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Hepatic nerve growth factor induced by iron overload triggers defenestration in 

liver sinusoidal endothelial cells 
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1iJf 5E El a"J 

Hf *Ji ~t!HJ: ± f* ~c ~ 0 -c ~\~Jr~~ '"Z" lb 0 ~it~ (J) m ~ft Jr~~ 1lf C' lb ~ , ~ t:dc"" 7° v :; / (J) 

if zi\ ~ ~c J:: ~ {* P"J (J) ~J( lb ~J ~ Wftil Eri T 0 {lb ~ ~ tH 0 -c v' -'6 :lJ~ , iM! *rJ ft ~J( ~i ff Bl ~c M L • 'ri ~ 
~ L Hf~j!~ ~ Rffli (J)5fi!}1E ~ 51~.:to::.T0 ::. 5 L tdf%fli i&J.fM ~ff~± ~c :to v' -c' Hf *'al n?I C' 

O)fEfl*~~$1Z!-=t- (NGF: Nerve growth factor) 0)5fimtJ~1CJi.T 0::. ~ :lJ~W-15- ~ tL-C ~ tc 
:lJ~, NGFO)ff*Ji~t&~c:to~t0t~!H1!2~i~ G:lJ~J:: ft0-Cv'ftv' 1

' Z)o -1;, RfBJIO)ff~lrlPJNEl.*'alfl?I 

~c 1¥1±--9 0 im~m@ ~i, 1fil ~~if~ Rf *Ji~l P"J 0) ~ lf ~~ ~c :to"' -cm~ ft1)ttrJ ~ tH "', ~ G 

~c ::. 0) im ~ tlf Ji!! ~:t ff• 'ri ~ ~ T 1r: if~~ ns- 'ri rut* fi ~c tt fit l>tlf m ~ ]'.£ 1r: ~ 'it 0 ::. J:: tJ~ ~ G 

tG -C v' 0 3
> a ~ J:. ~ ~ ~ ;t, 4-@li!G k ~i, ~J(iMI*rJ ~c ML -C ± {* :lJ~NGF3Bm~ RfJlrlPJ N El *'Wfl?I 

~ ~ 1r: ~ 'it ><t fit L -c "' -'6 r:tJ fi!2 'ri ~c El L , t~ tt ~ fr 0 tc 0 

1. ~J( iM! *rJ -t- 7' ;v? 1/ 7- 0) fp ~ 
C57Bl/6$l?1/7-~C, 2.5 % (w/w) O)'}J;v~.:=:;v~J(:(t~8~FF1i__g.;tfc?1/7- (Fe diet~) 

(: ' ~J( 7' :t- A }- 7 / 10 mg iron/ day~ 5 s rFli HJJ~ N :t)t __g. L tc y 1) A (Fe dextran~) 0) 2fi 
JlO)~i&J.M-t-~N?i/7-~~~Lfco ~tc, ~#:ft~s~oo__g.;ttc?i/7-~Mm~~L, ~ 

~ n=5 l:: L tc a Jl!:m!.1& ~;:-_ trH~ L, 1fil ¥#:to J:: V ff *Ji~l ~:!*I& L tc a ff *Ji~l :lJ~ G ~i ~ S l:: RNA~ 
;ffl:JWL, -$~*N-YV/~~Lfca 
2. NGF:t)t __g. -Y 1/ 7- 0) fp ~ 

C57Bl/6$l-Y 1) 7- ~;:-_ -Y 1) 7- V =i / E:' T / }- NGF 1 µg/ day~ 3 S FFli HlH~ ri'J :t)t __g. L tc a :t)t __g.1& 
~~L, Rf*Ji~l~:!*I&Lfca Rf*Ji~l:lJ~G~S l::RNA~;ffl:JtHL, -$~i*Jv-Y V /~~Lfca 
3 . Ifrd# ~J( y ~ jJ ~ 0) !§4 tJT 

2 fj Ji 0) ~J( iM! *rj -t- 7' Jv Y' 1/ 7- ~ )<;j- m ~ -Y 1/ 7- 0) Jfn. 1# ~ ffl v' -C , 1fil 1# ~J( :t3 J:: V ::f :fi§ f!J ~)(~if 
fi!2 (UIBC; unsaturated iron binding capacity) ~~Jlrj~Lfca 

4. ff*Ji~t&~a"J~tt 
2~JlO)~iM!M-t-~N-Y1/7-~Mm~O)ffMft~*N?V/~~~Ltc~•OOL, "'-?1-

:t- v V / :c 7f -/ / ~ 13 ~ ~ ;v V / 7;v~~13 ( ~J( ~ 13) ~ 1T v' , ff *JH'f& P"J 0) ~ rx ~ ~c ---=> v' 
-C t~tt L tea 
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5. Western blotting 
2ft• O)@j(~*U-r T Jv? 1/ A ~Xi 00~? 1/ A 0) Rf;tJU~7P G :!*!& L km s ~,:::: }- pt Jv p 

- A H~H=-~~ L' ~fi-?Jzm{Lfs: (mNGFm{Lfs:, mHGFm{Lfs:, mVEGFm{Lfs:, mTrkAm{Lfs:) ~ J5f. 
fit~ -it k a ;c 0) ~, =i1zm {ifs:~ J5f.fit ~-it, SuperSignal West Pico~ ffl v' -C 3613 ~-it tc 0 

7~~/0)36ma~N$~/t-o-~~L-cms36ma~~WLko 
6. Digital PCR¥t 

2fi. 0) @J( ~ *Ll -t- 7' Jv --Y 1/ -7. ~ Xi 00 ~ --Y 1/ -7. 0) Rf ;fJIJ~ 7P G :!* !& L tc RNAiP G cDNA ~ {"µ JJJG 

L, TaqMan7°0-7~fflv'NgfO)mRNA36m~~tfr~QuantStudio 3D Digital PCR system 
(Life technologies) ~ ffl v'-Cfr0 ko 

7. fJJ {i; m. ff *-fEI H§ 0) :!*I& & v NG F 36 m ~~ tJr 
®~it~ Sjll FFli lj. ;{_ tc --Y 1/ -7. 0) ff *-fEI H§ tP G, ~ 7 l:f 'T-'i± ~1m ¥t ~c J:: ~ --Y 1/ -7. Rf *-fEIH§ ~ 

nt•1~N&*-fEIH§~:51~iLka ff*-IHH§tfflt:Z~r:f:l~c;:J,o }- 7 /-7. 7 x !J / (3 mg/ml:JOJ::V5 
mg/ml), ~x/~@3(7/-t-_:::1/A (1 µM:JOJ::V5 µM) ~~1JD1&, NGF0)36m~~*-fEIH§O)m 

~~130)f~M ~, m S ~;ffBtf::I LWeste;n blotting¥:ft~ fflv'-Cf~W Lka 
8. /Eft~ m r liiliJ:M ~c J:: 0 Rf;tJi*~ :JO J:: VRf•1~ N &*-fEI H§ ~c :JO ~t 0 ifif tf\11Jm 0) ~~tfr 
2~•0)~~~-rT'~-Y-1/-7., xtoo~-Y-1/-7.,N~~lj.?1/.7.0)ffm•~!Eft~mrll• 

~Jt C'i!~ L, fffif tf\tA:m 0) ~{~ ~ ~~tfr L ka iJz ~c, --Y 1/ -7. Rf•1~ N &*-fEIH§tfflt: 1::¥# r:f:l ~c,, --Y 
1/ A!)~ /l:::"'T/ }-NGF (5 ng/ml), NGFr:f:lfOm{Lfs: (1 µg/ml), NGF5:${2fs: (TrkA ; 
Tropomyosin receptor kinase A) 1JJJ#JUifU (5 ng/ml) ~JJO ;{_ -Ctfflt: L, /Eft~mrllllliliH~ 

-Ci!~ L ifif tf\11JmO)~~tfr ~1-r 0 tea ~1& ~c, ~t 00~--Y 1/ -7. tJ~ G :51~i L tc -Y 1/ .7. ;f)]{i;tfflt:Rf 
~~~~~~TC'tfflt:L-Ctfflt:J::m~:!*I&Lko 1*I&Lktfflt:J::m~Y1/.7.ff.~N~~ 
tff lt: Z~ r:f:l ~c ~JJO L, ~ G ~cNGFq=i fO m {ifs:, lb 0 v' li TrkA;frp#JU ifU ~ ~JJO L, ~t 00 ~ t -2;- 60 k 3 
~~/Eft~mrll•M--cl!~Lfitf\mm~Mtfr-Lko 
9 . ~!E ~+ 5Q}: fJI! 

~!E~t5Q1fJI!liStudent T-test~fflv', p<0. 05~:ffit~:ff~ ~~U~Lka 

1. @J(~*U-r 7'Jv? 1/ A ~c :JO ~t 0 @J(lbfi&& VNGFO) ~{~ 
m¥#@J(l!~liFe diet~, Fe dextran~v'T:htxtOO~J:: ~:ffit~c~JJOL-Cv'kiJ~, ~ 

1JO 0) ;f.¥. ~ li Fe dextran~ 0) ~i 5 iJ~ ~ tJ~ 0 tc a 1fn_ ¥# UIBC li Fe di et~ li Xi Jffi ~ ~ :ff it~ lift 
tJ~0kiJ~, Fe dextran~C'li:ffit~c{I&TL-Cv'ka ff;fJlj~O)~;v!J /:/;r,,-~13--Cli, Fe 
diet~liF~ID1uim1tt1~c~~O)@J(1x•~~£60 0 O)'Jf C'lb0 ko 1JC', Fe dextran~C'liV 
~ Iv 'f! ~c Rf *-fEI H§ ~ 0) ~ ~ 0) @J( 1X ~ ~ wg 60 k o 

Western blotting¥t--cm s v~JvC' O)NGF36ma 0) ~{~ ~ t~W L k ~ :::::. 6, Fe diet~~ 
Fe dextran~v'T:ht:XtOO~J:: ~ tNGF36miJ~1CJ1§ L-Cv'fca Digital PCR¥:t:--Ct~WLk 
mRNA v~;v C' 0) Ngf36m li, Fe diet~~ Fe dextran~ 0) v' T:h t Ngni 1CJ1§ L -C v' k a Rf 
;tJij~O)mNGFm{Lfs:~fflv'km~~13C'li, Fe diet~· Fe dextran~v'T:htff*-fEIH§JtNC' 
~~'r! ~ ft 0 -c :JO ~ , Rt*-fEI nm N ~cNGFiJL(¥tE L -c "' 0 ~ ~ x_ G n tc 0 

2. --Y 1/ .7. fJJ {i;tff lt: Rf *-fEI H§ ~ ffl v' fc@J(~*U ~c J:: 0 NGFO) ~ {~ 
--Y 1/ .7. ;f)]{i;tfflt:Rf*-fEIH§ ~c t- 7 / -7. 7 x !J / ~ k li ~ x /~@J( 7 /-t--==- 1/ A ~~ML fc@J( 

~*U if\fi& C' li' v' T :ht m ~ ~ 13 C'NGF36 m iJ~ Jtjj§ L -c v' tc 0 Western blotting¥:ft ~ ffl v' 
kt~tt--c, ms v~;v--z: t v'T:h t NGF36mn~ 1C51§ L -c v' ko 
3. NGF§t ${ifs: 0) 36 m~~tfr 

NGF§t${2fs:C'lb 0TrkA36m~c~v'-Cf~fi Ltca @J(~*U-t-7';v? 1/ -7. iJ~ G:!*I& Ltdf;tJU~ 
~ ffl v' km~ ~13 --z: li, v' T :h 0) ~ --z: t •1~ N & ~c TrkAiJ~36m L -c :JO~ , Fe diet~ :JO J:: 
VFe dextran~C' li:XtOO~ J:: ~ t 36miJ~ Jtjjg L-C v' ko Western blotting¥:t;C' O)f~tt--C 
li' y 1/ A fJJ {i;tfflt:Rf*-fEI H§--C liTrkMi36m L -c v' ft iJ~-"_) k lJ~' y 1/ A Rf~~u~ ~ &*-fEIH§--C li 
36m L -C v' ko £J. J:: iJ~ G, TrkMiRf N --C liRf *-fEI H§ C' lift < ~1~ N &*-fEI H§ --z:36m L -C v' 0 ~ 
~p~ ~ :hfco 
4. IE ft~ m r !Dl] •• ~ ffl v' k @J( ~ *Ll :JO J:: v NG F ~ M ~c J:: 0 Rf ifif if\ mm 0) ~~ tJr 

( 1) . y 1/ A ff ;fJU~ --c 0) t~fi 
--Y 1/ .7. Rf ;fJi*~ N ~c :JO ~t 0 •1~mm ~-~T 0 ~Fe diet~~ Fe dextran~C' li v'T:h t 
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im~ffif m 0) )(~ ~~;g 60' 2: G ~;:_:. 0) m~Hiijj[ij?:§ N ~;:_ y 1/ A !J :::r / E::''--j- / }- NGF ~ B:M L k 
y 1/ .A ~;:_ t I!~ 2: ht~ 0 

(2) y 1/ .Aijf•rlPJl*JEzfrlBB?l~fflv"kt~tt 
~ f\ y 1/ A ijf ~JrlPJ N Ez frlB ij§ ~CNGF ~ ~ fitf L tc ~ :. 15 im ~mm 0) Jz ~ ~ ~;g 60 k ;6~' NGF 

~UJP .:t NGF 9=' fO m {;zfs:' lb 6 l,t'I ~'i TrkA~Ji ~lfrj ~ ~ fitf T 6 ~ im ~mm ~'i P121r: L ft iJi 0 tc 0 {)\_ 

~c , y ? A n • rlPJ l*J Ez rrm H?l ~c J-- 7 / A 7 ::c v / ~ -7 x / ~ ~J( 7 / -1:- :::- ? A ~ ~ M L t~ :6~ 
im ~mm ~'i p£ 1l'.: L ft iJi 0 t~ 0 2: G ~;:_' y 1/ A fJJ 1i;ijf frlB H?l ~ ~J(if~Pl~!J ~dlf: T C':l:ff 4: L' +: 0) 

:tff • J: rf!f ~ m v " --c y ? .A n • rlPJ l*J Ez rrm Hm ~ :tff • --t 6 ~ , tm ~ tA: m 0) Jz ~ ~ ~;g 60 t~ 0 ~ 
k ' :. 0) m ~U'i ~ ;l:ff. J: rf!f ~;:_ m NGF 9=' fO m {;zfs: lb 6 v '\ ~'i Tr kA ~Ji~ lfrj ~ 1JD *- --c ;1:-g.. T 6 ~ 1J1J f!Jrj 
2: n tc 0 ~ J: iJi G , ~J( +: 0) t 0) :6~ ra t1t im ~mm ~ P121r: 2: it 6 0) c- ~:t ft < , ~ iM1 JHc J: ~ 
ijf frlB H?l iJi G :Sr£\ 2: h tc NGF/J~ ijf.rlPJ l*J Ez frlB H?l ~;:_{Ip ffl Lim ~tA: m 0) Jz ~ ;6~ !Ea:. 6 t 0) ~ tl ~ 
2: h f~o 

H*JL*'l ~c :t3 it 6 iMJJ!J ft ~J( ~'i ffi't~ ~* fi ~ 36 ± 2: it, ijf ~f ~ ~ {JEJ1¥ T 6 o *1i3FJ'E iJi G iiW1 
J!J 0) ~J( ~'i @: t1€ a"J ~;:_ ijf. rlPJ frlB H?l ~;:_ ~. ~ lj. *- 6 0) C' ~'i ft < ' ijf fr!B H?l ~;:_ ~J( ;6~ 11 ~ T 6 ~ ijf *lB 
H?l iJi G 0) NGFO) :Sw ;6~ {JEJ1¥ 2: h' Rt•rlPJ l*J Ez fr!B H?l ~;:36 m T 6 TrkA~ :fr L --c im~fflf@ ~ Jz * 
2: it 6 ~ ~ *- G n tc 0 Rf~lrlPJ ~c :t3 it 6 tm ~tA:m ~:t Ifil q::r JJJG :S ~ H*Ji*'l r7'10) ~ w ~ ~ ~ ~ffilw 
T 6 :. ~ ;6~ ~ G h --c v" 6 :. ~ iJi G' ~J(i@JJ!J ~:!JtT ~;:_ :t3 it 6 H*lB H?l tJi G 0) NGFO) 36m1C J1¥' 
ijf. rlPJ N Ez *IB H?l ~;:_ :t3 it 6 im ~ tA: m 0) Jz * ~'i ' Rf *Ji *'l 0) i@J J!J 0) ~J( ~;:_ MT 6 ~ 1&11 ;\:~ m 0) - /) 

C' lb 6 :. ~ ;6~ ~ p~ 2: h t~ 0 

~~cJ:~~~2:n6H~*~~*•~~~n•~P'1Ez~~O)~~mm~Jz~2:it, +:O) 

:. ~ :6~ iM1 JU 0) ~J( ~c MT 6 ~ 1&111~ tA: ~ L --c {ill < ~ ~ *. G h 6 a 
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Hepatic nerve growth factor induced by iron overload triggers defenestration in liver sinusoidal 

endothelial cells 

(~J(~c d: ~ ~~ ~ h0 WFE:B **$~t~7l!EJ-=f~d:flf~1fRJl*JEz*WE§O)ITTijiJ\r-J!Jm~ !x!k ~it 
0) 

flf~d:±f*:NO)it~ft~~r~~~--Clb0 73~, ~i&JJUiJ\f.fj~c:t3v\-Cif*k ti~•~Stvt 0. 
~l?~~c~i&JJU~d:±~ L-C~1t:.A t- v .A ~Jr L-Cflf*WE§~flj~ L, 'll'~~flf1j€l!l~flf*WE§ 

~ft t' 0)56~ ~c ~ :b 0 -C v \ 0 :. ~ 73~:9al G h -C v \ 0 . L 73~ L, ~J(i&JJUiJ\f.fj ~c :t3 v \ -C flf*W 
E§ ~ flf*WE§fA)'i-.O)*aJE§, Tft:b~~~~W*WE?l, O)r1=1~ ~c t''O) d: 5ftt§lL1tffl73~~ :_ 0 0) 

73~~C/)v\-C~d:/F~"Cdb0. *1i3f7'E~d:, ~i&JJU73~flf*WE§73~GO)t$~~m!EJ-=f (NGF) 0) 

1IY:te ~1Jr: L, :.n73~~1rRJl*lEz*WE?l~c1tffl-t 0 =- ~ --CITT!iil\r-J!Jm~m!k ~it 0 ~ v\ 5 *1ftc 
ft:JalY!~f~-B- L -Cv\ 0. 
flf~±~~f56~i&Jf~~c:}3v\-Cflf*WE§73~NGF ~36ffl.T0 :_ ~ 73~1~~0):7'';v--7°~Cd: ~ 

¥~-B- ~ h -Cv \ 0 iJ~, *1i3f7E--C~d:-Y? .A 0) 2 fi~ O)~J(i&JJU-=E-7';v~c:t3v \-c flf*WE§~c:t3 vt 
0 NGF 0) mRNA, ]I El v~;viJ~Jc:iiT 0 :_ ~ 73~ Jl t±:i ~ h tc. ~ tc, :l:{fi'€-Y ? .A flf*W~§ 
~ fflv\fc~~--Ct~~fiit~c d: ~ flf*W~§73~NGFM a ~36ffl.T 0:. ~ 73~~~ ~htc. ?X~c, 
$~w~ G ~d:flf*WE§iJ~1JY:teT 0 NGF 73~flflc ~O) d: 5 ft~-~4*-0 73~~' NGF ~C)<tT 0 



IW6ttfD1~1:St${2fs: TrkA 1r5am-t 0~1[1f]P'l&:*-B1Efil~Cff § L --cwm~tc. . 
.Z.-O)~!Jf!:, J1P!~~~v\=_ l: ~c, ;E~'m:-+~~-C'O)il,~c', JE11t0)~1[1f]rk1Bt*-WE§-C~ 

60 Gn, ~f C'O)rkJBt*-WEfilO)~fj~~c]l!~fts~1i:~----:Jtffli1\t1'Jm75~, ~i&JJU t L < td: NGF 
~H~rkl~-9-~c J: ~ i~YT Q =- l: 75~~ G ;a~~cft0 tc.. =- O);f1'JmO)j~J/'td:J;ff~~1[1f]rk1Bt*-W 

Efil~c NGF 1rf'Fffl ~-itk~if~c t Jj. Gntc.. iffli1\t1'Jmtd:~1r®J1€f'Fffl ~-ittc~F;-~ctd: 

~1~ LfttF'0 tc.75~, ~Jc:a:mJJo Ltc~f*-BlEfil:l:-&~l:r#~C J: ~ j~y L, .Z.-0):$<j]JfHd: NGF q::r 

fDm{Lfs:, TrkA ~ll~:tlU~cJ: ~jfp#JU~ntc. £.(l:J: ~' ~J§lfitr-C~f*-B1Efilta~G~rM~h0 

NGF iJ~~?llilrklEz*-WE§~c{lpffl L, fflfi1\t1'Jm1rr~J/'~-it0 =- l: 75~~ G7J~~cft0tc.. 
~i&JJU~ff!Hc:JQv \'-(' NGF 1r1t L k~i[lf]rklSl*-WEfilO)tffliJ\t1'JmO)#JU1fEfltJ~ l:"O) J: 5 tim 

~~J~~l¥J fts~1rt~----:Jta~td:::f~-Ccb 0 ti~, 7-fs:1TJf5'Etd:, WF*-BlEfil l: ~F~lf*-IBEfilO)~ 0 tc. 
< *H L v \t§ 1i ft ffl 1r Ji te L tc. t 0) C' cb ~ , ~!h~rJS"J-C cb 0. 
$~w-*~cM L --c, %~~~ffit75~ G~Jtrk1$, MJ!l!fJJ{t~~c----:Jv \--c~Ft:t~ti~tt ~ n, =-n 

~cfat L --cJi-wJtt@J~ti~~-it Gntc.. 
*~~~ffil~-ct:t'f~mtisJi~~:a:1-rv\, 7-fs:~Jtt:t$~w-*O)~fJO)~*-ccb ~, WF 

n•m~~JHC:lQv\c~VW13"J~c t+~JUIJ\Ltc=- l: 1r~60, ~{ll1i:Bt~T0{illlfl75~cb0 

l:~f~Ltc. 


