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Polymorphism of Receptor-Type Tyrosine-Protein Phosphatase Delta gene 
is associated with the development and progression of 

non-alcoholic fatty liver disease. 
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::fp 7 Jv ::::r ~ Jv•r!HE H1:J·r1:ff * ,l!J, (non-alcoholic fatty liver disease: NAFLD) fj:, *Jl.Mll:W 
WI- db Q v \ fj: llID ff~H~ WI- fC -c HE HJJ ff :a:-~~' 16' 7 Jv ::::r ~ Jv•r! ff~!:& ft 2:'." :a:-~ :71- L k 1rHJ 2:: IE~ 2: 
n ' - :i'm fj: ff .PJ! ~~Hf~ (C Jjg ~ T Q '[~ ·r1: ff* ,@, -z: db Q 0 .:c- (/) £*(pg ~j 2:: L -c f j: Ji 1~ !'l"J ft ~ * :a:- oi~ il (-:., 7 7' .-1 ~-it -1 t-- 7J -1 / (f) Wlil il1i • ~, HE HJJ ~ ·r1:, Toll- like receptor, H~ i7'J if-Ill 1i 
~ (f) • ~ ;j:3 J:: V~J(Jf!!J*U ft 2:'.'11[~ (f) IEl-1-iiLf<li5' !'!'-)(CM -9-T 0 multiple parallel hits 
hypothesis ii~~ n~ 2: ;t1 -C v \ 0 a ili: if Genome-wide association studies ( G WAS) (-:. J:: fJ 
NAFLD (-:. M ~ T 0 Single nucleotide polymorphism (SNP) ii~¥~ i"r 2: n -C 2.- tc a .:C- (f) 5 t:i 
(f) 1 ~ -Z: db 0 pa ta tin like phospholipase domain containing 3 (PNPLA3) rs738409 C>G 
(Il 48M) ii~ HE n1J ft , ~ :lfL *vUl 1t :l3 J:: V ijf ~ 561JE !J 7- ~ le M -9- L -C v \ 0 ::. 2:: ii~¥~ i"r 2: n k 
[lL PNPLA3 rs738409f:J: 13 ::<$:A(;:_ ;J:3 v \-Ct NAFLD(f) 5 t:i Matteoni:)t!J:JiType 4 2:: ;t§ M ii~ 
db fJ , Mf ~Hl1t 2:: (f) M~ t ~ ~~ 2: h-C v\ 0 [2L L lJ" L, ~~if-Ill ft~H'= le~ v\ -C f:t l¥'J G lJ"--C f:t 
ft < , 13 ::<$: (;:_ ;J:3 v \ -C PNPLA3£}. :71- fj: 5~ v \ ;t§ M :a:- ~,g 16 0 SNP (f) ¥~ i"r fj: ft v \a A,@] fJ(; k fj: high· 
throughput sequencing:a:-fflv\-Cl,000£].J:<7)Ji1~-T-:a:-?'~ijy r- 2:: L, 13::<$:ANAFLD,ti, 
~ (C ;J:3~t01FJ ~j561JE ~Jjg~ (CM ;b 0 *JTJ;J[ SNP(f) ~ * 2:: .:C- (f) ~ ~~ (C ~ v\ -C ~ J'tg :a:-:ft 0 tc a 

1. Wf ~M~ C'. •1*7- ?' * 1iJf ~ fj: AA JI! !2f f4 *"¥:{fill ;E![ ~ ~ ~ (C -c * ~~ (/) l: -z: 1iJf ~:a:- 00 Pa L tc 0 2012if. 12faJ lJ" G 
2014if. 7 faJ ~ -z: (f) r~i (C 1@),, !2f f4 * "¥: ;j:3 J:: v AA),,$+* (pg ~JG (C -c NAFLD 2:: w WI- 2: n k ,i!J, 
~, t L < fj:. ~ * 7 / 7 .-1 7 (HV) (f) 5 'l::i ~iii -Z: iRJ ~ 7'.JL:/~ G ;t1k1JE fftl ii~::<$: 1iJf J'.E (c $: 1JD L 
k a NAFLD(f) ~~WI- fj: 13 ::<$:Hfli"f:~ (f) jJ -1 F 7 -1 / (c 1tt 0 -Cit ;b ;t1 k a HVl:J: B~ff~ 17 -1 
;v 7- :l3 J:: v c~ ff~ 17 -1 ;v 7- ~~ii~ ft < , HE HJJ ff :l3 J:: v .:c- (/)fill ff*,@, ii~ ft < , H~ ¥JMJ ~ 7 ;v 
::::r ~ Jv ~ j?\ 7'.J~ ft v\ t (f) 2:: L tc a N AFLD 1lf. (-:. ;J:3 v \ -C fj: (pg~ • 1: fi5 7IJ 'i:l (f) Jf,~ l& ;J:3 J:: V lfiL ?~ t~ 
ft :a:-11' v \, Rf *Jll$l 1t (f) :J:~t~ -Z: lb 0 Fib-4 index:a:- ~+ • L tc a 7 Jv ::::r ~ Jv~j?\ (-:. J:: 0 HE HJJ Hf 
:l3J::V~~ttmnJJff~~:71-L, ~B~~tt*ti~~56tt§ftttmT~(f)ti~~~:71-Lko 
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I. 7/7°9~/V-~/.A0)7°7~~-7f~/ 

*ilE, mt· mH!if 1~i'~Hi ~, Hl~lH1*lil'Lf3 J:: lJC\Ji~1~~H= M~T 0 l,031Jl1.zi-=f ( 12,609 
7 / 7° !J ::i / ) :a:- ~iili Jt ,f~ * i= J:: VJ ~ /:±:\ L , -t- .h G 0) JI 1.li -=f ~~ :lll)Z :a:- J:ifHM T 0 7° 7 -1 'Y - t 
y r :a:- Ion Ampliseq Desiner software program (Life Technologies, Cars bad, CA, 
USAH= J:: VJ 7' -lf-1 / L k a 

3. '!T /7° 1vW111WE 
:i:-C (f) NAFLD-ll¥ :.f3 J:: VHV-ll¥ tP. G -*i'i'l lfil '!}- / 7° Jv :a:-i*J& L, Ficoll.lt]!Jj ,c.,,);ti :a:- ffl v\ 

-C .ijj. t~ ;f* :a:- SJ Jill L, !f / A DNA :a:- DNeasy Blood & Tissue Kits (Qiagen, Venlo, 
Netherlands) :a:- ffl \;\ -C :j:ffi /:±:\ • lt ~ L k a DNA ?I Lt I± Qubit™ Fluorometer (Life 
technologies) :a:- ffl v \ -C {.llU IE L k a !f / AD NA 0) 'j[ f± 7 jJ o - 7- !f ;v ~ ~ ?7l< !l!!J f= -C lliJZ 1lffi L 

:i: -C (f) r' - lJ 1± Torrent Suite Software program (Life technologies) 0) human 
reference genome sequence (GRCh37 /hg19H= 'Y y l::° / !f 2' .h k a ~ ,!J'lHl1.zi-=f f± Torrent 
Variant Caller plug-in for the software program (Life technologies) I= J:: VJ :j:ffi /:±:\ 2' .h 
tea =. ;11, G (/)'r1H~l±CLC Genomics Workbench software system (LCL bio, Aarhusm, 
Denmark) I= -1 / ;¥' - r 2' .h, Fisher's exact test :a:- :fr 0 tea 

5. Jff:JJIH!l!.;%§..1('.. J: Q ~filli 
~t(rS J'.!:l!JJl• l±Hematoxylin-Eosin (HE)~~ :a:-11' l.;\, MatteoniSJm :.f3 J:: VBruntSJ'JiJU= 

-ClliJZ1Jlfi L tea ~fl~ H1Ht.i' :a:-o (<5%)_ 1 (5-10%)_ 2 (10-34%)_ 3 (34-67%)_ 4 (>67%)0) 5 
-ll$ I= SJ 'Ji] L -C ll'JZ 1lffi L te [2] a :ffi ~*Ji• 11::; ~~~I± Rabbit polyclonal anti-PTPRD 
(GeneTex, Irvine, CA, USA).!:'. Rabbit monoclonal anti-phospho Signal Transducer and 
Activator of Transcription 3 (pSTAT3) (Tyr705) (Cell-Signaling Technology) :a:- ffl \;\ -C 
11-::ika 

6. r 7 /.A 7 .:r. ~Vs/~ IL·61tfPfif;itfit( 
Ji:1.li-=f3fl~.A. :7 lJ -pBApo-CMV Pur (Takara, Tokyo, JapanH= 1::: r !l!f1:.~PTPRD:.f3 

J: VPTPRD R995C :a:- ::i - P' L k cDNA:a:-*Jl d:f. ~ lv tC: .A. :7 lJ - :a:-1tJJX: L tea -t- .h G (f) .A. 

:7 lJ - :a:- 13 ::<$:A gi * t: r H ;!! *-00H§1* Huh-71= Lipofectamin 3000 (Thermo Fisher 
Scientific, Rockford, IL, USA) :a:- ffl v \ -C ~}\ L, puromycinl= J: 0 ~;j:,R.tif ~ C''t(' IE 3E !lUOO 
n1'1 ,f;K :a:- ,JM :s'z: L te a -t- .h ..:C .h 0) *-00 H§ tt I= )<;J L -C 0. 5 ng/mL (f) re com binan t interleukin -6 
(IL-6) :a:- -21 tdtf ~ i-& \." 3 PiJ Fi"I~ ;!% ~ L, RIPA/" y 7 7 - I= J: VJ lJ / /~ :7 'j[ :a:- tffi /:±:\ L, 
Western blotr:ti I= -CpSTAT30)3fl ~ :a:-1l'JZ1Jlfi L tea 

7. 7-?7 M1R • itlf~HlH!I!. 
7/7°!1 ::i//-7:Y7-l=:.f31t0:ff~~t~IEl±Fisher's exact test:a:-fflv\, p<0.05\." 

7 ~ / El~Ui~ :a:-1'¥ 5 t (f) :a:-1.WdmJl1.li-=f .!:'. L tea -t- O){fil 0) r'- !JI± Mann-Whitney U test 
-;tkl±Fisher's exacttest:a:-JiH\, p<0.05:a:-*0SU~~.\.J:ff~~cb VJ.!:'. Ltea 

1. NAFLDm.::f" ~ HV~ 0) Iii.*~ ::llt 
NAFLD-ll$ 36{9L HV-ll$27{9tl, it ~t63{9tl ;O\ /$:11Jf J'E I= ;&:1m L k a NAFLD-ll¥ I± 16{9tl ;O\ .~Hi, 

20f9tl ;O\ fr 'ri -c cb 0 tea ~ ~ q:t :5R:1l 1± 60.5~ -c cb 0 te (28-80~ )a 23Wtl ;O\ H 1:. ~ :a:-:M1Hr 2' 
.h, 5{7tl ;6\ H1il ~ 0) ll~ ~ \." cb 0 tea Ma tteoniSJ ~J{Type 3/ 41± -t- .h ..:C .h 10{9tl, 7 {9tl \." cb 0 tea 

~. NAFLDm.::f"~HV~O)liji;.*~::llt 

NAFLD~ :.f3 J:: VHV~ -*i'i'l lfil q:t 0) .ijl.,f~r* ;a~ G DNA:a:-:tffi /:±:\ L, !Wi /:±:\ fJ /- 7 / '!T f= -C $­
~ fll~t!T :a:-11 v \, Fisher's exact test!= -C p<0.05 \.";a~ ---::i 7 ~ / ~ Ui ~ :a:-1'¥ 5 7Jl1.zi-=f 7;6~ m 0) 

SNPs;O\ !Pl IE 2' .h ka lJz I==. .h G 7---::i 0) SNPsl=)<;J· L -CTaqMan SNP genotyping assay:a:-
11 v \, Cohen's kappa{* ~0.8£..( J: 0) - ~ ~ ;()\ rl'\'i v \ 31:1.li-=f $-~:a:- 4---::i (EX01 rs 104 7840, 
PTPRD rs35929428, IFNAR2 rs2229207, FAM3B rslll988437) :j:ffi /:±:\ L k a -t- (f) 1~ 
PROVEAN prediction (http://provean.jcvi.org/index.php)I= J: VJ 7 ~ / ®Ui~;O\ 31 8 'jf~~~ 
l=~~:a:-.&l~f'-·9;0~~~-JLte .!:'. =. ~» Receptor-Type Tyrosin-Protein Phosphatase Delta 
(PTPRD)rs3929428 (R995C) O)Jj.;'.J\~~~~~cb VJ l'.'¥1JIE2'.htea 
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3. TaqMan SNP genotyping assayl~ J:: .'5PTPRD~~~ltV~t-f 
NAFLD :!l!f 1 7 f7u ' HV :!l!f 14 Wu ~ i1i1 )JQ !__,, ' NAFLD :!l!f 5 3 f7u .to J: Lf HV :!l!f 41 f7u --c PTPRD 

rs359294280) ~~~ lt ~ TaqMan genotyping assay le --C *j: fM l,, tc o NAFLD:!l!f--C l'i 29f~J 
tc .to v\ --C H1:~ ;O~ 15lff 1T ~ .h, 7Wu <: ijf ~P22 t: ~g:; Wf ~~it --C v\ tc o *Jl*l"¥a~ tcMatteoni:5H0l 
Type 3 'i tc I± 4 t: ~g:; Wf ~ .h 0 NASH I± 22 f7U C' ~ 0 ft o TaqMan genotyping assay<: I± 
PTPRD rs45929428 0) GA:!l!f I± NAFLD :!l!f ;O~ HV:!l!f J: t'.J t ~ ~ tc ~ :O~ 0 tc (p=O.O 15, 
OR=5.00, 95%CI: 1.33-18. 70)o 

4. PTPRD rs35929428 ~ }ff;MliMfi{~:to J:: VH~Jl1jtt!f ~ V ~)!!! 
NAFLD:!l!f53f7UO) 5 'tPTPRD rs359294280)GG:!l!f(38f7u) t: GA:!l!f(l5f~J) C'l±if.lfffl, ·t':E 

5311 , 1fn. H3f t~ :ft ?Ji' Ji , J- l7 ~ 1J -;; l7 ~ 1'* :!l!f , n ~ 3B ~ $ .to J: v n 1: ~ ~ f7rJ t = .to it 0 n *JJ. Mm 
Ji tc 1± ~~ ~ l±~:g 'd> ft ;O; 0 tc :O~, ijfk,iHttHt Jjgft.m 0) t~ :t~ <: ~ 0 Fib-4 index:O~ 1.45~ J: 0) ~ 
Wul±GA:!l:PO)j!f1jif;O~~~tc~7,p0 tc (Fib-4 index< 1.45 vs Fib-4index~1.45: 7.1% vs 
35.9%, p<0.05) o H1: 1~*Jl*l:t~;;;Js: tc .to it 0 ij~ ijJH,tlf 0) f~lt 1± GG:!l:P tc !t L,, --C GA:!lf <: 5!ii < 
~~ 'd> tc (p<0.05L 

5. NAFLD~#l~:to~t .'5PTPRD~ffl. 
PTPRD rs35929428 0) GG:!l:P (15Wtl) t: GA:!l!f (11f7u)0) H*Jl*l:t~ :;$: ~ ffl v\ --C NAFLD,l!!,;g- 0) 

H *Jl *l tc .to It 0 PTPRD m Fl 3B ffl, ~ ~'¥ 1ilfi T 0 tc 'd>, ~ ~~HJJ. *l {t "¥ f4g E ~ 11' 0 tc t: ::::. 6 ijf *Jl 
• 0) Rf *Ill Hfil tc PTPRDm Fl 0) ~JH':E1~ ~ ~:g '!}) tc ;O~' GG:!l!f t: GA:!l:P C' I± ~~·t':E $ t= ~I±~~'!}) ft :0~ 

6. PTPRD rs35929428 R995CM ~ V~~WHR 
1:: t- H~*lllHfiltt (Huh7) tcPTPRD rs35929428:0~ :::z ~ F-9 0 m S PTPRD R995C~3B 

ffl, ~it, STAT3 V 1) ./ Rjefg {t tc 4 ;t 0 ~ ~ tc ") v \ --C ~ i'li L,, tc o .:C 0) if.l1f *wild type PTPRD 
~ 'f$ff. A L,, tc Huh 7 <: I± IL-6 WU~ tc J: t'.J STAT3 0) 1J ./ M {t ;O~ 1C J1§ L,, --C v \ 0 0) tc :X;J L,, , 

PTPRD R995C~ 'i1f.A L,, tcHuh7C' l±STAT30) 1J ./M{t ;O~~~~ L,, --C v\ tea lX tcNAFLD/tti,;g-
0) H*Jl*l tc .to v\ --C 16f7u 0) PTPRD GG:!l!f t: 9Wtl 0) PTPRD GA:!lf C'~;i5t*Jl*l1t '¥:f4gE ~ 1T v\ 
STAT30) 1) ./M{t~~'JZ1lffi L,,tc t:::::. 6, GG;jj!fO)jJ;O~GA:!l!f J: ('.) tH*lllHfil;t;t{tc5m < 1) ./M1t 
STAT3 ~ ~ 'd>, pSTAT3!WJ•l-1-UlllHfil J)CI± GA:!l:P ;O~ GG:!l!f J: t'.J ~& L,, --C v \ tc (p<0.05) o 

;;;Js::uJfJ'E <: 1±, ~1fH':E*1!,, .:c* Jv ::¥~1-\'.:~L 3€~ .to J: lf '.SE~ 1-\'.:~t • ili6i1Jt5 tc Mb 0 1,031 
JI {iH'· 12,609 amplicon ~ tffi /:±:\ l,, --C ~ 1) -/ T Jv /-\ ;f Jv ~ 1'F PX: l,,, high-throughtput 
sequencer~ ffl v \ --C NAFLD ,l\fl, ;g- tc .to it 0 *YT;!;! jl 1ii.::;. ~ ~ 0) ~ * ~ 11' v \ , EXO 1 
rs104780, IL23R rs1884444, CPOXrs1131857, ILlORA rs2228055, PTPRD 
rs35929428, IFNAR2 rs2229207.t3 J: 'CJFAM3B rs1119884370) 7f.i~l O)Jl{i;_::;. ~ tffi /:±:\ L,, 

tea .:CO) 5'tmst~~lg:f9HJT:O~GPTPRDrs35929428~13:;$:ANAFLDtc.tolt0*YT;i;!SNPt: 
1__,, --c *YT tc t c rRJ YE L,, tc o 

H~if.!li {t 0) t~1~ <: ~ 0 Fib-4 index;O~ r"D fii 0) ~ f7Hc .to v \ --C PTPRD rs35929428 GA:!l!f 0) 

t1J if ;0~ ~ ~ tc ~ < , nt *~ *l 1t J1§ M t: 0) M :it ;0~ 7f. P~ ~ .h tc [ 3 lo 'i tc , n *Ji M 1~ :2Js: ~ ffl v \ tc 
~ i'li <:I±, GA:!l!f tc .to v \ --C r"D lt 0) ijfl~ HM:t :i" ~ ~:g 'd> --C v \ 0 ::::. t: ;0; G , PTPRDJI {ii.:;. ~1'{ 
I± NAFLD Cl)± ffl fij C' ~ 0 n *Ill Hfil ij~ H1J r:t lf t: ijf *~ *l {t 0) )lg mt= M 4 !__,, --c v \ 0 RT ~lg ·t':E ;0~ 7f. p~ 
~ .h fco 

PTPRD I± 'T P ~ ./ 75t £ 0) 705=m: § 0) STAT3 ~Im 1) ./ M {t ~it 0 l@l H~ ffet 3Hi ~ m S ff C' ~ 
t'.J , STAT3 ~ Jm 1J ./M{t -9 0 ::::. t: <: $i1J: 129.::;. t: L,, --C 0) ~~Ulg ~ ;Jf~ lli!J -9 0 ::::. t: tc ~ 0 o 
STAT3 I± H*Jl*l tc .to It 0 ij~ H:tJ llfiL ~ ~' n :j3} 1: .to J: Lf ff9U1t 1t 0) ~)llj ]'$ t= .to v \ --c i:p 'L' a~ ft 
~j!f1J ~~ L,, --C v\ 0 o In vitroO)~fM;O~ G PTPRD R995Cl±IL-6JFIJ~ tc J: 0 STAT30) 1J /Rjefg 
1t ~V~U~ ~ it--C .to t'.J, PTPRD R995Cl±STAT3Jm 1J /Rjefg{t1'Fffl (})gain of function~~!__,, 
--C v \ 0 ::::. t: ;O~ 7f. ~ .h tc o ~ G tc H*Jl*l tc .to It 0 pSTAT3iWJ•l-1-UlllHfil $ i±PTPRD rs35929428 
GG:!lf tc J::t ~ L,, GA:!l!f <: 1.!f 1ii <: ~ t'.J , in vitro 0) ~ i'li ~ _X ~ T 0 if.l1f * <: ~ 0 tc o ~ J: ;O; G 
PTPRDJl{ii.::;. ~~ l±STAT30) H>l 1J /Rjefg{ttJ:iJ!li!J ~ 11 L,, --C H*lllHfilij~ ij;IJ 1t~~*1t1t tc M 4 T 0 
RT ~1g ·t':E :0~ 7f. P~ ~ .h tc o 
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rs35929428 :a:- IRJ IE L k o PTPRD rs359294281'iH*JUfiH:: . .:to ~t 0 STAT30) !J ~ ~eff:{I::: :a:-j)gX:§§J 

2: 1t Q :. .!::: I~ J: ~ ~H#HiHI:::' .:to J: v ~fll~H1HI::: I~ M ~ L -c v \ Q :. l: ;6~ ~Pi!: 2: ;h k 0 fJ: .:to' 
.2js:11Jl'.j'.E 0) p)G5f!: l'i INASH/NAFLDO) *,@,~-st ·r':Eil:{ii-7-~~ 0) IRJ IE l: ~ Wf "- 0) ~ ffl J -C: ~ll't 
l±\JffJl9:t-C;\t){J (~JffJl2015·061455) 0 
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