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fqze pason waENE FHT =
Aete = Fe] o v B4 A7l dAss dAeES
DA 52 AAAEoR W dAEETE T ofd dold
WA HET (1, 4-6)
d&e] gl A= ATP7B  (ATPase, Cut+ transporting, beta
polypeptide) 2.2 A1 1391 Fh(13q14.3)0] XSt Jow
1993 d =0l Fxke] 7|l AT (7). o F HAA
50071 ool =AWolrt ] l Th(http:/www.hgmd.cf.ac.uk).
Aol wep &3 EAWolZE Aolrt =d eIy
Lolrg]7}e] 9= p.Hisl069GIno] W3E 2 EWololal (8, 9),
p.Arg778Leu> =, T, AE T FHoOFAlotE Tl A g &g
B odqa 5 2377HAe gl Ead

T

=dWololth (10-15).

SIS0 A p.Arg778Leu (36.5%), p.Ala874Val (9.9%), p.Asnl270Ser
(4.0%)s< 57HA

(8.0%), p.Lys838SerfsX35 (4.2%), p.Leul083Phe
Awol7} AA EAMol F 63% ANTFEL ¢ F AT 2
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6, 1277, 24 = 3v}g|¥ LEC ¥

LEA (Long-Evans Agouti) HEE
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hematoxylin¥} eosin&

2.2 Two-dimensional gel electrophoresis (2-DE)

300 mg) immobiline dry strips (pH

(22

3-10, 18 cm; Amersham Pharmacia Biotechnology, Uppsala, Sweden)ol

p——



Ag3k & 125 mLe] 8 M urea, 2% CHAPS, 0.5% IPG buffer (Amersham
Pharmacia Biotechnology)®} 2.8 mg/mL dithiothreitol (DTT)ell 14A]%H
FoF TR A A F 20Tl A 500 VO 50 mA/strip O 2
IA1ZE &b, 1000 V.2 1A]7E 8000 Vo= 2A13F 52t isoelectric
focusing (IEF)= 53 8} 31 T}, Strips-> 50 mM Tris containing 6 M urea, 30%
glycerol¥} 2% sodium dodecyl sulfate (SDS)2. 2 10%3+F H3 3} 2 S
23] W& S Dithiothreitol¥} iodoacetamide® F7}Fsl3Ith o] F 12.5%
non-gradient SDS-polyacrylamide ol 291 ©HO=Z 600 V, 20
mA(30:%), 600 V, 50 mA(70+-)e] 71 S = Multiphor horizontal
electrophoresis unit (Amersham Pharmacia Biotechnology)oll 4] % 7] &5
Tttt 1A7F &<t @S 1A% £ S Coomassie Brilliant

Blue G250°.2 244

ri
offl
o
ultd
z
ol
o
e

Art. olF e Sz 9
2~ Umax Power Look 1100 (Umax Data System Inc., Dallas, TX, USA) 2. &
270 % electronic files® W33 ©] % Image Master Platinum 5.0
image analysis program (Amersham Pharmacia Biotechnology)2 =

w48kt Log2 ratiod 28) o] Aok v= AS ol ¥

2.3. MALDI-TOF-MSZ o] &3} whulo] 3}9]

gk

65, 127¢ 2459 LEC #ES} LEA HES ¥l A3 (CBB-



stained gelsoﬂ A AE 5 trypsin (Promega, Madison, WI, USA)

A glstder. #etz FEfo] == POROS R2, Oligo R3 column (Applied

Biosystems, CA, USA)C. = F=3alqlitt. ZH2te] AL 70%%F 100%°]

acetonitrile (ACN)©} 50 mM ammonium bicarbonate .2 A% ¥ R2, R3

Aol HE F 70% ACN and 0.1% TFAol 9 cyano-4-

hydroxycinamic acid (CHCA) (Sigma, St Louis, MO, USA)S.2 &% &

MALDI-TOF 4% 33t} (37). 4700 Proteomics Analyzer (Applied

Biosystems)= ©|&3lo] Wi AFERHSE AL & w5 de novo

A717d ¥ Data Explorer software] reflectron =2} 4700 calibration

mixture (Applied Biosystems) .= AAtsle] Tl o] o] 55 Zkol Rl

Zyzy AZo] A~HAEHLS I (rypsin autolysis peaksES  ©]-83}]

L

el

ALtstadth @9 siefo]=9] 8kl 24> GPS Explorer software®]|
3Z3HE Mascot search engines ©]-83stith. fElol= WA 3 whul
7 A

A2 Swiss-Prot 2} NCBI databases (ver. 20070629, 5207057 sequences,

1806282460 residues)©} ProFound program (http://prowl.rockefeller.edu/)=

ol g3te] FaystgT.
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2.4. Western Blot analysis

30 pgel 7+ Ao @S 10% SDS-polyacrylamide@ ol H7] A% %

PVDF9}(BioRad, Hercules, CA, USA)el Hg 5 mgHNom syt

A % (Tris-buffered saline, 5% skimmed milk, 0.1% Tween 20), %=

K

22 vlY $(Abcam, Cambridge, UK) horseradish-peroxidase-

labeled 22} FAZ Az} v LT SuperSignal West  Pico

Chemiluminescent Substrate (PIERCE, Rockford, IL, USA)o.= &

ol

FA AL, =S 2 glyceraldehyde-3-phosphate  dehydrogenase

(GAPDH)< ©]-§-3}3i .

i

2E B4 242 SPSS for Windows (version 12.0, SPSS, Chicago, IL,

USA)S ©]8-38l3lal, LECRESE LEA HES] HA S $]8l] Student’s ¢-

tests -3 3} 3 T}

11



3.1.RNA & 3 EA3}

LEC FE9} LEA FES A ¥z2AS o] &3l Total RNAE
Trizol (Invitrogen Life Technologies, Carlsbad, CA, USA)S ©]-8-3}¢]
w2 oA #2893, RNeasy columns (Qiagen, Valencia, CA,
USA)e. 2 AA SISt 21 A RNAT Ambionlllumina RNA amplification

kit (Ambion, Austin, TX, USA)E ©|-&3}] biotinylated cRNAZE

AT

3.2. 23} (Hybridization) 2 d©|ol¥ F&

gtHlsl # cRNAMEZS ZH7F 750 ng® RatRef-12 expression bead
o ¢ o] (lllumina, San Diego, CA, USA)°l 58°CoA] 16-18A]%F &<t
Wi Th odo] A& = Amersham FluoroLink streptavidin-Cy3 (GE
Healthcare Bio-Sciences, Little Chalfont, UK)E ©]-&3}o] &2 o
[llumina bead array reader confocal scanner (Illumina)= 2713}t
ojg o] HlolH %<2 BeadStudio version 2.1.12 software (Illumina)E

o 3T,

12
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A
=~

XH
!
A8 TE Gene signal

el
=

33. HolE g4 % A &

F=4 dolHE Aok 50%9]
signal-to-noise)®] #t= X.ol= HolH
2 i 913} 3t Local pooled error (LPE) test

ft =3k efo] ®
%, Benjamin-Hochberg multiple-testing with false discovery rate (FDR)

4solnt,
Hierarchical cluster analysis& complete linkage®} Euclidean distance as a

El

measure of similarity©. =2 33} %It}  K-means clusterings  time-
do] Aol7} v fEAE

-
=

dependent profiling .2 4=3] 3} T},

s ArrayAssist® (Stratagene, La Jolla, CA, USA)®} R statistical
software package (version 24.1)E ©o|&3|A I T AEITH
<& 2 4] (ontology)°ll 7|®+3t A2 Panther (http://www.pantherdb.org),
Genatlas (http://genatlas.medecine.univ-paris5.fr), RGD Genome
(http://rgd.mcw.edu/rgdweb/search/genes.html) 2} NCBI Gene
(http://www.ncbi.nlm.nih.gov/gene) 2] dlo]EHo] 2~ & o]-§-a}of
T8kt

A A]ZF (Quantitative real-time) polymerase chain reaction
2] ©

34. AZH A
13



S|
ax

i

A dolHAA 7719 FHAE A IS} real-time polymerase chain

reaction (RT-PCR)S  Fasiict.  zH2be]l  fFdxbe]  AkEH

S

AgH A (primer) &S 19 V)& . A AN FE3 S
ng?] AA RNAS F8 oz A183}3 ). MJ Research PTC-200 PCR
system (Bio-Rad, Watertown, MA, USA)©. 2 RT-PCR ¥ SYBR Green dye

(Takara, Shiga, Japan)©. 2 3% &}t 24249 RT-PCR 3¥4 WHE

1>,
o

o
o,

3 ox®  FAEATE. LEARES LECHE|A 9

W&ol H|EL HELE MMMl ow RAEGIT GAPDHEHO =
nAsA

3.5. &% Hepcidin analysis

7} FH¥HE LECHES LEAFES s 21 A7l 5 3000

it

rpmoll Al 5387 HH AAT FT A A EH hepeidin A=
ELISA (Uscn Life Science Inc., Houston, TX, USA) 7|®H o2 =35}l t},
A 212 Mann-Whitney test, SPSS for Windows (version 12.0, SPSS,

Chicago, IL, USA)S ©] &3] G333} 3Tt

14 .



1. RT-PCROI| A}-&% AAE (38)

Gene FORWARD PRIMER 5°>3’ REVERSE PRIMER 5>3’
Ppp3cb GCAATTGGCAAGATGGCAAG CCTCAATAGCCTCAACTGTG
Snca GAGGGAGTCCTCTATGATGG CTGCTGTCACACCAGTCACC
Cp CGTGAGTACACAGATGATTC CTGAATGCTGAGAGGAAATTG
Hamp CAACAGACGAGACAGACTAC GACCACAGGAGGAATTCTTAC
Asmt CACAGGAAGTGGCATGC CCATTCCCAGGGACATC
Bhmt GAAGGAGATCTACATGGCGTG GTAAGCCTTCAGCCGAGCTGC
Atp7a GCGCTGAGGCATAAGACAGC CCTTCGCTATGTGTTCCAGC
15



4 3
7l LEC RES] Assd 54 9 3 239 Wa

g% b &A%l alanine transferase®} aspartate transferasei= LEA
HECM Hup LEC HECAM FolstAl S7hekglar, o= A%l

et Srbshs Fdoldnh ook wAbeAl dA T e FHlE
ok

16



2. LECHRE9} LEAFE 9] AJslshy FA(H T+ THA (39).

Normal LEA LEC rats
(n=3) 6 Weeks (n=3) 12 Weeks (n=3) 24 Weeks (n=3)
Total bilirubin (mg/dL) 0.2+0.0 0.210£0.0 7.4+5.0 43.2+3.0
Aspartate transaminase (IU/L) 88.3+ 8.0 1432+ 1.0 853.4+100.0 2161.9+£ 100.0
Alanine transaminase(IU/L) 60.1£4.0 160.4+20.0 897.5+50.0 679.5+200.0
Total protein (g/dL) 6.1+£0.4 5.5+0.1 5.1+£0.2 4.6£0.3
17 u
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6 weeks 12 weeks 24 weeks

LEC rat

LEA rat

19 1. Ao WE LEC PES LEA HE] 11x2 A7 W3l vl H&E G4, g wj£&, x100) (39).
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U Z2HeHA B4

6, 125, and 24 2] LEC PESILEA HEQ] 7+ x2S tiato=r
2-DE (¥ 2) o] #£A4Z oAtk LEA #Eo| H|g|A LEC
AEOA 2 vl ool W o7t U= 16 78] AES AT
olF, 4709 A (10%, 129, 13 HZ} 19 ¥) LEC HEo|A 2o
S7 A, 129 H (1-9 9, 119, 14-18 1, 20 W7} 21 H)2 HE o]

AT (3F3).

20



LEA rat LEC rat

S \2\1}5 i te N \.'

t -

.-3 'th-‘n-.-..

6 weeks

12 weeks

24 weeks

% 2. LEC FES} LEAR Eo| Al 2-DE comparison image] H|ul 1
2. 28] o]de] WE Ao]lE Kol Wil A S dsle] spAbEel W
2 X718 (39).
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3. dEo] wal LEC PEA o] F

(39).
Spot Protein name Accession no. MALDI-TOF-MSY Fold
No. change
NCBI Swiss-Prot Mass Mascg)t Matgh ed
Score peptide
6 week
Malate dehydrogenase 1, .
1 NAD (soluble) 2i[15100179 088989 36460 105 14 -2.68
3 [ropomyosin alpha-3 chain i|148840439 Q63610 28989 76 14 238

(Tropomyosin-3)

Chain , Solution Structure Of
4 Reduced Microsomal Rat gi[2554670 P00173 10788 80 8 -1.94

Cytochrome B5

12 week
Malate dehydrogenase 1, .
1 NAD (soluble) 2i[15100179 088989 36460 105 14 -2.74
5 lsovaleryl Coenzyme A gil6981112 P12007 46406 116 19 2.68
dehydrogenase
6 Beta-actin gi[119959830 P60711 31727 70 15 nd?
9 Agmatinase gill14687632  opors 37963 77 12 2.69
10 Annexin A5 2i[51858950 P14668 35750 215 25 5.82
11 Ketohexokinase 2i[13994119 Q02974 32729 129 16 -3.87
Rho GDP dissociation .
12 inhibitor (GDI) alpha 2i[31982030 Q5XI173 23392 104 11 222
24 week
Malate dehydrogenase 1, .
1 NAD (soluble) 2i[15100179 088989 36460 105 14 -3.20
Chain , Solution Structure Of
4 Reduced Microsomal Rat gi[2554670 P00173 10788 80 8 -2.06
Cytochrome B5
10 Annexin A5 2i[51858950 P14668 35750 215 25 36.62
13 Transferrin 2i/61556986 P12346 76346 147 26 2.57
14 Sulfite oxidase 2i[38303839 Q07116 54320 166 21 -2.02
Glycerol-3-phosphate .
15 dehydrogenase 1 (soluble) 2i[57527919 035077 37428 133 20 -3.47
Glycerol-3-phosphate .
16 dehydrogenase 1 (soluble) 2i[57527919 035077 37428 204 24 -3.52
18 rCG34031 21149054922 - 34347 82 12 nd?
19 fe’?l’srezssed 1n non-metastatic gi55926145  P19804 17272 114 14 238
pp  Abhydrolase domain gil56090461  Q6DGGl 22604 106 10 2.85
containing 14b
21 S-Adenosylhomocysteine 2i[8392878 P10760 47507 193 25 2.61

Hydrolase

a) n.d., not detected in LEC but detected in LEA rats.
b) Protein score is -10*Log(P), where P is the probability that the observed match is a
random event.

¢) Protein scores greater than 61 are significant (p< 0.05) for MS data.

22 "



672 LEC P EO| A+ malate dehydrogenase 1, tropomyosin alpha-3
chain?} the solution structure of reduced microsomal rat cytochrome B52]
Hhd o] ZAFEA Y 1258 9] LEC P Eo| A+ malate dehydrogenase 1,
isovaleryl coenzyme A dehydrogenase, beta-actin, agmat¥} ketohexokinase
7} o] AT QAL annexin A5} Rho GDP dissociation inhibitor
alpha7} & o] Z7lE Tt 247" ol A= malate dehydrogenase 1
(MDHC), solution structure of reduced microsomal rat cytochrome B5, sulfite

oxidase, glycerol-3-phosphate dehydrogenase 1, rCG34031, abhydrolase

domain containing 14b$} rat liver S-adenosylhomocysteine hydrolase”} 2
ol AT O amnexin A59} transferrin®] & o] F7FE AT o]
= FolA MDHC+ el whet dxf walo] 3HAsk3 91, annexin

ASTE 1279} 245004 B Bdo] SUHEE S 4 4 A
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t}. Immunoblotting & ©]-&3F AZS

MDHC<®} annexin A59] & %AFS immunoblotting®. = 7 53} 31 T
w3k FElgA Ao #ojd Aoz 47 S-adenosylhomocysteine

hydrolase®] & Y%= o] AT (40). Immunoblotting ©. =

annexin A5°] o] 67l Bl 12579 2457°] LEC HEOA F

gl Zse AT & 4

Uem™,  MDHC®  S-
adenosylhomocysteine hydrolase (SAHH):= LEA FEA &= A& w
2 AaF STlele S B oy, LEC HEA = HAxf Ase=

[e)
Ae

Jﬂ

Sl 4= AAT (2™ 3).
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LEA LEC 70

Annexin AS e
6weeks el ] 20 i
« 400
<
. £ 30
12WEEKS ey s = = DD H [
£ 20
< 10
24weeks e Wi I § "
.. W ]
N ¥ » ¥ » N
LEA LEC & & & &
MDHC g ¢ & @O §y ¢
6weeks -
- 0
500
1veck R w—
400
24\veeks~ - - 0 M7 T
Z
g :
LEA LEC 100 i I T
SAHH ot M .
6weeks --.- - $ F P P
o o 0492 vﬂ'w‘ »
F & LY § &
12weeks SN SR SN S am e Yo ¥ Yoy
%0
24w -
_4\\eeksm -— 20
LEA LEC e

GAPDH

SAHH

(rrioals S G . ——
50 N
L —— —— — , o
N4
& &

e e s e P A A
F ¥ § ¢ g &

WV V V

1% 3. Western blotting= $ 3l LEA FEo| H|s|A LEC FEA

annexin A59] WAL F7lsty, SAHHS MDHCY 'Td-2 <A

ul

mel HxF AAcshE S 4 oAl 72 g e A
GAPDH®| W&ol whe} ®H A4S}t * P<0.05 for the comparisons (two-
tailed Student’s #-test) (39).
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2}. LEC FE % X2 ¢DNA microarray 2]

H

AF 679, 1279, 2457 T Aol @ AP A7IelA LEA A=)

LEC FECIA log2 ratio’d 2¥ o]4e] el xfol& Holw, p Fhol

0.05 "] FoJAS Holx= A= F 505709l Hierarchical

clusteri&4] ¥} K-means clustering with time-dependent profiling®. = %

972 clusters AT (1H 4-5).
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Color Key

Value

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 5

Cluster &

Cluster 7

Cluster 8
Cluster 9

= g s £
g E S g
i wi 5 <<
: 2 3 3
3 i 5 g
= -~ w w

=] =

% 4. Complete linkage and Euclidean distance as a measure of

similarity= hierarchical clusterings =33} T} (38).
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Color Key

8 2 2
Value

Chustae 4 43 probes Cluster 51 35 pesdes Cluster 6: 34 peodes
Cluster 1

Cuaster ¢

Custer 5

Cluster§

Custer
Cluster

(LEAGWILEABW)
LECoWLEADH

(LECIZWNLEAIZM)

(LEC28AN EAZEW)

1% 5. K-means clustering=- time-dependent profiling©. 2 =83} %1 a1,
Z 9fe wtHol Aol weEt FARSE B S Bl (38).
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LEC RES] ¥ zzox o HH2 A5 4FHHE Holm=

(33), ¥ ATAES o AuolA 2u] o] wdxtel i

of

FAAES ARG, F 2510 fRAAT AEEe o

Asel F deiA 9A e A FAAE AY @ F F

134708 A7 Bl FAHY O, as57le] FAAE] FHol

AaEAt. ol T @A 270 AL, Spock2sk Ppns, Wrol A
A A&H oz W] amAY FrhEA, T,
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24570l A HESF AolE Hole F 186719 FAAES
71l mEr sk o] T 7Y FHAEe] ¥ Wi
Gl #HAstlaL, 3708 FHAE (Spock2 EFHo] AbAsE 54
HOAE AEAe AdEd Tlee B, 209 fAAE
AERkgol FHAAginh o 9 1479 FHAEe] kel Al
BodstH, 9o FHAAEPpns EFHS AE W AT HGA A
Holets FAAEClNY. T FAAES Azl BEEAA,
Uz 2709 FRAAES o2 FHLAS s Ade] HA
(19 6-7).
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Visual pathway
(7 genes)

Tumorigenesis
(14 genes)

Signal
transduction
(9 genes)

a9 6. AT 24FE 9] LEC PEO|A] o ¢kAle] zlo]E Hol:=
FAAE 7|5 wE 7 (38).
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ivity

A. Neuronal development and act

Za@ 2334 o

mm 11.56
0 Kcnh3, 9.84
@ Nrgn, 8.60
@ Neurod6, 6.98

© Icam5, 6.90
@ ZHp312,5.66
* ww hbs,’5.13
@ Foxgl, 4.96
© Cacng3, 4.91
@ Opcml, 4.85
@ Ankslb, 4.83
¢ Cp, 4. 67
@ Gas7,4.57
® Hpcald, 4.42
¢ Tmdsf2 m: %Ra 4.41
¢ 7p238,4.2

¢ Rimsl, 4.03
€ Kcengs, 3.88
@ Pah, 3.83

& Wm@mmﬁ 3.77
© Hpca, 3.72

& 3 N_u 3.67
& Slitl, 3.64
& HBmB_o 3.56
@ Snca, 3.42
© Thyl, 3.33
@ Celfs,3.32
& hﬁcmm 3.28
Nr4a3, 321
Scn3b, 3.17
Qm::o 3.16
Mef2c, 3.14

4

&

&

&

&

&

© Maplb, 3.06
& Mtpn, 3.04
© Kcnhl, 3.03
& Om&uww 3.00
@ Digapl,2.93
& % 3.90
¢ C Nm 2.84
& wmw% 2.73
¢ _wmﬂmcw 2.72
¢ Bhmt,2.71
® Bclllb,2.68
@ Olfiml, 2.55
® Chnl,2.53
@ Nptxl,2.52
& U x1,2.52
¢ Pmch, 2.32
® Nell2,2.31

& H_uwma 2.30
@ Actb, 2.27
@ Gjal2,2.14
Hpd, 2.04

© Fkb 5 2.03
@ S100al, -
@ Accnd, 2. Nw
@ Tacl, 231
¢ Carg,-2.60
Am
L
<*

L 4

, 2. 79
><P -2.80
Atplb2,-2.84
@ Kcnjl4,-3.33
@ Chrnb4,-3.56
¢ 0Otx2,-3.68
@ Kcnh6, -3.91
@ Slc6as, -3.96
@ Gchl, -5.20
@ Sppl,-5.21

@ Lgalsl, -5.42
¢ Asmt, -u 31

0.00 10.00 20.00 30.00

6mo/LEA o ratio

LEC

1A Al (D),

AEA

©,

o =
NS

shatsl 9 AE A (B),

LHE (A,

]
=

A e

(F) (38).

ojo

NI

SR

ol

)

1)

Al (E)<t

ﬂo

A2
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IS

d apoptos

idation an

10XI1

B. Ant

F2,11.03 ¢
Len2, 9.76 €
Hamp, 9.20 ¢
Cfi,6.97 ¢
Cnksr2, 6.87 ¢
Ddn, 6.50 ¢
Encl, 6.36 ¢
Ponl,5.10 ¢
Fabpl,4.94 ¢
Pckl, 4.84 ¢
Hrg, 4.24 ¢
Nckapl, 3.93 ¢
Rasl10a, 3.67 ¢
Cugbp2,3.23 ¢
Rasgefla, 3.02 ¢
Ppp3ch, 2.93 ¢
C4bpb, 2.86 ¢
Txndel, 2.81 ¢
Abhd7 ,2.78 ¢
Apcs, 2.77 €@
Golph3,2.56 ¢
Cugbpl,2.47 ¢
Trim23,2.28 ¢
Fbxol1,2.22 ¢
Duspl, 2.13 ¢
Ube2jl,2.10 ¢
Ppp3ca, 2.00 ¢
Eraf, -2.09 ¢
Ubl3,-2.18 ¢
Gsn, -2.56 ¢
Ndufh7 ,-2.75 ¢
Sdhaf2, -2.95 ¢
Cyp26bl, -4.32 ¢
Hspbl, -5.33 ¢
Slcl3a3,-5.35 ¢
Lgalsl, -5.42 ¢
Ca3,-6.01 ¢

Kngl, 5593 ¢
¢ Cyp2el, 2043

/LEA o ratio

6mo

]
P

-” '@1{ T

3

Al

2 A <
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< Rasgrpl, 4.21
9 Gnbs, 3.18
9 Rgs4,3.16
Dgkg, 2.90 ¢
Mapk9, 2.79 ¢
Gnail, 2.51 ¢

Ptpns, 2.17 ¢

D. Signal transduction

2
Akap6, 2.16 ¢ 8
, :
600 400 200 000 ﬂum
Q
53]
=)

¢ Hpx, 51.73

¢ Hp, 50.15

& Fag, 37.35
Ambp, 27.22 ¢
Apoh, 21.10 ¢
Feb, 19.86 ¢
Orml,17.05 ¢
Serpina3k, 13.65 ¢
Serpinal, 9.69 ¢
Fetub, 7.10 ¢
Cx3cll,3.41 ¢
Gplbb, 3.17 ¢
Serpindl, 2.33 ¢
Crp, 2.21 ¢
Pf4,-2.02 ¢
Pla2g7,-3.09 ¢
Defbl, -3.92 ¢
Alox15,-9.97 ¢
Spock2 , -10.05 ¢
T

-50 0 50

C. inflammation

=
o -
o

LECmo/LEAgn, ratio

igenensis

F. tumor

Itpka, 9.3¢0
Plg, 8.84 ¢
Encl, 6.36 ¢
Tacstdl, 5.18 €
Dbcl, 3.46 ¢
Lzsl, 3.41 ¢
Nov, 3.07 ¢
Rasll11b,2.99 ¢
Eeflal,2.91 ¢
Smoc2 ,2.55 ¢
Azgpl, 2.28 @
Nudt2,-2.20 ¢
Bceasl, -4.06 ¢

Alox15,-9.97 ¢

-20.00

E. Visual pathway

Aldhlal, 327 €
Egflam, -4.06 ¢
Col8al , -4.09

Pde6e , -4.79%
Roml,-6.64 @
Mpp4, -7.01 ¢

LS Gnat2 , -15.53

-20.00 -10.00

-10.00 000 10.00 20.00

LECemo/LEAgy, ratio

0.00

LECgmo/LEAgm, ratio
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ul 7)%5A BR mE Fe #9%ES 2@ 0@

Realtime-PCRE £3 A=

BoaAgelA 7t JsHR F8 /%S WESE FAdEd bl

A ¥ F2e] RNAYA realtime-PCRS E3 HAF2HS stk &=
6 A A= (Snca, Cp, Hamp, Ppp3ch, Asmt Bhmt)o] U8 HISE&
stlom, BE Akl cDNAS o] #4139 28 AFE B
SPRASHITHLE 8). Hampel 9J&l HALE = ©¥lE <l Hepeidine
LEAZESL LEC ZRECIAM FAHSIOH, 2459 LECHECNA

ool St = A Flslth (201 £ 105 pg/mL vs. 167 + 83

pg/mL, P=0.021; 1% 9).
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Snca Bwks  12wks  24wks (B) Ppp3ch Gwks  12wks = 24wks
LEC/LEA ratio -2.47 1.35 2.93
LEC/LEA ratio 1.00 1.06 342
AACE
ARGt 5 g 5
2 A 4
ELEA
1.5 4 3 A
HLEC
WLEA
14 2 4
NLEC
05 11
0! 0
6Gwks 12wks 24wks Bwks 12wks 24wks
©) (D)
Asmt 6wks  12wks  24wks Bhmt Bwks 12wks  24wks
LEC/LEA ratio 1.05 -1.01 -7.31 LEC/LEA ratio -5.81 1.03 2.1
A8t 4
AACt 4 o 25 A
1 2 -
mLEA
0.8 1.5
0.6 uLEC
1 4
04
0.2 0.5
0 0
bwks 12wks 24wks Bwks 12wks 24wks
(E) (F)
op 6wks 12wks 24wks Hamp Bwks 12wks 24wks
LEC/LEA ratio -9.90 -1.13 4.67 LEC/LEA ratio -9.11 -1.92 9.20
Arce 2.5 4 aACt -
2 14
12
151 mLEA 10 7 mLEA
] mLEC 8 =LEC
6
05 b
2 |
0
Bwks 12wks 24wks Bwks 12wks 24wks

19 8. ¢DNA oj#ololA] LEC HEQ wHxHo|A w3d kit
ZFolE Hole FHAES due wE dAxo] upE W3l A I

realtime-PCRE ©]-8-3+ 4] (38).
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1400

1200 -

1000 -

800

=-#=LEA
600 -
=8=LEC

Hepcidin (pg/mL)

400 | *

200

6wk 12 wk 24 wk

1% 9. LEC #ES LEA HES FAo|A Hepcidin & FA+
Hlastlon], 245l LECHES dHAM FoId F7H&

R8s

I8k T} (¥, P=0.021) (38).
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AL T dabeh AR fAAe] wE P 24

T2l o] thatel #ejdtiar 4E R Ap7a (LECas wee/LEAy week ratio = -
1.24) F-A2e} o]o] A5 A8 F AR}, Arox] (LECas wee/LEA2s week ratio
= -1.50)9} Dctnd (LECas weedLEA2s weer ratio = 1.42)5 9] wHdl s

2Abshg ot freldt Maks it
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F 4. 72 ARl Holsks

FAA E9 A=

uE W3} (38)

Genes LEC4u/LEAgy LEC 2u/LEA LECo4uid/LEAguu
Atp7a 1.17 -1.33 124
Atox] 3.07 -1.47 1.0
Detnd 2.17 -1.07 142
*, log2 ratio
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72

3=

A}

e

ol

4 2

A

il

w2

o

a

X

A

e wstolth ey el

N

N

& A A]

Ak
=

o}

1
s

ahol 4

ER

Ay
a-

Al

Joistth (2, 25, 41, 42).

Qo)

M=

o

=7}l

=
=

’J4F8}E(reactive  oxidative species; ROS)

s

o= AFgA

7T (44).

[e]
S

= X3 DNAo &

=7}€l ROS

2437t

43).

1
s

dismutase

superoxide

copper/zinc

cytochrome ¢ oxidasel}

T3

A

9

7ee

EEE

Fel7h

3)

9]

ATP7BS] A3

o,

she

15 7] "t} 45).

=
=<

B7o]

ATH (32, 41, 42).

[e;
A

Sl

8

el

TH
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AT & A W iy PSS Ao EMA A7 9
Wsto] wel F2F A=A o] BikE & AT 27]d=
agmat protein, isovaleryl coenzyme A dehydrogenas$} cytochrome b5 72©]
AP A EAjsheE whule] dedo] deils AU TE (46).
Cytochrome b5+= 9ol EAjst= of&] AbA 7} & 4 (oxygenase)oll
AAE Ags] F= JES b wepa, o]e Wdo] FHAsh=s
AL b 225 4kst S o FHokeA wkedh 9, 9
AL o dArlel= JeS mZtl Ketohexokinase: fructose=
fructose 1-phosphate .= QI4ks} Al7|aL, A= APHA|A s}

o
=

=2 A7 g AHE fructose= FFOl A fructose 1-

i}_],

phosphate pathwayE &3l tALE] =t 47), AFEAIS] & oA

o
0,
=
=
il
X,

walE= Aoz HRItlh Tropomyosin-3& A X 9]

s EA4Ae FA TR actino] Ags= ot (48).

AN AT (49, 50). WA AE U FAo| TAo] Tl T

F

il Qltropomyosin-3+<  beta-actin ‘WA o] FTAEAEH, o= T

i

Joll & ZRH AW Gt o3 o ® Als T (51, 52).

M ZAEAL g S F3 Ao weEl malate dehydrogenase 19}

annexin A59] To] Ao wet Lol WESlET], malate
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dehydrogenase 1+= citric acid cycle®] T4 < St=4], NAD/NADH
ZaA4E ©o]83] malateE oxaloacetate® ZIA|ZIT}E (53). AFH A
&dol el mEk NADHZEF AMHAIS] AAHGAR F¢o]
GOl XAl = a1, o]e] ©]d malate dehydrogenase®] '‘Tedo] "olx|=

Aoz BRItk AMHAS EA4fo]l xdgge] weh, &= tE NADSH

rO
r
i
=
=<
1
A
qa,
<
le]
Q
=R
g
e
=
@)
[72)
e
=
o
=
o
o,
&
<«
&
o
()]
o
=
]
[72)
o
—_
ki
i)
¢
L

o] Frkete Ao ®m FSHET (55, 56).

2475l Aol LEC Eo|A+=  S-adenosylhomocysteines

adenosine} L-homocysteine & = 23t = S-
adenosylhomocysteinehydrolase2] A7} Zn 2 <k},
Adenosylhomocysteinet= = s methyltransferases©l| o] 3f| A

adenosylmethionine & = - F] THE o oh (54). Cu'e S-

adenosylhomocysteine hydrolaseol] ZA3sle] o]eo] S EE Hojrmg]

|

Ao hefA glojA, of wmle] wae) Fhae ele] FAHd 9
gk Ao HRIY 40). FE A& adenosylhomocysteine THEFgH |

AdgaLrE AA = Hely, 0|59 catechol  O-
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N—methyltransferaseﬂ— hydroxyindole O-methyltransferase’s o] Qit}. ol&

& icobnl AFAREA] AT thAb] el (57). LA,

Z}Oﬂ/ﬂ Wy A g8y oﬂ/q Al A &4 %‘)\19] uLxger 3'],_]-630]

| [e]

S % ke dolth o]9 Sulfite oxidase 1 ABEH o7 f3) 3

1= AbgAle] Brbde] EAEE (58, 59), o]o WA it AL

of el o3 Aow BAEM, o] A2 sulfite v7HE = Al

Rl
>
o
2,
o
>,
)
o)
o

X" Foz AZLET (60-62). ¥HA transferrin®] =&
7= AT HEY STkl o Abst S0 tigk B SR
287y o}, Ceruloplasmine W34 ferroxidase= 27} & 37} A=
Abelstod  transferriny} A3tShAl dhoh (63). Atp7be] Aol <oJgh
ceruloplasmin®] 7+A~+ tranferrin-37} Ho| &H&A| FAdS A3lsta,
wepa ko] A 271 Ao mAl FHeFs Xt (64, 65). Wt
A, transferrin®] D& F7F= o] g 27F AT Y3 EAE =]

9% wAH AAow ofsH,
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Aol ). annexin SAY] TE W= WAY E o] @Ay}
Tdo] = Aow dHA AT} (66, 67). WA, H A Ay

%0,
lo
o

annexin 5A°¢] W&o] wete] wAIE Ayo] 9L F
A A&l =T} ©]2] Rho GDP dissociation inhibitor (GDI) alpha and non-
metastatic cells 2 protein (NM23B), a c-myc transcription factor®] %]

WAk Aol ol AHA AT (68).
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x| fA% B el @

i

e FHA wE ARA AR @A Bds=

245% 9] LEC AESAE tu W, 2x, ¥7kola Fale] A=l
X

Holw 53] Ax el ¥3te] @2 S HIAv (33). Aol A
A" 7Y FAAES AAAY 24, w3 3 A

TS Y FHE ez I (69-71). HEHANAH = =dnly
#HAE A7F 54ES 2dste soR dEA vk & dAFeAE
Elo] =4l thALet #EE 2714 KA AHE—Hpd (LECas weedLEA2 week
ratio = 2.04)2} Pah (LECa4 wee/LEAns week Tatio = 3.84)—2] wr& o] z}o]7}
s 4 T AATH

Anks1b (LECa4 weed LEAss week Tatio = 4.83)2F A2m (LECa wee/LEAs week
ratio = -2.79)v ofd=Rol= AT = uixrte] Fost=dH 53
d=sloln ko] Wl 7|He] F8g AIAE e soR LA
ATF (72, 73). Snca (LECy4 wee/LEA2s week Tatio = 3.42)2 1EH 9]

k2ol #oJS}=  alpha-synucleine AJAdst=d o]9] #d b=
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ot

T

Azt (74).

FR Aoz

M A=

alpha-synuclein®]

2 A1 ZF  realtime-PCRS

noth el

synuclein®] W 3&}of T

alpha-synuclein®]

A
a

<
el

=
[}

AFEA] 7]

=
-

g7 A m

e Wt

oH

AR (39).

hyA
s

Al

2 AEA} 3

=
T

ARE2

o
T

4ol Fo@

A EAE A}

&

)

O] 2}]\]:]’ O] % Sdhaf2 (LEC24 week/LEA24 week ratio

succinate

2}2}

1
s

—295)94’ Nduﬂ)7 (LEC24 week/LEA24 week ratio = —275)
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dehydrogenase complex assembly factor?t NADH dehydrogenaseS

ArelE SARREA APAY AADAAY LS )5

T, olE9 wd A AAAZAAM AFEAY &S
Hedsl= ZAow WAL Hgpbls ABAEE  AEd oA
H358h= 7S st A=, o9 B Wsh= Charcot-Marie-Tooth
W Hpay ARTA  EAF, AAA AHFe WA
#Holsts ez dHA dar (76), E Aol wHE Tdl]
2% (LECy weelLEAys wex ratio = -5.33) H o] A A FA419]
ul3

it
.

of #old 7beds AAMFH

Cu, Zn-dependent superoxide dismutase 1 (Sodl)= WEA Fg|o&
aarA T AEPlses FdIH 77). BIF 245%H 9 LEC

EoA] o] wde] M3l IS (LECy wee/LEA week Tatio = -
131), ©]9] A52e GHA2 Ppp3ca (LECos wea/LEAss wear ratio =
2.00)2} Ppp3ch (LECa4 wee/LEA2, wee ratio = 2.93) (78)% o] st Hb&] 9]

<7 Bt o]&<2 calmodulin-dependent calcineurin 74 845

Aoz AzZtErh (78). H3E  calcium-/calmodulin-dependent protein

kinaseZ A A= Camk2a (LECa4 wee/LEAss week ratio = 2.84)2] 23 =
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7S & g A=Y ol EEHe AFAEAA calcium-

AR Ul Belst HAREe) WA P W

At #dE 542 H2AdMRE el Hed 28 @4
ol Aol FHo] Frhgel deA AAT (80). ¥ AelM =

24573 2] LEC FE(150 + 37 pg/dL)9 LEA FE(201 + 75 pg/dL)ol A
g4 2 s 2 Aot gied, FH yeolrt & FH(30-
505)1 A= LEC RES] | 2o A& HaPo] dsol el
53] 714 A F5lo] YEhdo]l ¢l SUth (64). ¥ ATelAM =
Cp (LECy4 wee/LEAs4 week Tatio = 4.67)2F Hamp (LECay wee/LEAsg week Tatio =
9.2)7F LEC HEdA Tdo] Fr7tgS o 7 Ade=d, Ope
AERZTg=0S AASE Aoz HEo =ZHo| wE HAA
72 AztEn. 12 2F0] Ap7be]l Aol o AlERZe=T9
Aol "ojA, w FA M= ApTaZt ANH 7EE SIEE,
Cpel 3ol J7tEe= AL=R EBRAY. Hampe HE  dAb
Holets= EA FAAEA (81), hepeiding HAlslw B
Ao M= 2457352l LEC HES dAHo|AM hepcidin®] FE7F
FrolstAl S7Heke & & AT WA, Cpot Hampol 23 S7h=

qaAoA Arel FAo we wad wgold Az e,



o] ¥ FAAE EF AFWS AoE B 3% F Jonw

AR oA olgel wai wsiste] 4 WAS A

2}. S-adenosylhomocysteine THA}S] W3lo} 7+ &4319] #A

oA AT 2 omkel o] LEC  HEAAME S-
adenosylhomocysteine hydrolase2] FAF| o] gt S-
adenosylhomocysteine®] F&e] & Ao=Z ool HIA=H (39),
AN E  o]e} UdX| = AZAS R methyltransferase?!  Asmt
(LEC24 weeLEA24 weer 1atio = -7.31)2} Bhmt (LECa4 weet/LEA24 weer ratio =
27109 d ol HHE As e AT Asmee
hydroxyindole O-methyltransferaseE dAlst™ o] od FFasE S-

adenosylhomocysteine®l] 2J3t Z o2 AZtETE WA Bhmts betaine-

homocysteine S-methyltransferase = AALstH, o] o
SEAZHRIS HAedoem A= AEE Sl AR

O>~

pRgoR kst R4S HUT £ Adth we

adenosylhomocysteine®] tjAlo]d& b A O] &4 ot

e
i

4

lo

A7

£

A e B e Bl Jlew Yz

.

vhAZE AEAA R g #A
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ATP7B, , ATPase, Cu++ transporting, beta polypeptide)
LEC, Long-Evans Cinnamon

LEA, Long-Evans Agouti

2-DE, Two-dimensional gel electrophoresis
IEF, isoelectric focusing

LPE, Local pooled error

FDR, false discovery rate

RT-PCR, real-time polymerase chain reaction
MDHC, malate dehydrogenase 1

ROS; reactive oxidative species

SAHH, S-adenosylhomocysteine hydrolase
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Abstract

Introduction: Wilson disease is caused by ATP7B deficiency, and
characterized by progressive Cu accumulation in liver and subsequently brain.
This study was performed to identify the important molecular biological
changes underlying liver and brain injuries in an animal model of Wilson

disease.

Methods: LEC (Long-Evans Cinnamon) rats and LEA (Long-Evans Agouti)
rats, a non-diseased LEC rats, aged 6, 12 and 24 weeks (3 each per group)
were used for the study. Hepatic histological examination was done in each
age group. Proteomic profiles were investigated in hepatic tissues by two-
dimensional gel electrophoresis and MALDI-TOF-MS, and validated by
Western Blot analysis. Total RNA was extracted from the whole brain tissue
in each-age group. cDNA microarray was performed using RatRef-12
expression bead arrays, and validated by quantitative real-time polymerase

chain reaction.

Results: Hepatic histological features were similar in LEC rats as in Humans
with Wilson disease. Hepatic proteomic profiles in LEC rats were

characterized by decreased expressions of the proteins in mitochondrial
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matrix even in the early ages. This change progressed in age-dependent
manner, reflected by the differential expressions of malate dehydrogenase 1,
annexin AS, transferrin, S-adenosylhomocysteine hydrolase, and sulfite
oxidase 1, indicating progressive oxidative stress and pro-apoptotic conditions

in LEC liver.

Cu accumulation is pronounced in LEC brain since 24 weeks of age. A total of
186 genes were differentially expressed at this age. Functional analyses of
these genes revealed that neuronal development and activities might be
altered. In addition, oxidative injury, pro-apoptotic process with inflammatory
reaction and altered signal transduction might be involved in the neurological
manifestations of Wilson disease. Of note, these pathogenic processes might
shared by those in Alzheimer disease and Parkinson disease. Alterations in
calcium-calcineurin signal transduction, iron metabolism, S-

adenosylhomocysteine metabolism might play additional important roles.

Conclusions: The results of our study indicate that oxidative injury and pro-
apoptotic conditions play important roles in pathogenic process in Wilson
disease. In addition, more complicated and diverse pathogenic processes
might underlie these processes as well, for which more solid evidences are
needed using other animal models of Wilson disease and easily-accessible

human tissues.
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