01",,10;,,1 0 

etg99cg:cecgccg9cgecgegtcctetteeccgtetcggetegtg9cgegtggcgeagtaccecc .. 
POGGRGAGEGAEPS 
RRA"A"OEKGOS A 

P"GIIPII RGRI.E 

G 
G 

G G 

cttgteacteeggaggeg99a99ctee99999gte99getgggugatcgagceggaggeegctaggctc:c:eag~ccccncc9aggetgegeg9ccgea 
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(1) 

'i" I , , e, I ; 0'; I ' 'lei • I: , i; I $ i i j I 0;', I. i': Ii; '1'1 : lei i I $';.1 i' 1,1 0' Ip» 'I" 4' Iii 0 , I • 0 i lee 0 I 100 

• 
PE4GGSGGSG ECRAGGR ,lPIIP I'll IIGIi v 

$ 
I. C 

RRJlEAPGGRAGK I EPE"I.R ~GPG GC"AI. 
SGGGR RGVGLGRSSRIIP GSa QAEAA~P 

c99t99gelggetc99gtgttce9geallct9ccg99tccceatcttca •• agagag9a9geeetttetecagettcctetge99gageecgaeecagcc 
;.; .1··,.1;;,; I i' I' 'I;;; I"" I";; I i; , I , "'1" 'I ; ,I,; 'I' i' I;,,; I'", I,,;, I i' I;'" I;';' I 200 
gcelcccgtecga9ceeaclaggccgtttgaeggcccag9ggtaga.gttttctetectecg9ga·'g·99teglag9agacgecctegggct999tc9g 

G C S G I( 
WAGSGVPA 

GGQAIIVfRO 

PGP a RGGPFSSF.CGSP OP 
CAVP l fKRE!A Si)4SS,lGI.APS 
AGSPSSKE liP 0 P REPOPI. 

&il 

ccateecgccaeeecegggetgeleetcg9ceecececcg9cccgegceectgeecg99geg99celggaaceecggcccgcgeegctg9991etttg9a 
I •• : I 4 ii" I I: 4' ii' i'; I' , 0; I ' I; ; I: I" I t I' 0' I';' 1'10' t I' I e I 'lop 'I 300 

g9tag9ge9gtg999geccgaegt9gagce999g199ggee999cgeg9g9ac999cccegcceggtcettggagcegggege9geg.eeeeega.acct 

<~III I 
II A II G G P S P " A A P " R G G I' G F wGe (2) 

P I PPPPGt SAPPAOAP PG"GOEP 
psq PRAAPRP IIGII PCI'GR"R'/ 

ll'lYl~ 3.2 1l'lYl':l'lj;}LL~j;},m'l1'fl'flmLUU primers L~'tlYlj;}~'flUltJLLUUn'l1Lnj;} DNA methylation 

ru ~'lLL~\I\I CmCWGG ~'fl\l~t.l ACE Ut.lLtJ1Ll-JL[;l'flf (1), primers 3 L~t.l~1.jfYlj;}~'flUltJLLUUn'l1 

Lnj;} DNA methylation ~~'lLL~\I\I -122 ~'fl\l~t.l ACE Ut.lLtJ1Ll-JL[;l'flf (2). primers 3 L~t.l~1.jf 

Yl j;}~'tlUltJLLUUn'lnn j;} DNA methylation ~ ~'l LL~\I\I -316 ~'fl\l~t.l ACE Ut.l LtJ1 Ll-J L[;l'flf 
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(;l1n~Vi 3.2 : LLM1~ primers ~'t-if'Vl"'~'elUtULLUUn1nn'" DNA methylation ru ~1LL~t.l~ 
" 

DNA 

methylation 

Primer Sequence Product 

(F1 L 1.J~) ... 

-217hACE_F1 5'-CAT GGT ACC AGC TTC CTC TGC GGG-3' 246 

-102hACE_F2 5'-CTG GGG ACT TTG GAG CGG AGG AG-3' 131 

-122 +29hACE_R1 5'-CAT AAG cn CCC CCA TGA CGC GGT GC-3' 

-372hACE_F3 5' GGG AGG CTC CGG GGG G 3' 200 
o , 

(;)1Lm'U~ -289hACE_F4 5' ACG GTG GGG CAG GCT CGG GTG nc 3' 118 

-316 -188hACE_R2 5' GCC CCC ACC GCC CTA CC 3' 

4V .cIo .. a ..., • .call"'.... ~ _~ -
3.1.4.4 'VI~.:j'"l1n"'U1f1L'el,\W21j;J1'eltl1.:j'" fI'"I1n"ll'el 3.1.4.2 ~1LVnJ1J'i~1tufi 

L~UL'el~1t1L"'FlUFI PCR L~'elfl'it1U1.J1.J"lI'el.m1'iLnfl DNA methylation LfltlL~~'"I1nn1'i1f1 
'''' 

..,.., .. a 4 "I. "'- a ~..,. 0 - ........ I"" 

Fl11~L"lI~"lIU"lI'el.:jflL'elUL'el L..,'el 'VIj;JL'elUL'elj;J.:jj;JU n'elU..,1 PCR ~ Fl11~ L"lI ~"lIUL ..,1nu'Vl n 

" " " 'VI~'elfi (l'Un1t'Vl"'~'el~l"lf~n'"l:;'t-if~h.a'UL'el~~~'U 15 ng/ul) 

1. 'Vl"'~'elUtULLUUn1tLn'" DNA methylation ru ~1LL~t.l~ CmCWGG "ll'el~ 
" 

~'U ACE ~~1LL~t.l~ -122 u'Ututt~L(;)'elf ~~~ Vhn1n.J~~~L.a'lJL'el~'lJLLUU (~1~'"l1n.jf'el 3.1.4.2) 
" , 

~1'U'l'U 2.5 IJI rlU 22.5 IJI "ll'el~,J1t111'Un1tvhul:inhn PCR (reaction mixture) Viut:;n'elu~'ltJ 

1x buffer (50 mM KCI, 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCI2), 0.2 mM dNTP Mix, 0.2 
, 

~ "" "" IJM Forward LL~:; Reverse primer, 12.5 U Taq DNA Polymerase (NEB) b"'tJ~~1l1'l:;'Vl 

m~1:;~~1'Un1n;1Ul:imtJ1rlU Primers -217hACE_F1 LL~:; +29hACE_R 1 ~'el 94.0 °c 3 

'U1Vi (1 t'elU) , 94.0 °c 30':j'lJ1Vi; 50.1 °c 30':j'lJ1Vi; 70.0 °c 30':j'U1Vi (35 t'elU) , 72.0 °c 10 

'U1Vi (1 ffiU) ~'l'lJ~1l1'l:;~L~~1:;~~1'Un1tvhul:imtl1rlU Primers -1 02hACEJ2 LL~:; 

+29hACE_R1 ~'el 94.0 °c 3 'U1Vi (1 t'elU) , 94.0 °c 30 ':j'lJ1Vi; 56.2 °c 30 ':j'lJ1Vi ; 70.0 °c 
, ", 

30 ':j'U1Vi (35 ffiU), 72.0 °c 10 'lJ1Vi (1 t'elU) L;j'elL~~'"lLL~'l(;)t'l'"l~'elU"ll'lJ1"'''ll'el~~'lJ~L.a'UL'tlVil~ 

'"l1nn1nLtJn~L.a'lJL'el~'ltJm:;LL~lyj.yhU'lJL'"l~'tln1 tt~~i11"l'J1~L.jf~.jf'lJLU'lJ 2 % (2 % agarose gel 

electrophoresis) ti'tl~L'"l~~'ltJ~1t Ethidium Bromide LL~:;ti1tJIl1'WL'"l~~ti'ell-JLL~'l'"l1mI"l1'tl~ 

ti1tJIl1'WL'"l~ ~'l'tlth~t:J~~1~'"l:;'tl'tlm.J11'U~m~tru:;1l1'W~ 3.3 (1) 
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~ , 
~TW'JU 2.5 ~I nu 22.5 ~I "1l'tNtJ1tJ1LUn11l11tJnnhn PCR (reaction mixture) ~tJ1:;n'tlU~'JtJ 

1x buffer (50 mM KCI, 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCI2), 0.2 mM dNTP Mix, 0.2 
, 

'i'''' ... 
~M Forward LLfl:; Reverse primer, 12.5 U Taq DNA Polymerase (NEB) ~(;ltJ~~Jl1'J:;Yl 

m~1:;~~LUn11l11tJnmtJ1nu Primers -372hACE_F3 LLfl:; +29hACE_R1 ~'tl 94.0 °c 3 

U1~ (1 1'tlU), 94.0 °c 30 ijU1~; 60.2 °c 30 ijU1~; 70.0 °c 30 ijU1~ (35 1'tlU) , 72.0 °c 10 

U1~ (1 1'tlU) ~'JU~Jl1'J:;~L~~1:;~~LUn11l11tJnmtJ1nU Primers -289hACEJ4 LLfl:; 

+29hACE_R1 ~'tl 94.0 °c 3 U1~ (1 1'tlU) , 94.0 °c 15 ijU1~; 60.2 °c 15 ijU1~; 70.0 °c 
, ~, 

30 ijU1~ (35 1'tlU) , 72.0 °c 1 0 U1~ (1 1'tlU) L~'tlL~1'"lLL~'Jj;11'J'"l~'tlU"1lU1(;l"1l'tl..:l:nU~L~UL'tl~1~ 
, 

'"l1nn1mtJn~L~UL'tl~'JtJn1:;LL~1YlyhUUL'"lfl'tln1h~~~1il'J1~L;r~;ruLiju 2 % (2 % agarose gel 

electrophoresis) tJ'fl~L'"lfl~'JtJ~11 Ethidium Bromide LLfl:;~1tJJl1·fH'"lfl~tJ'tl~LL~'J'"l1mlili'tl..:l 
~1tJJlT'r'H'"lfl ~'J'tlth..:le.Jfl~1~'"l:;'tl'tln~1Lu~n~ru:;JlT·r~~ 3.3 (2) 

F1 • -1 F2 • 
131bp 

246bp 
DNA Control 

(No cut with enzyme) 

Methylation 

100% 

Unmethylatlon 

131 = 

246 = 

131 = 

DNA cut with MvaJ 

131 = 

131 = 

R1 

DNA cut with PspGI 

246 = 
131 = 

131 = 

(1) 



38 

R2 F3. .J16 F4 • 
200bp 

118bp 

DNA Control 
DNA cut with Mval DNA cut with PspGI 

(No cut with enzyme) 

200 
Methylation = 

118 118 = = 

200 
100% = 

Unmethylatlon 118 118 118 
= = = 

(2) 

..J 
JlTYfVI3.3 : Jl1Yi,)1~LL~~.,:jim~tru:;'jJtl'H.J~m1V1~~tll.JlULLl.J'l..Jn11Ln~ DNA methylation ru 

" , 
~1LL,"\l.,:j CmCWGG 'jJtl.,:j~'W ACE 1.J'WLU1L~Lj;1tlfL~tJm1j;11,)'"l~tll.J'jJ'W1~'jJtl.,:j=n'W~L~'WLtl~1~'"l1n 

m1LLtJn~ L~'WLtl ~')tJm:;LL~1YHhl.J'WL'"l~tlm L1~ (1). i nMru:;'jJtl.,:j e.J~m1V1 ~~tl1.J1ULLl.Jl.Jmnn ~ 
" 

DNA methylation ru ~1LL,"\l.,:j CmCWGG 'jJtl.,:j~'W ACE ~~1LL,"\l.,:j -122 1.J'WLU1L~Lj;1tlf (2). 

inMru:;'jJtl.,:je.J~m1V1~~tll.JlULLl.Jl.Jmnn~ DNA methylation ru ~1LL,"\l.,:j CmCWGG 'jJtl.,:j~'W 

ACE ~~1LL,"\l.,:j -3161.J'WLU1L~Lj;1tlf 
- I" .. '"' ... 3.1.4.5 \111L1..Iil'lL"li'Uj;l DNA Methylation ~1nn1'l';)j;lFl,;)1)JL'lI)J'lIil~ 

... a 
LLCI'U j;lLil'ULil'U'UL~~ 

, , " 
,J1 .. hrl,)1~ L~~"lltl.,:jLLtll.J PCR product 1.J'WL'"l~~1~'"l1n'"~tl~~i1~L~'WLtl~.,:j ~'W 

~n~~~')mtl'W1'nr~(;l~1LYi1:; PspGI L~tJ,J1rl1r1,)1~L~~LLtll.J PCR product ~i1'jJ'W1(;ltJ1,),"11 
," " 

~')tJrl1 r1,)1~ L~~LLtll.J PCR product ~i1'jJ'W1~i'W 1~ LtI'Wrl1 A '"l1m!'W,J1 rl1 r1,)1~ L~~'jJtl.,:j LLtll.J 
, , " 

PCR product l.JlJL'"l~~1~'"l1n'"~tl~~i1~L~lJLtl~.,:j ~lJhJ ~n ~~ ~')tJ Ltl'W1'l!~ ~~~1 LYn:;1~ L~tJ L~tJ 
, , 

o I II' __ '" I 1.1 .c:.I.:.I 

lJ1r11r1,)1~L'jJ~LLtll.J PCR product V1~'jJlJ1~tJ1,),"11~')tJrI1m1~L'jJ~LLtll.J PCR product V1~ 
" " , 

"lllJ1(;lilJ 1~LtI'Wrl1 B ~tl'"l1m!lJ,J1rl1 A ,"11rl1 B LL~')l!lru~')tJ 1 00 ~.,:j'"l:;1~rl1'jJtl.,:jLUtlfL'l!'W~ 

DNA methylation rl1'jJtl.,:j LUtlfL'l!lJ~ DNA methylation 'jJtl.,:jLL~~:;L'l!~;~1~11tl,J1~1 plot 

m1~L~'fILL~~.,:jrl,)1~i~~lJfi1:;,"~1.,:jLU'fIfL'l!lJ~ DNA methylation LL~:;1:;~l.Jm1LL~~.,:jtltln"lltl.,:j 

~lJ ACE 'jJtl.,:jLL~~:;L'l!~;L~mLn'W X LtllJ1:;~l.JmnL~~.,:jtltln'jJtl.,:j~lJ ACE ~,)lJLLnlJ Y LtllJ 

LUtlfL'l!lJ~ DNA methylation (1:;~l.Jm1LL~~.,:jtltln'jJtl.,:j~lJ ACE 'jJtl.,:jLL~~:;L'l!~;,"11~'"l1nrl,)1~ 
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L;r~"ll'fl-:jLLCllJ PCR product lJt.!LIOj~~l~IOj'lm~~'fl(;)~c:Jn1nL~(;)-:j'fl'fln"ll'fl-:jthJ l3-actin "ll'fl-:jLLI1i~:; 

L"l!~~) 

" " ov ov ... 
'IIt.!(;l'flt.! (;)-:jt.! 

3.2.1 'IlU1j;l~'l'el!h~ (Sample size) 

L ~'fl~1Oj1 n n'l1~ n'rt'l~ n'rtru:;f01'J'1~~~'l n~~'l£1'VI'l~~t.!fim'1WlJ'fl~Ut.! ACE (-• 
" , 

240M) LL~:; (-93T/C) rilJn11Ln(;)hf01;~Lji\ht!t.! fi~1~iJf01ru:;~~£1l(;)Vll~l1'ln'11~n'rt'l1t.!n~~ • 

lh:;L'VI ji\ L 'fl L;£1;~1'J~ n~th:;L 'VI ji\l 'VI £1 ~'J£1 'VI'l~ f01 ru:;cn~ £1~~ l~tJ'l;r'fl~~ m'1~ ~'ti~ ~ ~"ll'fl~ f01t.!t1n ~ .. .. 
" , 

LLI1i~:; SN Ps lOj'lnL~'fl"l!'l ~ ciJ~t.! (L 'flL;£1 (;l:;,yt.!'fl'fl n) ~'l Ltlt.!LL t.!'J'VI'1~ 1 t.!n11~'lt.!'J ru"llt.!'l (;) ~'J'flth~ 1 t.! 

" m1~n'rt'llj L(;)£1m11;r~(;l11t.!n11~'lt.!'Jru Sample size for case-control study lOj'lnLt11LLn1~ 
, 

.c:I. l1 '" 0 EpiCalc 2000 version 1.02 (http ://www. brixtonhealth . com/epicalc . html)"l!~IOj:;~(;)IOj.lt.!.Jt.! 

'IIt.!'l (;) n ~~ f01'JlJ f01~ LL~ :;n~~ ~'J'flth~ (~tb£1 L1f01;~ LPI~'l) 1 t.!m 1~~ £1 
, 41 41 " , , 

~ 4IC:III .... .Q I.... oiICII.aI .... 

SNP ACE -240M (rs 4291) ~m'l~Cl'fl~~~ A L'VI'lnlJ 0.63 LL~:; ~m'l~Cl'fl~ 

~~ T LvhrilJ 0.37 Ln'fl~'lt.!'Jru"llt.!'l(;)~'J'flth~L(;)£1m1Hf~(;l11t.!n11~'lt.!'Jru Sample size for 
" 

case-control study lOj'lnLt1nLm'~ EpiCalc lOj:;l~~'lt.!'Jt.!'IIt.!'1(;)n~~f01'JlJfiJ~ LL~:;n~~~'J'flth~ 

(~tl'J£1bf01;~Lji\~'1) It.!n'l1~~mvhrilJ 133 11£1 .. 
, , 

a::rI q .... 4CII I.... oIICIIiI.oC:iI .... .c:.I 

SNP ACE -93T/C (rs 4292) ~f01'J'l~Cl'fl~~~ T L'VI'lnlJ 0.64 LL~:; ~f1l'J'l~Cl'fl~~~ 

C LvhrilJ 0.36 Ln'fl~'lt.!'Jru"lJt.!'l(;)~'J'flt.h~L(;)£1m11-n~(;l11t.!n11~'lt.!'Jru Sample size for case-.. 
control study lOj'lnLt1mn1~ EpiCalc lOj:;l~~'lt.!'Jt.!"llt.!'l(;)n~~f1l'JlJf1l~ LL~:;n~~~'J'flth~ (~tl'J£1 

lit lit " " 

bf01;~Lji\h) It.!m1~~mvhrilJ 133 1'l£1 

" " ~1tJ ~'l~flJm1~ n'rt'l f1lf~ljlOj:;l-n'llt.!'l (;) n~~ f1l'JlJf01~ LL~:;n~~ ~'J'flth~ (~tl'J£1 L1f1l;~ Lji\~'l) ~'lt.!'Jt.! 
~ lit III lit " , , 

I '" I .dI I dI .::I '" 
'flm~t.!'fl£1n~~~:; 133 11£1 LYi'flm'l~t.!'lL"l!'flCl'fl"ll'fl~"ll'fl~~ . " 

.., .... " 
3.2.2 n11~nj;lj;lL'elUL'el (DNA Extraction) 

" ~'J£1'L'ltJ'lm FlexiGene DNA Kit (OIAGEN, Valencia, CA, USA) LL'I£1l-n~~nm1 alkaline 

lysis It.!m1~riL'l ~~IOj'ln;:lLt1(;lr;lL~'flL'lf1l1lJ~'Jt.! (whole blood) m~'l(;l1100 IJI ~~1t.! 1.5 ml 

microcentrifuge tube L~~ Buffer FG1 ~~1t1 250 IJI t.J~~l"'L;r'lrit.!LL'I£1Yi~n~~'flL'ln~lJlt1 
" , 

n~lJ~'lt11:;~'lru 5 f1lf~ LL~'JtJ'lhlut.!~'J£1f1l'J'l~L1'J 13,500 rpm ~1'fl G-max t.!'lt.! 1 t.!'lVl L~11Oj 
~ " , 

LL~'JL'VI~'Jt.!l~~~LL~:;(;l'ln(;l:;n'flt.!l"'LL"'~ lOj'lnt!t.!L~~ Buffer FG2 Vlt.J~~rilJ OIAGEN Protease 
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, , , 
... Qo ° !'l ... <r • I'" !'l'" ... <II 

incubate Vl'eHU~fll-J 65 C Lu'WL,)~1 5-10 'WIVl "'l:::L~'W~I~~:::~lmu~tI'WLu'W~L"lImLl-J'e)rl~U , " 
L,)~1 "'llmr'WL~l-J 100% Isopropanol ~.:Jlu 50 IJI e.J~l-Jl~L·ihn'WLVltlYl~n~~'e)Vln~ulun~Ul-J1 
U~:::l-Jlru 20 rlf.:J "'l'Wn~I"'l:::L~'Wj;]:::n'e)'W"lI'e).:J~L~'WL'e) LL~,),J11u~'WI11,)tlrl,)Il-JL~,) 13,500 rpm ~1'e) 

~ , 
G-max 'W1'W 3-5 'WIVl LVl~')'Wl~Vi.:J LL~:::~I.:Jj;]:::n'e)'WVll~~')tlmn~l-J 70 % Ethanol 50 IJI ~llU 

, ~ 

e.J~l-JL~L"ihn'WLL~'),J11ui1'W~,)tlrl,)1l-JL~,) 13,500 rpm ~1'e) G-max 'W1'W 3-5 'WIVl LVl~')'Wl~Vi.:J 

FG3 ml-JIj;]~ 100 IJI e.J~l-JL~L"ihn'WLL~'),J11u incubate ~fJru~1J~ 65 °c LiJ'WL,)~1 5-10 'WIVl 

~1'e)"'l'Wn~1 j;]:::n'e)'W~h~'WL'e)"'l:::~:::~1t1L 'W Buffer ~l-JVl LL~:::,JI~I~~:::~It1 ~L~'WL'e)~~ riVll~ LliuH~ 

PCR - RFLP 'lI'!I~ SNP rs4291 nA ~1I.LVl'\j~ -240 AfT U'a:; SNP rs4292 nA ~chu'Vl'\j~ -

93T/C Vi'!lti'UlJ t t1'it)J 1.91'!lrL lJ nii)J f'I'l'U fUI u'a:;nii)J ~'l'!l!h~ " 4.. 
.... q 0 I 

m~j;]~,)"'l~1rl,)Il-J~~ln~~It1VlI.:JYl'Wfim~l-J "lI'e).:JtI'W ACE ru j;]1Lm'W.:J -240 NT • 
~ 

(rs4291) ~')mVlrlilrl PCR-RFLP L'W~~'e)VlVlVl~'e).:J (PCR tube) L(11t1L-if1Vl,Jlt11 MasterTaq® Kit 
" ~ A 0 .ct oIIClI 0 .... .., oIIClI 

(Eppendorf , Westbury, NY, USA) LL~::: primers Vl"'lILYlI:::'1I.:Jl-J~1VliJLU~ Vl.:J'W Forward 

primer ACE -240NT (5'-TCG GGC TGG GAA GAT CGA GC-3') LL~::: Reverse primer 

ACE -240NT (5'-GAG AM GGG CCT CCT CTC TCT-3,)(68) vhm~e.J~l-J~h~'WL'e)~'WLLUU ~ 
~ , 

~nVll~ml-JIj;]~ 2 IJI nu 23 IJI "lI'e).:J,Jlt11L'Wm~l11U~mtl1 PCR (reaction mixture) Vl 

u~:::n'tlU~')tI 1x TaqMaster, 1x Taq Buffer / Mg2+ (500 mM KCI, 100 mM Tris-HCI pH 8.3, 

15 mM Mg(OAc)2) ' 0 .2 mM dNTP Mix, 0 .2 IJM Forward LL~::: Reverse primer, 12.5 U Taq 

DNA Polymerase LVltli1~fll'):::~ml-JI:::~l-Jl'Wm~vhu~mtl1~'e) 95.0 °c 5 'WIVl (1 ~'tlu), 95.0 

°c 30';)'WIVl; 61.0 °c 30';)'WIVl; 72.0 °c 30';)'WIVl (40 ~'e)U), 72.0 °c 10 'WIVl (1 ffiU) Lii'tl 

vii PCR L~NLL~')vhm~j;]~,)"'l~'e)U~lrl,)Il-J~~ln~~It1VlI.:J~'Wfin~~l-J LVltl,J1 PCR Product ~ • 

1~l-J1l11m~~(;1~')m'e)'Wl'li~~(;1~ILYlI::: (restriction enzyme) HL'tl'Wl'li~ Xbal (NEB) ~.:JL'W 

U~mtl1"l1'e).:JL'e)'Wl'li~~Vl~ILYlI:::u~:::n'e)u~')tI 1 x NEBuffer 4 (50 mM Potassium acetate, 

20mM Tris- acetate, 10 mM Magnesium acetate, 1M DTI, pH 7.9), 1x BSA, 5 U Xbal LL~::: 
~ , 

PCR Product 500 ng UfUml-JIj;]~~VlVhtll~LYhnu 25 IJI ~.:JHVlfJru~1J~ 37 °c LiJ'WL,)~1 16 
I II II I 

i')Ll-J.:J "'llmr'W~tJVlU~mtl1LVltlm~,J11u~.:JHVlfJru~1J~ 65 °c LiJ'WL,)~1 20 'WIVl LL~,)~.:J,J11u 
~ , , 

Vl(;1~'e)U"lI'W1 (;1"l1'e).:J1'W~ L~'WL'e)Vll~ "'l1 n n1~LLti n ~ L~'WL'tl~')tI n~:::LL~l vlYJliJ'W'e) n1 L~~ L"'l~Vli1rl,)ll-J 

'" II ~ '" L"lIl-J"lI'WLu'W 3% (3% agarose gel electrophoresis) "'llmr'WU'tll-JL"'l~~')tI~l~ Ethidium 
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, , 
I q1t '" 4:1 I qQ' q 

Bromide LLfl ::;mtlll1Yl L "'l~Vltltl~ LLfl'l1il1 n Lfil ~tl~ mtlll1Yl L iii fl tn n LLt1tJ"ll tl~ {;1 L tl'IJL tltJ'lJL iii ~~"ll'IJ1 {;1 

l.J~::;~1ru 137 Fi LtJ~"'l::;LU'IJ'ti~~fl A ~'l'IJLLt1tJ"lltl~ ~L.a'IJLtltJ'lJLIiI~iJ"ll'IJ1 {;1l.J~::;~1 ru"ll'IJ1 {;1l.J~::;~1 ru 
" 

n1~I1l~'lIilVl1fi1'l1~VI~1nVlfl1t1Vl1~~'lJfin~~~ "lltl~U'IJ ACE ru ~1LLVltl~ -93T/C (rs4292) • 
" ~'ltILVlfilnfil PCR-RFLP 1'IJVlfltl{;1Vl"'fltl~ (PCR tube) L{;1t1H1"Q{;1U1t11 PtiJ DNA Polymerase 

" " .c;Io d:Clilo .... Q,<o"q 

(Fermentas) LLfl::; primers VlIil1LYl1::;'l!~~fl1{;1tJLtJ~ {;1~'IJ Forward primer ACE -93T/C (5'-

TGT CAC TCC GGA GGC GGG AGG CT-3') LL~::; LLfl::; Reverse primer ACE -93T/C (5'

CGG CTC TGC CCC TTC TCC TGC GC_3,) (27) l11n1~~~~~L.a'IJLtlt1f'IJLLtJtJ ~~rl",1~m~111l~ 

3 jJl rltJ 22 1-11 "lltl~~1t111 'lJn1~l11l.Jnmtl1 PCR (reaction mixture) ~l.J~::;ntltJ~'lti 1 x PtiJ 

Buffer with MgS04 (10 mM KCI , 20 mM Tris-HCL pH 8.8, 2 mM MgS04, 10 mM 

(NH4)2S04' 0.1 % Triton X-100,0.1 mg/ml BSA), 0.2 mM dNTP Mix, 0.2 I-IM Forward LLfl::; 
, 

'i' -=i -=i , 0 .,........ ... 

Reverse primer, 12.5 U PtiJ DNA Polymerase L"'t1~~1l1';l::;VlLVI~1::;~~ L'lJn1~Vl1u!lmtl1fi1tl 

95.0 °c 5 'lJ1Vi (1 ~tltJ), 98.0 °c 1 'lJ1Vi; 69.6 °c 1 'lJ1Vi; 75.0 °c 3 'lJ1Vi (30 ~tltJ), 75.0 °c 

5 'lJ1Vi (1 ~tltJ) Ldtll11 PCR L~~IiILL~';ll11n1~I1l~'lIil~tltJVl1fi1';l1~Vlfl1nVlfl1t1Vl1~~'IJ~n~~~ L"'t1~1 

PCR Product ~1~~1l11n1~~"'~'ltILtl'IJ1'l!,r~"'~1LYl1::; Hinfl (Fermentas) ~~1'IJl.Jnmtl1"lltl~ 
Ltl'IJ1'l!,r~{;1~1LYl1::;l.J~::;ntltJ~';ltl 1x Buffer R (10 mM Tris-HCI (pH 8.5), 10mM MgCI2, 

100mM KCI , 0.1 mg/ml BSA) , 5 U Hinfl LL~::; PCR Product 500 ng l.J;:tJm~111l~~{;1Yf1t11'IX 
'" I I '" ... 

LYi'lrltJ 25 1-11 ~~HVi~ruVl1J~ 37°C LU'lJL';lfl1 16 i'lL~~ 1i11mr'IJVltJ{;1l.Jnmtl1L{;1t1n1~~11l.J~~H 

2% (2% agarose gel 
., , 

electrophoresis) "'l1noJ'lJUtl~LIiI~~'ltl~1~ Ethidium Bromide LL~::;ci1t11l1YlLIiI~ViUtl~LL~';l1il1n 

Lfil1tl~d1t11l1Yi LIiI~ Vl1 nLLt1tJ"lltl~ ~ L.a'IJLtltJ'lJLlilfliJ"ll'IJ1 {;1l.J~::;~1 ru 390 Fi LtJ~ LU'IJ'ti~~fl T ~';l'IJLLt1tJ 
" 

'lItl~~L.a'IJLtltJ'lJLlilfliJ"ll'IJ1{;1l.J~::;~1ru"ll'IJ1{;1l.J~::;~1ru 290 LLfl::; 1 00 FiLtJ~LU'IJ'tifl~fl C 
" 

3.2.4 ~~~m'Yf' Un1'11Lf'I'i1::\ii'fl~~ ... 
3.2.4.1 n1~~LM1::;tfVl1fi1'l1~~~~~ Hardy-Weinberg (HWE) "lltl~n1~m::;1iI1t1 

~'l~L'lJ1VltJ HI Chi-square test 1'IJn1~"'~tltJVl1~~n~iLmtltJLVitltJfiI';l1~LLl1lnf;i'l~ 

3. 2.4 .2 n1~~ LfiI~1::;tfVl1 Ll.JtlfL 'l!'lJr;l'lltl~ fiI'lJl.J n ~ LLfl ::;~t1'ltl~i1 nJLLtJtJU'lJUj;Jfl::; 
" " , " 

'lin", 1i Chi-square test ~1V1;:tJn1~Vl{;1~tltJVl1~~n~LmtltJLVitltJfiI'l1~LLl1lnj;J1~ ;~1'IJ~1'IJ~4't1il 

"'l::;1in1~ri1'IJ';lru~n~ Chi-square test (P < 0.05) 1'IJn1~~{;1~'lJ1"'l~1Fi1~1~iJfiI'l1~LLl1lnj;J1~rl'IJ 

tlth~iJoJtI~1~ t1JVl1~~ n~Vl1tl hltlth~ h 
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3.2.4.3 n1~';)Lf'l~I:;t.f~1 Linkage diseqilibrium (LD) LL~:; Haplotype Llntlti 

hhLLnnJ HaploView 4.1 (htlp:llwww.broad.mit.edu/mpg/haploview/) L~'El~lfl'Jl~i~~tJfi 

'!I'tl~~ILL~oJ~ SNP rs4291 LL~:; SNP rs4292 UtJLfl~L~L"lI~;~~I~IHltJ~U'Eln~~n1~tilt1'Vl'EllnhJ 
, ~ 

~'JtlntJ LL~:;d~'tl~lml~i~~tJfi~:;~~I~n1~Lnln L~f'lLL~:; SNPs l1'~~'El~'lIUln (;11~~I~U 

..J ..,j ~ ov cI 

3.3 1t1'UVI 3 J"1m~tIU'VlUI'Vl'll'El~f'l'JI~~~ln~~It1'VlI~'YitJ~m~~"1l'El~t1tJ ACE ru 

~ILmoJ~ -93 TIC LL~:; "1ltJlln~LL(;1nlJh~ntJ"1l'El~hhL~L(;1'tlf lJl'Eln1~mUfl~n1HL~ln~'tl'Eln"1l'El~~tJ • 
~ ~ ~ 

ACE ltJL"lI~~L'YiI:;L~t1~~~mr u~:;n'ElU~'JtI 5 itJ(;1'EltJ ~~ii 

3.3.1 n1'iLFl~'Uil~ (Cloning) 

3.3.1.1 n1'iL61-;tI~;'U~1'U~h~'UL'el~1~ftJn1'iLFl~'U (Insert 
.-

DNA) 611t1 

~ ~, 

n1~L(;11tm;tJ~'JtJ"1l'tl~ ~ Li1tJL'tl~I~ful i n1~ Lf'l~tJl!tJ"'I:;t1l'El~ij~1 ~U LU~~ ~ n~'El~ 

(;11~tiltJ;J'tl~~ GenBank LLlJln1~L~~m~lru"1l'El~~Li1tJL'El~l'JtIL'VlflUfl PCR ~1~I~m~tim1111t\' 
~ .. 

Lnlnn1~L1t1~~I~uLu~hj~n~'tl~1~ L~'El~"'I1nL'tltJl"l1~ Taq DNA polymerase ~tiun~"'I:;djtJ 

L'tltJl"l1~~lilJl'tl~It1~Li1tJL'tltt\'t11'l LLlJlL'EltJl"l1~ Taq DNA polymerase hl~I~I~(1(;1~'l"'lf'l'JI~ 

~n~'tl~"1l'tl~n1~LTm~l~uLu~l~ f"1ru:;~r.rtl~~H Pfu DNA polymerase L;JI),J11tJuijmm PCR 

L~'tlLLrliI'\!~1 PCR product L1t1~~1~uLu~hl~n~'tl~ Llntlc.J~~L'tltJl"l1,r Taq DNA polymerase : 

Pfu DNA polymerase ltJ~(;1~I~'ltJ 2:1 LL~:;H primers ~~IL'YiI:;~I~fun1n(;11t1~~tJ~'ltJ"1l'El~ 
, , 

~ cr .c:114:11 .... 0 I q 0 0 .... 

lnL'tltJL'tl'Vl~f"1'lI~~~ln~~It1'VlI~'YitJ~m~~ ru (;11LL~tJ~ -93 TIC LL~:;primers 'Vl"'l1L'Yi1:;~I~~U 

n1n(;11t1~~tJ~'ltJ"1l'tl~~hi1tJL'tl~ij"1ltJl61LL(;1nlJll~ ntJ"1l'tl~~tJ ACE U1L'l ruhhL~ L(;1'Elf ~~ (;11n~~ 

3.3 
, , ., 

(;11n~~ 3.3 : LL~61~ primers ~~IL'YiI:;~I~fUn1~L(;11t1~;tJ~'ltJ"1l'tl~~Li1tJL'tl~I~fULfl£'ltJ 

Primer Sequence Product 

(FiLtJ~) ... 
-217FIKpnl 5'-CAT GGT ACC AGC TTC CTC TGC GGG-3' 246 

-372FIKpnl 5'-ACT TGG TAC CGG GAG GCT CCG GGG G-3' 401 

-499FIKpnl 5'-TM GGT ACC GGC GAC GTC CCC GCC C-3' 528 

+29R1Hindlll 5-CAT MG CTT CCC CCA TGA CGC GGT GC-3 
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··,u.ntlL~j;l*· 
• 

1. n11'tl'tlnLLUU primers "l~L~~~'Jt.! Kpnl site L;r'lhJ~~ht.!Uf'l'lti 5'"11'8'1 Forward 

primers LLf'l~"l~L~~~'Jt.! Hindlll site L;h1u~~ht.!Uf'l'lti 5'"11'tl-.l Reverse primer L~'8Lilt.!n1n~~ .. 
~'Jt.! restriction site L;h 1uL t.!~t.!~'Jt.!"11'tl-.l~Lilt.!L'8 

Q':,J, ~Q' 0 ,.J ,'" oQ 

2. n11Lj;11t1~"l!t.!'Ci'Jt.!"jJ'tl-.ltnL'tlt.!L'tl ru mLLVlt.!-.lYl -132 "l~ ~"l!LYlI'l'\.J1'l Convenient 

restriction endonucleases Lilt.!~fi~L-if L 'tlt.! 1 'lIlf c;i c;)~ 'l L Yi 'l ~ c;i c;)Yi f'l'l ~ n c;) ~ iJ~'\.J~'Jt.!"11'tl-.l ~ L ilt.!L 'tl~ iJ 

~'lLLVlll-.l -132 L~'tlLm~I'lf'lt.!~iJ~'lLmll-.l -132 Ut.!LU1L~Lj;1'tlf'1l'8-.l~t.! ACE ~-.l"l~mh'J~'tl1uLt.! 
, 

.., '" ... 
VI'J'D'tlYi 3.3.1 .2 (2) .. , 

3. n1Hj;11t1~~t.!~'Jt.!"ll'tl-.l~Lilt.!L'tl YliJm'l~Vlf'l'lnVlf'l'ltlYl'l-.l~t.!fina~ ru ~'lLmll-.l -93 • , .. , 
'I"" "" ·'IttI ..... '" ... a ...... TIC "l~~"l! primers ~ -372FIKpnl LLf'l~ +29R1Hindlli 'lI-.l"l~YI'l bVl ~C;)'Jlt.!'Ci'Jt.!'ll'8-.lC;)L'8t.!L'8Y1~"lJt.!'lC;) 

, .. , 
LVl'lnt.! LLj;1n~'l-.lnt.!Yl~'lLLVlll-.l -93 "ll'tl-.l~t.! ACE Ut.!LU1L~Lj;1'tlf ~t.!~'Jt.!Vln-.lLilt.!'tlf'l~f'l T ~n 
II I' I 

=it.!~'Jt.!Lilt.!'tlfl~fl C Lc;)t1L-if~Lilt.!L'tl~t.!LLuuYl1~"l'ln'tl'l~'l~~mYliJ~'llIl'lYi~ 1 1'ltl YliJl'l'J'l~ • 
Vlfl'lnVlf'l'ltlYl'l-.l~t.!~n11~"ll'tl-.l~t.! ACE ru ~'lLLVlll-.l -93T/C LLuu~Lt.!lY1U'JluC;) TIC LC;)t1L-ifL'tlt.!L'Jllf 

Hinfl Lilt.!c;i'J j;11'J"l~'tlU~L t.!L YlU 
0-

n11Lj;11tm~t.!~'J'\.J"ll'tl-.l~Lilt.!L'tl "llt.!'lC;) 246 ~LU~ "l~L-if primers -217FIKpnl LLf'l~ 

+29R1Hindlli Yhn1nJ~~~Lilt.!L'tl~t.!LLuu~~nc;)L~"l'ln'8'l~'l~~1'l1~iJ~"llIl'lYi~ m~'lj;11 5 ~I nu 

20 1-11 "ll'tl-.l~'ltl1Lt.!n11vl'lU{jmtl'l PCR (reaction mixture) ~U1~n'8U~'JtI 1x Pfu Buffer 

without MgS04 (20 mM Tris-HCI (pH 8.8 at 25°C), 10 mM (NH4)2S04' 10 mM KCI, 

1 % (vlv) Triton X-1 00, 0.1 mg/ml BSA), 0.2 uM of each primer, 0.2 mM dNTP mix, 0.75 

mM MgS04, 0.75U PtU DNA polymerase (Fermentas) and 1.25U Taq DNA polymerase 

(NEB) LtntliJ~Il'l'J~~LVI~'l~~~Lt.!n11vl'lU{jmtl1~'8 95.0 °c 5 t.!'lYl (1 1'tlU) , 94.0 °c 30 

~t.!'lYl; 50.1 °c 30 ~t.!'lYl; 70.0 °c 1.30 t.!'lYl (45 1'tlU), 72.0 °c 10 t.!'lYl (1 1'tlU) .. 
n11Lj;11t1~~'\.J~'Jt.!'ll'tl-.l~Lilt.!L'tl 'llt.!'lC;) 401 ~LU~ "l~L-if primers -372FIKpnl LLfl~ 

+29R1Hindlll vl'ln11tJ~~~Lilt.!L'tltlft.!LLuu~~nc;)L~"l'lnm~'l~~1'l1~iJ~'llIl'lYi~ m~'lm 5 1-11 nu .. , 
20 1-11 'D'tl-.l,j'ltl1Lt.!n11vl'l1J{jmtl'l PCR (reaction mixture) YlU1~n'8U~'JtI 1x Pfu Buffer 

without MgS04 (20 mM Tris-HCI (pH 8.8 at 25°C), 10 mM (NH4)2S04' 10 mM KCI, 

1 % (vlv) Triton X-100, 0.1 mg/ml BSA), 0.2 uM of each primer, 0.2 mM dNTP mix, 1 mM 

MgS04, 0.75U PtU DNA polymerase (Fermentas) and 1.25U Taq DNA polymerase (NEB) 

'i'''' .J 'I •• 1-.......... 0'" ° - ... 
~tntl~~Il'l'J~YlLVI~'l~~~ ~t.!n1~YI'lu{)nn/1I'l'tl 95.0 C 5 t.!'lYi (1 ~'tlu), 94.0 C 30 'Jt.!'lYl; 60.0 

o -... 0'" 0'" C 30 'Jt.!'lYl; 70.0 C 1.30 t.!'lYi (45 ffiU), 72.0 C 10 t.!'lYi (1 1'8U) 
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" n1Hl?i~t1~~'W~,)'U"ll'a~~L~'UL'il "ll'U1(;l 5281"iLU~ 1Oj:;1-if primers -499FIKpnl LL~:; 
'" 

+29R1Hindlll .yhn1~c.I~~~h~'UL'a!1f'ULLuu~~n(;l1~r.nnm~1~~r1~~ij~"lI1l1'Vi~ m~11?l~ 5 iJl nu 
" , 

20 iJl "ll'il~lJ1t111'Un1~.yhu!Jmtl1 PCR (reaction mixture) l1u~:;n'au~,)u 1x Pfu Buffer 

without MgS04 (20 mM Tris-HCI (pH 8.8 at 25°C), 10 mM (NH4)2S04' 10 mM KCI, 

1 % (v/v) Triton X-1 00, 0.1 mg/ml BSA), 0.2 uM of each primer, 0.2 mM dNTP mix, 1 mM 

MgS04, 0.75U PtU DNA polymerase (Fermentas) and 1.25U Taq DNA polymerase (NEB) 

L(;luij~1l1'):;~m~1:;~~1'Un1~.yhu!Jmtl1~'il 95.0 °c 5 'U1l1 (1 ~'aU), 94.0 °c 30 1'U1l1; 52.9 

°c 30 1'U1l1; 70.0 °c 1.30 'U1l1 (45 ~'ilu), 72.0 °c 10 'U1l1 (1 ~'aU) 
, " , 

Lil 'il L~ ~1Oj LL~ ') I?l ~') "'l ~ 'a U"ll 'U 1 (;l"ll 'a~ ~'U ~ L~'U L'al11~1Oj 1 n n 1 ~LLtI n ~ L~'U L'a ~') U 

n~:;LL~1yjYhu'UL"'l~'an1tr~~ijm1~L.jf~.jf'Udj'U 2 % (2 % agarose gel electrophoresis) 

" " .... "" • • • t c::Iill '" .cI I 

"'l1n'U'UtI'il~ L"'l~ (;l')t1~1~ Ethldlum Bromide LL~:;mtl1l1'Vi L"'l~'Vltl'a~ LL~')1Oj1 nLr1~'il~ mU1l1'Vi L"'l~ 

L(;lmLtlU"ll'a~~Ltfl'UL'tlU'ULIOj~"'l:;ij"ll'U1(;lU~:;~1ru 246, 401 LL~:; 528 ~LU~ ~~IOj:;Lij'U~,)'U"ll'il~~'U 

ACE ulL')ruLu~L~LI?l'ilf~ij"ll'U1(;lLLl?lnl;h~n'U ~,)'Ur1,)1~~~1n~~1t1'Vl1~~'Ufin~~~ ru ~1LLm.l~ -• 
" 

93 (-93 TIC) 1Oj:;'ViU LLtlU"ll'il~~Ltfl'UL'ilU'UL"'l~"'l:;ij"ll'U1(;lU~:;~1ru 401 I"iLU~ ~~~"'l1mr'Ul11n1~ 
'" " , 

~n(;lLLUnL'il'Vi1:;~'U~,)'U"ll'il~~L~'UL'al1~'tl~n1~'il'an"'l1nL"'l~ ~')t1"11(;l~n(;l Quantum Prep Freeze • 

'N Squeeze DNA Gel Extraction Spin Column (Bio-Rad, Hercules, CA, USA) L(;lu1-if1uij(;l 

~(;lL"'l~~ijLLtlU"ll'il~~L~'UL'il~~'a~n1~ ~uLIOj~1~dj'U~'UL~n1 LL~')1~~~1'U Column "'l1m!'UlJ11uH 

~~ru~1Jij -20°C 'U1'U 5 'U1l1 Ld'ar1~UL,)~1lJ11u~'U~r1,)1~b~,) 13,000 9 dj'UL,)~1 3 'U1l1 "'l:; 
, " , 

1~~1~~:;~1t1~Ltfl'UL'il'ilUl1n'U~~'il(;l i''UI?l'il'U~ (;lVl1ulJ11ul?lnl?l:;n'a'U (precipitation) L~'il1 ~~b~'U '" . 
_ '" J' II" .J' ct. fr q c:r ~.... ~SI ..... 

L'il~r1,)1~U~~'VlfiLL~:;L "ll~"lI'U~1 n"ll'U L(;lUU LUI?lI?l~1~~:;~1U (;l b'a'UL'a'Vl~ n (;lUtl n ~(;l~1,) (;lm~11?l~ 

" LL~,)L~~lJ11~r1~U 100 iJl c.I~~1~L.jf1n'Unu 3 M Sodium acetate, pH 5.0 m~11?l~ 10 iJl LL~:; 
" " , 

100 % Ethanol m~11?l~ 220 iJl ,)1~~~l1~H'U1'U 30 'U1l1 LL~,)lJ11uu'U~')t1r1,)1~L~,) 13,500 
" , 

rpm ~1'il G-max 'U1'U 10 'U1l1 L'Vl~')'U1~l1~LL~:;~1~{;1:;n'a'Ul11~~')t1n1n~~ 70% Ethanol 200 

iJl ~~'tu c.I~~1~L.jf1n'ULL~')lJ11u~'U~,)Ur1,)1~L~,) 13,500 rpm ~1'a G-max 'U1'U 10 'U1l1 L'Vl~,)'U 

I "I I 

{;1:;n'tl'U~Ltfl'UL'ill11~~,)t1lJ1n~'U (deionized water) l1'aru~llij 65 °c Lij'UL,)~1 5-10 'U1l1~1'a 
• 'IJ 

, ' ,d cr 0 Q"..::Jl" a 1 ",.J oQ 0 
"'Um1{;1:;n'il'U(;lL'il'UL'ilIOj:;~:;~1t1~~(;l LL~:;'U1~1~~:;~1t1(;lL'a'UL'a'Vl (;lLnU ,)'Vl'aru~ll~ -20 C . .. 

.., q CI .. 

3.3.1.2 n1~if~1.:Jj;lL'il'UL'il'n~1if~j;l (Iuciferase reporter gene constructs) 

1. phACE(-217)Luc, phACE( -372)Luc, 

phACE(-499)Luc, phACE(-93T)Luc U~~ phACE(-93C)Luc 
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," " 
"H;nn~~1tJ'Vl1.:J~'lJfin~n.J ru ~1LL~U.:J -93 (-93 TIC) Ui'LL~,) '"l~Yhn1~L~'e)).!j;]'e):n'IJ~,)'lJLmhl1'IJ • 
ri'lJ Plasmid Vector ~'1l1~~,)'IJ'1l'e).:JhhL)'!L~'e)f (promoterless luciferase expression vector 

pGL3-Basic) (L~l'lJn1~'e)'4Lf'ln~,r'"l1n Prof. Dr. Robert K. Yu, Institute of Molecular 
, 

Medicine and Genetics, Medical College of Georgia, Augusta, GA, USA) LLj;]L~'tl.:J'"l1nn1~ 
, " " 

Lf'I~'IJ L~m:n'tl).!j;]'e):n'IJ~,)'IJ~h.a'IJL'tlri'lJ pGL3-Basic Vector L~tJ ~Nt1'IJm'e) n1~~1 L~'"l Fl'tl'IJ;J1.:JtJ'tltJ 
I ~ • ~ 

f'lru~~4'tJ~.:JrJl~~'lJL'"llh~Lf'I~'IJ:n'IJ~,)'IJ~h~'lJL'e)L;J1ri'lJ TA Vector ri'e)'IJ :n.:J1-n"ll~tnm pGEM®-T " . 
" 

Easy Vector System (Promega) iJ~,)'lJtJ~).!1'IJn1n11u~n1m L{j'IJ~.:JU 1 x Rapid Ligation 

Buffer, T4 DNA Ligase, 5ng pGEM®-T Easy Vector, 3 Weiss units T4 DNA Ligase tJ~).!1~ 
", " 

L;J1ri'IJri'lJ:n'IJ~,)'IJ~h.a'IJL'tl ~1 LU,)1.:J HVi'e) ru~llij 4 ° C -if1)'! ~'IJ L~mLM1.:J~ m~tru~"lJ'tl.:J:n'IJ~,)'IJ"lJ'tl.:J . " 
I II I I 

.. cr q...:::.l .., '1 "'.... .. 1.cI..., ® .., .1.::::1 .., 
r;\L'tl'IJL'tl'VlL~~tJ).!'IJ'IJ L,)~.:Jlu'Vl 3.4 ~m~tru~"lJ'e).:J pGEM -T Easy Vector ~.:Jlu'Vl 3.5 LL~~~n~ru~ 

"lJ'tl.:J pGL3-Basic Vector ~.:JlU~ 3.6 

I II II I 

~1~t''lJ n1~L:n'tl).! j;]'e):n'IJ~,)'IJ~h~'lJL'tl ri'lJ pGL3-Basic Vector t1'IJ~1 L{j'IJVi'"l~tlf'e).:J 
"" I '" 

L~U~1tJ~.:J~'tl.:J;J1.:J"lJ'tl.:J:n'IJ~,)'IJ~ L.a'IJL'e)LL~~ Vector ~1)'!1~m:n'e)).! j;]'e)ri'IJLcJi''e)rh.:J~1 LYn~ L~tJ~.:J ~ 

'"l~~nrJl~cJi'')m'tl'IJL"II~rJl~~1LYl1~ Kpnl (NEB) LL~~ Hind II I (NEB) ~1~t''lJU~1mLj;]~~-if1.:J ;.:JL'IJ 

u~mm"'l~u~~n'tl'lJ~')tJ 1 x NEBuffer 2 (50 mM NaCI, 10 mM Tris-HCL, 10 mM MgCI2 , 1 

" mM on, pH 7.9), 1x BSA, 1 U Kpnl, 1 U Hindlll LL~~:n'IJ~,)'IJ~L~'lJL'e) ~1'fl pGL3-Basic 
, ," 

Vector tJ~)'!L~L;J1ri'IJLL~,)~1LU incubate Vi'tlru~lln 37 °c L{j'IJL,)~1 6-24 i')L)'!.:J '"l1nt1'IJl11n1~ . " 
, " " 

L:n'tl).!j;]'tl:n'IJ~,)'IJ~L.a'IJL'tlri'lJ pGL3-Basic Vector LrntJL-n,rn~1tJ1 T 4 DNA Ligase (Invitrogen) iJ 

" ~,)'lJtJ~~L'lJn1~l11U~mmL{j'IJ~.:JU 1 x DNA Ligase Reaction Buffer (250 mM Tris-HCL pH 

7.6,50 mM MgCI2 , 5 mM ATP, 5 mM on, 25 %(w/v) polyethylene glycol-8000), 1 U T4 

DNA Ligase, pGL3-Basic Vector LL~~~'IJ~,)'IJ~L~'lJL'tl~U~1tJ~.:J~'fl.:J;J1.:J~nrJlrnLL~,) tJ1LU,)1.:JH 

~fJru~lJij 4 °c ;J1~~'IJ 
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Transcription 

ACE gene 

... 24Kb +1 

-1321lllltmttttttttttliiilllll ~ phACE( -132)Luc 

-217 r ·.lmlliiillmeHiiii t phACE(-217)Luc 

-372 WHOi.. . 1If#I##AA!!!tfffillHIl t phACE( -372)Luc 

-499 G::r.w/ffil J#@$#M1#OOl ~ phACE( -499)Luc 

.. pGL3-Basic 
(1 ) 

Kpnl T Hindlll 

I I I 
\f$}fer.~se phACE(-93T)Luc L-____________________________ -J __________ ~ 

Kpnl c Hindlll 
I I I 

t~r:ase phACE(-93C)Luc 

pGL3-Basic 

(2) 

.J " '" 
Jl1Yi'Yl 3.4 : LL~ I'I'Ifi m~tru:;"1lifl'l:n'IJ~'l'IJ"1lifl'lt1 L.a'IJLifl~1~fu LfDl~'IJ (1 .) :n'IJ~'l'IJ"1lifl'l t1 L.a'IJLifl"1l'IJ11'1 

1.h:;lJ1ru 246, 401 LL~:; 528 ~LU~ ~'1Ltl'IJ~'l'IJ"1lifl'lU'IJ ACE U1L'lruhhLlJL(?]iflf~):J"1l'IJ11'1LL(?]n~h'l 
" , 

n'IJ (2.) :n'IJ~'l'IJ"1lifl'lt1L.a'IJL'tlVl):JfDl'l1lJ~~1n~~1tJ'Yl1'1~'lJfinJ'J'lJ ru ~1LLWW'l -93 (-93 TIC) "1l'tl'lU'IJ • 
ACE U1L'lruL1.hLlJL(?]'tl~'1):J"1l'IJ11'1 401 rlLU~LVhn'IJ 

" 



o 

pGEM·· T Easy 
Vector 

(3018bp) 

T7+ 
Apal 
Aatll 
~hl col 
BstZI 
Noll 
Sac II 
EcoRI 

Spel 
EcoRI 
Not I 
Bstl I 
Pst I 
Sail 
Ndel 
Sac I 
BstX I 
Nsll 

-tSP6 

1 start 
14 
20 
26 
37 
43 
43 
49 
52 

64 
70 
77 
77 
8S 
90 
97 

109 
118 
127 
141 

... ov ... ® 
111~V1 3.5 : LL~I1l~~m~tru:;"lI'tl~ TA Vector ~~'tl pGEM -T Easy Vector 

47 

(http://www.promega.comlfigures/popup.asp?fn=14 73va&partno=A 1360&product=pGE 

M%3Csup%3E%26%23xOOAE%3B%3C%2Fsup%3E%2DT +Easy+Vector+System+l) 

SV40 late poIy(A} signal 
(for luc+ repofter) 

Hpa 11002 

o 

pGL3-Basic 
Vector 

(4818bp) 

Synthetic poIy(A) signal I 
transcriptional pause site 

~
for background reduction) 

. . Kpnl ·5 
f1 on . Sao I 11 

Mlul 15 
Nhe I 21 
Sma I 28 
Xhol 32 
BgIIi 36 
Hind III 53 

... ov 
111~V1 3.6 : LL~I1l~~m~tru:;"lI'tl~ promoterless luciferase expression vector pGL3-Basic 

(http://www.promega.com/figures/popup.asp?fn=07 46va&partno=E 1751 &product=pGL 

3%2DBasic+Vector) 
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'" ... " oCItt. 2. ~Tl~(;1L'elUL'elYi~1iU.J(;1 phACE(-132)LuG 

~ , 
:n'W~'J'W"l'tl~ ~h~h.lL'tl ru ~1 LL ml~Yi -132 '"I:; 1-if L'Vl f'lilf'l convenient restriction endonucleases 

I I II I 

Ltl'W';)fi~H L'tl'Wl'l1lJ ~~91 L.,.n:;~~'Yi~1~ij~Yiil:n'W~'J'W"lI'tl~ ~ L~'WL'tl~il ~1 LLVlU~ -132 'tlrJ (1 'Wn1J' 
'IJ 

'Vl(;1~tl~~~:;H' phACE(-372)Luc) L~tl~~:;~~1~tf'l~'W~il~1LLVlU~ -132 'lJ'Whht~L(;]'tlf"ll'tl~ti'W 

ACE (phACE(-132)Luc) t(;1mJ1~L~'WL'tl'Yi~1~ij~ phACE(-372)Luc 500 ng ~1Vi1n1J'~(;1~'JU 

Ltl'WL'lI,r~(;191L'Yi1:; Smal (NEB) ;~1'W1.Jnmm"ll'tl~ L'tl'WL'lIlJ~~91 L'Yi1:;1.JJ':;n'tl'lJ~'Ju 1 x NEBuffer 

4 (50 mM Potassium acetate, 20mM Tris- acetate , 10 mM Magnesium acetate, 1 M OTT, 
~ , 

pH 7.9), 20 U smal1.Jf'lJm~1(;]J'~(;1Y11U1~LVhn'lJ 20 iJl ~~HYi'tJruVlJ:Jij 37 °c Ltl'WL'J~1 16 

I II " I 

-n'Jt~~ ~1mr'WVltJ~1.Jnmu1t~Un1J'tJ1L1.J~~H~'tJruVlJ:Jij 65 °c Ltl'WL'J~1 20 'W1~ (1.J~1U"lI'tl~~ 
~ 

L~'WLtl'Yi~1~ijC;)VI¥t~n1J'~~~'Jmtl'WL'lIlJ~C;)91L'Yi1:; Smal '"I:;il¥tm~tru:;Ltl'W blunt ends) ~1m1'W 
, .. ~ 

tJ111J (;]n (;]:;n'tl'W (precipitation) LYltl1 ~~ L~'WL'tlil m1~'lJ1~'VlfiLL~:;L-n~-n'W~1 n~'W t~utlL1.J(;] ~ 
~ 

fl1J'~:;~1U~L~'WLtlYi~1'Wn1J'~C;)~'Jmtl'WL'lIlJ~~91L'Yi1:; Smal ~1tj~m~1(;]m~'JL~~tJ11~f'lJ''lJ 

1 00 iJl ~fl~1,""L;hn'Wn'lJ 3 M Sodium acetate, pH 5.0 m~1(;]J' 10 iJl LL~:; 100 % Ethanol 
~ ~ , 

m~1(;]J' 220 iJl 'J1~~~Vi~H'W1'W 30 'W1Yi LL~'JtJ1L1.JtI'W~'JUf'l'J1~L~'J 13,500 rpm Vl1tl G-max 
~ , 

'W1'W 10 'W1~ L'Vl~'J'W1~Vi~LL~:;~1~(;]:;ntl'W~L~~'JUn1n~~ 70% Ethanol 200 iJl ~~L1.J ~~~1,"" 

L;;1n'WLL~'JtJ1L1.J~'W~'JUf'l'J1~L~'J 13,500 rpm Vl1'tl G-max 'W1'W 10 'W1Yi L'Vl~'J'W1fl~~ LL~:;(;]1n 
, ~ 

l1li '" '" '" .dI .., cI c:J (;]:;ntl'W~VlLLVI~C;)'Jmf'lJ''tl~ DNA SpeedVacs (Thermo Scientific) '"I1n'W'W~:;~1U(;]:;n'tl'WC;)L'tl'WL'tl 
I "I I 

~L~~'JUtJ1n¥t'W 10 iJl (deionized water) ~'tlruVll1ij 65 °c Ltl'WL'J~1 5-1 0 'W1~Vl1'tl~'Wn~1 . " 
~ , 

(;]:;ntl'W~ L~'WLtl~:;~:;~ 1UVI~ c;) LL~:;VI¥t~'"I1 nt1 'WtJ1 fl11~:;~1 U ~ L~'WL'tlYiL~~ 1 Vi1 n1 J'~ ~ ~'J U 

L'tl'Wl'l1lJ~~91L'Yi1:;~'J~ 2 ~'tl L'tl'Wl'l1lJ Kpnl (NEB) ;~1'WtJnmu1'"1:;1.J1:;n'tl'lJ~'Ju 1x NEBuffer 

2 (50 mM NaCI, 10 mM Tris-HCL, 10 mM MgCI2 , 1 mM on, pH 7.9), 1x BSA, 1 U Kpnl 

tJf'lJm~1(;]1~(;1Y11u1,""Lvhn'lJ 20 iJl ~~~1~L-n1n'WLL~'JtJ111.J incubate ~'tJruVlJ:Jij 37°C LU'W 
I I II I 

L'J~116 -n'Jt~~ ~'tlf'l1'lJL'J~1V1.tJc;)1.JnmmtC;)Un1J'tJ1L1.J~~HYi'tJruVlJ:Jij 65 °c Ltl'WL'J~1 20 'W1Yi 

(1.J~1U'1I'tl~ ~ L~'WL'tl'Yi~1flij C;)VI¥t~ n11~C;)~'Jm'tl'WL'lIlJ ~ ~91 L 'Yi1:; Kpnl '"I:;il¥t m~tru:;Ltl'W stricky 

ends) ;~~:;~'tl~tJ1~L~'WL'tl'Yi~1flijc;)L1.J~~1.J~1U-n1~L~'tl1~il¥tm~ru:;Ltl'W blunt ends t~uH' 
~ 

Ltl'WL'lIlJ 5 U DNA Polymerase Large (Klenow) Fragment (NEB) ~fl~1~L;;1n'WLL~'JtJ111.J~~H 

~~ruVlJ:Jij 25 °c Ltl'WL'J~1 30 'W1Vi '"I1mr'WVltJ~1.Jnmmt~Un11tJ~L1.J~~H~'tJruVlJ:Jij 75°C 

Ltl'WL'J~1 20 'W1~ (n1J'~~1.J~1u;h~'1I'tl~~L~'WL'tl'Yi~1flijc;)'tl1~uVl¥tnn11~~1Ltl'Wl'l1lJ Klenow '"I:; 
, , , 

o "... .,. -J...... '''!'1'''!'1 " 'Vl1V1'W1'Vl 3'---+-5' exonuclease J;lc;)rl'J'W'VlU'W'tl'tln~1 ~VlLlJ'W~nMru:;LlJ'W blunt ends) ~~'Vl1U~:; • 
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, ... , 
1~~LtJ1JL'flVHn~~lnYhJ~1tJli~ 2 ~11Jij~m~tru~d:l1J blunt ends :n~"'l~Yh1."'~L~1JL'flVi~1~~In 
I" . ~ 

~1l-J1~m~'fll-J~'flri1Jl~ "'l1m!1J-W1 hJ(Jln (Jl~n'fl1J (precipitation) LYl'el1. "'~ LtJ1JL'elij m1l-J1J1~'VlfiLL~~ 

dfl-J'1J~J1n~1J~nf1lf~ LL~~Yhn1n~'ell-J~'el~LtJ1JL'flVi~1~~In phACE(-132)Luc l."'~lnri1J tlntJL-D'lIIn • 
... ... 

-W1tJ1 T4 DNA Ligase (Invitrogen) ij~'J1Je.J~l-J1.1Jn1~~1t.lDmtJ1Ltlw~'~\11 x DNA Ligase 

Reaction Buffer (250 mM Tris-HCL pH 7.6, 50 mM MgCI2 , 5 mM ATP, 5 mM OTT, 25 

% (w/v) polyethylene glycol-BOOO) , 1 U T4 DNA Ligase, phACE(-132)Luc ~~~hJL~'fll-J 

~lnri1J -w11t.l'J1~H~'flru~Jl~ 4 °c '1l-J~1J . '" 

(Transformation) 

l.1Jn1~~m~t1f1lf~d1.frjfi electroporation tlntJ1.-nLf1l1'el~ EC100 Electroportor 

(E-C APPARATUS CORPORATION, Holbrook, NY, USA) 1.1Jn1~-W1~L~1JL't)Vi~1~~lnL'1~ 

L'lI~;LL1Jf1lYlC1tJ LL~~1.-nL':i!~;LL1Jf1lYlL1tJ E.co/i ~1tJ~1Jfi OH5CX ~~n1H(Jl1tJl-JL':i!~~1"'Vi¥'fll-J • 
..I ...... 

(competent cell) ri'el1J'Vl"'l~~1n1~ci1tJt'el1J~L~1JL'elVi~1~~lnL;h~L'lI~; -n1J(Jl'el1Jn1~L(Jl1tJl-JL'lI~;,r1J 

" I I I 

'1l-J~1J t)1J~'fll-J1-W1l-J1L~tJ~~'elLYl'elL~l-J~11J'J1J1.1J 370 ml TB broth tlntJ incubate Yl't)ru~Jl~ . '" 

37°C L'!!rh~'JtJf1l'J1l-JL~'J 150 rpm l.1J~tl1J (shaking incubator) "'l1Jt)lnf1l'J1l-J~1J'lI'el~L':i!~; 

(00590) 1~l"ht.l~~l-J1ru 0.4-0.6 ~~9~1.-nL'J~11J11J 2-3 i'Jtl-J~ L~'el1."'L'lI~;~1~ijn1~L"'l1'1Jtl~ 
... ... 

1.1J'li'J~'lI'fl~ early log phase ~1tl~~tJ~'Vl~f!lru 91n,r1JU1tJL':i!~;LL1Jf1lYlL1m1~~l-Jln1.~~~1.1J 

centrifuge tube 'lI1J11n 250 ml (prechilled) -w11t.lir1J~m1l-JL~'J 4,000 rpm ~ru~1J~ 4 °c 1J11J 
... ... 

10 1J1Yl ~In~'J1J1.~Vi~m~tlL'ilVi1~(Jl~n'el1JL'lI~; L~~"'lLL~'Jl"itltJ1 L~l-J-W1L£j1J~~1t.lml-J1(Jl~ 200 ml 

LL~~L'lIrh1."'(Jl~ntl1JL':i!~;~~lntltln91nn1J'lI'JIn -w11t.lir1J~f1l'J1l-JL~'J 4,000 rpm ~ru~1Jij 4 °c 
... ... 

1J11J 10 1J1Yl c;Jc;J~'J1J1.~Vi~1."'L~~tlL'ilVi1~(Jl~ntl1JL'lI~;LL~'JL~l-J-W1L£j1J~~1t.lml-J1(Jl~ 50 ml LL~~ 
'" 

... 
f1l'J1l-JL~'J 4,000 rpm ~ru~1Jij 4 °c 1J11J 10 1J1Yl ~In~'J1J1.~Vi~1."'L~~'elL'ilVi1~(Jl~n'el1JL':i!~; ~1 

... 
n1~~1wl!~~1lnm~l-J-w1L£j1J~~1t.lml-J1m 200 ml LL~~L'lIth1."'(Jl~n'el1JL'lI~;~~{;)'el'eln"'l1nn1J"ll'Jc;J • 

-w11t.lir1J~f1l'J1l-JL~'J 4,000 rpm tlru~Jl~ 4 °c 1J11J 10 1J1Yl (~1i1J(Jl'el1J~1~L':i!~;'elrh~i(tltJ 3 . '" 
'" I " I 

f1lf~) ~c;JVl1tJ~1n1~Lri1JL':i!~~1lntJ~~~1tJ(Jl~n'el1JL'lI~;Yll~1J-W1L£j1JYle.J~l-J 10 % glycerol 

ml-J1(Jl~ 40 ml -w11t.lir1J~f1l'J1l-JL~'J 4,000 rpm ~ru~1J~ 4 °c 1J11J 10 1J1Yl ~In~'J1J1.~~~1.'" 
m~'flL'ilVi1~(Jl~ntl1JL'lI~;L"llrh1."'(Jl~n'el1JL'lI~;~~In'eltln"'l1nn1J,!!'J{;) "'l~1~L'lI~;~Vi¥'ell-J~1n1~ci1tJ • ... 
ttl1J LL~~LLtJ~L'lI~;LL1Jf1lYlL1m~fh\11.n1J 1.5 ml microcentrifuge tube ~~tlln~~ 50 IJI tlntJ 
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, , , 
«i' CIiIc:I Q. ~4..... ® II cI 

~tJ'W~LtJ'WLtJ'Vi~1tUJ~VlL"lftJ2-JntJ pGEM -T Easy Vector LL~:; pGL3-Basic Vector LL(;]ntJ'WVlIil:; 

d2-Jri1ULtJ'W~ Lti'WLtJ'Vi~1~ij ~ L;J1~ L"lf~~LLtJf"lY1 Liulil :;~tJ~l11 n1~~1~lh:;lil"lltJ~~1~~ :;~1U~ Lti'W " . 
" LtJ'Vi~1~ij~L~uilfi(;]n(;]:;ntJ'W~Lti'WLtJ~')U n-butanoI1~ n-butanol tfh.J1(;]~ 2LVh"lltJ~tfhJ1(;]~~~ 

t1f'W c.J~2-J1~L;r1ri'W u1hJ~'W~,)Uf"l,)12-JL~,) 13,500 rpm ~1-tJ G-max 'W1'W 10 'W1Yl ~~~')'W1~~~ 
LL~:;(;]1n(;]:;ntJ'W1~LL~~~')mf"l1tJ~ DNA SpeedVacs (Thermo Scientific) 1il1m!\J~:;~1U(;]:;ntJ'W 

I "I I 

~Lti'WLtJYll~~,)uu1ni'W (deionized water) 5 ~I Yl~ru~1Jij 65 °c Lil'WL,)~1 5-1 0 'W1Y1~1-tJ 
" ," 

"'Wn~1 (;]:;ntJ'W;i L ti'WL tJlil:;~:;~ 1U~2-J ~ ~i~1il1 n,j''Wu L1.J (;]!?l~ Lti'WL tJ'Vi ~ 1 ~ ij ~Y1 ~tJ~ n1 ~ri 1 U LtJ'W\J 

m2-J11;)1 5 ~I ~~1'W~~tJ~~iJL"l!~~LLtJf"lY1Liu Ecol; ~~~1'Wn1n(;]iu2-JLL~,) l:J~2-J1~L;J1ri'WLtJ11 

LL~:;~j;\;'W2-J1~~~2-Jj;\1~~~11.J1'WStandard electroporation cuvette "ll'W1~~:;u:;\h~"lltJ~ 1 mm ~ 
"'" I I 

LL"ll1'WU1LL';j~tJ~ 1il1n,j''WU1 cuvette 1~~~11.J1'W"lltJ~ load cuvette YlLf"l1-tJ~ EC100 

Electroporator LL~')nj;\~2-J pulse buttonFh~H1.J~:;2-J1ru 1-2 il'W1YlIil1m!'WU1itJ cuvette tJtJn 

I '" I I 

1il1mf"l1-tJ~LL~,)L~2-J TB broth ~~11.J 1000 ~I L~U~L"l!~~lfltJ~n 1 i,)L2-J~ Yl~ru~1Jij 37°C L'Ilth 
" ", 

~,)Uf"l,)12-JL~,) 150 rpm 1'W(th~U1f"l'JtJf"l2-JtJru~Jlij (waterbath) ~i~1il1n,j''WUL1.J(;]!?lL"l!~~Yl~1'W .. " 

n1~ri1ULtJ'WLL~,) 250 ~I ~~1'WtJ1~1~L~U~L~tJLL;~ LB (LB agar) ~iJLLtJ2-J~~~'W (100 ~g/~I 

3.3.1.4 n1'iUl'i'l'"l'6Hl1JLfl~lJ (Colony Screening) ~'ltlb'VIflilfl Colony

Polymerase Chain Reaction (Colony-PCR) 

~i~1il1 n ri1U LtJ'W~ Lti'WLtJ'Vi~1~ij ~ L ;J111.J1 'WL"l!~~LLtJ f"lYl Liu LL~,) 1il:;~tJ~l11 n1~ 

Easy 

Vector (Promega) ~'ltlb'VIflilfl Colony-PCR 

" . ..J n1~(;]~,)Iil~tJtJLj;\uH'1~U1m Taq DNA Polymerase (NEB) LL~:; primers VI 

o ..... . ® Jqo..,..,~ 
1il1L'Vi1:;ntJ pGEM -T Easy Vector "l!~2-J~1~tJLtJ~ ~~'W Forward primer T7 promoter (5'-

TM TAC GAC TCA CTA TAG GG-3') LL~:; Reverse primer SP6 (5'- An TAG GTG ACA 

" , 
20 ~I "lltJ~U1U11'Wn1~l111.JnmU1 PCR (reaction mixture) Yl1.J~:;ntJtJcJl')u 1x buffer (50 mM 

KCI, 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCI2), 0.2 mM dNTP Mix, 0.2 ~M Forward LL~:; 

Reverse primer, 12.5 U Taq DNA Polymerase (NEB) L"1UiJ~Jl1'):;~m2-J1:;~2-J1'Wn1~l11 
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" , 
U1Yi (35 ~'elU), 70.0 °c 5 U1Yi (1 ~'elU) .yhn1~(;l~,)'"l~'elU'lJU1(?l'lJ'el~~U~h~UL'elYi1~'"l1nn1~LL£Jn~ 

LiluL'tl~,)£Jm:;LL~1vH-huUL'"l~'tln1L~~~ill'l,)1l-JL-ifl-J-ifULtlU 2 % (2 % agarose gel 
" , 
..... '" ,., I ~iI 11 

electrophoresis) '"l1mJU£J'ell-JL'"l~(?l,)£J~1~ Ethidium Bromide LL~:;mW11'VH'"l~VI£J'ell-JLL~,)'"l1n 

, " 
LI'I1-'tl~n1Wl1'rH'"l~ ChLI'I~U~U~,)U'lJ'tl~~LiluL'elnU pGEM®-T Easy Vector ~n~'tl~LLClU'1J'tl~~ 

LilUL'tlUUL'"l~'"l:;il'1JU1(?l~U~,)U~L~UL'm.h:;"J1ru 246, 401 LL~:; 528 rlLU~~,)l-JnU'1JU1(?l'1J'tl~ 
'lJ 

® cI." ~.I'" '" .1 ' pGEM -T Easy Vector VI pnmers L'1J1 bu'"lU'tlnu~:;l-J1ru 176 I!JLU~ 

2. j;1'i1"'114'il'.Jn1'ilfl~'U~'U~1'U"lI'il.:J~L.a'UL'iln1J pGL3-8asic Vector 

'" ... fl1tlLVlfl'Ufl Colony-PCR 
" , 

n1~(;l~,)'"l~'tlUL(?l£JH'~(?lU1m Taq DNA Polymerase (NEB) LL~:; primers Yi 
, " 

~1L'Vn:;nu pGL3-Basic Vector :n~il~1~ULU~ ~~U Forward primer RV3 (5'- CAT GCA AAA 

TAG GCT GTC CC-3') LL~:; Reverse primer GL2 (5'- cn TAT GTT Tn GGC GTC nc 

" , 
U1£J11Un1~vhunm£J1 PCR (reaction mixture) Viu~:;n'elu~,)£J 1x buffer (50 mM KCI, 10 

mM Tris-HCI (pH 8.3), 1.5 mM MgCI2), 0.2 mM dNTP Mix, 0.2 IJM Forward LL~:; Reverse 

primer, 12.5 U Taq DNA Polymerase (NEB) L(?l£Jil~Jl1,):;~L~l-J1:;~l-J1Un1~vhunmm ~'el 

94.0 °c 3 U1Y1 (1 ~'tlU), 94.0 °c 30 ':3U1Yi; 51.9 °c 30 ':3U1Yi; 70.0 °c 1 U1Yi (35 ~'tlU), 
" , 

70.0 °c 5 U1Yi (1 ~'elU) vhn1~m,)'"l~'tlU"1JU1(?l'1J'el~~U~L~UL'tlYil~'"l1nn1~LL£Jn~L~UL'el~,)£J 

m:;LL~1vlyhUUL'"l~'tln1L~~~ill'l,)1l-JL-ifl-J;rULtlu 2 % (2 % agarose gel electrophoresis) 

" 
Cl1 LI'I~U~U~,)U'1J'tl~ ~ L~UL'tlnU pGL3-Basic Vector Cl n ~'el~ LU1U'1J'tl~ ~ L~UL'tlUUL'"l~'"l:;il"1JU1(?l 

" " , 
;u~,)u~LilUL'tlU~:;l-J1ru 246, 401 LL~:; 528 rlLU~~,)l-JnU'lJU1(?l'1J'tl~ pGL3-8asic Vector Vi 

" 
primers dhlu4'u~nu~:;l-J1ru 121 rlLU~ 

" 
..., .Q. ".lllQlq iL"'~..:aI", ..., 

3.3.1.5 n1'i14 n j;1"'~114J.1 fl"'l1 m'll~~ LL 1J flVl L'itl 'Uu'iJ.l1 tuVl'U'iltl LL~~'il1 flftl 

fl1.:JiL'Un1'i14nfl (Alkaline Lysis Miniprep) L~'il,j1"'~114ijflv114nj;1'l~tJ!i'U!l'UeJ~~nflf.:J/;h 
'lj;1'fl~'Uv1r;i'il.:Jn1'i"'l~.:J 

~~~'"l1n(;l~,)'"l~'tlUn1~LI'I~U~U~,)U'lJ'el~~L~UL'elnU pGEM®-T Easy Vector 

(Promega) LL~:; pGL3-Basic Vector ~')mVlI'IUI'I Colony-PCR LL~,)~1LI'IL~u1(?l~il~Lilu 
lSI" "" I I 

L'tlYl~1~ij(?lYi~'tl~n1~'eltl '"l1nt1u1\¥U1LI'IL~ut1Ul-J1L~£J~LYi'elL~l-J~1U')u1u LB broth LL~:;U1l-J1 
" , " 

~n(?lYl~1~ijVl 'tl'tln'"l1 nL"l!~; n'tlU :n~n1~~ n(?lYl~1~ij (?l1Un1~VI(?l~'tl~uLtlun1~~ n(?l'"l1nL"l!~; 
, " 

LLUI'lYi~£J1ut1hJ1(;l~YiU'tl£Jl-J1n LL~:;'tl1~£J"'1~1un1~~n(?l L1£Jn':3fiu~1 alkaline lysis miniprep 



52 

I I I II I 

Lr~~'W"l1nm~if'WL'l!~~LL1JFlYiC1f.JYh~mH-ih~Fi'W1'W LB Broth tIhJ1j;J~ 1 ml Yifl'l1~L1'l 8,000 

rpm 'W1'W 5 'W1Yi "l1m1'W~:;~1f.Jj;J:;n'fl'WL'l!~~~1~'W Buffer P1 (10 mM Tris pH 8.0, 1 mM 

EOTA pH 8.0, 100 ~g/ml RNase A) m~1j;J~ 330 ~I LL~:; Buffer P2 (0.2 M NaOH, 10 % 
'" 1/ I , 

SOS) m~1m 380 ~I ~~~1~L;hn'W [;j'-.1l1-.1HYi~ru"'JJi1~'fl-.1'W1'W 5 'W1Yi ~-.1L~~ Buffer P3 YiLii'W 

" 
(iced-cold 3 M potassium acetate (KAc) pH 5.5) m~1j;J~ 380 ~I LL-rl"'~tlc;)H1'WU1LL;-.115 

'W1Yi LdtlM1JL'l~1U1hh1'W~Fl'l1~L1'l 9,500 rpm 'W1'W 10 'W1Yi LL~:;Ln1JL'UYl1:;~'l'W1~~1Vi1m~ 
"" , 

j;Jnj;J:;ntl'W~h~'WLtlj;]'flt"'m~~ 100 % Isopropanol ~-.1hJ 1 ml ~~~1~L;r1n'WLL~'l[;j'-.1l1-.1HYi 

~ru"'JJi1~'fl-.1'W1'W 10 'W1Yi U1"'~tl",hJ~wJl'lf.JFl'l1~L1'l 13,500 rpm 'W1'W 10 'W1Yi "l:;1~j;J:;n'fl'W~ 
, , " 

L~'WLtlYin'W",~'flC;) ~1-.1j;J:;n'fl'W~'lf.J 70 % Ethanol m~1j;J~ 200 ~I u11uif'W~nFlf-.1LL~:;j;J1n 
, " 

j;J:;ntl'W~L~'WLtl1~LL~-.1~'lmFl1'fl-.1 DNA SpeedVacs (Thermo Scientific) "l1n,r'W~:;~1f.J~L~'WLtl 
" , , 

~'lf.JU1n~'W (deionized water) Yi'flru"'l1i1 65 DC LtI'WL'l~1 5-1 0 'W1Yi",1'il"l'Wn~1j;J:;n'tl'W~L~'W . " 
o q a .J~ 11 CJ '1 ",..J ~ 0 ~ ~ 

Ltl"l:;~:;~1f.J"'~'" LL~:;'W1~1~~:;~1f.JC;)L'il'WLtlYl ~"'Ln1J ~'lYl'ilru"'l1~ -20 C Yl-.l'W'il1"l~1~1~Cl . " 
.c;III cr .cI !:. d , tI..r::.I cr .J., tiel Cl ~ ~ J' 't '" II' 

j;Jnj;J:;n'fl'WC;)Ltl'WLtl'flnflNLYltl ~"''''L'fl'WL'ilYl ~"'~Fl'l1~1J~~Ylfi~1m.l-.1"lJ'W~"'''''lf.J 3 M ammonium • 
" 

acetate ",1tl sodium acetate, pH 5.0 m~1j;J~ 20 ~I n1J 100 % Ethanol m~1j;J~ 440 ~I [;j'-.1 
" I I I I 

l1-.lHYitlru"'11i1~'il-.l'W1'W 30 'W1Yi ",1'ilYi -70 ° C ;r1~ R'W LL~'lU1~1if'WYiFl'l1~ L1'l 13,500 rpm . " 
" " 

'W1'W 10 'W1Yi LYl~'l'W1~l1~ LL~:;~1-.1j;J:;ntlW~l'lf.J 70 % Ethanol ~n Flf-.l j;J1n j;J:;ntl'W~ L~'WL'il1 ~LL~-.1 
, " , 

cJl'lmFl1tl-.1 DNA SpeedVacs (Thermo Scientific) ~"'Vl1t1~:;~1t11'WU1n~'W (deionized water) • 

m~1m 30-50 III j;J1~~tl-.lmnL~:;U1~1~~:;~1t1~L~'WLtl~1cJlLn1JH~'ilru"'11i1-20 °c .... . '" 
_~ .... .,...,..., Q tV"" '1 tf 

3.3.1.6 n1~UI~1"i~'elt.l'W~1~JJUI'YI~nUl LUI Ul1tlLVlfI'Ufln1~UlUlUl1t1L'el'U L'liJJ 

iUl";1L'W1~ (Restriction Fragment Length Polymorphism; RFLP) 

1. n1~UI~1"i~'elt.l'W~1~ij", phACE(-217)Luc, phACE(-372)Luc, 

phACE(-499)Luc, phACE(-93T)Luc u.~~ phACE(-93C)Luc ~1t1LVlflUfl RFLP 

1'Um~~"'L~'flm'l!~~~1~f1JYl~1~i1"'~~'il-.1m~,r'W · Liltl-.1"l1n~L~'WL'ilYl~1~i1"'~ 
, " 

'htlttl'WL;r1~L'l!~~Ln"'''l1m:n'il~j;]tl~'W~'l'W~L.a'WL'iln1J pGEM®-T Easy Vector LL~:; pGL3-Basic 

" 
Vector cJl'lm'il'Wl'l!~~"'~1LYl1:; Kpnl (NEB) LL~:; Hindlll (NEB) ~-.l,r'U1'Wm~UI~'l"l~tl1J~-.11;r 

" " , 
Ltl'Wl'l!~i-.l~'il-.1'l!ilc;)n ~-.11lJunmm"l:;u~:;n'il1J~'ltl 1 x NEBuffer 2 (50 mM NaCI, 10 mM 

Tris-HCL, 10 mM MgCI2 , 1 mM OTT, pH 7.9), 1x BSA, 1 U Kpnl, 1 U Hindlll LL~:;~L~lJ 

. LtlYl~1~i1c;)~~nc;)1cJl ~~~1~L;r1nlJLL~'lU11u incubate ~tlru"'l1i1 37 °c LtllJL,)~1 16 i'l~-.l . " " , , 
LL~'l~-.1j;J~'l"l~tl1J'1JlJ1C;)"lJtl-.1~lJ~L~lJL'ilYi1cJl "l1nmnLtln~L.alJL'il~'ltlm:;LL~1~~1ulJL"l~'ilmh~Yi 

- II '" !'.. '" '" ~Fl'l1~L"lJ~"1llJLtllJ 2 % (2 % agarose gel electrophoresis) "l1nlJlJtltl~L"l~"''ltl~1~ Ethidium 
I I II.., I 

Bromide LL~:;d1t1111Yl L"l~YitJtl~LL~'l"l1 n LFl1'il-.1 d1t1111Yl L"l~ ",1 nYl~1~i1 c;),rlJij;lJ~'llJYi~'il-.1m~ 
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, ~ 

~, ... " 00/.1 00/.... ® 
f'lm:n'elfJ LLt1U'1l'el~I?lL'ElUL'elYlU~1n!JUUL"l~"l:;)JYl~LLt1U'1l'El~ pGEM -T Easy Vector '1IU11?l 

" ,j~:;)J1ru 3,000 I"lLU~ pGL3-Basic Vector '1IU11?l,j~:;)J1ru 4,800 I"lLU~ nu;u",hu~h-flUL'fl 
~ ~ 

'1IU11?l,j~:;)J1ru 246, 401 LL~:; 528 I"lLU~ ;~Liju~')u'1I'El~UU ACE U1L')ruL,j~LlJL(;J'elf~~'1IU11?l 
~ 

Q ~ Q 

2. n1'iVl'i1~~'el1.J'W'i1~UI(;J phACE(-132)Luc (;J1!1LYlAlJA RFLP 

, " 
~I?l phACE(-132)Luc Vl'huL'elUL.;J1~L'lI~~Lnl?l"l1n~I?l;U~,)U'1I'el~~L-flUL'El phACE(-372)Luc 

• '" I ... 

U1~~,)U'el'el n t,j LL~:; L;'ellJ ~'El;U~')U~ L -flUL 'ElVl L ~~'el n ~U L ~ii'ElUL~lJ ~~U U 1. um ~(;J~')"l ~'elU~~ 1. on 

L'elUt'lllJ~I?l~1LVi1:;~~1lJ1~t1~I?l~1L-flUL'ElVi~1~~1?l phACE(-132)Luc 1.m~l,jLLuu~n1~UI?l (1.u 

m~YlI?l~'el~~"l:;1.-ifL'Elut'lllJ Sacll (Fermentas) LL~:; Hind II I (Fermentas) ;~1.U,jDmm"l:; 
,j~:;n'elU~,)u 1x TangoTM Buffer (33 mM Tris-acetate (pH 7.9), 10 mM Magnesium 

. ." " acetate, 66mM Potassium acetate, 0.1 mg/ml BSA), 20 U Sacll, 20 U Hmdlll LL~:;I?lL'elU 

L'elVi~1~~I?l~~nl?lt~ ~~lJ1.""L.;J1nULL~')u')1,j incubate ~'elru~Jln 37 °c LtlUL,)~1 16 i,)LlJ~ . ~ 

" 
i1f'l,)1)JL.;J)J.;Judju 3 % (3 % agarose gel electrophoresis) "l1nUU~'tllJL"l~~,)U~1~ Ethidium 

I I ... '" I 

Bromide LL~:;,hUJl1ViL"l~Vl~'tllJLL~,)"l1nLf'l1'tl~d1UJl1ViL"l~ ~1nVi~1~nI?lUU~;U~,)UVl~'tl~m~ 
, " 

~m~t1'el~ LLt1U'1I'tl~~h-flUL'tlVl,jnn!JUUL"l~"l:;~l1~LLt1U'1I'El~ pGL3-Basic Vector 'llU11?l,j~:;lJ1ru 
~ " 

4,800 I"lLU~ nU;U~,)U~L-flUL'tl'1lU11?l,j~:;lJ1ru 50 I"lLU~ en~Lilu~')u~il~'1I'tl~UU ACE U1L')ruL,j~ 
~ ~ 

LlJL(;J'tlf 

3.3.1.7 n1'iVl'i1~~'el1.J A11)J Cln i'el.:l"JJ'el.:l'W'i1~il (;l phACE(-132)Luc, .. 
phACE(-217)Luc, phACE(-372)Luc, phACE(-499)Luc , phACE(-93T)Luc U'i:: phACE(-

93C}Luc ~1!1LYlAilAn1'i'VI1~1~1.JL1.J~ (DNA Sequencing) 

L~'tl(;J~,)"l~'tlULf'l~U phACE(-132)Luc, phACE(-217)Luc, phACE(-372)Luc, 
, 

phACE(-499)Luc , 
"'.oQ, !J 4 

phACE(-93T)Luc LL~:; phACE(-93C)Luc l?l')ULYlf'lUf'l RFLP LL~,) LVi'el 
, " ..-

UUUU~1 ~ULU~Vl~ n ~'tl~~~u11,j (;J~')"l ~'tlU~1 ~U LU~'1I'El~LMlUUu~n f'lf~ LI?lU L(;JjUlJ~ L-flU 

L'tlVi~1~~I?l~~nI?l1~"l1n.;J'El 3.3.1.6 1,j~1~1~ULU~~ First BASE Laboratories (Selangor 
, " 

Oarul Ehsan, Malaysia) LL~:;LmUULVlUU~1~ULU~Vl1~uunU~1~ULu~1.u GenBank 

accession No. EU332840 

3.3.1.8 n1'i~n(;J'W'i1~il(;J~1m'lf'i~U1.JAViL~fj''llJm)J1(U)J1n (Maxiprep) 
, , ~ 

~~~"l1 n rYl?l L~'tln L'lI~~Vl1~fuVi~,)~~I?lVl~'tl~ n1rLL~,) iU(;J'tluP\'tl1,j~'tl~li1m~ 

L ~lJ~,)U,)UVi ~')~~ I?l L ~fi')~ 1. ""~mlJ1 ruLL~:;f'l,)1lJu1~Yl t~~)J1 n L Yiu~Vi'tl~"l:;vh n1~YlI?lf'l'tl~ 1. U 
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L'lI~~L'Yil:::;L~tJ~U' Lr;)tJ1..jf'll(;\~ri(;\ PureLink™ HiPure Plasmid DNA Purification Kits , 

(Invitrogen) LUidn1~~ri(;\r.nm'll~~LLUfllY!~tJ1.idtfhnru~J1n~t.Jn~l Maxiprep Li~'"llm~mL'lI~~ 
, , " 

LLUfllY!~tJ1.id LB Broth m~l~~ 200 ml ~l~li1idY!fll'll~L~'l 4,000g idlid 10 idlY! L'Vl~,)id1.~l1~ 

LL~:::;L~~~l~~:::;~ltJ Resuspension Buffer (R3), Lysis Buffer (L 7) LL~:::; Precipitation Buffer 

(N3) tlth~~:::;m~l~~ 10 ml c.J~~1.l\'L;hriidLU11 LL~'l~l~l~id~ml~L~,) 12,000 g idlid 10 

idlY! ~(;\L'U'Yil:::;~'lid1.~L~~~~1.id Column ~"f11n1~ equilibrated LL~'l 11ltJ1.id Column '"l:::;i1 
I I I I 

anion-exchange resin ;~'"l:::;4'uriuU~:::;'"l~U"lltl~ ~L~idL'elVltltJ1. id~'lid1.~ "ll ru:::;V1~1~~id1 '"l:::;rl n'l!:::; 
'" " " , 

tltlnlu~l'ltJ Wash Buffer 60 ml '"llmrid~htiidLtlVltltJllltJ1.id Column '"l:::;rln'l!:::;tltln~1'Yi1tl~riu 
" " 

" Elution Buffer 15 ml LL~'l~n~:::;ntlid~htiidLtlL\H~l,j'id~'ltJ 100 % Isopropanol m).Jl~~ 10.5 ml 

L(;\tJ~id~fll'll~L~,)~lnn~l 15,000 9 tlru~lln 4 °c idlid 30 idlV1 LL~:::;~l~~:::;ntlid~'ltJ 70 % 
, 'II 

" , 
Ethanol m~l~~ 5 ml ~ln~:::;ntlid~LtiidLtl1.l\'LLl\'~LL~'l~:::;~ltJ1.id~ln~id (deionized water) 

• ~ ... 0 ""...J~ ..... ~ ... .J .... ° 
u~~l~~ 200-500 ~I m~~tl~n1m~:::;idl~l~~:::;~ltJ(;\LtlidLtl'Vl ~(;\LnU ~,)'Vl'tlru~1J~ -20 C 

.... .. ., .d'.,j iI. 
3.3.2. nl'iFi ~ L~'il m'll~~ L ~1~L~tI~V1L ,.nI1~·"UJ 'U n1'iVl{;1~'il~ 

.... .,a ~ ., .d' 
3.3.2.1 n1'i~n~'il1'iL'il'UL'ilVl~\nl~ (Total RNA) "'I1m'll~~L~1~L~tI~6 

'liU{;1 ft'il Jurkat, K562, HeLa, HaCaT, HEK 293 LL~~ SH-SY5Y L~'il6l'i1"'1~'il'l.Jn1'i 

LL~~~'il'ilnil.'U~~1J mRNA "ll'il~ti'U ACE 
~ "I II I 

.... .. G.... tr.c.l ~ 11 q trCIII 

n1~~ n (;\tll ~LtlidLtl'Vl~~~ (;\'"l1 n L'lI ~ ~ L'Yi 1:::; L~tJ~ L~~ ~'W'"l1 n L 'Yil :::;L~tJ~ L'lI~~'Vl 

~tl~nl~~ri(;\1.'W cell culture dish ("llidl(;\ 100 mm X 20 mm) ~l~L'lI~~~')tJ Dulbecco's 
, " 

o • • .dCl ",.::.I 40 ® 
Phosphate Buffered Saline (JRH Blosclences) 'VlLtJ'W LL~'l~UL~~'WltJl TRIZOL Reagent 

" " , 
(Invitrogen) m~l~~ 3 ml ~-31U1.'W'"l1'WL'Yil:::;L~tJ~ '"lln,j''W1..Jf1.ui1(;\V1vilfll,)l~~:::;tll(;\~'ltJ RNase 

" AWAY (Continental Lab Products) "ll(;\L'lI~~1l\'~~(;\tltln'"lln'"l1'WL'Yil:::;L~tJ~ ilLU~r;l~l~~:::;~ltJ 
'II , 

, , " 
L'lI~~Y!l~~~~tl(;\LL~:::;L~~ chloroform V1Lij'W~-31u 200 ~I ~tlm~lm~ltJl TRIZOL ® Reagent 

1 ml L"lltJl1.l\'L;hri'WtltJl~LLNLL~'l~11u~'W~'tlru~1Jn 2 °c -8 °c ~'ltJfll'll~L~'lhiLn'W 12,000 9 

'Wlid 15 'W1V1 ~l~~:::;~ltJ~l~'"l:::;LLtJntltlmU'W.f'W L(;\tJ.f'W~l-3~(;\"lltl-3~~tl (;\~tl.f'W~i1~LL(;\~~~ LU'W , 

.f'W'IItl-3 organic phase (phenol-chloroform phase) ti(;\~'W~lLU'W.f'W interphase LL~:::;U'W~(;\~tl 
Sf II ," I "" '" " 

-n'W~1V1'Wi1~ LU'W-n'W"lltl-3 aqueous phase ;-3tllfL ~'WLtl'"l :::;tltJ1. 'Wi'Wu '"l1 n,j''W(;\ (;\ L 'U'Yil:::;~,)id1.~i'W 
'II 'II .. 

Uid~(;\~lviln1~~n~:::;ntl'WtllfLti'WLtl~'ltJ 100 % Isopropanol m~l~~ 500 ~I ~tlm~1~~~ltJl 
".... I I 

TRIZOL ® Reagent 1 ml c.J~~1.l\'dhn'W ~-3l1-3HVltlru~lln -20°C 'Wl'W 20 'W1V1 L;jtlfll~UL'l~l 
, 'II 

tll1u~'W~'tlru~1Jn 2 °c -8 °c ~,)tJfll,)l~L~'lhlLn'W 12,000 9 'Wl'W 10 'W1V1 LL~:::;~l-3~:::;ntl'W 
.. , , 

~'ltJ 70 % Ethanol m~1~~ 1 mll1-3~~(;\ 3 ~tlU L(;\tJi1'WVltlru~lln 2 °c -8 °c ~'ltJfll'l1~L~'lhJ 
, 'II .. , 

Lnid 7,500 9 idlid 5 id1V1 ~(;\YfltJ~ln~:::;ntlidmfLtiidLtl1.l\'LLl\'~LL~'l~:::;~1tJ~')tJ~lV1Ur1f11'"l1n 
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~ ... .,J .,. ° ° .,...s 
L'il1.H'lIl-J RNase (DEPC-treated water) Vl'ilru'lMll-J 55 C -60 C 'Wl'W 10 'WIVl 'lI.:l~I~ ~:::~It1 

• 'II 

," , 
'illfLtfl'WL'ilVl~n~ LcJi'.w~Il-JI~mnufn'rt1 HVl'ilruVlJl~ -80 ° C 

• 'II 

" -.11n1~(;1~,)~M1Un1nLM1.:l'il'iln1t.!~:::~u mRNA "ll'fl.:l~'W ACE 1'WL'lI~;LYn:::L~tI.:l 

L~'fl~~ L~'flm'll~;~LVll-JI:::~l-J1'Wn1~Vl~~'il.:l cJi'')mVlr1Ur1 RT- PCR L~tl1.jf~'W ~-actin LUt.!~') 
" " " mU~l-J n1~Vl~~/Mr1f.:l.w~:::1.jf,~tJlt11 Avian Myeloblastosis Virus Reverse Transcriptase 

(AMV-RT) (Promega, Madison, WI, USA) LL~:::1.jfmfLtfl'WL'fl~.:lVll-J~~~n~LcJi'~lm'll~; 
" , 

LYiI:::L~tI.:lLUt.!!1ft.!LLUU 1t.!m~-.11tJ~mtl1 ~l-J~lnn1~ treat mfLtfl'WL'ilcJi'')tI Deoxyribonuclease 
, , " 

I, Amplification Grade (Invitrogen, Carlsband , CA, USA) L.w'flrh4'~~iLii'WL'tlVlm~tJt.!LtJ'tlt.! 
" ~lnn'W~n~L~tI~~l-JmfLtflt.!L'ilr1,)Il-JL;rl-J;r'W 200 ng nUtJlt11 (1x DNase I Reaction buffer 

with MgCI2, 1 U DNase I Amp Grade) tJfUml-JI(;1~1mcJi' 1 0 ~I LL~')tJILtJ,)I.:l~~ruVl.fJ~ 37 
, , ° .,. ... 1'" ~ .,." .,. C t.!1t.! 15 t.!IVl Ll-J'tlr1~UL,)~1 VI Inactivate L'tlt.! ~'lIl-J DNase I ~')tI 25 mM EDTA, pH 8.0 Vl 

" , 
~ruVl.fJ~ 65 °c LUt.!L,)~1 10 t.!IVl ~lmrt.!tJlmfLtflt.!L'ilVlr.ht.!n1~ treat DNase I l-JILUt.!!1f'WLLUU 

1t.!n1~-.11tJ~mtll RT L~tI~~l-Jnu 100 pM/ul Oligo-dT18 mer L~'flLtJ~tI'WmfLii'WL'tlH\ut.!~~ 
" " , 

Ltflt.!L'tl ~lmrt.!tJfuml-JI(;1~1mcJi' 12.5 ~I cJi'')tI DEPC-treated water LL~,)~.:lVl'f.lruVl.fJ~ 75°C 5 
, " " 

t.!IVlL~'iln~:::~t.!1"" RNA r1~It1Lr1N~h.:ll-JI4'unu Oligo-dT20mer ~lmr'W,)I.:lUt.!tJILL;j.:l~'WVl 
, " 

L~'il~1"" RNA n~Ul-JI4'uLr1N~~I.:lLLUUL~l-JLL~,)L~l-JtJlt11 1x AMV RT buffer (50 mM Tris-HCI 

(pH 8.3), 40 mM KCI, 8.75 mM MgCI2 , 10 mM OTT), 1 mM dNTP, 40 U RiboLockTM 

RNase inhibitor (Fermentas Life Sciences, Burlington, ON, Canada) LL~,)L~l-J 10 U AMV 

" , " 
RT ml-JI(;1~~~vhmYhnu 20 ~I ~.:lHVl'f.lruVl.fJ~ 42 °c LU'WL,)~1 60 'WIVl ~lmr'WVlfJ~tJ~mtl1 

L~tI~.:l~~ruVl.fJ~ 70 °c LUt.!L,)~1 5 t.!IVl LL~')tJl~~(;l.nru,r~LcJi'hJVl~~'tlUn1m~~.:l'tl'tln"ll'tl.:l~'W 
. " '" 

ACE LL~::: ~-actin "1I'ti.:lL'lI~;LYiI:::L~tI.:l[;J1.:l1 cJi'')mVlr1ilr1 PCR L~tl1.jf,~tJlt11 Taq DNA 
, . . .,.. 

Polymerase with standard Taq buffer (NEB, Beverly, MA, USA) LL~::: pnmers Vl~ILYiI::: 

primers 

" " , 
(;l'WLLUU ~lU1U 5 ~I nu 20 ~I "1I'tl.:ltJlt111'Wn1~-.11tJ~mtl1 PCR (reaction mixture) Vl 

tJ~:::n'ilucJi',)tI 1x buffer (50 mM KCI, 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCI2), 0.2 mM 

dNTP Mix, 0.2 ~M Forward LL~::: Reverse primer, 12.5 U Taq DNA Polymerase L~tliJ 

~JlI,):::~LVll-JI:::~~1t.!n1~-.11tJ~mtllnU Primer ACE LL~ ::: ~-actin fii'fl 95.0 °c 5 'WIVl (1 ~'tlu), 

95.0 °c 30 ~t.!IVl; 59.0 °c 30 ~'WIVl; 72.0 °c 30 ~'WIVl (45 ~'tlu) , 72.0 °c 10 t.!IVl (1 ~'ilU) 
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L1~~ij~'l1l-JL;]l-J;rtJLtltJ 2 % (2 % agarose gel electrophoresis) tf'ell-JL"'l~'H~l'ltl~11 Ethidium 
, , 

Bromide LLf'l::n1tl111Yi L"'lf'lVltf'tll-JLL~'l"'l1 n L~1'tl-.1 n1tl111Yi L '''If'l 

• <;' -'" -"'.J #' d' 3.3.3 n1'HI1t1 L'aUj;lL'aUL'a~il11f~ ~L'iI"tt L'1iilil L ~1~LiltI.:J (Transfection) 
" 

u1~h~tJL'tlYif'l1~ijc;)~~nc;)t~~-.1 6 LLtJtJ ~-.1"'l::i:hnl-J1ruLLf'l::~'l1l-JtJl'~Yli~-.1l-J1n . " 
L Yltl-.1Yi'tl~"'l::Yh n11Yl C;)f'l'tl-.1 l-J1Yi1 n11n1tl L'tltJL ;]1~ L'lIf'l ~L ~l-J1::~l-J~ eJ1tJn111"1C;) L~'el mL~'l ~'ltl'll c;) " . 
~ I ~ I 

o TM ~ A q~.q '" 
tJ1tl1 Lipofectamine 2000 (Invitrogen) ~c;)m1l-J"'l1nn11LYi1::Lf'ltl-.1L'lIf'lf'lYl(;l'el-.1n11Ylc;)~'tltJ 

(L'lIf'l~ HeLa ~1tJ'ltJ 20,000 L'lIf'l~~'tl~f'll-J, L'lIf'l~ HEK 293 ~1tJ'ltJ 150,000 L'lIf'l~r;l'tlW~l-J LLf'l:: • • 

L'lIf'l~ SH-SY5Y ~1tJ'ltJ 50,000 L'lIf'l~~'el~f'll-J) 'ltJ 96 well cell culture plate LLf'l::U1l-J1 • 
~ , 

'l "... .,. O.!"l "........ 'l ". ~ ..... incubate tJ~'eltJLYi1::Lf'lH'l CO2 ~ru~1Jl-J 37 C LlJtJL'lf'l1'i11l-J~tJ LYi'tl ~lJ1l-J1ruL'lIf'lf'll-J~'l1l-J 

~tJ1LLtltJU1::l-J1ru 90-95 % 'ltJl'tJ~'tltU~"'l::Yi1n11YlC;)f'l'tl-.1 ri'eltJn11n1tlL'eltJ~L~tJL'el'l,x~1Wllf'l~ 

~"l::YlC;)~'eltJ 2 1'eltJ~'ltl'el1~11~1~ftJL~mL'lIf'l;~L~l-J1::~l-JLLf'l::hJiJ=ilfl-J (serum) ntJtl1Un~'ltJ:: 
~ ~ ~ 

~~l-J'tl~ LLf'l ::~~ L~l-J'tl1~11~1~ftJL~m L 'lIf'l ~Yl L~l-J1::~l-J LLf'l::hliJ=iI fl-J ntJtl1un=il'lU::t!tJf'l-.1 tU~~l-J 
~ , 

~::ml-J1(;l11 00 IJI "'l1nt!tJL~l-J~'ltJ~~l-J (complexes) 'iI'tl~~L~UL'elYi~'n~ijC;)Vl"'l::Yi1n11n1t1L'tltJ 

'l,xij~'l1l-JL;]l-J;rtJ'iI'el~~L~tJL'tl~C;)Yf1mvhntJ 0.2 IJg LL~::Yi~1~5jc;)i'll-J (Co-transfected pRL

CMV Vector) ~~LL~c;)~im=tru::'IJ'tl~Yi~1~ijc;)'ltJlU~ 3.7 (t~ftJn11'tl~L~n::~"'l1n Prof. Dr. 

Robert K. Yu, Institute of Molecular Medicine and Genetics, Medical College of Georgia, 
~ 

Augusta, GA, USA) 0.021Jg ~'tl~~l-J ntJU1tl1 Lipofectamine™ 2000 ml-J1(;l1 0.51J1 r;l'el~~l-J 
~ , 

Lc;)tI L~'tl"l1~ 'l tJ'tl1~11~1~ftJ L~tI-.1 L'lI~~Vl L~l-J1::~l-J LL~::hjij=ilfl-J ntJtl1Un~'ltJ::~ ~l-J 'l,x L -n1 ntJ LtJ 11 
t I ~ ~ 

LL~'lU1tU incubate Vl~ru~1Jij,x'tl~tJ1tJ 20 tJ1Vl ~~'ltJ-ntJ(;l'tltJ;j'el1"'lL~tJ~11~::f'l1mtltJ~~tJt~ 

LL~::~1l-J11mntJ~'ltJ~~l-J;1H~~ru~1J5j,x'tl-.1 t~tJ1tJ~~ 6 .r'l Ll-J-.1 ,rtJr;l'ell-J1ilLu (;l(;]~'ltJ~~l-J~ L(;l~tll-J 
ml-J1(;l150 IJI ~'tl~~l-J ~~l-J'l,xL;]1ntJLc;)tln11L~1:: plate LtJ11 "'l1n~1tJ;r1~ LL~'lU1l-J1 incubate 

~ , , 
'ltJ~'tltJLYi1::L~tI~ CO2 ~ru~1Jn 37 °c LtltJL'l~1 24 on'l Ll-J-.1l'tJr;l'ell-J1~-.1Yi1n11LU~tltJLtlU'el1~11 

~1~ftJL~tl~L'lIf'l;~ml-J1::~l-JLL~::ij=ilfl-JntJtl1Un~'ltJ::~~l-J'el~ L Yi1::L~tl~ L'lIf'l~ ~'el tu~n 24 i'l Ll-J~ 
ri'tltJ~"l::YlC;)~'tltJn11LL~C;)~'tl'eln'IJ'tl~titJ luciferase reporter 'lul'tJr;l'el tu 
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Il'lYiVl 3.8 : LL~ ~-.1~~n n'l1n'lnhtJ L'tlt.l~ L~t.lL'tlYi~'l~~ ~ L ;r'l~ L'l!~;LYi'l:;L~tJ-.1 (Transfection) 
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4 ~ ~ 

3.3.4 n1'iYl (;l~'el1.J n1'iLL~ (;l-3'e1'e1 n"lJ'el-3!!'U luciferase reporter IPI'J!! L'VI Fl'U Fl Reporter 

Gene Assay 

n1J'[;IJ',)'"I~'tltJn1nL~CiI~'tl'tln"1J'tl~~t.l luciferase reporter L~'tl~nM1 promoter activity 

'1I'fl~~t.l ACE '"I:;Yhn1J't)CilLCilU1.jf"llCil~'1tJ1 Dual-Glo™ Luciferase Assay System (Promega) • , ., 
~~'"I:;t)(;ll1~uhJ1ru'1l'tl~ firefly luciferase '"I1n luciferase reporter gene constructs (pGL3-

.J",J'.... 4~ ... 
Basic Vector) 'Vl~J'1~'1It.lntJuhJ1ru'1l'tl~ Renilla luciferase '"I1n pRL-CMV Vector "ll~Lut.lm 

FI')tJfOJl-J (control reporter) ~'"I:;~ncl1UL'flt.li,)l-JntJ~iL~t.lL'tlYi~1~nCil~~'fl~n1J''VlCil~'fltJ (co

transfected) L;r1hJ~,)uYi~'tll-Jnt.l L~'tl~CilU'lp.n~~m:;'VltJ'"I1n~1t.l')t.l"1J'tl~L"ll~;~H (cell 

number) LL~:;1.h:;~'Vlfi1l1Yi1t.ln1J' transfection (transfection efficiency) J',)l-J~~~~~1~~1LYi1:; 
, ., 

j;\1~1 (global effects) Ltlt.l~t.l LCilU';'1L"ll~;Vl'"l:;[;IJ',)'"It)CiI'tl'tlnl-J1 L~l-J';'1U1 Dual-Glo ™ 

Luciferase Reagent (Dual-Glo™ Luciferase Buffer, Dual-Glo™ Luciferase Substrate) 
., ., 

ml-J1[;1J' 100 IJI j;\'tl'"fll-J'1I'tl~ 96 well cell culture plate ~~l-J1,xL"ihnt.ll~1~l1~H 10 t.l1Vl LL~,)1'CiI 
., ., 

ml-J1ru'1l'tl~ firefly luciferase '"I1mrt.lL~l-J';'1m Dual-Glo TM Stop&Glo Reagent (Dual-Glo ™ 
., ., 

Stop&Glo Buffer, Dual-Glo™ Stop&Glo Substrate) ~n 100 IJI ~~l-J1,xL;r1nt.l(;]~l1~H 10 t.l1Vl 
, , ., 

LL~')t)Cilml-J1ru"ll'tl~ Renilla luciferase ;~ri1'11'a~ml-J1ruLL~~ luminescence Vl1~l1~~'tl~9:;~n 
, 

..."... 3 . 
')(;lCil')mFlJ''a~ VICTOR (PerklnElmer, Waltham, MA, USA) 

a .Q." .., 
3.3.5 n1'iLn1.J 'i'J1.J'i'J 3-J LL~:::'J LFl 'i1:::"'"lJ'el3-J~ ... 
;r'a~~~1~~'a activities '1I'fl~ firefly luciferase ntJ Renilla luciferase ~~'"l:;~n';'1l-J1 

LVlUtJLtlt.l~(;1n~')t.l'1l'a~ firefly luciferase activities (;]'fl Renilla luciferase activities 1t.lLLj;\~:; 

n1J''VlCil~'fl~ LL~')U1ri1~1~l-J1LmmJLVlUtJntJ~(;1n~')t.l~l-J1'"l1nn1nln transfect ~,)U negative ., 
I I II I '" 

control ~'a pGL3-Basic plasmid Vl1~~m~'fll-J(;]'tlntJ:nt.l~')t.l~h~t.lL'tl ri1Vl1~,r'U'"l:;~n~1'U,)ru 

LtI'U~1'U,)'ULvl1'11'a~ control (Fold over pGL3-Basic) L~'tl';'1l-J1LmUtJLVlUtJn'UJ':;,"~1~ri1~1~ 
.. .4 I '" .Q .J.c:.I tr 4:liI .J I .... 

'"l1m'l!~~ "ll~~nmuL'at.l(;l'JUYi~1~l-JCiI'Vll-J'tI'U1Ci1'11'tl~hhLl-JL(;1'tlJ'"1J'fl~Ut.l ACE 'VlLL(;1n(;11~n'U LL~:;Yi 
Q .J.c:iII .. cl 0 I .::I 4 

~1~l-JCiI'Vll-JFI,)1l-J,"~1nmnU'Vl1~Yi'UfimJ'l-J'tI'a~u'U ACE ru (;11LL,"'U~ -93T/C 'lI~'"l:;LL~CiI-lCl\l • 
promoter activity 'tI'a\l~'U ACE 1 'ULLtJtJj;\1\11 J''Jl-J ~-l n1J'(;1J''J'"l~'tltJ m1l-J~1 Lvn::;(;]'tl L'l!~; ri9:;~ n 

t)CilL(;lUn1nmutJLVlutJ~~n1J'~mt1J':;,"~1-lL'l!~;LL(;]~:;"llijCil (L"ll~; HeLa, L"ll~; HEK 293 LL~:; 
"''' I I .. '" I 0........... "'0 I q4 

L'l!~~ SH-SY5Y) (;l'JU LL(;1~:::n1J''VlCil~'a-l'"l:;'Vl1'Vl\l,"l-JCiI 3 FIN (tripicate) LL~'J'U1l-J1,"1F11L'U~U 'l!\I 
., , 

1'U\l1'U14'UU'"l:;1;rn1J'~1'U'Jru~i1~ (-test (P < 0.05) 1t.ln1J'~CiI~'U1'"l~1ri1Vl1~ilFl'J1l-JLL(;1n(;]1\1n'U 

'au1\1ilt!u~1 ~ 'lI'Vl1\1~ i1 ~,"1'a hj'aU1\1 11 



.d 
tJVIVI 4 

1.1 r..J~ n1'i'VI (;l~'eI'l..J n1'iLL~ (;l.:J'eI'eI n1. 'U'i~(;\'l..J mRNA "ll'el.:Jii'U ACE 1. 'UL'li~i 
... ~ -

LVi1::L~!I.:J'VI.:J 6 'li'U(;l 

1lJn1~(;l~,)"~'ilUn1~LL~(;)'1'il'tln1lJ~:;~u mRNA "ll'il'l~lJ ACE L(;)tlL-nUlJ ~-actin 
0-

d:llJl~'')ji)')Uji)l.J 1lJL'jf£HfLYl1:;L~tI'l L'jf~; Jurkat, L"l!~; K562, L"l!~; HeLa, L'jf~; HaCaT, L'jf~; • 

, , , 
n1~ii1m~nYi1~LL~(;)'11lJ(;11n'lYi 4.1 LL~:; ~'1J11YlYi 4.1 

(;11n'l~ 4.1 LL~(;)'1c.J~n1~(;1~,)"~'ilUn1nL~(;)'1'il'iln"1l'il'l~lJ ACE L(;)tl1.jf~lJ ~-actin LiJlJ~')ji)')UFJl.J 

1lJL'jf~;LYl1:;Litl'l'lltl(;)~1'11 (Lji)i'il'l~l.J1t1 ./ ~'iliJn1~LL~(;)'1'il'iln"lJ'il'l~lJLL~:; X ~'ilhliJn1~ 

r 
HEK 293 SH-SY5Y L'jf~~ K562 Jurkat HaCaT HeLa 

.... 
tllJ 

ACE ./ ./ ./ ./ X X 

~-actin ./ ./ ./ ./ ./ ./ 
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., 
t.l'tlnlinn~n1~(;l~,)'"l~'tllJn1~LL~ (;l~'tl'tln"ll'tl~~h.! ACE L"'t1L-ifUt.l ~ -actin Lilt.l~') 

l'l'llJf'J~~1~1HI~1 LUt.l~(;l~1~'lt.ln1nL~ "'~!l'tln"ll'tl~Ut.l ACE ~!l Ut.l ~ -actin L"'t1L-ifrhI'l'l1~Lif~ 

'tI'tl~ LLCllJ ~L~t.lL'tl~U~1n!)lJW11Yl L'"lt'l~1 ~1t.l'l CW~1 f'i1~ (;ln~'lt.l L ~!l~'"l :;1~~1 f'i1~ (;l~1~'lt.l~1~1 
1'l'l1~i~~t.lfi~:;~~1~ ~:;~lJ n1~LL~ "'~!l'tln"ll!l~ut.l ACE "lI'el~ LL~t'l:;L'lft'l~ LLt'l:;LU!lfL'lft.lj;f DNA 

methylation ~'tlhJ (1t.lr.Jt'ln1~Y1"'t'l'tl~if'tl 3 ~')t.l~ 1) ~(;ln~'lt.l~1~LL~",~Lt.lm~1~~ 4.2 ~~'"l:;1,x 

1~L~t.l~1L'lft'l~ HEK 293 iln1nL~"'~'tl'tln"ll'tl~ut.l ACE ~'tl Ut.l ~ -actin ~1n~~'" ~!l~t'l~~1~'tl 
L'lft'l~ SH-SY5Y, L'lft'l~ K562 LLt'l:;L'lft'l~ Jurkat (;l1~~1~lJ ~'lt.lL'lft'l~ HaCaT LLt'l:; L'lft'l~ HeLa hJ 

iln1~LLMI~!l'tln"ll'tl~ut.l ACE ~~hJilf'i1~(;ln~'lt.ln1nL~"'~'tl!ln"ll'tl~ut.l ACE ~!l Ut.l ~-actin 

(;l1~1~~ 4.2 : LL~"'-:j~(;ln~')t.ln1~LL~"'~!l!ln"ll!l~ut.l ACE ~'tl Ut.l ~-actin L"'t1t-iff'i11'l'l1~Lif~"lI!l-:j 

LLCllJ ~ L~t.lL 'tl~tJ~1 n!)lJW11Yl L '"It'l~1 ~1t.l'l CW~1 f'i1~ (;l~1 ~'lt.l 

iV1"L·" 
. " L'lf~~V1 'If A1 A'l1JJ LllJJll'el~ 

V1t;lfl'eltJ 
... ... (3 

~t;l'j1i1'l'U'j~\II';h~ ACE: ~-actin t1'U LL CI tJ t;l L'el 'U L 'el 

ACE 1688625 

HEK 293 ~-actin 8180746 4.844619481 

ACE 1631873 

SH-SY5Y ~-actin 5014367 3.072767285 

ACE 1590952 

K562 ~-actin 2378654 1.495113929 

ACE 2429622 

Jurkat ~-actin 1012800 0.416855116 

ACE 0 

HaCaT ~-actin 1950528 0 

ACE 0 

HeLa ~-actin 8854607 0 

1.2 r.J~n1'jVl~fl'eltJ~'lILLtJtJn1'lLnt;l DNA methylation m r;l1LL\IIll~ CmCWGG 

... "'0 . 'i'.I'i'''''-
'!I'el~!.I'U ACE V1j;l1LL\II'U~ -122 LL~~ -316 tJ'U~u'j~JJL(;l'el'jt;l'l!.ILVlA'UA methylation-sensitive 

isoschizomers 
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1.2.1 CJ~1iiI1n~L~UL'elV'l~1~iJ~~H'd:l-wc;i''lr1'JlJPll-JtJ'ln (Positive control) ~'el\l • 
n1~L~l-JVI~Ll-Jl1~ (DNA methylation) L~'el~1l-J1c;i'~L'elul'l1~c;i'~~1LV'l1:: Mval LL~:: PspGI 1iiI:: 

" , 
V'llJ~1 ~L~UL'tlV'l~1~iJ~liiI::tlm'tlul'l1~ Mval c;i'~1~Vln~1LLVI\l\ll1\1ViLn~ DNA methylation LL~:: 

~ . 
DNA unmethylation (dcm:no effect) LL~::L~'el~11tlL~l-Jml-J1ru~L~UL'el~'lmVlPlUPl PCR t~u 

H' primers ~VI~~'tllJn11Ln~ DNA methylation ~'el\lUU ACE 1iiI::V'llJ PCR product 1 "llU1~ ~'tl 
" , , 

llU1~~U LL(;h;j'tl~1~L~UL'tlV'l~1~iJ~l-J1c;i'~~'lm'tlul'l1~ PspGI liiI::hJ~1l-J1~tlc;i'~1~Lu'tl\l1iil1n 

L'tlul'l1~ pspGlllJ~1l-J1~tlc;i'~~1LLVI\l\l~Ln~ DNA methylation 1~ (dcm:block) LL~::L~'tlt111tl 

L~l-Jml-J1ru~L~UL'tl~'lmVlf01Uf01 PCR LC;lULi primers ~VI~~'ellJn1nn~ DNA methylation ll'el\l 

" " , .... .... %. ....... tl 
uu ACE 1iiI::V'llJ PCR product 2 "llU1~ f01'tl "llU1~O"lU LL~::"llU1~U1'l LL~::Vlnf01NVlVI~~'tllJ~ LLlJlJ . ~ 

n1~Ln~ DNA methylation 1iiI::~'el\lLi~L~UL'tlV'l~1~iJ~ (Positive control) ~llJ~.hun1~c;i'~ 
", , 

L'tlul'l1l-J1~L~ul-J1 LtlU~L~UL'tlc;i'\I ~ULUn1~L~l-Jml-J1 ru~L~UL'el~'lU LVI f01Uf01 PCR L~'tl LtlUn1~ 
, ", 

VI~~'tl\lf01'llJfiJl-J ~\lIiiI::V'llJ PCR product 2 "llU1~ ~'el llU1~~U LL~::~U1~U1'l ~\lJl1V'lVi 4.2 

1.2.2 CJ~1iiI1n~L~UL'tlV'l~1~iJ~~H'Ltluc;i''lf01'llJfiJl-J~lJ (Negative control) "ll'el\l 

n11L~l-JVI~Ll-Jl1~ (DNA methylation) L~'tl~1l-J1";1n1~c;i'~L'tlul'l1~c;i'~~1LV'l1:: Mval LL~:: PspGI 
" , 

1iiI::V'llJ~1~L~UL'tlV'l~1~iJ~liiI::tlm't)ul'l1~ Mval c;i'~1~Vln~1LLVI\l\ll1\1ViLn~ DNA methylation LL~:: 
~ . 

DNA unmethylation (dcm:no effect) LL~::L~'tl~11tlL~l-Jml-J1ru~L~UL'el~'lmVlf01Uf01 PCR L~U 

H' primers ~VI~~'tllJn11Ln~ DNA methylation ~'el\lUU ACE 1iiI::V'llJ PCR product 1 ~U1~ ~'el 
"'. • I " 

llU1~~U LL(;]L;j'tl~1 ~L~UL'elV'l~1~iJ ~Vil~";1n11L~l-J~1U'lU~'el\lUU ACE lJ1L'l ruttl~ Ll-J L(;l'tlfuu 

~'lmVlf01Uf01 PCR LL~'ll-J1c;i'~~'lm'tlul'l1~ PspGIIiiI::V'llJ~1~1l-J1~tlc;i'~1~Lii'el\l1iil1m'elul'l1~ PspGI 

~1)J1~tlc;i'~r;l1LLVI\l\l~llJLn~ DNA methylation 1~ LL~::L~'tl~11tlL~l-Jml-J1ru~L~UL'tl~'lmVlf01Uf01 

PCR L~ULi primers ~VI~~'tllJn1~Ln~ DNA methylation "ll'tl\lUU ACE 1iiI::V'llJ PCR product 1 

"'" " . 
llU1{;l ~'tlllU1~~ULYhuu LL~::"r)nf01f\lViVl{;l~'tllJltlLLlJlJn11Ln~ DNA methylation 1iiI::~'el\lLi~ 

, " 
L~UL'tlV'l~1~iJ~ (Negative control) VillJ~1Un1~c;i'~L'tlUl'l1l-J1~L~Ul-J1Ltlu~L~UL'tlc;i'\I~ULUn1~ 

L~l-Jm)J1ru~L~UL'el~'lmVlf01Uf01 PCR L~'t)Ltlun1~VI~~'el\lf01'llJf01l-J ;\lIiiI::V'llJ PCR product 2 • " , 
llU1~ ~'tlllU1{;l~U LL~::llU1~U1'l ~\l1l1V'lVi 4.2 



Jl1Yi~ 4.2 : tJrln1~Y1Vl~'tlUlULLUUn1nnVl DNA methylation ru ~1LL'WW~ CmCWGG "lJ'tl~tJtJ 

ACE ~~1Lm'll~ -122 (1) LLrl:; -316 (2) utJhhL~L(;]'tlf '"l1n~L~tJL'tl~t'ifLtltJ~')mUfil~u')n • 

(Positive control) LLrl:; ~L~tJL'tl~H\t1tJ~,)fil,)U"'J~rlU (Negative control) 
'" t • I 
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q " ...<C:iI qq <IC:II I ..... dI 0 

1.2.3 tJrl"'l1 n Vl L'tltJL'tl"lJ'tl~ L'l!rlrl L Yi1:;Lrl~~Y1~ n1nL~ Vl~'tl'tl nYl(;]1~ ntJ L~'tl~1Y11 

n1~~Vl~')m'tltJ't'l!,r~Vl~1LYi1:; Mval LLrl:; PspGI YiU~1 1. lULLUUn1~LnVl DNA methylation ru 
, ~ 

~1Lm'll~ CmCWGG "ll'tl~tJtJ ACE V1~1LL~'ll~ -122 UtJLU~L~L(;]'tlf "'I1n~L~tJL'tl"lJ'tl~L'l!rl;LYi1:;L~U~ 
~ , , 
li~ 6 'l!ijVl LtltJ~1LL~'ll~V1hjLnVl DNA methylation Lil'tl~"'I1m'tltJ't'l!,r PspGI ~1~1n1~Vl~LiltJL'tl 

ff' .:; ~o , ~" .J o~.I":.~ ..... " "" 'i' 'I" 
"ll'tl~L'l!rlrlLYi1:;Lrl~~Y1(;]1LL~tJ~ -122 ~Vl LLrl:;L~'tltJ1 ~uLYi~u~~1ruVlL'tltJL'tlVl')mYlfiltJFl PCR ~Vl~ ~'l! 

. ,~ .. 
primers 2 ~ fil'tl -217hACE_F1, +29hACE_R1 LLrl:; -102hACEJ2, +29hACE_R1 n"'l:;YiU 

'" '" II I 

PCR product LL~ 1 "lltJ1Vl ~'tl 131 ~LU~ ("lltJ1VlitJ) L'YhutJ LLrl:;Y1nFlf~V1Y1Vl~'tlu~ULLuun1~LnVl 
" ." 

~ , 
DNA methylation "'I:;Lli''tl~t-i{~L~tJL'tl"lJ'tl~L'l!rl;LYi1:;L~~~V1hje.htJn1~~VlL'tltJ't'l!~1VlLrl~~1LtltJ~ 

II I I I 

LiltJL'tl~~ Lli'tJttJn1~LVi~m~1ru~ LiltJL'tl~')mYl Flijfil PCR L Yi'tl LtltJn1~Y1 Vlrl'tl~ fil,)Ufil~ ~~"'I:;YiU • 
~ , 

PCR product 2 "lltJ1Vl ~'tl 131 ~LU~ ("lltJ1VlitJ) LLrl:; 246 ~LU~ ("lJtJ1Vl~1,)) ~~Jl1YiV14 . 3 (1) 
" " 

2. lULLUUn1~LnVl DNA methylation ru ~1Lm'll~ CmCWGG "lJ'tl~tJtJ ACE ~~1LL~'ll~ -316 UtJ 
~ ~ , 

LU~L~L(;]'tlf "'I1n~L~tJL'tl"ll'tl~L'l!rl;LYi1:;L~~~li~ 6 "llijVl LtltJ~1LL~'ll~V1LnVl DNA methylation 

L~'tl~"'I1m'tltJ't'l!,r PspGI hj~1~1~t1 ~Vl~ LiltJL'tl"ll'tl~ L'l!rl;LYi1:;L~~~~ ~1 LL ~'ll~ -316 't~ 
(dcm:block) LLrl:;L~'tlU1'tUL~~m~1ru~LiltJL'tl~')mYlfilijfil PCR LVl~H{ primers 2 ~ ~'tl -
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372hACEJ3, +29hACE_R1 LL~::: -289hACEJ4, +29hACE_R1 n'"l:::vnJ PCR product 2 
~ ~ , 

'YlU1j;) 118 rlLU~ ('Ylu1j;)iu) LL~::: 200 rlLU~ ('lJU1j;)t111) LL~:::'V1nfilf-.lVl'V1j;)~'tlU~uLLuum~Lnj;) 
" " ~" 

~ , 
DNA methylation '"l:::r1i'tl-.lL.jf~L~UL'tl'lJ'tl-.lL'l!~~LYl1:::L~mVlhjr.hum~(;)j;)L'tlu1'l!lJ1j;)L~t1lJ1Liju~ 

L~UL'tli-.l r1iUL um~L~lJilllJ1 n.l~ L~UL'tl ~1tIL 'V1 fililfil PCR L ~'tlLijum ~'V1 ~~'tl-.l fil'lUfillJ ~-.l'"l:::YlU • 

PCR product 2 'YlU1c;l ~'tl 118 ~LU~ ('lJu1j;)iu) LL~::: 200 ~LU~ ('lJU1j;)t111) ~~111Yl~ 4.3 (2) 

:r: :r: :r: ;:::<:: ;:::<:: ;:::<:: :r: :r: (f) (f) '-- '-- :r: :r: CD CD ~ ()'l ()'l ()'l ill ill :r: :r: c c m m r- r- ill O'l O'l O'l () () , u, ~ ~ ;:::<:: ;:::<:: ill ill N N N ill ill (f) 
~ Cl N N (') (') c (') (') c -1 -1 -< .-< (!) (!) r- C ::l r- C -J (.J1 (.J1 (') c (.oJ (.oJ ;::;. ~ 

(') - - (') 
(') c .-< -< S. ::l !---c S. ::l (') (') c :s: u :s: u c 

(') (') c U c C ::l < ~ < en U c C ::l - (') u (J) ill ill (J) - (') u U S. GJ GJ u u c GJ (J) 500Lp _ 
GJ (J) u 

u GJ 
i"'J GJ 

300 bp '., - - -
I~. I I:" 

:?OO bp 

100 bp 

(1 ) 

111Yl~ 4.3 : tJ~m~'V1~~'tlUlULLuun1nnj;) DNA methylation n.l ~1LL~tl~ CmCWGG 'Yl'tl~UU 
, ~ , 

ACE Vl~1LL~tl-.l -122 (1) LL~::: -316 (2) UULthLlJLV1'tlf '"l1n~LiiuL'tl'lJ'tl-.lL'l!~~LYl1:::L~t1~Vlnm~ 
.J, ... 

LL~c;l-.l'tl'tln'V1V11~nU 

1.3. ~~n1'i'VI1Ltl'!liL'll'U~ DNA methylation '"l1nn1'i1f1fl11"'Li"''II'!l.:lLLCI'U~lL~'U 

1.3.1 lULLuum~Lnc;l DNA methylation n.l ~1Lmtl-.l CmCWGG 'Yl'tl-.lU'U ACE ~ 
~ ~ , 

~1LL~tl~ -122 UULU~LlJLV1'tlf '"l1n~L~'UL'tl'Yl'tl~L'l!~~LYl1:::L~mi~ 6 'l!ilj;) Liju~1Lmtl~Vlh1Lnc;l 
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'" II II I 

DNA methylation LYin~'U~,rt.lLU'flfL'lIt.lj;] DNA methylation 'll'il~L'lI~~LYi1~L~tI~11~ 6 -nnC'l ~ 

~1LL~ti~ -1221Jt.lLU~L~Lf;]'ilfilI"i1Ltlt.I 0 LU'ilfL-nt.lj;] 

1.3.2 lULL1J1Jn1~LnC'l DNA methylation ru ~1LL~ti~ CmCWGG 'll'il~Ut.l ACE ~ 

~1LL~ti~ -3161Jt.lLU~L~Lf;]'ilf ~1n'~h~t.lL'il'll'fl~L-n~~LYi1~Litl~,r~ 6 -nne;, Ltlt.I~1Lmti~~LnC'l DNA 
II "" I 

methylation LYi~1~'U~,rt.lLU'ilfL'lIt.lj;] DNA methylation '!I'il~L'lI~~LYi1~L~tI~11~ 6 -nnC'l ~~1LL~ti~ 

-3161Jt.lLU~L~Lf;]'ilfilI"i1~~f;]1n~~ 4.3 
, " " 

f;]1~1~V14 . 3 : LL~e;,~LU'ilfL'lIt.lj;] DNA methylation 'll'il~L'lI~~LYi1~L~tI~11~ 6 -nnC'l~1nn1~t)C'lFI,)1~ 

'm ., L"II~~'VI"II . .a 91'i1~1'UA11~ L-n ~"lI'a.:t LUltl .a91'i1~1'UA11~L-n~"lI'a.:t 
LtI'ilfL'ilUIJ! DNA 

-" -" 'VIfI~'atl 91L'a'UL'a(~~'ile;, PspGI) LUltl91L'a'UL'a(~~'ile;, uncut) Methylation 

HEK 293 2.424172 3.013031 80.45627 

SH-SY5Y 2.742765 3.310672 82.84618 

K562 2.687169 3.029793 88.69148 

Jurkat 2.209675 2.469905 89.46396 

HaCaT 2.257851 2.125676 106.2180 

HeLa 2.669188 2.569661 103.8732 

~1nrhtlf;]n~,)t.ln1~LL~C'I~'il'iln'!l'il~Ut.l ACE (;]'ilUt.l ~-actin LL~~1"i1LU'ilfL'lIt.lj;] DNA 

methylation ~1lJ1~C'I,j1lJ1~1F1')1~~~~t.lfi~~~~1~~~~1Jn1nL~C'I~'il'iln'll'il~Ut.I ACE 'll'il~LL(;]~~ 

L'lI~~ LL~~Ltl'ilfL'lIt.lj;] DNA methylation ~~1l1Yi~ 4.4 

, ... 

125,------------------------
HaCaT 

100 I~ 
<= • .Julkat • K562 
~ .H~ 
.: 75r-------------------------

• SH-SYSY 

~ 50r----------------------~ 

25r---------- ---------------

Or----.----.---~---_.---_r---. 

o. 2 3 5 6 

111YiYl 4.4 
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2. ~1'\J~ 2 e..I~n1'iAnti1U'VIU1'V1A113-1~~1n·W&il1tJ'VI1-3~'Ufin'i'i3-l"ll'el-3ii'U ACE • Q" .., 4l1:li 

2.1. e..I~n1'i1LA'i1:::~~1A113-1~~1n~~1tJ'VI1-3'Vi'Ufin'i'i3-l"ll'el-3tJ'U ACE ".Il'el-3 SNP • 
rs4291 tu ~1U.~U-3 -240 AfT L'UU"iL1tuLtl'iL3-IL(;l'eli LUn~3-IA1UA3-Iu.~:::n~3-I~1'el!i1-3 • • • ., ... 
fl1tJL'VIflUfI PCR - RFLP 

n1~~Lfl~1:::,x'\.nm 'U.JlHnn~~1t1"lJ'tl..:!U'W ACE "lJ'tl..:! SNP rs4291 ru ~1LL~ti..:! -

240 NT L'Wu1'L'".lru promoter ~..:!~1~1~mLtl..:!tJ~~L'W1Vlt1~Ln(?)~'W'tl'tlmu'W 3 LLUU ~'tl ~L'W1Vlt1 
homozygous AA '"l:::~U"lJ'W1(?)~h.a'WL'tl 137 ~LU~, ~L'W1Vlt1 heterozygous AT '"l:::~U"lJ'W1(?)~Li1'W 

L'tl 137, 114 LL~::: 23 ~LU~ LL~::: ~L'W1Vlt1 homozygous IT '"l:::~U"lJ'W1(;l~Li1'WL'el 114 LL~::: 23 ~ 

LU~ 1l1t1~~..:!n1~~(?)~'ltIL'tlul'l1~~(?)~1L~1::: Xbal ~..:!LL~(?)..:!L'\J1l1~~ 4.5 

150bp 
125bp 
100bp 

75bp 

50bp 

.J .- r q 

1l1~Vl 4.5 : LL~(?),,:!tJ~n1~'lLfln:::~~1fl'l1~~~1n~~1t1"lJ'tl..:!t1U ACE "lJ'el..:! SNP rs4291 ru 

~1Lmti..:! -240 NT LUu1L'lru promoter ~'ltl~fi PCR-RFLP L(?)tILLm M LUU 25 bp DNA 

marker LL~(?)":!"lJU1(?)"ll'tl..:!riLu~ri1riuH, LLCl'l~ 1 LU'W PCR Product ~hJCln~(?)~'ltIL'elul'l1~~(;l 
~ ~ 

~1L~1:::, LLm~ 2-4 Lu'W~m~tru:::"ll'el..:l~LulVlt1LLuu AT, AA LL~::: TT (;l1~ih~u 

., 
-240 NT LUu1L'lru promoter ~'ltl~fi PCR-RFLP Lumi~fl'lUfl~~1U'lu'i..:l~~!?l 207 ~1t1 L!?ltl • • 
LUUL~P1~cY..:I 129 ntl L~P1'l11t1 78 ~1t1 ~..:!ij'tl1~L'tl~tILvhriu 41.34±9.76 tJ (mean ± SO) 

~u~1ijn1m~!?l..:!'tl'tln"ll'el..:!~LulVlt1LLuu AA ~1U'lU 122 ntl f1!?lLUU~'tltl~::: 58.9, AT ~1U'lU 80 
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~1t1 ~"HUlJ1~t1fi::; 38.6 LLfi::; n ~1lJ'dlJ 5 ntl ~(;lLUlJ1~t1fi::; 2.4 LLfi::;L~'fl'W1fl1l-J1~LrW1::;~~1 

fll'd1l-J~"IJ~\I'elfi~fi YllJ~1 r.nn~1lJ'dlJ'elfi~mr\l~l-J'" 414 'elfi~fi LUlJ A 324 'elfi~fi ~"'LUlJ1't)t1fi::; 
<-

78.3 LLfi::; T 90 'elfi~fi ~"'LUlJ1't)t1fi::; 21.7 LLfi::;LlJn~l-J(;]'d't)U1\1~1lJ'dlJl1\1~l-J'" 187 ntl 'L"'tILUlJ • 
LYlPl~~\l122 ntl LYlPl"l!1t1 65 ~1t1 ~\lijmfJL'U~tILl'i1rllJ 44.89±12.92 tJ YllJ~1ijn1~LL~"'\I't)'t)n 

"IJ~\lr.l'LlJh11jLLlJlJ AA ~1lJ'dlJ 95 ~1t1 ~"'LUlJ1't)t1fi::; 50.8 , AT ~1lJ'llJ 78 ~1t1 ~"'LUlJ1't)t1fi::; 

<-

YllJ~1 r.l1n~1lJ'dlJ'elfi~fil1\1~l-J'" 37 4 'elfi~fi LUlJ A 268 'elfi~fi ~"'LUlJ1't)t1fi::; 71.7 LLfi::; T 106 

(;l1n\l~ 4.4: LL~ "'\I n1~LllitllJLVitlw.J~ n1~n1::;~1t1"IJ't)\lr.l'L lJL 'YlULLfi::;fll'd1l-J ~"IJ't)\I'elfi~fi"IJ~\I~lJ 

ACE SNP -240 NT LlJn~l-Jfll'dlJflll-JLLfi::;n~l-J(;]'d't)U1\1 • • • 

, 
(n) Genotype distributions Allele frequencies n~l-J • 

AA AT n A T 

n~l-Jfll'dlJflll-J (207) • • 122 (58.9%) 80 (38.6%) 5 (2.4%) 324 (78.3%) 90 (21 .7%) 

n~l-J(;]'d~U1\1 (187) • 95 (50.8%) 78(41 .7%) 14 (7.5%) 268 (71.7%) 106 (28.3%) 

~1 n.;J't)~~ LlJ(;l1~1\1~1l-J1Hl,J1l-J1~1lJ'dru~1~l-J"lfi Hardy-Weinberg (HWE) 

"IJ~\ln1~n1::;~1t1(;]'dr.l'LlJL'YlU"IJ~\I~lJ ACE SNP -240 NT 'L"'t1L-n' Chi-square test LlJn1~'Yl"'~'t)lJ 
, <-

'Yl1\1~ ti ~ LmtllJ LVi t1lJ fll'd1l-J LL(;l n ~1\1 ;\lYllJ~111\1 ~~\I n ~l-J (;]'d't)U 1\1iJ n1 ~n ~::;~ 1 tI LUlJ 11J (;l1l-J n!J"IJ't)\I 

Hardy-Weinberg LYl~1::;hJYllJfll'd1l-JLL(;ln~1\1~U1\1ij,rtl~1~ry'Yl1\1~ti~ ~ > 0.05 (n~l-J(;]'d't)U1\1 
2 '2 . ) , 

;X = 0.14, df= 1, P = 0.713 LLfi::;n~l-Jfll'dlJ'"ll-J; X = 3.82, df= 1, P = 0.051 ~::;~'d1\1 

~1lJ'dlJn1~n1::;~1t1r.l'LlJL 'YlU~YllJ (observed numbers) LL~::;~1lJ'dlJn1~n~::;~1t1r.l'LlJL 'YlU~ 

fll1"'W)\I (expected numbers) 

LLfi ::;~1 n.;J't)l-J ~ LlJ(;l1n\l L~~vh n1~~ Lfll~1::;~LmtllJ LVitllJfll'd 1l-J~'elfi~ ~"IJ't)\I~lJ 
'" 

..; 0 ~ " , ' ''., 'i'''''' , "..; cI cI " 'i' ACE SNP -240 NT 'Ylfll1lJ'dru~", ~::;~'d1\1n~l-J~u'dtl~~fll'jjl-JLM1LLfi::;n~l-J~'Yll-J~"IJ1l1Yl"'LL~'d ~(;ltl 

H' Chi-square test LlJn1 ~'Yl (;l~~lJ'Yl1\1~ ti~ 'YilJ~1.,r\l~~\I n ~l-Jij rl'd1l-J LL(;l n ~1\1 rllJ't)U1\1iJ • 
,rtl~1~ry'Yl1\1~ti~ P < 0.05 (X2 = 4.24, df = 1, P = 0.040, OR = 0.702, 95% CI = 0.508 -

0.971 ) 
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.Q," cv 4:11 

2.2 eJ~ n1'i'HA'i1~'VI'VI1A112-J'VI~1n'VI~1t1'V11-3Vf\J fin'i'i2-J"lI'£I-3t1U ACE "lI'£I-3 SNP • 
rs4292 (U j;'i1LL'VI-U-3 -93T/C 'UtJ~L1(UL1.l'iL2-JLj;J'el'; 'Un~2-JA1tJA2-JLL~~n~2-J~1'el~1-3 ~1t1 • • • 
L'VIAUA PCR - RFLP 

n1~';jLPln:;\h.nPl'J'u.J~~nn~'Cl1t1"l1tl~tjtJ ACE "lItl~ SNP rs4292 OJ ~1LL~'ll~ -

93T/C LtJtJh'JOJ promoter ~~~1~1~mLtl~e.J'Cl~LtJhl1j~Ln~;tJtltlndJtJ 3 LLUU ~tl ~LtJh11j 
homozygous n lOj:;yjU"lItJ1~~Li'itJLtl 390 ~LU~, ~L'W'lYl1j heterozygous TC lOj:;yjU"1l'W1~~Li'i'W 

Ltl 390, 290 LL'Cl:; 1 00 ~LU~ LL'Cl:; ~L'Wh"j homozygous n lOj:;yjU"lI'W1~~Li'i'WLtl 290 LL'Cl:; 100 

f'iLU~ 111t1~~~n1j~~rX'Jmtl'W'l"l!,r~~~1Lyj1:; Hinfl ~~LL~~~L'WJ11yj~ 4.6 
" 

300 ... ___ 

200bD---+ 

100uu._ ..... 

, 
~ _ r q 

111WYl 4.6: LL~~~e.J'Cln1~'JLPlj1:;~~1m1~~'Cl1n~'Cl1t1"l1tl~tI'W ACE "lItl~ SNP rs4292 OJ 

~1LL~'ll~ -93T/C L'WU1L'JOJ promoter rX'JtI';jfi PCR-RFLP LLm M dJ'W 100 bp DNA marker 

LL~~~"lI'W1~"lItl~~LU~ihriuB, LLm~ 1-2 Lu'W~m~ru:;"lItl~~L'Wh11jLLUU n, LLm~ 3-4 LU'W 

~m~ru:;"lItl~~L'Whl1jLLUU CC LL'Cl:; LL(l')~ 5 Lu'W~n~ru:;"lItl~~L'Whl1jLLUU TC 

., 
-93T/C L'WU1L'JOJ promoter rX'JtI';jfi PCR-RFLP L'Wnrl~PI'JUPl~~1'W'J'Wi~~~~ 207 j1t1 L~mu'W • • 
LyjPi~clJ~ 129 j1t1 LyjPi"l!1t1 78 j1t1 ~~iitl1tJL'U~mYhriu 41.34±9. 76 tJ (mean ± SD) yju~1ii 

n1jLL~~~tltln"lltl~~L'W'lYlULLUU n ~1tJ'J'W 104 j1t1 f.1~LU'W~tltl'Cl:; 50.2, TC ~1'W'JtJ 86 j1t1 f.1~ 

LU'W~tltl'Cl:; 41.5 LL'Cl:; CC ~1'W'J'W 17 j1t1 f.1~LU'W~tltl'Cl:; 8.2 LL'Cl:;L~tl,J1f'i1~1';jLPln:;i~1 
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" 
71.0 LLfl::: C 120 t1fl~fl ~~lLUtJ~'tltlfl::: 29.0 LLfl:::LtJnfll-J[;]'J'tl~h-l~ltJ'JtJl1-l'VIl-J(;1 187 ~1t1 L(;1t1 • 

LUtJLYiPl'VIry-l 122 ntl LYiPl'l!It1 65 ntl ~-lij'tll~L~~tlLvi1nu 44.89±12.92 11 YiU~lijn1~ 

LL~(;l-l'tl'tln'll'tl-l~LtJLVltlLLUU n ~ltJ'JtJ 97 ntl ~(;lLUtJ~'tltlfl::: 51.9 , TC ~ltJ'JtJ 79 ntl ~(;lLUtJ 

~'tltlfl::: 42.2 LLfl::: CC ~ltJ'JtJ 11 ntl ~"lLUtJ~'tltlfl::: 5.9 LLfl:::L~'tlUlr11l-Jl':jLf'ln:::~'VIIf'l'JIl-J~ 
" 'II'tl-lt1fl~fl YiU~1 ~ln~ltJ'JtJt1fl~fll1-l'VIl-Jcn 374 t1fl~fl LUtJ T 273 t1fl~fl ~cnLUtJ~'tltlfl::: 73.0 

, 
"' ...... !'It.- 'I ... 

LLfl::: C 101 'tlflflfl f'l(;lLutJ~'tltlfl::: 27.0 ~tJ(;Il~I-lVl 4.5 

(;lln-l~ 4.5: LL~ (;l-l n1~LmtiULYitlUc.Jfl n1~m:::~It1"ll'tl-l~L tJL Vltl LLfl:::f'l'Jll-J~"ll'tl-l'elfl~fl"ll'tl-l~tJ 

ACE SNP -93T/C LtJn~l-Jf'\'JUfOJl-JLLfl:::n~l-J[;]'J'tlth-l 

nfll-J (n) Genotype distributions Allele frequencies • 
n TC CC T C 

n~l-Jf'l'JufOJl-J (207) 104 (50.2%) 86 (41 .5%) 17 (8.2%) 294 (71.0%) 120 (29.0%) 

n~l-J[;]'J'tlth~ (187) 97 (51.9%) 79 (42.2%) 11 (5.9%) 273 (73.0%) 101 (27.0%) 

~ln4f'tl~flL tJ(;Iln-l~Il-Jl~C1UIl-J1 ~ltJ'J nJ'VI1~l-J ~fl Hardy-Weinberg (HWE) 

'II'tl~n1m~:::~It1[;]'J~LtJLVltl'l!'tl-l~tJ ACE SNP -93T/C L(;ltlL-if Chi-square test LtJn1~Vlcn~'tlU 
, " 

Vll~~t1~LmtiULYitlUf'l'Jll-J LL(;In j;]1~ ~~YiU~ll1~~'tl~ n~l-J [;]'J'tltJ l~ij n lm~:::~It1 LutJhl ml-J n!J"ll'tl~ 

Hardy-Weinberg LYi~I:::hJYiUR'Jll-JLL(;In j;]1~'tltJl~ijl1t1~I~'1iVll~~t1~ P > 0.05 (n~l-JPi'J'tltJl-l 

2 ' 2 ' ; X = 0.96, df = 1, P = 0.328 LLfl::: n~l-Jf'l'JufOJl-J; X = 0.02, df = 1, P = 0.895) ~:::'VI'JI~ 

• "'<j' ~ ."I.J 0 "'<j' ~ _"I": '" 
~ltJ'JtJn1m~:::~It1'"1 ~tJ LVluVlYiU LLfl:::'"IltJ'JtJn1m~:::'"Ilt1'"1 ~tJ LVluVlf'llcn'VI'J-l 

11 tit .J 0 Q "_F-! cI .J .... ci cI 

LLfl :::'"11 n"ll'tl~ fl ~ tJ(;Il ~1-l Ll-J'tlVll n1 n LM1:::'VI L u ~tI U L VltlU f'l'J 1l-J C1'tl fl fl fl "ll'tl-ltltJ 

ACE SNP -93T/C ~~ltJ'JnJL~ ~:::'VI~I~nfll-J~11'Jtlhf'l~l-JLPI~ILLfl:::n~l-J~~iJ~"llJ11Yi~LL~'J L(;ltlL-if 
.. " "" " 

" 
Chi-square test L tJn1~Vl (;l~'tlUVll~~ t1 ~ hJYiU~ll1~~'tl~ n~l-JiJ f'\'Jll-J LL(;I n j;]1~'tltJl~iJl1t1~1 ~ '1i 

Vll~~t1~ P > 0.05 (X2 = 0.29, df = 1, P = 0.590, OR = 1.103, 95% CI = 0.808 - 1.507) 
.... .. 

2.3 r..t~n1'1'lLA'l1::'" Linkage diseqilibrium (LD) U~:: Haplotype 

" " c.Jfln1~':jLf'I~I:::~'VI1 LD "ll'tl-l SNPs l1~~'tl~YiU~1 -240M LLfl:::-93T/C Pi~'tltJf'ltJ 
" 
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e.J~n1~~hfi1~1:::lf"n Haplotype 'lI'f)~ SNPs ~~~'f)~ YiU~1fi1'J1~~~~l.lih:::,.d1~ 
n1nn~L~fi1LL~:::n1~ii~Ll.l1vl1jdjl.l-240T/-93T LL~~~~~j;J1~1~~ 4.6 

j;J1~1~~ 4.6 : LL~~~Fh~1~'"I1nn1~~LM1:::lf Haplotype 

Haplotype Case, Control Case, Control 'l P value· Empirical 

frequencies ratio counts frequencies P value" 

-240AfT-93T/C 

A-T 0.619 222.1 : 151.9,265.7 : 148.3 0.594, 0.642 1.916 0.166 NS 

T-C 0.148 55.1 : 318.9, 61.7 : 352.3 0.147, 0.149 0.005 0.946 NS 

A-C 0.132 45.9 : 328.1, 58.3 : 355.7 0.123, 0.141 0.559 0.455 NS 

T-T 0.101 50.9 : 323.1, 28.3 : 385.7 0.136, 0.068 9.970 0.002 0.004 

.... ...'" ca._ 
"UJ1m~j;J * 'JLfi1~1:::~(;\'JtJ~tlj;J Chi-square test; • 

I< 
_ ... .... 0 • .... • •• 

** 'JLfi1~1:::~~~~'"I1nn1~'Vl1 permutations 100000 fi1N; NS = Not significant. 

.J 11< ... , ~~ , 
'"I1nPl111~'Vl 4.6 LL~(;\~ m~l.l'J1 Haplotype -240T/-93T '"I:::YiU ~~ ~l.ln~~ 

~'J~th~l-J1nnr)1 2 Lvl1'l1~~n~l-Jfi1'JUfi1l-J (OR = 2.177, 95%CI = 1.341 - 3.533, P = 0.002, • • 
empirical P = 0.004) 

.. .. .. .ol' .. 
'!Iil.:l!llJ ACE .. lJL'JI~fH ~1~L~!I.:1~lJH!I • 

3.1 eJ~n1~L~~!I~€lJ~'JlJ~1L~lJLil~1V1~1Jn1~Lfol~lJ i'J!ltJijm!l1 PCR 
I< , 

e.J~ n1 ~Lj;J1tJ~:nl.l~'Jl.l'll ~~ ~ L~l.lL~ Vl ij fi1'J1l-JVI~ 1 n~~ 1tJ'Vl1~~l.l~ m~~ ru 

~1Lmll~ -93 TIC ~'Jm'Vlfi1nfi1 PCR fi1ru:::tn4'tJ~~1~":hn1n~'f)n~'J'f)th~~L~uL'f)'lI~~m~1~,rfi1~~ 
" 

I< , 

~1~fue.J~n1~Lj;J1m.J:nl.l~'JU'll~~~Li)uL~ Vlij'llu1~LLj;Jm;h~nu'll~~~U ACE 
I< I< 

1J1L'JruhbL~Lj;J~f ~'Jm'Vlfi1nfi1 PCR :nU~'JU'll'f)~~Li)UL~ij'llU1~~~n 246, 401 LL~::: 528 ~L1J~ 

~~LL~(;\~1Wl1Yi~ 4.7 



SOObp 

400bp 

300bp 

100bp 
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Jl'1~~ 4.7 : LL~~~r.J~n'11L(;"i;'U~~t.!~,)t.!"ll~~~iL~t.!L~~ii"lJt.!'1r;lLLl'ln(;h~nt.!"lJ'el~~t.! ACE ti1L,)n.lhh 

'Ll-JLI'l~f ~')m'YlFlilFl PCR 'L~mLm~ 1, 3, 5 LUt.!100 bp DNA marker LL~~~"lJt.!'1(fl"lJ~~~L1J~ 
,~ ~ 

rhn1JH LLm~ 2, 4, 6 LUt.!;t.!~')t.!"lJ~~t1L.at.!L~ii"lJt.!'1~~~lj 246, 401 LL~:; 528 r)L1J~I'l'1~~'1~1J 
OJ 

3.2. ~~n1'iJ;l'i1'"1~'£ltj'i:_Fl~'U (Colony Screening) i1!.1L'VIFlUFI Colony-PCR 

'VI ~~'"11 n ~ ~1~ t1 L.at.! L ~~ ~ '1 ~ij r;l LL~ :;l1'1 n '11~ '1U 'L ~t.!t1 L.a t.! L 'el~ ~ '1 ~ ij (fl L -if '1L1I1 t.! 

I I I I " 

~L.at.!L~~Ln!X~~n'11 ~')m'YlFlilFl Colony-PCR LYi'el~r;lL~'elm'l!~;Y1L~~1J~~'1~ij~Y1!X'el~n'11~t.!~'1 

~m:t'1 promoter activity "lJ~~~t.! ACE (;)'elLlI 

3.2.1 ~~ J;I'i1'"1~'£lU n1'i tFl~t.!~'U'll1'U"lI'£l-3 ~h.a'U L'£l nu pGEM®-T Easy 

Vector (Promega) ~1!.1L'VIFlUFI Colony-PCR 
, ~ 

r.J~Y1L~'"1'1nn'11l1'1 Colony-PCR '"1'1n;t.!~')t.!"lJ~~t1L.at.!L~"lJt.!'1~ 246, 401 LL~:; 
I.... ® ..J~...::::III CI f '" ~ cI CI 

528 ~L1J~n1J pGEM -T Easy Vector 'Yl~~L'tlt.!L'tl"lJt.!'1~ 176 ~L1J~ r;l~t.!t.!LLCl1J"ll~~r;lL~t.!L'tl1Jt.!L'"1~ 

.J~ " ~ q a .cJ " q 
'Yl ~~'"1'1nn'11'LFl~t.!'lIt.!~')t.!'lI'tl~~L~t.!L~'YlClnl'l~~'"1:;l-J"llt.!'1(fl1l1:;l-J'1n.l 422, 577 LL~:; 704 r)L1J~ 

OJ OJ , ., ... 
LL~r;l~r;l~Jl'1~'Yl4 . 8 (1,2,3) 
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600bp 
SOObp 

400bp 

300bp 
2SObp 

200bp 

lODbp 

SObp 

.J .J1'" 0 ~ 4::11 CI' 

1l1~V1 4.8 : LL~~~~H:iVl ~"1nn11V11 Colony-PCR "1n"JllJ~'JWll'el~~L'ellJL'el'1JlJ1~ 246, 401 LL'(l:; 

528 ~LU~riU pGEM®-T Easy Vector~i1~h.alJL~'1JlJ1~ 176 ~LU~ (1). LLm~ 1 LUlJ 100 bp 
, ... 

DNA marker LL~~~'1JlJ1~'1J'el~I"iLU~ n1riuH, LLmYl2-5 LUlJ:nlJ~'JlJ'1J~~~L.alJL~ pGEM®-T Easy 
" 

Vector ~i1'1JlJ1~ 176 ~LU~ LL~:;LLm~ 6 LUlJ~lJ~'JlJ'1J'el~~L.alJL'el~1~rl'(llJ~rJ1~~nrJf~~~~i1'1JlJ1~ 
, ... , 

1.1 
' ... .?\ .... ,J...... ® ...... 

1:;).ntl.l 422 ~LU~ (2) . LLmVl 1-2 LulJ"JllJrl'JlJ'1J'el~~L'ellJL'el pGEM -T Easy Vector V1).J'1JlJ1~ 

176 I"iLU~, LLm~ 3 LUlJ~lJ~'JlJ'lJ~~~L.alJL~~1~rl~lJ'elrJ1~ClnrJf'el~~~i1'1JlJ1~tl1:;).J1tl.1 577 I"iLU~ .. .. .. 
LL~:;LLm~ 4 LUlJ 100 bp DNA marker LL~~~'lJlJ1~'1J~~I"iLU~ n1riuH (3) . LLm~ 1 LUlJ 100 bp 

" 
DNA marker LL~~~"lllJ1~'1J'el~~LU~ n1riuH, LLm~ 2, 3 LUlJ~lJ~'JlJ'lJ~~~L.alJL'el pGEM®-T Easy 

I I '" , I 

Vector Yli1"lllJ1~ 176 I"iLU~ LL~:;LLmYi 4 LUlJ:nlJ~'JlJ"ll'el~~L.alJL'elYl1~rl'(llJ'elrJ1~ClnrJf'el~en~i1'1JlJ1~ .. .. 
tl1:;).J1tl.1 704 I"iLU~ .. 
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3.2.2 j;I'i'l~~'eltJn1'iLFI~'U~'U~'l'U'iI'el-3~L~'UL'elntJ pGL3-8asic Vector i'ltl 

L'VIFlUFI Colony-PCR 
, ~ 

CH'lYl'l~'"l1nn1~~1 Colony-PCR '"l1n~'U~'l'U'lJ'el~~h~'I..lL'el'lJ'I..l1(?l 161, 246, 401 
, ~ 

, .... 4:IiI<I:IIc:!I " I.... .... .oC:iI a 
LLf'l:; 528 ~L1J~n1J pGL3-8asic Vector Yl~(?lL'el'l..lL'el'lJ'I..l1(?l 121 ~L1J~ (?l~'U'I..lLL(l1J'lJ'el~(?lL'el'l..lL'el1J'I..l 

cJ., '" ..: .c::.I c:r .J " .CIIII I L'"lf'lYl~(?l'"l1nn1~Lf'lf'l'U'll'U~'l'l..l~'fl~(?lL'fl'l..lL'flYl(lnj;)'el~'"l:;~'lJ'I..l1(?llh:;~1ru 282, 367, 522 LLf'l:; 649 f'I 
~ ~ 

, 
... ... 

L1J~ LL~(?l~(?l~I1TYiYl 4.9 (1,2,3,4) 

500bp 

300bp 

200bp 

100bp 

" ~ 

I1TYiYl4.9 : LL~(?l~c.Jf'lYl'l~'"l1nn1~~1 Colony-PCR '"l1n~'U~'l'l..l'll'el~~h~'UL'fl'lJ'U1(?l 161,246,401 

LLf'l:; 528 ~L1J~n1J pGL3-8asic Vector ~iJC;;Ltl'l..lL'fl'll'U1(?l 121 ~L1J~ (1). LLm~ 1 LiI'I..l100 bp 
, ~ 

DNA marker LL~~W1J'U1(?l~'fl~~L1J~ rl1n1JH, LLmYl 2 LtI'I..l~'I..l~'l'U~'el~C;;L~'I..lL'fl pGL3-8asic 
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I I" I 

Vector ViiJ~Lil'WL'tl~'W'l~ 121 ~LU~ LL~:::LLmVi 4 LU'W~'W~')'W~'tl-.l~Lil'WL'tlVil~Iil~'W'tlth~tln~'tl-.l 
~ ~ 

I" I I 

rllrluH, LLmVi 2-7 LU'W~'W~')'W~'tl-.l@hil'WL'tlVil~Iil~'W'tltJ'l-.ltln~'tl-.l~-.liJ~'WI~th:::l-.J'lru 367 ~LU~ 
~ ~ 

I " I I 

LL~:::LLmVi 8 LU'W~'W~')'W~'tl-.l ~ Lil'WL'tl pGL3-Basic Vector ViiJ~Lil'WL'tl~'W'l~ 121 ~ LU~ (3) . LLmVi 
" ," , 

1 LU'W 100 bp DNA marker LL~~-.l~'WI~~'tl-.l~LU~ rl'lrluH, LLmVi 2-9 LU'W:a'W~')'W~'tl-.l~Lil'WL'tlVi 
~ 

, , " 
l~Iil~'W'tltJ'l-.l~n~'tl-.l~-.liJ~'W'l~th:::l-J'lru 522 ~LU~ LL~:::LLmVi 11 LU'W~'W~')'W~'tl-.l~Lil'WL'tl pGL3-

Basic Vector ~iJ~Lil'WL'tl~'W'l~ 121 ~LU~ (4). LLm~ 1 LU'W 100 bp DNA marker LL~~-.l~'W'l~ 
~ 

~'tl-.l~LU~ rl'lrluH, LLm~ 2-7 LU'W~'W~,)'W~'tl-.l~Lil'WL'tl~l~Iil~'W'tltJ'l-.l~n~'tl-.l~-.liJ~'W'l~th:::"J'lru 
, " , 

649 ~LU~ LL~:::LLmVi 8 LU'W~'W~')'W~'tl-.l~Lil'WL'tl pGL3-Basic Vector ViiJ~Lil'WL'tl~'W'l~ 121 ~LlJ~ 
~ ~ 

3.3 eJ'i~ n1'i~'i'l"'l~'aU"'~1~ ij ~;1~ n ~ 1~ ~'l!l LVI flU fl n1'i~ ~ ~'l!l L'a'Ul'lf~ ~ ~ 
~1L"'1~ RFLP 

3.3.1 eJ~n1'i~'i'l"'l~'au"'~'l~ij~ phACE(-217)Luc, phACE(-372)Luc, 

phACE(-499}Luc, phACE(-93T}Luc U~~ phACE(-93C}Luc ~'l!lLVlflUfl RFLP 
, , " 

1. 'Wn1~f'l~ L~'tln L'lI~;Vil~fu~~'l~il ~Vi ~'tl-.ln1~,r'W 
, 0-

'htJL'tl'WL;r'l~L'lI~;Lii~"'I'lnL;'tll-J(;\'tl~'W~,)'W~Lil'WL'tlrlU pGEM®-T Easy Vector LL~::: pGL3-Basic 

Vector ~')m'tl'Wl'l1,r~~~'lL~I::: Kpn' (NEB) LL~::: Hind'" (NEB) ~-.lt!'W1.'Wn1~(;l~,)"'I~'tllJ~-.l1.-n 
"" "" I I 

L'tl'W 1 'lI,rli-.l~'tl-.l'lltl~u 1-11 n~ ~ 'l~il ~,r'WiJ'd'W~')'WVi ~'tl-.l n1 ~P1 mtl'tl~ LLtl U~'tl-.l ~ L il'WL'tlVitJ~'l n!)lJ'W 

" L"'I~"'I:::iJli-.lLLtllJ~'tl-.l pGEM®-T Easy Vector ~'WI~tJ~:::l-Jlru 3,000 ~LU~ pGL3-Basic Vector 

~'W'l~th:::l-J'lru 4,800 ~LU~ rlU~'W~,)'W~Lil'WL?l~'WI~tJ~:::"J'lru 246, 401 LL~::: 528 ~LU~ ~-.lLU'W 
" " 
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, 
~ -111ViVl4.10 : LL~C?\~CJ~m~(;l~')'"l~'e)UVi~1~~c?\ phACE(-217)Luc, phACE(-372)Luc, phACE(-

499)Luc , phACE(-93T)Luc LL~:; phACE(-93C)Luc ~~nC?\l~~hmVlflilflm~LJiC?\,~hm'e)'Wl"ll,rLJiC?\ 

41LVi1:; (RFLP) (1) . LLm~ 1 LU'W 100 bp DNA marker LL~c?\~"lI'W1Wll'e)~~LU~ rl1nuH LLm~ 2-

.ffI 4:11icr cJ~ ® .1 
4, 5-7 LL~:;8-10 Lu'WLLClU'~'e)~c?\L'e)'WL'e)V1Lu'WLLClU"ll'e)~ pGEM -T Easy Vector "lI'W1c?\u~:;~1ru 

~ , 
3,000 ~LU~ nu;'W~')'W~h~'WL'e)"lI'W1C?\tJ~:;~1ru 246, 401 LL~:; 528 ~LU~ (;l1~~1~U (2). LLmVi 1 

LU'W 100 bp DNA marker LL~c?\~'1I'W1c?\'1I'e)~~LU~ rl1nuH LLCl,)~ 2, 4, 6 LL~:;8 LU'WLLClU'll'e)~~L~'W 

LtlVi~1~nC?\~u~hlcJ1'Wm~LJiC?\~')m'e)'Wl"ll,rLJiC?\41LVi1:; LLm~ 3, 5, 7 LL~:; 9 LU'WLLClU"lltl~~L~'WL'e)~ 
~ 

LU'WLLClU'll'e)~ pGL3-8asic Vector 'lI'W1C?\tJ~:;~1ru 4,800 FiLU~ nU;'W~,)'W~L~'WLtl"ll'W1c?\ 
'II 

tJ~:;~1ru 246, 401, 401 LL~:; 528 FiLU~ (;l1~~1~U .. 
~ ~ ~ 

3.3.2 ~~ n1'i(;l'i'J~~'el'l..lVi~1~~ f;l phACE( -132)Luc f;l'JtlL VI F!UF! RFLP 

L'Wm~~c?\L~'e)nLen~~~1~fuVi~1~nc?\~~tl~n1ntl~Lfl~'W L~tl~'"l1n~L~'WLtlVi~1~ 
, ~ 

n~ phACE(-132)Luc Vi,hULtl'WL;r1~Len~~Lnc?\'"l1nLJic?\;'W~,)'W"lI'e)~~L~'WL'e) phACE(-372)Luc .. 
I '" I " 

U1~~')'WtltlnltJLL~:;L:n'e)~(;]tl;'W~,)'W~L~'WLtlViL~~tln~UL~~'e1'WL~~ ~~U'WL'Wm~(;l~,)'"l~tlU~~1-i{ 

Ltl'Wlen,r~C?\41LVi1:;~~1~1~Cl~c?\~L~'WL'e)Vi~1~nC?\ phACE(-132)Luc Lm~ltJLLUU~rl1~'Wc?\ (L'W 
~ ~ 

n1~V1c?\~tl~il'"l:;HL'e)'W1"ll,r Sacll (Fermentas) LL~:; Hindlll (Fermentas) ~1nVi~1~nC?\U'W;:J 

~ " 
'lI'W1C?\tJ~:;~1ru 4,800 FiLU~ nU;'W~,)'W~L~'WL'e)'1I'W1C?\tJ~:;~1ru 50 FiLU~ :n~Lu'W~')'W~ll~"lI'e1~u'W .. .. 
ACE U1L')ruLtJ~L~L(;ltlf LL~c?\~~~111Vi~ 4.11 



100bp 

75bp 

50bp 

25bp 
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Jll'Yi~ 4.11 : LL~~~c.J~n11~1,)'"l~'tlU'Yi~I~n", phACE(-132)Luc ~~n",1J1J1')mVlf'lilf'lnI1~~ 

JI')tIL'tlUl"l1lf~~~IL'Yil:; (RFLP) LLm~ 1 LUU 100 bp DNA marker LL~"'~"1IU1"'''1I'tl~~LU~ ii1nu 

H, LLm~ 2 LUULLt1U"1l'tl~~L~UL'tl'Yi~I~n",~u~hJthUn11~",JI')m'elul"l1~~"'~IL'Yil:;, LLm~ 3 
, ~ 

LUULLt1U"1l'tl~~Lt)UL'tlfhUULLt1U"1l'tl~ pGL3-Basic Vector "1Iul"'th:;2-nru 4,800 ~LU~ nu~u~')u 

~Lt)UL'tl"1lUl"'th:;"'J1ru 50 ~LU~ LL~:;LLm~ 4 LUU 25 bp DNA marker LL~"'~"1IU1"'''1I'tl~~LU~ 

ii1nuH 

3.4 W~ nl'i91'i1~~'£I1J fl11~Hln ~'eI~'jJ'£I~~~1~ij IPI phACE(-132)Luc, phACE(-
" 

217)Luc, phACE(-372)Luc, phACE(-499)Luc, phACE(-93T)Luc U~:: phACE(-93C)Luc 
.., _ 0 cv 

1P11!! L'VI fllA fl n1'i,"1~11P11J L 1J~ 

c.J~ nl1~ mil~1 ~u LU~"1I'tl~ ~ L~UL'el'Yi ~ l~n '" phACE(-132)Luc, phACE(-
..J 

217)Luc, phACE(-372)Luc, phACE(-499)Luc, phACE(-93T)Luc LL~:; phACE(-93C)Luc VI 

Lf'l~Ul~LL~:;~1l-J1LmtJuLVltJunu~I~ULU~"1I'tl~UU ACE LU GenBank accession No. 

EU332840 JI,)tJ';jfi Jotan Hein Method LULthLLn1l-J MegAlign "1I'el~u1~VI DNASTAR th:;LVlf'I 

~llfStlLl-J1n1 'YiU~Ii1f'l,)Il-Jf'l~ltJnU"1I'el~~I~ULU~'tl~tJ:i':;l-Jlru 90.2, 95.8, 94.6, 97.2, 95.5 

LL~:; 94.6 % ~1l-J~I~U 

~1,..fuc.J~ n11~m~t1 Transcription Factor L U~1 ~u LU~"1I'el~ ~ L ~UL 'el~ LLf;] n [;Jl~n'W"1I'el~UU 

ACE ru ~ILL,..ti~ -93T/C ~')tJLtJ1LLnn.J PROMO 3.0 version 8.3 

(http://alggen . lsi.upc . es/recerca/menu_recerca . html)'YiU~Ii1TranscriptionFactor''1l'el~ 
, ~ 

l-J\t1iU Vli1~IL'Yil:;~~nu~l~uLU~ -93T li~"'l-J'" 6 ~') l~LLri C/EBPbeta, LEF-1, TCF-4E, 

NFIICTF, GR LL~:; TFII-I ~~LL~"'~L'WJll'Yi~ 4.12 



Factors predicted within a dissimilarity tn81'!in less or equal than 15 % : 

Distn"bution of the nucleotides over the given chain: 

A 

C 

G 

T 

, , 
q .- r . .c:::a, qq 0 ... 11 

fl1~Yl 4.12 : LL~Ifl'l~'Cln11'lLrl11:::~ Transcription Factor tJn'lruYl~'Cl1IfltJLtJ~ -93T Ifl'ltl 

hJ1LLm~ PROMO 3.0 

76 

LL'Cl:::~1~ftJ~'Cln11~n~ Transcription Factor "ll'el'l~ttMU ~iJ~1L~1:::~'lntJ~1~tJLtJ~ -
~ , 

93C ";'l~~1fl 1 ~'l1J1LLri TFII-I ~'lLL~Ifl'lLUliJV14.13 

Factors predicted \vitbin a dissimilarity m~ less or equal than 15 % : 

• IfJ!.; [JQ()S~.1) 

Distnbution of the nucleotides over the given chain: 

A 

C 

G 

T 

, , 
CII .- r . . .::r. CllCiiI 0 ... 1; 

fl1~Yl 4.13 : LL~Ifl'l~'Cln11'lLrl11:::~ TranSCription Factor tJ1L'lruYl~'Cl1IfltJLtJ~ -93C Ifl'ltl 

LiJ1LLm~ PROMO 3.0 
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<V COl .. d' ~ "I 
3.5 r.I~n1~AflL~'am'lf~"H 'Vi1::L~!I.:1'V1L\Un::'6'UJ b 'Un1~'VIf1~'a.:l 

'l'Un1~(;]~'ltOi~'elUn1nLM1'l'el'elnlw~::;~u mRNA "lJ'el'lrJ'U ACE LC1ltl'l-nrJ'W ~-actin 

LtI'W~'lf)'lUf)l.J 'l'WL"li~~LYn::;L~t1'1 L"li~~ Jurkat, L"li~~ K562, L"li~~ HeLa, L"li~~ HaCaT, L"l!~~ • 
HEK 293 LL~::;L"l!~~ SH-SY5Y L~'tl(;]~'ltOi~'elUn1nL~C1l'l'el'eln'l'W~::;~u mRNA "lJ'el'lrJ'W ACE r.J~ 

n1~~m~n~1cJ1LL~C1l'l'l'W(;]1~1'1~ 4.1 

(;]1l.J~1~U LtI'W~'l LLVl'W"lJ'el'l L"li~~~ L~l.J1::;~l.J LtI'W~'lLL Vl'W"lJ'el'l L"l!~~~i1 n1~LL~ C1l'l'el'eln"JI'tl'lrJ'W ACE 

(positive) L~'tl'ln'Wn1~~m~n promoter activity "lJ'el'lrJ'W ACE 'l'Wn1~VlC1l~'tl'lj;]'tlhJ LL~:;'l'Wn1~ 

VlC1l~'tl'l f)f'l~Wj4't11~ L~'eln 'l-nL"li~~ HeLa LtI'W~'l LLVl'W"lJ'el'l L"l!~~~hJi1n1~LL~ C1l'l'el'eln"JI'tl'lrJ'W ACE 
" 

(negative) 

3.6 r.I~n1~Anti1 promoter activity "lI'a.:lii'U ACE 

3.6.1 r.J~n1~~m~n promoter activity "lJ'el'lrJ'W ACE ~i1"lJ'W1C1l"lJ'el'ltthLl.JL(;]'tlf 

"JI'tl'lrJ'W ACE ~LLVlnj;]1'1ri'U (phACE(-132)Luc , phACE(-217)Luc, phACE(-372)Luc LL~:; 

phACE(-499)Luc)'l'WL"l!~~ HEK 293, L"l!~~ SH-SY5Y LL~::;L"li~~ HeLa LtI'W~'1Jl1'Vi~ 4.14 

9 

8 

.2 7 
o 
~6 . 
CO? 

...J 5 
C) 
Co 

Q; 4 
> 
°3 
~ 

~2 

1 

o +-'--

phACE(-132)Luc phACE(-217)Luc phACE(-372)Luc phACE(499)Luc 

o Hela 

• Hek293 

.SHSY-5Y 

Jl1'Vi~ 4.14 : promoter activity "lJ'tl'l~'W~'l'W~1L~'UL'el 'l'WU1L'lru promoter "lJ'tl'lrJ'W ACE ~i1"11'W1C1l~ 
LL(;]n~h'lri'W'l'WL"l!~~ HEK 293, L"li~~ SH-SY5Y LL~::;L"li~~ HeLa ~'1LLj;]~:;~'W~'l'W"JI'tl'l~h~'WL'tl~ 
L~'tll.Jj;]'tlriu 'Vi~1~nC1l pGL3-Basic tOi::;(lmhtlL'tl'WLi1~L"li~~'Vi~'tll.JriU'Vi~1~nC1li'll.J pRL-CMV 

" " 
LC1ltl fih firefly luciferase activities "1I'tl'l LLj;]~ ::;~'W~'l'W"lJ'el'l~h~'WL'tl~~~1'1~'WtOi::;(lmVitiULtI'W 

" 
ti(;]n~'l'Wriu Renilla luciferase activities LL~::;U1l.J1~1'W'lruLtI'W~1'W'l'ULvi1"J1'tl'l control (Fold 

over pGL3-Basic) ~'1fi1~1~tOi:;LtI'Wfi1L~~t1tOi1nn1n11n1~VlC1l~'el'li'l~l.JC1l 3 f)f'l (tripl icates) 
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, , , 
LL~::LL\'lC;)..:J~'Wu~tJ"lI'tl..:J~'HUtJ..:JLUUl-J1m~1U (S.D.) LULL(;]~::LLYl..:Jnn~ *p < 0.05 d:1'tl ... 
LmtJULVitJunU~1"l1'tl..:J phACE(-132)Luc LUL'l!~;HEK 293 ~'JtJ\'l()~ t-test, **p < 0.05Lri'tl 

LmtJuLVitJunU~1"l1'tl..:J phACE(-132)Luc LUL'l!~; SH-SY5Y ~'JtJ\'l()~ t-test 

Lc;)tJ"fjUrl1~1L'U~tJ~1U'JULYl1"l1'el..:J control (Fold over pGL3-8asic) ~Hl"ll'tl..:JLL(;] 
I II '" " 

~::;'!IU1C;)'!I'tl..:J hhLl-J L(;1'tlfViLL(;1n (;]1..:JnuL UL'lI~;L"fj1::L~tJ..:J11..:J 3 'lIilc;) ron nn1~~1n1~'YlC;)~'el..:Jl1..:J~l-JC;) 
" , ., ., ... 

3 I'lN (triplicates) LL\'lC;)..:JC;)..:J(;11~1..:J'Yl 4.7 

(;11n..:J~ 4.7 : LL\'lC;)..:J~1L'il~tJ~1U'JULYl1"l1'el..:J control (Fold over pGL3-8asic) ~l~"lI'el..:JLL(;]~::; 

"lIU1C;)"lI'tl..:J LU~ Ll-J L(;1'elf~ LL(;1n (;]1'1 nUL UL'l!~;L"fj1::;LitJ..:Ji..:J 3 'lIilc;) 

.. 
HEK 293 SH-SY5Y HeLa L'l!~~ 

... cr ... 
"'L'tlUL'tl"fj~1\'ll-J'" 

phACE( -132)Luc 8.2664 5.7151 3.3985 

phACE(-217)Luc 5.6617 4.7459 3.5676 

phACE(-372)Luc 1.7911 2.6922 2.3845 

phACE(-499)Luc 3.3951 4.7740 3.4112 

L~'eltl1~1~1~l-J1~1u'JnJ\'l()~ t-test L~'tlLmtJuLVitJunULUL'lI~; HEK 293 

"fjUrl1 ~1 L'il~tJ~1U'JUL Yl1"l1'tl..:J phACE(-132)Luc l-J1 nnrl1"l1'tl..:J phACE(-217)Luc, phACE(-

372)Luc LL~::;phACE(-499)Luc) 'tlU1..:JiJl!tJ~1~ClJ'Yl1..:J\'l()~ (P = 0.047, 0.002 LL~:: 0.008 

(;11l-J~1~U) 

, 
"fjUrl1~1 L'il~tJ~1U'JULYl1"l1'tl..:J phACE(-132)Luc l-J1 nnrl1"l1'el..:J phACE(-217)Luc, phACE(-

372)Luc LL~::;phACE(-499)Luc) 'tlU1..:JiJl!tJ~1~ClJ'Yl1..:J\'l()~ (P = 0.014, 0.001 LL~:: 0.044 

(;11l-J~1~U) 

~'tltl1~1~1~l-J1~1u'JnJ\'l()~ t-test L~'elLmtJuLVitJunULUL'lI~; HeLa "fjUrl1 
I oJ 0 I 

1'l1L'il~tJ'"I1U'JUL'Yl1"l1'tl..:J phACE( -132)Luc, phACE( -217)Luc, phACE( -372)Luc LL~::phACE(-

" 499)Luc) l!uhJiJl'l'J1l-JLL(;1n(;]1..:JnU'tlU1..:JiJl!tJ~1~ClJ'Yl1..:J\'l()~ (P = 0.795, 0.122 LL~:: 0.989 

(;11l-J~1~U) 
, 

~ q.c;l.Qf .CII 

3.6.2 eJ~n1~l"lnb'1 promoter activity "lI'tl..:JtJU ACE 'Yll-J1'l'J1l-J~~1n~~1tJ"lI'tl..:JtJU 

nJ ~1LLml..:J -93 LLUUt1~~~ T (phACE(-93T)Luc) LL~::;t1~~~ C (phACE(-93C)Luc) LUL'lI~; 

HEK 293, L'lI~; SH-SY5Y LL~::;L'lI~; HeLa LtlU~..:JJl1"fj~ 4.15 
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," , 
Jl1Yl~ 4.15 : promoter activity '1I'a~;'U~')'U~h~'UL~L'Uu1L,)CW promoter '1I'a~U'U ACE ~i1fil,)1l-J 

~ 0 I .... q .., ...::;I 

lH~1m~fl1[J'1I~~[J'U CW 1iI1LL~'U~ -93 LLUU'aflflfl T (phACE(-93T)Luc) LLfl::~flflfl C (phACE(-
," , 

93C)Luc) L'UL'lIfl; HEK 293, L'lIfl; SH-SY5Y LLfl::L'lffl; HeLa ;~LLL'ifl::;'U~,)'U'1I~~~h~'UL~~ 

L~~l-JL'i~riu Ylfl1~ijr;) pGL3-Basic ,..::~ncl1[JL~'UL.;r1~L'lffl;Ylr~l-JriUYlfl1~ijr;)~,)l-J pRL-CMV 

Lr;)[Jf'h firefly luciferase activities '1I~~LLL'ifl::~'U~')'U~~~~h~'UL~~~h~~'U"'::~nL~[Judj'U 
~liIn~')'Uriu Renilla luciferase activities LLfl::U12-J1 r11'U,) cwLtI'U"h'U,)'UL vl1'11'a~ control (Fold 

I' I II II 

over pGL3-Basic) ;~f'h~'t~"'::LtI'Uri1L~~[J"'1nn1~.yhn1~Vlr;)fl~~~~~l-Jr;) 3 filf~ (triplicates) 

LLfl::LL~r;)~ri1L~~[J~'a~ri1Lrl[J~LU'Ul-J11i1~~1'U (S.D.) L'ULLL'ifl::LLvl~nnYl *p < 0.05 L~'a 
Lm[JUL~[Juriuri1'11'a~ phACE(-93T)Luc L'UL'lIfl; HEK 293 ~')[J~t1~ (-test, **p < 0.05 L~~ 

Lm[JUL~[Juriuri1~~~ phACE(-93T)Luc L'UL'lIfl; SH-SY5Y ~')[J~t1~ (-test 

Lr;)[JYlU11ri1L~~[J~1'U,)'ULvl1'11~~ control (Fold over pGL3-Basic) ~'t~'1I'a~LLL'i 

fl::'1I'U1r;)'1I'a~h.hLl-JLIiI~f~LLlilnL'i1~ri'UL'UL'lffl;LYl1::Lim~~ 3 'lfilr;) "'1nn1~.yhn1~Vlr;)fl'a~~~~l-Jr;) 
3 filf~ (triplicates) LL~r;)~~~1iI1~1~~ 4.8 

(;n~1~~ 4.8 : LL~r;)~ri1L~~[J~1'U,)'ULvl1'11'a~ control (Fold over pGL3-Basic) ~'t~'1I~~LLL'ifl:: 
, " " 

'1I'U1r;)'1I~~ hh Ll-J LIiI~f~LLlilnL'i1~ ri'UL'UL'lIfl;LYl1::L~[J~~~ 3 'lIilr;) 

,. 
HEK 293 SH-SY5Y HeLa L'lIflfl -.. ... 

~L~'UL~Ylfl1~l-J~ 

phACE( -93T)Luc 4.5415 4.0936 3.1342 

phACE(-93C)Luc 1.7911 2.6922 2.3845 
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Ln'tltJ.l~l~l~~I~lt.1/HU~~~ t-test L~'tlLmUULViuurlt.lLt.lL"ll~~ HEK 293 

YiU~I~IL~~U~lt.1')t.lLYil"lJ'tl~ phACE{-93T)Luc ~lnn~I"lJ'tl~ phACE{-93C)Luc 'tl£h~ij 

UU~I~'1J'Vll~~~~ (P = 0.001) 

Ln'tltJ.l~l~l~~1 ~lt.1,)nJ~~~ t-test L ~'tl LmUULViuurlt.lL t.lL"ll~~ SH-SY5Y 
, 

YiU~I~IL~~U~lt.1')t.lLYil"lJ'tl~ phACE{-93T)Luc ~lnn~I"lJ'tl~ phACE{-93C)Luc 'tl£h~ij 

UU~I~'1J'Vll~~~~ (P = 0.013) 

Ln'tltJ.l~l~l~~I~lt.1,)nJ~~~ t-test L~'tlLmUULViuurlt.lLt.lL"ll~~ He La YiU~1 
, 0-

~IL~~U~lt.1')t.lLYil'!1'tl~ phACE{-93T)Luc LL~:: phACE{-93C)Luc ut.lhlijfil,)I~LL(;lmh~rlt.l 

'tlth~ijUU~I~'1J'Vll~~~~ (P = 0 .228) 



...a 
1J'VI'VI 5 

CJ .. .. .. .. tr .. 

Lfl'ULfl'fl~L'1I~~ Jurkat, L'1I~~ K562, L'1I~~ HeLa, L'1I~~ HaCaT, L'1I~~ HEK 293 LL~::;L'1I~~ SH-
, ~ 

SY5Y LU'Ut;j1LL~~~V1hlLn'" DNA methylation L~~1::;1l::;'I!'Un1~LL~"'~'tlfln~'tl~U'U ACE hjL~ 

L~tJ'lifl~n1J DNA methylation L'Ut;j1LL~~'1 -122 UWLthL2-ILf;]'tlf LLj;JnJLLUUn1~Ln'" DNA 
. '. ~ 

methylation ru t;j1Lm~~ CmCWGG 'lIfl~U'U ACE ~t;j1LLm.i~ -316 U'ULth'i:2-ILf;]'tlf ,r'Um'"l'"l::;ijc.J~ 
~ ~ , 

~fln11LLMl'lflfln'fl~ti'U ACE L'UL'1I~;L~1::;L~t1'1vi'l 6 'I!1l", Lllfl~'"l1mtJflfL'1I'UJ;]n11Ln'" DNA 
~ 

methylation LL~::;~::;~Un1~LL~Vl~flfln'fl'lU'U ACE 'fl~LLj;J~::;L'1I~;'I!'UiJl"l'J12-1~2-I~'Ufin'U ~1fl 

n~1'J~n'l!t1~rt~L~~1 n1~Ln'" hypermethylation ~t;j1Lm~'1 -316 U'ULtJ~L2-ILf;]flf'll'a'lu'U ACE 

m'"l'"l::;":h L ~n1~LL~ Vl~'afl n'fl~U'U,r'U~ Vl~~ L~ ~'1nn11LL~ "''I 'a 'a n~'tl'lU'U'a1'"l;'Ufl~ n1JU'"l4't1~'U1 

~~n1~~nM1m12-1~2-I~'Ufi~::;~~1'1F1'J1l-m~1n~~1t1'Vl1~~'U~n~~2-I'fl~U'U ACE 

'lI'a'l SNP rs4291 ru t;j1LL~~'1 -240 NT L'U1J1L'JruLtJ~hJLf;]'tlfLL~::;hl"l;2-ILP\~1L'UI"l'UL'Vltl ~U~1 

LtJflfL'1I'UJ;]'fl~ FI'J 12-1 ~~L 'UL 'VlUL 'Un~)J FI'J 1J 1"l2-1 LL~::;n ~ 2-1 (;]'J'tlU 1~ iJ 1"l'J 12-1 LLf;] n j;J1'1 n 'UflU1'1 iJ • • • 

'l!t1~1~nJ'Vl1'1~a~ (P < 0.05) LL~"''1~1 n1~~U~L'UL'VlU n fl1'"l~2-I~'Ufinun1~Ln",hl"l;2-ILP\~1 

L 'UFI'UL 'VltlL~ LLj;J~'1nn1~Ln Vl L~I"l;2-I LP\~1 h1L~ Ln Vl'"l1 n~1 m f;]'Vl1~~'Ufi n n2-lflU1~ L~tJ'lm'"l;'U'au .. " 
nUU'"l4't1~'U11'J)J ~'JtI 

~~n1~~nM1F1'J1)J~2-I~'Ufi~::;~~1~FI'J1)J~~1n~~1t1'Vl1~~'Ufin~~2-I''a'lU'U ACE • 
'fl~ SNP rs4292 ru t;j1LL~~~ -93T/C L'U1J1L'JruLtJ~La.JLf;]flfLL~::;L~FI;2-ILP\hL'UI"l'UL'Vltl ~1J~1 

LtJflfL'1I'UJ;]~fl'l FI'J12-1~~L'UL 'VlUL 'Un~ a.J FI'JU Fl2-I LL~ ::;n~ a.J (;]'J'tlU1'1 hjiJ FI'J12-1 LLf;] n j;J1~ n'UflU1~iJ . , , 

'l!t1~1~nJ'Vl1~~a~ (P> 0.05) LL~Vl~~1 n1~~U~L'UL'VlU cc LaJL~~2-I~'Ufinun1nnVlL~I"l;2-ILP\~1 

L'UFI'UL'Vltl 
~ , 

~~ n1~~ '" L~'tl n L'1I~;L ~1 ::;L~t1~V1 L ~2-I1::;~ 2-IL 'Un 1~'Vl "'~fl'l L"'t1 '" ~~'"l1 n n1 ~ 
" , , 

_ ~ .... .4 4 , " .. ...c:I.?I ".q.Q 

LL~Vl~flfln'fl'ltl'U Flru::;~'J'"ItI'"l'lL~fln ~'I!L'1I~~ HEK 293 LL~::;L'1I~~ SH-SY5Y '1I'ILu'UL'1I~~'Vl2-1 

Lm~~ihL1lVl'"l1m'1l~~1f;] LL~::;L'1I~;tJ~::;~1'Vl'fl~)J~mrf;]12-1~1~U LU'U(;]'JLL'Vl'U'lIfl~L'1I~;~L~2-I1::;~)J 
~ ., .. .J~ ~.J , !:"I ~ 
Lu'Uf;]'JLL'Vl'U'lIfl'lL'1I~~'Vl2-ln1~LL~Vl~flfln'fl~t1'U ACE L~fl ~'I! ~'Un1~l"lnM1 promoter activity ''a~ 
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'1I'tl~L'li~;~hJrJn1nLM)~'tl'tln"ll'tl~f.hJ ACE 

tJ~n1~~m~t'l Promoter activity '1I'tl~~'W ACE ~ii'1l'W'l"''lJ'tl~L1.hLl-JL~'tlf'1l'tl~~'W 

ACE ~LL~nl1h~n'Wl'WL"lI~; HEK 293, L'li~; SH-SY5Y LL~:;L"lI~; HeLa "'UJ~'l phACE(-132)Luc 

rJn1~LLM'I~'tl'tln~~n~'lLthLl-JL~'tlf~rJ'1I'W'l"'m'l l'WL"lI~; SH-SY5Y LL~:;L"lI~; HEK 293 'tl'l"'lLltln 
" 

1~~1 tu 11i1LmoJ~ -132 U'WLthLl-JL~'tlf'1l'tl~~'W ACE LU'W core promoter ~~Lu'WI1i'lLmoJ~~~1~CY 

l'Wn1~Fl'lUFll-Jn1~LL~"'~'tl'tln'1l'tl~~'W ACE • , 
~ Q Q4IC:II <=II 

tJ~n1~l"Im~n Promoter activity '1I'tl~tJ'W ACE V1l-Jm'll-J~~'ln~~'ltJ'1I'tl~tJ'W tu 

11i1LmoJ~ -93 LLUU~~~~ T (phACE(-93T)Luc) LL~:;~~~~ C (phACE(-93C)Luc) l'WL"lI~; HEK 
, 

.. .. I q ..:;I I 

293, L"lI~~ SH-SY5Y LL~:;L"lI~~ HeLa 'Y'IU'l'l phACE(-93T)Luc l-Jn'l~LL~"'~'tl'tlnVl~~m'l 

phACE(-93C)Luc l.h:;l-J'ltu 2 LL~:; 4 Lvh l'WL"lI~i SH-SY5Y LL~:;L'li~i HEK 293 ~'ll-J~'l~U 

'flih.l~!J~~n1'i~~!J 

1 'Wnrl~~ mt'l n~ln~:;~u L ~il'tl~'W~ n~~l-J nu n'l~LL~ "'~'tl'tl n'lJ'tl~~'W ACE 

f'ltu:;~4'tJl~'Y'IU~'lltJLLUUn1nn'" DNA methylation tu I1i'lLmoJ~ CmCWGG '1I'tl~~'W ACE ~ 
, " 

vi'lLL~oJ~ -316 U'WLtJ~ Ll-J L~'tlfoJ'l"'l:;~~ tJ~ r;1'tl n'lnL~ "'~'tl'tl n'1l'tl~~'W ACE ~~ n'l~A''W'Y'Iuij'tl1'''l 

U'lltJ~ n1~fm~n bFlVl'l~~ ~ L'l"ll LL~:;L~FlVl'l~~:;UUtJ~:;~1V11~ L'll'WL~tJ'l nu~rJ n'l~~ m~n n~ 1n 
" 

" , 
U"'l"'lu'Wij LLr;1'tlth~hn ~'ll-J n'l~~m~t'l n~ 1n~:;~u L~il'tl~'Wfin~~l-J Fl'l~~ mt'l LtJ~ Ll-J L~'tlf'lJ'tl~~'WVi • • 
~'tl~ n1~~mt'l LLUU Fl~'tlUFl~l-Jl ~~l-J'l n~~ "lI~f'ltJ~fi Bisulfite genomic sequencind

70
) L ~'tl~"'l:; 

~'ll-J'l~tl~ LFl~'l:;i Fl'l'll-J ~l-J~'Wfi~:;~~ 'l~ n1~Ln '" DNA methylation LL~:;~:;~Un1 nL~ "'~'tl'tl n'1l'tl~ 

~'W ACE 1~'tlth~tlntli'tl~LL~:;LUJ'Wih 
" 
tJ~n1~~n1t'1 Transcription Factor 1'W~'l~ULU~'lJ'tl~~Li)'WL'tl~LL~nr;1'l~n'W"1I'tl~ 

tJ'W ACE tu I1i'lLL~oJ~ -240M ~'ltJLtJmml-J PROMO 3.0 version 8.3 'Y'Iu~1ii Transcription 

Factor "1I'tl~l-J~mr ~rJ~'lL'Y'I'l:;~~nU~'l~ULU~ -240A ~~~l-J'" 3 ~'l 1~LLri C/EBPbeta, GR LL~:; 
TFIID ~'l~futJ~n1~~mt'l Transcription Factor '1l'tl~l-J~mr ~iiFl'l'll-J~'lL'Y'l'l:;~~nU~'l~ULU~ -

", " 
240T ~~~l-J'" 1 ~'l 1~LLri TFIID on~uVlU'lVl~1-'tlm'll-J~'l~CY'1l'tl~ Transcription Factor ij~~Fl~ 

~'tl~~n1t'1r;1'tlltJ t"'tJ'tl'l"'lL-ifLVlf'lUFl Electrophoretic mobility shift assay (EMSA) 1'Wn1~ 

V1~"'l~'tlU~'liin1~4'un'W'1l'tl~ Transcription Factor L mi 1n1 'WU1-L'l tu~'l ~u LU~'lJ'tl~ ~ Li)'WL'tl~1-'tl hi 
'tlth~h 
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tH'ln1~~nM1 Transcription Factor lwih~tJLtJ~~'fl..:l~L'~tJL'fl~LL(;ln(;h..:lntJ"lI'fl..:l 

utJ ACE ru ~1mnl..:l -93T/C ~(H..ILtJmnnJ PROMO 3.0 version 8.3 YltJ~1i1 Transcription . ~ 

Factor "lI'fl..:l~~~U Vii1~1LYl1:;~..:IntJih~tJLtJ~ -93T "I1..:1V1~~ 6 (;]'J l~LLri C/EBPbeta, LEF-1, 

TCF-4E, NFI/CTF, GR LL~:; TFII-I LL~:;~1V1ftJC.J~n1~~nM1 Transcription Factor 'jJ'fl..:l~~~ ~ 
~ , 

~~1LVi1:;~..:IntJ~1~tJLtJ~ -93C "I1..:1V1~~ 1 (;]'J l~LLri TFII-I ~..:ItJVltJ1VlVl1'ilfil'J1~~1~qJ"lI'il..:l 
~ 

Transcription Factor UU..:lI"l..:l~'il..:l~n~1(;\'flltJ L~tJ'fl1'"11.jfLVll"lill"l EMSA 1tJn1~(;l1'J'"I~'iltJ~1i1n11 
~ 

4'tJntJ'jJ'il..:l Transcription Factor LVI~hn1tJtJ1L'Jru~1~tJLtJ~~'fl..:l~L~tJL'ilVl1'flhJ 'ilr11..:1L1 
~ ~ 

1tJn11~n~1I"lf..:lu I"lru:;Wl4'tJl~VitJfil'J1~~~~tJfi~:;VI~1..:1fil'J1~VI~1nVl~1tJVl1..:1 
'" 

~tJ~n1~~'jJ'fl..:lUtJ ACE 'jJ'fl..:l SNP rs4291 ru ~1LLVI'W..:l -240 AIT 1tJtJ1L'JruLtJ1L~L(;l'flfLL~:;L11"l 

;~ LPI~11 tJl"ltJ't VltJ~1 LtJ'il fL'lItJ(;)'jJ'fl..:l 1"l'J 1~ ~~LtJ't Vltl1 tJn ~~ l"l'JtJ I"l~ LL~ :;n~~ (;]'J'ilr1 1..:1 i1 1"l'J1~ , , . 
LL(;ln(;\1..:1ntJ'ilr11..:1~,rtJ~1~qJVl1..:1~t1~ (P < 0.05) LL~~..:I~1 n1~VitJ~LtJ'tVltl n 'fl1'"1~~~tJfintJ 

n11Ln~ bl"l;~LPlh 1 tJl"ltJ't VltJ't~ L-rltJL~m ntJC.J~n117)4'tJ'jJ'fl..:l'll1'J LtJ'fl1l1tJ(2 1) 

Ld'fl n11LmtJtJLVitJtJ 1"l'J1~~rel~~~'jJ'fl..:l LL(;\~ :;L~'il'll1 ~ (LL~~..:I~..:I (;l111..:1~ 5.1) 

VitJ~11"l'J1~~rel~~~'jJ'il..:l SNP -240AIT 1tJL~'il"ll1~lVltJill"l'J1~LVliJ'fltJntJntJl"l'J1~~rel~~~"lI'il..:lL~'fl 
"lI1~'t~WrtJ L ~'il..:l'"l1 n LUtJtJ~:;L '11 Pl1 tJn~~ L'il L;tJ L VliJ'iltJntJ LL(;\il fil'J1~ LL(;l n (;\1..:1 ntJntJ L~'il"ll1 ~tJ L1tJ • • 
LL~:; L~'il'll1~~tJ1 'ilr11..:1i1,rtJ~1~qJVl1..:1~t1~ (P = 0.001) ~'JtJ -93T/C fil'J1~~rel~~~"lI'il..:l SNP -

93T IC 1tJL~'il'll1 ~'t VltJi1 fil'J1~LL(;ln (;\1..:1 ntJntJ L~'il"ll1~fJ btJ LL~:; L~'fl"ll1 ~~tJ1 'flr11..:1i1,rtJ~1 ~ '1)'111..:1 

~t1~ (P = 0.015) ~..:I~tJfil'J1~LL(;ln(;\1..:1'jJ'fl..:lL~'fl"ll1~'fl1'"1vl11~VitJl"l'J1~~~~tJfi1:;VI~1..:1~LtJ'tVltl 
(;\1..:11LL~:;n11Ln ~ L1l"lntJ~ LL(;l n (;\1..:1ntJl~ 
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" " (;l1n~Y1 5.1 : LLflCfI~rl'Y)l-!n~fi~fi SNPs -240M LLfi:::: -93T/C 1t.!n~l-!rl'WUn~"1I'fl~LL(;]fi::::L~'fl'llI~ • 

n~l-!L~'fl'llI~ (~1~~~) • 91'W'.l'W (~IU) rl'.lll-!n~fi~fi (%) 

-240A -240T -93T -93C 

, Q 

n~l-!Vl 1 : Europe descent 

UK(71) 1104 60.0 40.0 NA NA 

UK(57) 258 63.0 37.0 63.1 36.9 

German 
(21) 

603 64.4 35.6 NA NA 

Caucasian** 200 NA NA 63.0 37.0 

198 62.6 37.4 NA NA 

n~l-!Y1 2 : Asian descent • 
Taiwanese (68) 159 81.8 18.2 NA NA 

~ !', ~ Thai (m~ m~nrlN'W) 207 78.3 21.7 71.0 29.0 

,Q <II 

n~l-!Vl 3 : 'tl'W1 

Tunisian(72) 100 66.0 34.0 NA NA 

African American** 200 NA NA 87.0 13.0 

192 62.0 38.0 NA NA 

P-value* 0.001 0.001 0.015 0.015 

'UJ1m~(;1 NA = Not available; *P-value < 0.05 ANOVA (Analysis of variation); **~I~~~lilln • 

ll'W;;'tl~fi NCB I SNP (http://www.ncbLnlm.nih.gov/projects/SNP/) 

" 
m ~(;1 ~'.1~~I~L 'WL mj1 'WLL(;]fi::::rl f~~ :::~'fl~il mil-! ~::::2J CfI ~:::tj~mj 1~ l-!1 n 1 'Wn 1 ~ 

';) Lrl~l:::i LLfi:::'tl'tl mJfi~L 'WL Vl'Ij L ~'fl~~1 n m ~'th'WI:.Jfi~~ CflYifi 1 CfI'tl1~~11 ~;r'fll-!fi 1 'Wm ~LLU fi CJ fi~ C1I 
" , " , 

LUL~ LLfi::::Lij'tlL~'.l1\lrlru::::~4'uL~(;1~'.l~YiUm~~I~L'WLVl'IjY1~CflYifi1Cf11'W SNP -48NG "1l'tl~U'W 

Dopamine receptor 01 (73) 

CJfi nl~(;1~'.l~fI'flUnl~LLfI CfI~'tl'fl n"1l'fl~u'W1 'WL'llfi;L YiI:::L~U~'llUC1l (;]1~1 ~'WYiU~1 
'W'tln~ln~Lrluilm~~IU~I'WmnLM1~'fl'fln"1l'fl~ ACE 1'WL'llfi;'llUCfl(;]I~1 L-rl'W L'i!fifi1(;1(29) L'i!fi;LijC1l 

" " L~'tl(;l"1l1'.l(74) LLfi:::L'i!fi;m(75) LtI'W~'WLL~'.l ~lnm~~nW1rlf~\l5~YiU~lilmnLflCfI~'fl'fln"1l'fl~ ACE 1'W 

" 
L'i!fii1.h:::flIVl (SH-SY5Y) L'i!fi;Lij(;lL~'tlCfl'llUCfI T-cell Lymphocyte (Jurkat) ~n~'.lU 'W'fln~ln\l 

5~YiU~lhJilm~LLfI(;l~'fl'fln"1l'fl~ ACE 1'WL'i!fii~'.l~,r~ (HaCaT) LLfi::::L'i!fi;Ulnl-!C1Ifin (HeLa) ~'1 
" 
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~ ~ , 
"'lJn1~~mt11r.rUl"1f~ill"1ru~Wlr.rU9~L~~nlilil~"-nL"lI~Hf HEK 293 LL~~L"lI~~ SH-SY5Yl-J1LiI'l.l 

" 
~'JLL'Vl'l.l"ll~~L"lI~~~i'in1nL~"'~'el'elmJ~~U'l.l ACE LL~~L~l-J1~~l-J"'l.ln1S'~nM1 promoter activity 

"lI~~U'l.l ACE ~i'i"ll'l.l1"'''ll'el~LtJS'Ll-JLr;]'elfLLr;]n~1~n'l.l LL~~ ~i'i1"1'J1l-J~~1n~~1U"ll~~U'l.l ru ~1LLWW~ -
~ ~ 

93 LLUU~~~~ T LL~~'e1~~~ C "'l.ln1~'Vl"'~'el~l"1f~ilWlr.ruL~L~'eln"-nL"lI~~ HeLa LiI'l.l~'JLL'Vl'l.l"ll'el~ 
" 

~ 

LL~"'~~~n"ll~~U'l.l ACE Lvl1'l1'l.l 

1il1 n n 1 ~~ n'I~t1~ cJ1'l.ll-J1~ mJ~ L U'l.lL tJ~ n 1 ~~ nM1" 'l.lL"lI ~ ~1r;](29 ) LiI'l.l~'l.lLLUU 
• 

~ , 
i1~ L"lI~~tJ~~~1'Vl'l1'l.lU~i'i n 1 ~~ m:t1~tJ Fi~'l.l;r1~Um.l L"'U L'UYi 1~" 'l.l~~~"ll~~ 1"1'J1l-J~~ 1 n~~ 1U'Vl1~ 

" 
~'l.l~n~~l-J'lI~~U'l.l ACE LLUU SNP -93T/C u~hJi'in1~~m~t1L~U i1~LL~~1 ACE 1il:;i'iU'VlU1'Vl 

~1~ry"'l.ln1~I"1'JUFJl-J~~~U"ll~~ dopamine 'lI~~~:;UUtJ~:;~1'Vlnr;]1l-J l11",xl"1ru:;rtlr.rm~~n~Iil:;"-n 
~ ~ 

L"lI~~1il1n1:;UUtJ~:;~1'Vl" 'l.ln1~~ nM1l"1f~il 

tJ~n1S'~nM1 promoter activity "ll'el~U'l.l ACE ~i'i"ll'l.l1"'''ll~~LtJ~Ll-JLr;]~fLLVln~1~ 

n'l.l"'l.lL"lI~~ HEK 293, L"lI~~ SH-SY5Y LL~~ L"lI~~ HeLa ;~YiU~1 basal activity "ll~~ phACE(-

132)Luc l-J1nn~1"l1~~ phACE(-217)Luc, phACE(-372)Luc LL~:; phACE(-499)Luc tJ~:;l-J1ru 

1.6, 8 LL~:; 2.6 Lvl1"'l.lL"lI~~ HEK 293 LL~:;tJ~:;l-J1ru 1.2, 2.2 LL~~ 1.2 Lvl1"'l.lL"lI~~ SH-SY5Y 

~,)'l.l"'l.lL"lI~~ HeLa dj'l.lL"lI~~~hJi'in1~LL~"'~~~n"ll'el~U'l.l ACE 9~l11",x activity hJi'iI"1,)1l-J 

I .., I .::::i .... 0 ..... A. A. l.d A. X 0 ..... ....Jq 
LLVlnVl1~n'l.l~m~l-J'l.lU~11"1 '1!'Vl1~~ rl Vl LL~"'~,)1tJ~'VlLn "'''ll 'l.llil 1 LYi1:;nU L"lI~~'Vll-J n1nL~"'~'el'el n"ll'el~ 

~ , , 
U'l.l ACE Lvl1'l1'l.l ~~1"1~1UI"1~~nunutJ~n1~~nM1"'l.lL"lI~~"JlU",~'l.l L~LLfi n1~~nM1'l1'el~ Patrice 

Testut LL~:;l"1ru:;(26 ) " 'l.lU 1993 ~~1U~1'l.l~1 basal activity "ll~~ pACE( -132)CA T l-J1nn~1'l1'el~ 

pACE(-343)CAT, pACE(-472)CAT LL~:; pACE(-754)CAT tJ~~l-J1ru 5, 1 LL~~ 3.9 Lvl1"'l.lL"lI~~ 

Tera-1 (Teratocarcinoma cell line) 
~ ~ 

t'l.ln1~~nM1I"1f~il Wlr.rUYiU~~rlm1l-JnmJi1~tJ~n1S'~nM1 Promoter activity 
" " 

, 
.. ... 4 I ' .... ...::111 CiiI 

HEK 293, L"lI~~ SH-SY5Y LL~:;L"lI~~ HeLa "lI~YiU'J1 basal activity "ll'el~'el~~~ T l-Jn1~LL~"'~'el'eln 

~~~n~1~~~~ C tJ~~l-J1ru 2 LL~~4 Lvl1 t'l.lL"lI~~ SH-SY5Y LL~~ L"lI~~ HEK 293 Vl1l-J~1~U ~,)'l.l 

"'l.lL"lI~~ HeLa LiI'l.lL"lI~~~hJi'in1nL~"'~~~n'll~~U'l.l ACE 9~111",x activity hJi'iI"1'J1l-JLLVln~1~n'l.l 

~ ~ 

"'l.ln1~~nM1 promoter activity "ll'el~U'l.l ACE "lI'el~~1'l.l1r.rUl"1f~ill~111n1~ 

(;\~'JIil1'", promoter activity ~')m'VlI"1UI"1~(~un~1 luciferase reporter gene assay L"'UVl~,)Iil1'", 
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promoter activity r.l1nn1m~j;}~'fl'fln"ll'fl~u'W luciferase reporter ~~Fi1~1~"'I ::: tJ~u'flnn~ activity 

'll'W1m"ll'fl~LlhL2-JLj;]'flfLLj;]mh~ri'W LL~:::m12-J~~1nw,ntJ"ll'fl~u'W OJ 1'i1LLWW~ -93 LL(;]~ :::'ti~~~ L'W 
" , 

m~LL~m~'fl'fln'll'fl~u'W 'flth~hrij;]12-J n1~j;]~'J"'I~'flU~(mL"'FlUFl~'fl1"'1"'1 ::: Fl~1j;}LFl~'fl'W"'I1nm12-JLil'W 

"'I1~1~ L~~1:::hJ1~Fl~'flUFl~2-Jn~'J~"'I~"ll'fl~n1~Fl,)UFl~ L'W11~mtJ2-J'W1t6 L"JI'W n~1nn1~Fl'JUFl2-J 
.. ~ Ii .. 

, " 
tJ'fl'Wn~u YhL~Fi1Vlr)VlL~~'W2-J1nn~1m1~Lil'W"'I1~ LLPin1~"'I:::m'J"'I~'flu~:::~u LL~:::n1n;1~1'W"ll'fl~ 

(;]'J'flth~'ll'fl~ L~'fl j;) L 'WnJ LLUU~1~iJ~1 ~ri'WL~'fl j;} LL;j~ (57} L ~'fl~"'I:::~ 12-J1~rl j;]~'J"'Ir) Vl~:::~U LL~:::n1~ 
'IJ 

, , " 
Yh~1'WL~Fi1Vl~ n~'fl~ LL~'Wih LL(;](;]'J'flU1~ L~'fl mVl LriU"'l1 n h~~tJ1U1~~ j;] L'J"l! L~tJn"l!'WFl1'W."f~'W 

Lil'Wn1~LriUL~'flj;} L 'WtULLUU~iJ~1~ri'WL~'flj;}LL;j~ ~~1~~12-J1~mj12-J1'vh n1~j;]~'J"'Ir)j;} 1~ L;1'fl~"'I1n 

fl1~ri'WL~'flVlLL;j~"l!Uj;} EDTA Lil'W(;]'J~um'Wm~j;]n"'lr)j;};~'fl1"'1Yh L '-'1~Fi1~~j;}~~1 j;} ~~Yh L ~Lnj;} 

~ , ~ " .,l " ...... (70) ..; .,l 
,.,n1t1LLUUFl~'flUFl~~ ~~ ~j;}~1n"'~Vlj;}'JtJ'Jfi Bisulfite genomic sequencing L~'fl"''''1:::~12-J1~rl 

'1LFln:::1fFl'J1~~2-J~'Wfi~:::~~1~n1~Lnj;} DNA methylation LL~:::~:::~Un1~LLflj;}~'fl'fln"ll'fl~u'W ACE 

L~'flU1~ ~n ~'fl~LL~:::LL~'Wih 
, 

2. ~1~fuc.J~n1~~n1t1 Transcription Factor "ll'fl~~'W1tU VliJ~1L~1:::~~riU 
• 'IJ 

, 
o .., .dl dI 0 .., 

fl1VlULUfl -240A, -240T, -93T LLfl::: -93C 'l!~U"'U1"'~~'flFl'J12-J~1Fl'1:!"ll'fl~ Transcription Factor 

" ~U~ Fl~ ~'fl~ ~ n1t1 (;]'flLU LmtJ'fl1"'1L-if L." FlUFl EMSA L 'Wn1 ~j;]~') "'I~'flU~ 1iJ n1 ~4'u ri'W'll'fl~ 
" 

Transcription Factor L~fh~L'Wu1L,)OJ~1~ULUfl'll'fl~~L~'WL'fl~1'fl1~ 'flU1~1~ 

3. Fl'J~~n1t1Fl,)12-J~~1n~fl1tJ"'1~~'W~m~~"ll'fl~ SNPs 1'i1LLWW~~'W1 'll'fl~u'W 
, " 

ACE LVi'fl~n1t1U"'U1"'"ll'fl~U'W~(;]'flLU 

4 . m~L ~2-J"ll'W1 Vl(;],)'flU1~ L 'Wn1~~n1t1 Lil'W~~~~1 Fi '1:! L~'fl m12-Jtl1L~'fl~'fl"'1~ 
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