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Effects of Cadmium on the Gene Expression Profile in the Rat Basal Ganglia

Chee-KwanLee

Indtitute of Environmental and Occupational Medicine & Department of Occupational and Environmental Medicine,
Busan Paik Hospital, Inje University

This study was amed a investigating the gene expression
profilein basa gangliaof cadmium exposed rat basad on cDNA
aray andysis For cDNA aray andys's, adult Sprague-Dawley
mderats (350 £ 25 g) were intraperitonedlly injected with 2.0
mg/kg body weight/day of CdCI2 (0.3 ml) for 5 days For dose-
related gene expression andysis rats were intraperitonedly
injected with 0.0, 0.1, 0.3, 1.0 mgkg body weight/day of CdCl

for 5 days. Control rats were injected with equa volume of
sdine. Cadmium concentration of brain was andyzed by atomic
absorption spectrophotometer. For cDNA aray, RNA samples
were extracted from basd gangliaand reversetranscribed in the
presence of [232P-dATP. Membrane s&is of the Atlas Rat 1.2
aray |l and Toxicology aray 1.2 (Clontech, Pdo Alto, CA)
were hybridized with cDNA probe sats. RT-PCR was employed
to vaidate the rdative gene expresson patterns obtained from
the cDNA aray. Northern blot hybridization methods were
employed to asssssthe dose-rdlated gene expression.

Among the 2352 cDNAS, 671 genes were detected in both
aray s&ts and 63 genes of 38 dasses showed significant (more
than two fold) changesin expression. Thirty five of these genes
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were up-regulated and twenty eight were downregulated in the
cadmium exposed group. According to the dose-related gene
expression analysis, heat shock 27 kDa protein (HSP27),
neurodegeneration-associated protein 1 (Neurodap 1) genes
were significantly up-regulated and melatonin receptor 1a
(Md1a), Kinesin family member 3C (KIF3C), nove kinesin-
related protein (KIF1D) genes were significantly down-
regulated even in the low-dose of cadmium expased group (0.1
mg/kg body weight/dey).

Condusions Sixty three genes detected in this study can give
some more useful informations about the cadmium-induced
neurotoxicity in the basal ganglia. As well as, HSP27,
Neurodapl, Me1a, KIF3C and KIF1D genes may be ussful for
the study of the cadmium-induced neurotoxicity because these
genes showed dramatic chenges of mMRNA levelsin responseto
thelow dose of cadmium exposure.

KeyWords:  basal ganglia, cadmium, cDNA array, gene
expression.
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SHAl AFEH = FuE o2 Al FYHE A 574
AEE AR A B 7]l 54 UeRd=d 53] 742t
Z5 A7 Aol W H, 74 A A4, AR Selx 7E %
of & bttt

FIEES A EA o Bk A g 2ol 2] goptosis,
W) ol 52 FokellA HA AsYE] o] 90 v (Messner
T, 2000), FTolE 7EEEC] HAAA 540 e AT
2as) AP BFH 5 FER DS 0] &3 AFolA 7}
TFS AVFeH: o} HatAl ol A Al UEn A Als g
A} T2 20 E WA, 53] R R 0] $H|E
oA gt & 51 tHEsouifino -, 2001; Lafuente 5, 2000). Bf
o719 FFh kE2 Ao} A A Vsl dES n|R
THAntonio &, 2002). 12|21 7=F-& sfnf, AZA 9 A
% SollA oFm| At tiAkel GABA B taurine ol 3k
1] 2] v (Caride 5, 2009; Lafuente 5, 2001) =31 5] A17 7
GEA At = &S v H 0 A4 (Lafuente 5, 2005;
Minami 5, 2001) =217 &) A & A Al 5 wekA| 71

HNEFS X4 55 5444 547142 A7
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TEEY SV B o9 FAAES 2R
A77FRE L 9lom, o8 ol el Hd A A
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t}. o] AN T FhE ol mEE 4]0 H7IA S 0%
3}o] cDNA microaray S A& sto] 7H=gol o gk AR
A9 544710 HaE FAAES 555 FHalo] &
A7 ATE A AR 29 71 2ARS Alstast
sklom, ofze] o] AA T WskE Yehlls A
of thato] 7H=g g ool mhe A Wk RS A
sl Y= SAA| % el Fos V|2ARE Alwstast
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Table 1. Instrumental parameters of atomic absorption spectrophotometer

Parameters Condition
Wavelength(nm) 2288
Sit width(nm) 07
Lamp current(mA) 6
Messurement mode Pesk area
Inert gas Argon
Samplevolume(y.0) 20
Zeeman background correction Yes
Table 2. Furnace conditions for measurement of blood and brain cadmium
Hement Sep Temperature( C) Time (sec) Interndl flow
Internd flow Hold
Drying 130 20 40 220
Drying 150 10 20 250
Cd Ashing 550 30 50 250
Atomization 1200 1 5 0
Cleaning 2400 2 250




C, 5+ 55%- 65%, 218> 871 144171, 7] 10817kl §
ow, A=l v AU e AdE=ae] el

2.7lIEE &

7}=F-(CdCl,, Sgma-Aldrich Co, & Lotis MO USA)S- A2
Al 59 $ B4 Akl om o 2k wke] e
AATE FABIOT 7t EF =E2 A0S 7HE ol 98 8
# 9 FFA73A 5395 5§ = E(Caide 5, 2009;
Helmaier 5, 1987; Yang 5, 2007)3} 7} =5 2] no-obsarved-
alverseeffect-level(NOAEL )(Groten &, 1997) #i1ato] 3
AAGA Y 7155 A A0 7 55+ 00,01, 03, 10,
20 mgkg body weight/day ] s == 7} -8 5fe] ¥ 547t =
ZA|Z ). 712] 31 cDNA aray cDNA aray+= 2.0 mgkg body
weight/day =2 2] = 714 8 & o] &5t

3. €A1} k| ZX9| FIEE SEEH

AYFTELZIIEF wF 58 A o] B Bl o] o
o = AA] KsEDTA(7.5%) bottle(Beliver Industrial Estate,
Polymouth. UK)=. 35 ao] 4T of] Halqltt. ¥ 248 4
Z T AYAAFE AT M FO| 2 SRS AATF A
stk Y2 228 HNOY HCL«(6:4) £ o} uF-e x| 7 &
gt & WA HHES 35, A4 F2] 0INHNO: &9 =

|

I EEE A 243 Talel, 29} 2k
4.RNA F&

AZ% ¥ 27 9| Tri-Reagent (Sgma-Aldrich Co, . Louis
MO USA, 0.1 g/mf)E 7}s+ 3 homogenizer (Ingenieurburo Co.
Etzenbech, Germany) & AH8-ato] Aol AlE¥E B2 A H
= 0F3037F spaf a3l T, sRaf Y o] ©71 A9l kel chloroform
& 9aL Ao A 1527 ] %, 4T, 13500 rpmel| 4] 153-1F
A4 FEEit 1 5 A5l F 2] isopropanal = W Al
A 2o 4] W] B thA] 4T, 13500 pmefl A 1057 44 B
glelgiet A4 F8] 45 de AAst gAX Fd ==
7% &= 28] Al A 3iT o] FAES A2olA 108
Tot Az & Aol formamidet; diethyl
pyrocarbonate(DEPC) 2 7] 2] ¥ H 4ol 53tk mRNA:
mMRNA |solation Kit(Roche Molecular Biochemicas, Mannheim,
Gamay) S AH-aFth 324 totd RNAZ mRNAE 260 nm

Fh=o] A7) =71 A ] Ak o] vjAl= 9 F 3l

9} 280 nmof| A F-F =5 S74sto] A=kl az, 280 nme]| t]
3260 nm &40 H] &) 1.6~202 255 cDNA aray, RT-
PCR ! northern blot hybridizationel] A}-8-51%7 T

5. cDNA microarray 241

cDNA microarray= Rat Toxicology array 1.2(Clontech, East
Meadow Circle Palo Alto, CA, USA)9} Atlas Rat 1.2 array
II(Clontech) Kit £] 4 ®f-5kaL QI S8 54714
of #HdEty dHA FAAE AHESlTE FE 8 totdl
RNAZE DNase [ (Roche Molecular Biochemicals) S #] 2] 3}
genomic DNAE #| A g th+ denaturing formaldehyde/
agarosgletidium bromide(EtBr) gd = 721719 53511 RNA A}
E 2ol F& 3t totd RNAS] oj g genomic DNA2] 2.
% o= g-actin primer S ©] §-5H9] PCRE a3 &
agaroselEtBr gd o] 4 2He1519i e} 1] totd RNA 20 pg = 05
ml micro-centrifuge tubeo] A 70C & 2%, 50C & 287+
incubation 3+ 3~ o-2P dATP(Amersham Phamadia Biotech AB,
Uppsda, Sweden), MMLV reverse transtriptass(Roche Molecular
Biochemicas)2} CDS(cDNA synthess) primer mixE- A4-3}¢
50CellA] 2537t ihg-ako] 59194 EA 8ol ¢4
probex= Nucleospin Extraction Spin Column(Amersharm
PhamaciaBiotech)<- ©]-8-31o] 4 4| 5+ 3 Scintillation counter =
omgte S0 7t ARE B 5 X 10 ol A}
£-5}51t}. Atlas aray membrane (Clontech)-S- 05 mg denaturated
sdmon sperm DNA(Sigma-Aldrich Co)7} % 7} ExpressHyb=
68°C o A 3057} pre-hybridizations} i t}. probeE 10 X
denaturing solution(1 M NaOH, 10 mM EDTA)} 2 X neutrdizing
solution(1 M NaH:PQs, pH 7.0)2 68°C o)l A 212} 2083} 1054
incubation 3t ¥ ExpressHybell 7 71310 68°C oA over night
hybridization 393 C}. Hybricization$ wash solution 1 (2 X SSC,
1% D= 68°C |4 307+ 33|, wash solution 2(0.1 X SSC,
05% SDS)= 68°C of| 4] 30%-7} 18] washing & U} X-ray film
(Kodak X-OMAT AR)©. & -70C ol| A 1-3%) 7+ A7t}
Signd2 A% program == adobe photoshop image andyser=:
o g-8to] ] £ aheitt.

6. RT-PCRE 0|&%&t cDNA microaray 22 A%

RT-PCR 4] © & ¢DNA microarray 5414 7} 424 & 7
<ot7] $18te] 247 - Ake] Aol 2 2 st primer sequence
£ NCBI GenBank datebases &H-8-3Fo] MacVector software
(Oxford Molecular, Oxford, UK)2 3 5., 35tk $49
pimerS 3} %9 totd RNAS 0] 4319 RT-PCRS th3-3}
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o] A&ttt 3% % totd RNAS 200 unit] Moloney
Murine leukemia virus (MMLV) reverse transcriptase(Roche
Molecular Biochemicals) 9} 37°C ol A 1417t %59t WH-5-A] 7
complementay DNA(cDNA)E- e 313t 4% cDNAS
10 units®] Taq DNA polymerase Perkin-Elmer Cetus, Welledey,
MA, USA) 34 5 primer 2 dNTP 53} &8st 3 30 3] 1S
(95C 132, 55°C 13, 72TC 1)A 7tk %% ©DNA A=
1% agarosegd = 17| &5 - AR E8k3iTt

7. Northemn blot hybridization

MRNA(L - 4 19)Z 1% agaros2.2 M formaldehyde gel o] 4 50
VZE 3/\]{]- Egl. @71015 o}oﬂ;}_ @71015 5 RNA%
trandfer kit(Trans Vac, Hoefer Co. San Francisoo CA, USA) S o &
5}od nylon membrane(Schleicher & Schuell Inc. Keene, NH,
USA)° 2 71 2, vacuum ovenol| 4| 80°C = 2417+ A %3151
th RNA7} -2+ nylon membranes- hybridization buffer= 60
Tl A 2A)7F prehybridizationdt 5~ $+4d ¥ cDNA probe (1 X
10° cpmvml) = 3 7Fskod 60°C ol 4] 18A] 71 hybridizations )5 -
Hybridization buffer®] -2 50% deionized formamide, 5 X
SSC (1 X SSC: 0.15 M NaCl and 0.015 M sodium ditrate), 5 X
Denhardt's solution(1 X Denhardt's solution: 0.01% polyvinyl
pyrrolidone, 0.01% Ficoll and 0.01% BSA), 0.1% DS, 2 mg/m!
sdmon sperm DNA ©]t}. Hybridization - 1] E0] 4 ¢] ZA3HS:
A A3F7] 35k nylonmembrane 0.1 X SSC, 0.1% SDS £-1

O 55CofA 338 A& st 5 X-ray film(X-OMAT, Eagman
Kodek Co. Rochester, NY, USA) ©. 2 14917 221 Zi . AL§
% probe= RT-PCRZ M4 & pGEM-T Easy Vector(Promega)
o 24 3} ?37]/‘1%% 2 Qlgh 7} cDNA AAES Algt
a4 Spel 072 Adkst & FZ3o Oligolabelling
Kit(Amersham Pharmacia Biotech)i} [e-2P] dCTP(Amersham
Pharmacia Biotech.) S AF8-3F0] 435131t} ¢4 ¥ cDNA
probeE- Nick column(Amersham Pharmacia Biotech.)ol] &2}HA|
7 A A5k, SET buffer (0.1% SDS, 1 mM EDTA, 10 mM Tris,
10 mM dithiothreitol) = 5% 3121 T cDNA probe®] 442 1%
109 cpmieg 0]/ 0 & 33t

8. Autoradiograph X S A Y&iH| g 24

A2k 2 imageandyzer 732 3 XA 25 7Y
A& BAske] 2453t Image-analyzer 7H31 4] 2
phosphor- A~ T --& A 591 AR 248 YA EFo]d
F-25k0] 7134171 3 Typhoond400 (Amersharm biosciences,
Piscaway, NJ, USA) 0.2 94}3} a1l om, Abgs 2 720
2 Image Quant(version 5.0)0| 3ith. XA A5 73122
hybridization®} A% o] 2k L} 50| S X-OMAT AR Z =
(Eastman Kodak C0) 2. -70°C oA 13 7+ A|171 & XH
= A47)(RGII, Fuji Co., Tokyo, Japan) = A4+ 5 Adobe
Photoshop(verson 6.0)<- ©]-g-3ko] B . 24531 Tt

Table 3. Changes of brain weight according to the cadmium exposure level

mean = S.D
Bxpaimentd
Parameas il gop
Cortrol 0lmg 03mg 10mg 20mg
Brain(g) 185013 190+013 185+012 183+012 1821011

These values originated from 5 male rats in each group.

Table 4. Changes of cadmium concentration of blood and brain (basal ganglia) according to the cadmium

exposure level mean = S.D
Bxpaimentd
Parameas P gap
Cortrol 0lmg 03mg 10mg 20mg
Blood (ng/m¢) 356+037 8201094 18541192 35.66+3.11* 50,03t 3.85%
Basd ganglia(ng/o) 1451015 3061034 5861062 1096+ 1,04 21,162,212

These values originated from 5 male rats in each group.

p(<0.05) values were calculated by Mann-Whitney(U) test: “compared to control group. “‘compared to 0.1 mg exposed group, ‘compared to 0.3 mg

exposed group, ‘compared to 1.0 mg exposed group.
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o] H|5to] ¥ 7|2 FIEF F I} BE Aol W
Al ZAFE Si T

3. cDNA array &4

SH 9 W7 A H A= EA ol AHEE T 2865271 9] A
A} % Rat Toxicology aray 1.2 kitell 4] 4247), “12] 11 Atlas Rat
12 aray Il kitel| 4] 247711 & &tato] 67171 -] Hhado] &
QA H itk o] & Aol thato] imege-andyzer 73744 2
XA AE A E HEgste] dxa ¥ 7tEF w2511
A A = v w ek A 3} 2t v] 3l 7FEE 20mg
wE ol A 2u)) o)Ak F7) = PhA o] §-2)3H(p<0.05) A}
o] & Yehd 4 4}+= Ra Toxicology aray 1.2 kitell 4 3271,
AtlasRat 1.2 array Il kitol| A 3171 = &Hae] 6371 %Lt o] & %
=g Sl A o] S7HE Ak B 7
A 2R= 2870 S th(Table 5).

4. Relative RT—PCR 22 0| &85t cDNA aray &4
il e S|

cDNA arayZ2 2} (Table 5)°ll #| A€ 637l -2} 5 3671 ]
tfj5to] RddiveRT-PCRYH .2 th 273 71 = F w&= 1 1t

FHEgo] 841 M 1A Y] G2 M v 9 B

A
2 3 5 8 9 11 12 13 14 15 17 2
21 26 27 28 29 30 2 33 14 6 37 B
40 41 42 13 M 50 52 53 59 60 61 62

f-actin

Fig 1. Relative RT-PCR analysis some genes listed
in Table 5. (A) Gel scan of the RT-PCR analysis.
The p-actin specific cDNA fragment was amplified
with the each gene allowing determination of the
relative expression (B) The optical densities were
analyzed by the NIH Image Software and
represented as the mean=+S.D. (n=3). The numbers
in (A) and (B) refer to the genes listed in Table 5.
Cd: cadmium exposed group; C: control.

lo,

7} §772) wAn) &S 77 3 A7} DNA amays} ¥l
sjo] 913 uleket Ajo] 2 el #4

5. 7IE& & &0 OE |AA 2 (Dose—
related gene expression)

Table 59} Fig. 10 A E 7FEH-0] EA 7)Ao Beg &
AR T ke AW sk A =7F A 7EEE ] H A
Aol thgk SA 71 Aol A of2] B Ao] gli= heat
shock 27-kDa protein(HSP27), neurodegeneration-associated
protein 1(Neurodapl), mitochonarid sress-70 proten(MTHSP70),
dzlEd =84 1a(Md1a), kinesin family member 3C, novel
Kinesn-reated proten(KIF1D) 5 67} - 2H5¢) tjste] 7=
Biod 5 EE 441 E S 2AR,

Hest shock 27-kDaprotein (HSP27, No. 11)-> hegt shock protein
woll Lot FAEA WS o 2at 3 v wsto] 7FEg
01,03, 10mg =ErellA] s ol uht 2] 31 A|(p<0.06)
<715 21t} Neurodegeneration-associated protein 1(Neurodapl,
No. 21)< trafficking and targetting proteine]] <581 - A A2 4]
9] & v 273} ) wale] 7H= 8 0,03, 1L0mg mE ol A
e Eg ol whet -2l 5| (p<0.08) 57 H ST Mitochonarial
stress-70 protein (MTHSP70, No 30)-2- stressreponse proteinet] <5
SRz AA2A S U2 v] el S 0dng =
F@oA 71 go] 27153 0m, ieE o) 27kl ule)
A2 A2E S o 10mg i E ol e tha ol vle) 2
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Table 5. List of genes showing changed expression in the cadmium exposed group compared with
the control

GenBarnk No. GengPraten Name GengPratein Classfication Jold change
D38492 1 Neurd adheson molecule F3 Cdl adhesion proteins +
U41662 2 Neurdligin2 Cdl adhesion reoeptor; odl surface antigens -
U41663 3 Neurdligin 3 -
U38938 4 Element DNA-binding protein 1 (CREBPL) Basic trangcription factor +
ABO12234 5 Nudear factor [-X1 (NF1-X1) DNA palymerases replicaion factorsé topoisomerasess ++
AF079314 6 Nudesar factor of kappalight chain enhancer in B- - Intracellular transducers, effectors& modulators +
odlspeb
D83792 7 Cydin-dependent kinaseinhibitor p27 (p27KIPL) CDK inhibitors +
X55572 8 Polipoprotein D (APOD) Complex lipid metabolism ++
D38380 9 Serotranderrin (TF); sderophilin; beta1-metd-  Extracdlular trangporters& cartier proteins ++
binding
X14878 10 Thioredoxin Immune system proteins -
M86339 n Heat shock 27-kDaprotein (HSP27) Chaperones & hegt shock proteins ++
M69246 12 Heet shock 47-kDaprotein (HSP47) ++
227118 13 Heset shock 70-kDaprotein (HSP70) ++
Y0004 14 Hest shock cognate 71-kDaprotein (HSC71) ++
X963 15 Multidrug resgance protein (MRP) Drug-resgance proteins ++
D17521 16 Chloride channd protein 3 (CLCN3; CLC3) \oltage-geted ion channels +
M16459 17 Cdlular retind-binding protein 1 (RBP2) Fedilitated diffusion proteins -
M95738 18 Solute carrier family 6 member 11 (SLCGALL);  Symporters& antiporters +
M33003 19 Solute carrier family 6 member 1 (SLCBAL); +
X05834 20 Hbronectin Extracdlular matrix proteins -
D32249 21 Neurodegeneration-associated protein 1 Trafficking & targetting protein ++
(Neurodap 1)
X14209 2 Cytochrome ¢ oxidase subunit 1V (COX4) Energy metabalism -
M17036 23 CAMP-dependent protein kinasetype| dpha Nucdleotice metebolism +
regulatory subunit
U38419 24 Dopaltyrosnesulfotranderase Metabolism of cofector -
X15958 25 Mitochondrid enoyl-CoA hydratase short chan - Amino acid metabolism +
enoyl-CoA
Y00404 26 Soluble superoxide dismutase 1 (SOD1) Metabolism enzymes; Sressresponseprotein ++
X56600 27 Mitochonarid superoxidedismutase2 (SOD2)  Stressresponse protein ++
Y 17295 28 Thiol-gpedific antioxidant protein (1-Cys ++
peroxiredoxin)
M86870 2 Endoplasmic reticulum dressprotein 72 (ERPT72) ++
S78556 0 Mitochondrid dress-70 protein (MTHSP70); 75- ++
kDa
M19007 3l Pratenkinese C betal (PKC-beta 1) -
AF003523 R BCL2-assodiated deeth promoter (BAD) Bd family proteins ++

a The fold change was obtained by comparing signal intensities between control and cadmium exposed in the cDNA expression array. +: increased in
cadmium exposed group more than 2 fold; ++: ncreased in cadmium exposed group more than 4 fold; —: decreased in cadmium exposed group more
than 1/2; == decreased in cadmium exposed group more than 1/4.
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Table 5. Continued

GenBark No. GengPraten Name GengPraten Classfication JFold change
U72350 3 BCL2-likeprotein 1 (BCL2L1); BCLX ++
X82551 A 60Sribosomd protein L39 (RPL39) MRNA processng, turmover & transgport proteins -
D84418 35 High mohility group protein 2 (HMG2) DNA-hinding & chromatin proteins -
M55291 36 Bran-derived neurotrophic factor/ neuratrophin 3 - Intracellular transducers effectors& modulators -
receptor
X59949 37 Nitric oxide synthese 1 ++
M12527 3 Gonadotropin rleasing hormone Hormone -
U14409 39 Méeaonin reogptor 1a(Md 1) Hormone receptor (nuclear receptor) -
AF141863 40 Mélatonin reoegptor 1b (M 1b) -
M35077 4 Dopaminereoeptor D1A (D1A recepior; -
DRD1A)
M36831 42 Dopaminereogator D2 (D2 reogptor; DRD2) -
4811 43 Growth hormone receptor (GH receptor; GHR) -
M81766 44 Retinoid X receptor beta (RXR-beta; RXRB) -
L08490 45 Gamma-aminobutyric-acid receptor dphal Neurotrangmitter receptor -
subunit (GABA(A) receptor dphal; GABRAL)
L08493 46 Gamma-aminobutyric-acid receptor dphad -
subunit (GABA(A) receptor dphad; GABRA4)
L084A 47 Gamma-aminobutyric-acid receptor dpha5 -
subunit (GABA(A) receptor dpha5; GABRAS)
M18416; 48 Ealy growth response protein 1 (EGR1) Extracdlular communication proteins -
M18330 49 Protein kinase C delta (PK C-ddlta; PRKCD; -
PKCD)
U34841 50 G protein-coupled receptor kinase 5 (GRK5) Intracellular transdlucers, effectors& modulators -
M83680 51 Ras-rdaed protein RAB14 Gprotein +
Y 14019 52 Rasrdaed protein RAB3B ++
AF072935 53 Rasrelated protein RAB5A ++
M12492 X CAMP-dependent protein kinesetype l1-beta Intracdlular kinese network members +
regulaory chain Metdloproteinases
D85509 55 Matrix metalloproteinase 16 (MMPL6); +
U27201 56 Tissueinhibitor of metdloproteinese 3 (TIMP3) -
L 31834 57 Tissueinhibitor of metdloproteinese 2 (TIMP2) -
X12367 58 Cdlular glutathione peroxidase | (GSHPXZ; Enzymesinvolved in protein turnover -
GPX1) Motor protein
AJ223599 59 Kinesinfamily member 3C -
AJ000696 60 A nove kinesin-rdated protein (KIF1D) -
J00750 61 Metdlothionein 1(MT1) Functiondly undassfied protein ++
65833 62 Medlothionein 3(MT3) ++
M20035 63 Prathymosin-apha (PTMA) +

a The fold change was obtained by comparing signal intensities between control and cadmium exposed in the cDNA expression array. +: increased in
cadmium exposed group more than 2 fold; ++: ncreased in cadmium exposed group more than 4 fold; —: decreased in cadmium exposed group more
than 1/2; == decreased in cadmium exposed group more than 1/4.
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Fig 2. Dose-related expression of Heat shock 27-
kDa protein (HSP27, No. 11), Neurodegeneration-
associated protein 1(Neurodap1, No. 21) and
Mitochondrial stress-70 protein (MTHSP70, No 30)
genes in the rat basal ganglia. (A) Northern blot
analysis of mRNA. mRNAs (1 1g) were fractionated
on a 1% formaldehyde agarose gel, transferred to
a nylon membrane, and hybridized with the [«
32P]dCTP-labeled cDNA probe. The g-actin probe
was hybridized to confirm equal loading of the
mRNA samples. (B) The Northern signals were
normalized relative to the g-actin mRNA levels,
and expressed as relative units over the C value of
1.0. The experiments were repeated three times,
and individual values are expressed as the mean+
S.D. Arabic numbers on the lane indicate the
cadmium exposed level/kg body weight/day. C:
control. a, b and ¢ on the bar indicate the
significantly difference (p<0.05) compared with
control, 0.1 mg and 0.3 mg exposed groups,
respectively.

T A (Fg. 2).
A2t Ed =84 1a(Mdla, No. 39)-2 hormone receptor-of|
Sobe AR Ll 23 vlaske] 7k=F 01,

Fig 3. Dose-related expression of Melatonin
receptor 1a (Mel1a, No. 39), Kinesin family member
3C (KIF3C, No. 59) and Novel kinesin-related
protein (KIF1D, No. 60) genes in the cadmium
exposed rat basal ganglia. (A) Northern blot
analysis of mRNA. mRNAs (1 1) were fractionated
on a 1% formaldehyde agarose gel, transferred to
a nylon membrane, and hybridized with the [«
32P]dCTP-labeled cDNA probe. The g-actin probe
was hybridized to confirm equal loading of the
mRNA samples. (B) The Northern signals were
normalized relative to the g-actin mRNA levels,
and expressed as relative units over the C value of
1.0. The experiments were repeated three times,
and individual values are expressed as the mean+
S.D. Arabic numbers on the lane indicate the
cadmium exposed level/kg body weight/day. C:
control. a, b and ¢ on the bar indicate the
significantly difference (p<0.05) compared with
control, 0.1 mg and 0.3 mg exposed groups,
respectively.

03, 10 mg ‘e rollA sl upeh o] 3hA a9l
t}. Kinesin family member 3C (KIF3C, No. 59)+= mator proteinsr*
of &8z FAAEA WS 2w ¥ v sl 7HEF



Zoko]] Wl 528} (p<0.05) 7F45 21Tk Novel kinesin-
related protein (KIF1D, No. 60) = motor proteinsol] 431 73
A2 W & 233} Bl ko] JFER wE TN =E
o] whe} 7+ = Sl thFg. 3).

V. 1 &

B Lo A= oDNA aray' ] 0.2 FtEFol e 517
o] w7 A E e A o] ou]glAl sk 2wl o)) 63712
TAAE R8It 11 Foll= oln] 7hEH9] 57437142
o] e17kAd o] 427l heat shock protein(HSP), superoxide
dismutass(SOD), metallothionain(MT), Bd-family 5-¢] -2 5
315 9] 01, gamma-aminobutyric-add(GABA), =352
FFEHS] 53713 B gk Aol ol ABUEb A=
Ao 8A = gl H it

HSP=2 A3 o] =g E2)el tist 482 <
Tohz el gl e, 2 E3) 9ol = 5454
O] thatell st ML) 235 FolatA sk 7lse 7
chilz ro] o), 2 el A = HSP 27, 47, 70, 71, mitochondrial
stress 70 protein(MTHSP70)& 571 - 2ke] 2ado] ghelx 3l
om, B gyl v]a) 7tEE kEarelA o] d4
3] Z7} 5 9lt}. o] 2] 3k A= 7h= ol 2] 3 oxiddive Stress
of tfgh = HlE2] Wi 0 2 djA = H A1) Y] Al
S} wjolE7 | E T2 HEFANE 55 ol &8 AT
o A= E YA] sk3itBonham 5, 2003; Hung 5, 1998;
Wu and Welsh, 1996).

SOD+= Al 29 S5l eal 4w = FAtsEthAtel]
ofshz aAE Axd e n|EZEE ok &
o)l A= peroxynitritee} 22 54 s A
geh(Keler &, 1998). 18] 11 o] # 3 IAkshE 52 A4 o]
3l =) #] Zab A ZE2] 8dd (homeostasis)o] 4] = A] S8t
H A 0 2= A4S 9271 tHColombrita s, 2009).
SOD+= #AbsH=A o] ol 25 7H BARA YA o A
A PR AR S TR A(H202) Z A A =4
AA S A7 THKep 5, 2009). ©] el A+ SOD 13}
2°] o] ]I glom 7 At B o] F7kE gl
U} SOD 29 7 7F=Fol| 9Jafo] angio] oA drta
oA Q1 oLy, o] Aol A= S0D 2% 414k o] 7}
T wE3TAA ST AP R Hof 7kl o ¢k SOD
AA}2] A AKtransoription), 3l <= (trandation), post-transcriptional
modification & & 4845} GA|of et A7) A szt
Azt ), 12 11 thiol-specific antioxidant protein(1-Cys
peroxiredoxin)-f- 2H2] WA = AA 3] 7 = Ql=w) o] gk

FR=o] A7) =71 A FAAp o] vjA= 9F 37

P A= e ) R ES R A B e i e o A B R
o} 1 9] Al BAksE A oAl aaE el A nitric
oxide syntheasg(NOS) -1 2}7} 21l H|Gli=d] o] & gt
T wEwollA fzt o] @48 Sk Qi) whek
SOD9} NOS 52 E4Jo] A= o] Al 3pAkslE #3f 7}
AEA] Jahd A2 FAksE ) hydoxyl radicd 52 57t
o} o] 2 Qe x4 o] Fpatks}, Al 3174 2] #Aks} 2 DNA
o} Alxzut gty fAA Fd ] w3t & YOI|A H F
=4 0 2= gpoptods == AFE S F THChatterjee 5, 2009:
Liu -, 2009). = A-7-ol| 4] g2l ¥ apoptosis & 2=
BCL-associated death promoter(BAD)$} BCL2-like protein
1(BCLX)®] ¢l+=Hl, BAD+= gpoptosis = Q1 A=, BCLX =
apoptosis ] Al el A} 2 2] A 9l th(Datta 5, 2002; Ma 5,
19%). 121} Apoptodis = Bl o1A| 7] theFata whel
A} 3 ook witol] A ATl A 4%l 4
A2 AFtellA E1E fraxbEel vist F71A AT
7F 288k o= =l 9§ Al EAFE (gpoptods) ¥ 7
A Aol & E3o] & Aoft.

MTE= 7hEf= B S Sa48 A tiite] Hofsh=
g A g M FEE0 Aeteto] 1 A 9 A 7181k
o]3£o]| o] SHHCoyle 5, 2001). - Ao A= MT 13} 3 F
Axpe] Whlo] gl Hglow Ak ihelo] §43] Sty
Atk o] 5L TSl st A Edo] fFiH e Al
Z 484 9l om(Coyle 5, 2001) & A9 Aol AL
a3t

GABA= glutamated} 37 5417371 €] 2.3
EAEA GABAE AAI7] Ao, 1] 11 glutamate=
o #+of 3} (CdazaKda 5, 2003), £] 21/ =4 of| <] ¢!
TEA AR Hshs T3 A AAAE 7%
Al 4 Qith GABAT 84| & & GABAe > A7
77 ol 41 postsyneptic dustering @k 217 @744 ofl =
whebd FFEE mFol| 93 GABA £8-Al 7 SRk ¥
T AR 9 A A ke dle] & 4 9l
(Schweizer 5+, 2008). i Aol A 241 GABA 84 4
2= GABACL, 4, 5% 3710121 2. cDNA microarray Z 3}of|
oshd FtEH e o] H 71 A el M GABAeL 4,5 84
Az o] A EH It A3 A AE e} 2 A9
A2 Kol GABA -84 A= 7hEH 2ol <3l
gk wrom o] = 7k=Fol| % WA A G AEY FY
ASAGAAZ w74 Fo3 AR7FE A 0R AR
2i=3

TS FFEFC o8 ] wgto] Pojubs vzl
AR A E A 2R A1) tuberoinfundibular neuron
M F= A HM Z2HEFAA LES A
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3B oA

(Elsholtz 5, 1991). ¥ ol ol A= 313 9] ] 7] A & o] A]
dopattyrosine sulfotrandferase, = 3H71 =84 1a%} 2 -1 4}+9]
S gl aplom, 7hEE wE ol fradabddo] B
T AAasit o= ZEEgel A9 H o] Rl Al Ed
S ARAGEA ] BuS neo 7 o4 59l o (Lauente
%, 2003; 2005), & AL A ZALE FFEF o o 8
dopaftyrosin sulfotransferase - A 4F] W 7= 7EE ol 9
g =l H] w7 o] th g 8- A S & S A

T2kl £ ATellA] ERlE fAAtE T HAIAA Y A
A7 A of #7210 2 += neuroligin 2, 3, kinesine super-
family, et Ed &4 ol Atk Neuroligin v+
subtypes: 7H AR 0 2 A o] Aol A 221 subtype2
9} 32 WA E Eol A o & Wi B = 2l 2 (Boliger 5,
2001), neuraligin2 neurexin-beta, postsynaptic scaffolding protein
(PSD-%) 5 theFst F o] Wl 53 wk3-stthBalliger 5,
2001; Ushkaryov 5, 1992). ©] %= neurexin THFsh 3 e <]
M 5ol Q1 2t ¥ WA A neurdligin?} 317 7d1E
o WS YA sk (Misser & Sudhof, 1998), 1 ] ol =
neuroligin®) ¢ 2k 5] = PSD-95/D1g/Z0-1 (PDZ-95) wH &l
W5 Agksto] WAL AT YA L o] Hofsitt
(Komau 5, 1997). 18] 31 A A of| 4] ] PSD-959} neuroligin
W9 4B -GS T A A HAR 2 HehHut 5,
1997). wh2bA neuroligin® A1 & A 2hA] &4 &= w2 At
A TS Aok AFIAE AL-grh 7 A olA =
neuroligin 2, 3¢} PSD-95, neurexin f- A 20| HE 590,
neurdligin 2, 3&-4219] A% 71 E 5 w7l A AR ke
o] #743] FFAH ) o2l A= FtEF el e
neurdligin -8 212] W&l A7} 7EEFof &gk H Al A A
SAGAA Wk A4 A1 dF st AH8-e F Qlok
ERREL S

Kinesin super-family (KIF) T34 &2 kinesin associated
proten3(KAP3) 7} 21-8-5}0q (Yamazeki 5, 1996) 217 Al 2] BF
4] &4 (plasma membrane, synaptic vesides, mitochondria®]
ATAE) 59 o]&el #Hojst= Aoz a4 et
(Brady, 1985; Hirokawa 5, 1991). &2 &1 -o]| 4 1= kinesinefamily
member 3C(KIF3C) 2} novel kinesinrdated protein ID(KIF1D)++
Ao o] Fhg wETelA] €43 A SteF
EE I KIF F-44F ik o Aof et s ofli= wesfof &
A Qg B #7407 e s A2 et
5Tt Thet kinesin super-family "2 kinesin associated protein 3 11
ARte] wo] 2H RO E 3220 47 Bgo] 9
ou g o] FAAES AT T4 AsHElA Y
ACF) 871N Bl P50l £ A0 el
1}
ek

WekEd & Saplel A 5714 02 BulE gEROR
R AVZe) 739 A7) (drcadian rhythm) %2 of) Thoi sl 7
7] W~ (seesondl breeding)- S =] A AV E
ZsHcHArendy, 2000). WetE W ) 8-A4= 1a b, c 5o &
A4 ded 23EY & A lamela):s o <
suprechiasmatic nude(SCN) =} hypophysed pars tuberdis(PT)<]|
A s detEd e 572 9 A 7]
o] gHtHRoca 7, 1996). WetE d-8-4] IMe1b) = AFe-e]
v oA e v o] detEd 248 vl 7 Sk (Reppert 5,
1995). & AFelx = Heted 784 1as} 1b 7 7ke]
go] 259 ¥ 7| A eA gl o, F FHAF BF
7F=g E oA @4 3] wdo] HAE Q) o2 gt A
F Wol 7hEgS WetE £ 8A|19 TS o AAA A5
71 2475 A5l G2 mA= Ao g Addh
37t EE s AR S A S FEl 67 Al
tjste] 7t =& s RHE A2 B S A =)
HSP 27, neurodegeneration associated protein 1, 2} & U444
13, kinesine family member 3C2} novel kinesin-related protein 1D
SR = o 35(01 mgkg body weight)2] 7HEF w3
oM FoJ g WskrF w2 w ek A W] Sk A
2 HSP 277} neurodegeneration assodiated protein 191 6] HSP 27
& A dgE vkl o] A 4 e FAEA Y At
st A EC] A-&-S golabA st BT dFolH,
neurodegeneration associated protein 12 A A A 9] 24 4]
of & Q s} postsynaptic density(PSD) 3 /d o] #odsl= 5 41743
A 71l 523 98- shti(Nakayama &, 1995). 18] 1L
A2 wgo] ZHag e W Ed 84 1a kinesine
family member 3C, novel kinesin-reated protein 1D ©]31=t|

ol BF AAWRAA NsdGEd B 2 s 8

Aol Atk webA 7EEH 01 mg =0l H oA W} &
©]5}7) (p<0.05) LFEF neurodegeneration-associated protein 1,
Z}E 584 1a, kinesin family member 3C, novel kinesin-
reated protein's 2] A= A 94 1nE T AR = E
o] 7F53t A FEO JHEF el o3k H A 54 7]
Aol B3t At g2 &4-4 Aot

2 AFE FFHY HI AR FtEF] AlA5A 71

H FAAES A o] Fofe] Aol F a3t
ZASE A ¥-3FA} Ra Toxicology array 1.2 kit 2 Atlas Rat
12 aray Il kit(Clontech) - ©]2-5}o] ¢DNA microaray 4 -&
N o8 thet g A2 S Agn



ZAFE F 235271 9] 445 % Rat Toxicology array 1.2 kit
of| A 4247}, Atlas Rat 1.2 aray Il kitol| 4] 24771 53t 67170
AR o] gl w9 om, f1xk] W o] o 2w}
Al ato] 7HEg lmE ol A 28 o] dke] #-o] gk Aol & KB
o] 2 A}+= Rat Toxicology aray 1.2 kitel ] 327}, Atlas Rt 1.2
aray Il kite A 31 E gstol 637 A ASA T ol = 5 7t
H EvelA o] FbE Ak 3G AAE
A= 28730 At disto] 7hEF Es
e S 548k A3} heat shock 27 kDa protein(HSP27),
neurodegeneration-associated protein 1(Neurodap 1), mitochonarid
gress-70 protein (MTHSPT0) -4k 7FEF 2ol e}
AL o] SAH © 7 #-0]5kA|(p<006) 57t H ol om, @
gHEY 84| 1aMe1a), kinesin family member 3C(KIF3C),
novel kinesin-related protein(KIFLD) A A= E71 4 © 2 2]
SHAl(p<0.08) 74 Al o] 8§t A FZ = Hof i ol A]
ZAVE 637 SRS T} B3] HSP27, Neurodap 1, MTHSPT0,
Méel1a KIF3C, KIFID - Ab= 7= Rl 28t o 7] A8 2] Al
A5 714 A7) 422 B89 Rtk
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