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Cadmium is a toxic heavy metal and has been widely used in industry. It has been
demonstrated that cadmium was easily accumulated by food-chain in many organs of
mammal, and caused severe cytotoxicity. Especially, some studies have been found
that cadmium levels of urinary in industrial workers are dose-dependently associated
with both impaired pancreatic islet beta-cell function and induced diabetic-related
syndromes. However, the precise action mechanisms of cadmium-induced pancreatic
beta-cells damage remain unclear. The aims of this study were attempted to elucidate
whether cadmium induced dysfunction and apoptosis, and to investigate the precise
mechanisms by which cadmium caused cytotoxicity in pancreatic beta-cell. The
number of viable cells was reduced after CdCl, treatment with pancreatic beta-cell
line: RIN-mS5F cells for 24h in a dose-dependent manner with a range from 1~10 uM.
Lipid peroxidation production and 2,7 -chlorofluorescein fluorescence intensity, as
an indicator of reactive oxygen species formation after exposure of RIN-mS5F cells to
CdCl, were significantly increased. Cadmium-induced apoptosis involved a
mitochondria-mediated mechanism and caspase-dependent pathway, in that the
critical apoptotic events induced by cadmium including: activation of INK, ERK, and
p38 phosphorylation, apoptotic-related mRNA expression, the abilities in disruption
of mitochondrial membrane potential and release of cytochrome ¢ from the
mitochondria to the cytosol, and activation of PARP cleavage and caspase cascades.
In contrast, blockage of JNK, not ERK and p38, by pharmacological inhibitor
(SP600125) could be reversed the cadmium-induced apoptosis. Moreover, it was
significant decrease the plasma insulin levels of ICR mice after oral administration

with 10 mg/kg/day CdClI, for consecutive weeks and cause dysfunction of glucose

III



regulation(glucose intolence). Taken together, these results indicated that CdCl, is
capable of inducing cellular responses to cause pancreastic beta-cell dysfunctional
apoptosis through ROS-mediated JNK-mitochondria-dependant apoptosis pathway.

Cadmium may be an important environmental risk factor for diabetes progressing.

Keyword: Cadmium, diabetes, oxidative stress, apoptosis, mitogen-activated protein

kinases
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anti-apoptotic protein(Bcl-2, Bel-xL) (Yang et al., 1997) » pro-apoptotic protein(Bax,
Bak) o b FUEEH — S a2 BT 0 fnie b= ASkaE 20 DNA AT 15
A B F g2 RiE e i g8 F]F pS3 ki {7 (Schuler et al., 2000) © ¥ ek
AR AT pS3 E YA MR 17 % 4 M h A F] 0 B - R 4] A Fl(tumor
suppressor gene) » v ¥ 14 i 4T e ) AF K DNA v 2 B MY 7 i > ehimie o F
B pS3 tlmre kY b AR F £ & hie3 > F DNA X 3§ % pF p53 €51 p21>
i mPe iz A GO/GL #p > ¥ 2 A2 AT DNA eds (7 285 7 i > enfmie ? 5 |
¢ o lmie B o b B e PO I pS3 A F13 2 R % (mutation) 2 E_
# % (deletion) > # P REX P BE @2 floe XD EF FEA- o F A E
Rfpimrie 2 ST & > F]P pS3 M me Y Lo £ & 0 F 8 pS3 ~ Bax
2 Bel-2 Fidoe 180 ik v € At R MMBCRE R TR > £33 SR

ST (2 Rt )@ @ R 2 B 00 (Green, 2000) 0 2 B ET T T iR EE IS AR
Filsg 0 i@ {1 cytochrome c(Goldstein et al., 2000) T| s f2 B &2 % = F-v 5 &
it ]+ -1(Apoptotic protease activating factor-1, Apaf-1) - caspase-9 %
ATP(Hengartner , 2000; Cecconi and Gruss, 2001; Acehan et al.,2002) ‘& =
apoptosome> @ = 4 it e caspase-9 *7 7 procaspase-3 & @ % it caspase-3(Acehan et
al.,2002)> 7% it f§ e caspase-3 » € (F% 7 ¥77 5 v B TR w2 k- (Lietal,

1997) « H = G FiEdfimre = BT PR - B RS e

FE s ARANFLARAY P BFEBHAER P O AP D
FEiBp 2 Bl A ED e p B e BAF mre kg oo § P F D

JERR PN A b AT R B rgggp@&@*@MWMmm
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reticulum stress) (Lee, 1992) » #* pF fm?2 } chk-v GRP78 f= GRP94 # I3y
feom A fERY H R RSB AITER 20 B ENEEPN TR

(Reddy etal,2003) » 2X @ » F P FRBA @ik > we Bl § gk m¥e
&= % (Masud et al., 2007)° T B 5 fw 2 = g 4 8RR T (Gupta et al.,
2006) -

porbimre E g s L L LARM D PSPl i TV R e B2 A

ARBHA S Fa ik R o B M F i Bl Y p53 k{7 o e ik

¥ i e (Zieske ID et al., 2004; Wei H-C, 2006)

G1(Gapl)#p : fmre B 4ol § N34T 2 4

bl

» ¥ A4 RNA % 3-v %‘r LR -E
it Gl chi 4 s ) £2N > ® it ~ S(synthesis) B8 2 © ¢ 1 & % ¢ A

(chromosome)DNA #_7 = | a3k 14 :E 7 13 48 (repair)ehl i® > L prp 7 & v+ 3

Lol L e B

S(Synthesis)# : S #H ¥ s fwmre ¢4 B H DNA» fm% ¢ 43 & £ =
DNA o Fimie B o a8 B imie » 2 p E#- ZRFEDDNA- R bwie

BEhv UEEAHE o HivE RN e Y hE R o

G2 (Gap2) # : fwie » G2HFR{T= 3w [ pF > % ¢ RN % 4N
ML LT Sk Fot s A R MB2HE [ FHRERS W

DNA g @l £ F = A 2 4]i8 7 5 564 4] (mitosis) °

M (Mitosis ) #p @ s pFEHEp 2 5 — [ BF > g iRt lmie 2 R 2 Fod LA o d -
BAlmre s Bl  FRURIDLIME L AL TP > T e
NenAd B e 2 > - fR 0 AThw f

ERRLe:) e SV
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wi k¥ L = B & Z(checkpoint) : G1/S tk % 2 ~ intra-S # & 227 G2/M
Ao PRI B R T - 2w HF - *Wi?l%ﬁ*u”ﬁ ' A
A AL L o Ao DNA & B4k 2 A 35T > Rem 2 B A B e E ) B
(cell cycle arrest) o M FFim?e BB T iI24R » BIR == 4 8~ 7 - B > FEEB4R
g BF 0 mie B¢ 4w ¥ k= (apoptosis) © (Nigg EA, 1995; Hulleman E et al.,

2001; Smith ML et al., 1996)

$t b B o BE € 7 1Y mitogen -activated protein (MAP) kinases . /< (Gabriella et
al.,2005) > @ FF 3 ¢ K@M F L 4(CdCL)= e A Es R4 o3 B (Kim, S
et.al., 2005; Monroe, R. K et al., 2006) » ¥ ¥ Kajimoto f= Kaneto = & - %
FI%RFOL G Blmie #ac LG SRR RFLE 70 F VR BRI lAeE
1 ¢-Jun N-terminal kinase (JNK)# i (Kajimoto and Kaneto, 2004) (figure 5) - & 2%
§ &4 ROS ¥ mitogen -activated protein (MAP) kinases ¥1*+ & 1 45(CdCly) 7 B

LA AER S F LR AR -

Diabetic conditions

yd \

| Liver, Fat, Muscle | p-cell
I JIP-1 )\ I
Insulin resistance | | B-cell dysfunction |

Figure 5 ~ #& Fi i (Diabetes Mellitus, DM);‘% d INK # 3734504 & beta
O LES I

(Kajimoto and Kaneto, 2004)
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& BT P

TAEBE - BARFLPREFTLY o bldr TR K THEBRKP FAE
PR DAL RS EE R APERATREEBIG R 0 BBV
BARPESLAMNETHERCFTRL A URREBHEIREFIEFHL FTHZE
KRG E AIE A EFRR Y s HRCKREL PSS 0 Kd §4a(E
P EoR A F g R A P R0 E L AURB Y BT E M 0 Bt
URAFI »FEXTEFTL 85 m ik B D45 (Feng et al., 2007; Zhai and
Shang, 2007) - 4 A7 3 ~ jrdg Do AL F A GA B ITFR L TR DER
ER R SRS ITRTERE N AR ARG B PEL £ sk (R
B )G d o L ANARBRF o BRI RRBRE TN A ST o
Pt HEE S P Aah TR R R (ltai-ltai disease) 2 o #F;  Rhengg f 12
A 455 AT AP E R M AL o T B K SR gE KR § o @ A A
T 448 % B KR2Z - (Bernard and Lauwerys., 1984; Jarup et al., 1998)  #X
B AP AR P R IRAOL G beta W AR E RPN~ 1T £ 2%

B b beta nt %= 1R T QL A A S B B
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Table 1. & B& #

TRk kA kK

UV/Visible spectrophotometer DU-800,

Beckman Coulter, USA

TEREFLH S RE

Applied Biosystems 7300 ; ABI prism

7300, Applied Biosystems, CA, USA

SR LA TR

Triad LT, Dynex Technologies, Inc, UK

CRUE A X-22 Series Benchtop Centrifuge,
Beckman Coulter, USA
ILERAE ST Nuaire, USA

IR LA

FACSCalibur, Becton Dickinson, USA

% 5 BT oA

Motic, Japan

R e

¢ A, Taiwan

ELISA reader

SDS-PAGE % it £ &

Bio-RAD, USA

Vortex-genie 2

SCIENTIFIC INDUSTRIES, NY, USA
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Table 2. +4 3 &2 224

Cell line RIN-m5f + E3& %% § beta fm¥e $&
RPMI 1640 GIBCO
Fetal Bovine Serum GIBCO, USA

Penicillin-Streptomycin

Invitrogen, CA, USA

ECL kit Perkinelmer, Boston, MA, USA
mEE AT FALCON

Glycine Amresco, OH, USA

Methanol & it 1 | Taiwan

Propidium iodide

Invitrogen, CA, USA

BCATM protein assay kit

Pierce, IL, USA

Protein marker

Amersham, USA

TEMED

Amresco, OH, USA

Ammonium persulfate

Amresco, OH, USA

Dimethyl Sulfoxide

Sigma, MI, USA

Developer and Fixer

Kodak, Boston, MA, USA

TRIzol Invitrogen, CA,USA
DEPC Invitrogen, CA,USA
RNA Invitrogen, CA,USA
Isopropanol J.T Baker, NJ, USA
Chloroform J.T Baker, NJ, USA
PVDF Minipore, USA

Annexin V-FITC Apoptosis Detectopn

Kit

BioVision, CA, USA

Anti-phospho-JNK

Cell Signaling

17




Anti-JNK Cell Signaling
Anti-cytochrome ¢ Biolegend
Anti- phospho -ERK Cell Signaling
Anti-ERK Cell Signaling
Anti- phospho -P38 Cell Signaling
Anti-P38 Cell Signaling
Anti-a-tublin Santa Cruz
Anti-rabbit IgG Santa Cruz
Anti-mouse IgG Santa Cruz
PRE FIRFEC R

- R AR

R e B ARG R ARE Y X PR B T T AL ROL |
beta w2 3% & # & 3o * # G chplik s dme 3 A 4 B8 w2 = (apoptosis)

FEFREF w2 A3 PReh P %R BELE A RE KA d A

B3 e

I NBEREE B '2F
1 ~ k¥ 32 % (cell-culture):

F* BRI beta fm e $R(RIN-m51)4 + fm%% 12 & % (RPMI 1640 medium
with 1% penicillin/streptomycin and 10% Fetal bovine serum) % i& {732 & o L #-
RPMI & & ;e #] = & {4 4c » 2.2 5.l e & 4 (sodium bicarbonate) ¥ v IN % A&
(HCL)#-PH A B2 7.2 & i * g B(filter)i@igis 4 » ¢ 7 1 10%°-2 o

18



7 (Fetal bovine serum) » Sml # £ # 4% (penicillin) ¥+ & * » RIN-m5f ‘% 35 &

LR E PN IRE 3TC 5% CO 0 - EHEE - = o

mrr MR

v A E 0 FAME R A Y s &) 3.5ml 3 S0ml #e F 0 4
» 3ml 7 phosphate buffer saline(PBS)(0.02%KH,PO4 ~ 0.8NaCl 2 0.2165NaHPO,)
¥ e eissd o £ 4o r Iml Trypsin(10 % trypsin 2 PBS fFf ik & & 1 1)
MIET KT S0ml g F oo R - LG BE o o FTe e i £ K30 g
B F R4 1000rpm 0 3 A g o Mk iR th o Ao r i g ie g R 8
$ 0 11 10° B fw e /24 well » 2x10%/6 well » Iml n% fig/10cm 32 % = 532 % 2 A

ErERx P o

2 ~ fmve 35 F el 2 (Measurement of cell viability):

MTT assay &~ /a2 & F % * WPl w35 F vz (v o2 2 > 1 &
iR UE G e o S ehgza fi 2 & P (succinate dehydrogen)z i BMTT® &b
tetrazolium » MTT formazana # w2 ¥ > % 4r » DMSO(dimethyl sulfoxide)#-# /3
f2o RIFAIH Rk B2 T L ae e BRMTTea 4 > pto sk i@g 4 7 ks
il TEwe 3 EF

i S kB RAE 2§ Y 4R(CACL)240) PR o B R S e
MTT assay (colourimetric assay utilizing 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) > 12 9ml ‘w?e 32 % ;% (RPMI 1640 w232 % % 3 1%% L #
HAefs £ ) e > Im MTTAHR 108 18 > & well4e » 100pl % & 2-] F (8% B b 5
& £ v » DMSO(dimethyl sulfoxide)* well 300uli# ‘w#¢ p MTT & # Formazan;3

d1 o B orE wellB~100ul 3 5 96 well-plate s 41 * ELISA readeri?|570nm2_ ¥ 3k & 4&
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3~ % & % & st R (Insulin secretion studies):

e RN R R RAE 2 & Y 4R(CACL) S o JeBrlme 3 R R R 5
272 LRN o AP RER L E FF %A 17 & 2 (Mercodia, Uppsala, Sweden)
kiRl g F2 kR - 2% 2% ELISARIZ » 1% % § & il w & &R
e h B Z 0T > @ % § ¢ A E ¢ > #Enyme Conjugate buffer » 4r » Enyme
Conjugate 11x ¥ & & = Enyme Conjugate buffer » #-6 sgstandard ¥ :Calibrator
0-5 & a ;]T%sample A w]B25ul 4e o~ FlKit Fpe96 VA o & 540~ Enyme
Conjugate buffer 50 ul » # £ 32 ] pF > £ * 1 & dwashbuffer £iE*jz > » &
wash 6=t » 4v » substrate TMB 200ul > s 6 315 4 48 > {4 » stop solution 50ul »
S Risodpi e o R Y SR fEE L&A 7R (Triad LT, Dynex)i#|450nm 2
Bk E, AR RS ST ERE FEAR TR ETT Y D FRE S

P 3L E F kR o

4~ ¥ g FriE § 1 (Lipid peroxidation, LPO)i| Z_:
p 3 i 4 (lipid peroxide ) —p = fiz (malondialdehyde » MDA) ~ (4
- hydroxyalkenals » 4-HAE). & %3 5 538 p d & (free radicals) 2 rc#F {54 4 5 &
¥ % 4% (lipid peroxidation) ehZ 4 ; @ P FTiE 3 1“ AL A A & forg B AR
FOURBBRFDE P TES A2 AT pd A F - ke
e B kR RARE 2 & Y 45(CACL)24 ) BFEE > 4r » 20mM Tris-HCI
buffer 100pults #-sn%z < f 3| 1.5mlgE ¢ 7 o B20ulz #F P[4k 537 96-Well? > 4e >
65 ul R1 reagent (10.3 mM N-methyl-2-phenylindole in acetonitrile) % 15 pl 37%
HCI » %+45°C ¥ Jis604 48 ¢4 4] * ELISA Reader-i#] .590nm v % f& » ¥ 27 4L & 4%

F-MDA et i > 7 @iy il § -2 %1 ) o
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5~ Bl e it F B (reactive oxygen species):

F* ¥ £ 4+ DCFH-DA (2°,7’-dichlorofluorescin diacetate):& {7 /& 121 3 47
Bt plandml g o DCFH-DA A &3 F %> 7 ol d 5 &% & e
Nt T AL N iRk 22 & DCFH - @ DCFH 7 it il i§ % %>
REFE G BAAERI T N o e p B P L R E R
DCFH # = 5 % * 7 DCF (Dichlorofluorescein) # i#] DCF % & :T‘%‘u? N ATiE o
R

ROS % 7] : 1ul DCFH-DA working sol’n + 500ul PBS diluted ; DCFH-DA stock
sol’n : 20mM ; working sol’n : 200uM

e S R R RAE 2 F Y 45(CdCL) 7 PR I 12-well platefs > #-fw
RIS I g F ¢ 4o 2 PBSifikplate t shlm e — =t {5 0 12 1500rpmag s 5
Ao R FRts o F 4o~ 3ml PBSF ik i o 12 1500rpmaes 54 46 0 4 o
ik > e ROS % & — DCFH-DA(1ul H2DCF-DA working sol’n/500ul PBS ) » =
¥ sample*r » 500plfie § f& FROS S | 5 4t » F 5 — Fblank? 4c 2 2 4c L&) >
F 4e »~ 500ul PBS > 2 {8 désample ¥ *t37°C-Kip i » @k & B304 4518 > transfer
ZFACSE ¢ » J1#* 55t fmfe &k (Flow cytometry) k i jp] T & 47 fmfe p E 125 1 40

Behd A A e

6 ~ R F = (mitochondrial membrane potential):

Mitochondria % ‘m% % - cnEfe? IrFE R s d » H Y iﬁp’f_:b%7 — A
R mare g > 4 &1 i #2(depolarization) § 3 4o AR e P
& 3 eh3-9 5 4o Cytochrome C, AIF,Smac/DIABLO % 4 &+ #2323 fmz F ¢ » 1
314 Pro-caspase-9 73/ it 5 caspase-9 £ /& it T 50 Pro-caspase-3 ~ 7> F]m g =
- P S E R

BT 45 & DIOCy(3,3’-Dihexyloxacarbocyanine iodide) ¥ - &+ 7 1%

21



e T H - BB AT R e Y > H fmre ) e 38T F
e N T L B A R R SRR B R AT e g T
B+ %% 4 F Sk (green-fluorescent)z 5 3+ (cationic dye)#L g 2 4 & 5 &3 7 & ¥
RLim e &8 IR T T LR i i R e AR ST e
oo AR it 7 2 (mitochondrial dysfunction)id § &% & #p fmbe = F 4
Bt e e MM R e e TN RS S HR dhdg ik

MMP 22| ¢ 1ul DiOCg stock sol’n + 50ul PBS diluted ; DiOCg stock sol’n :
20mM ; working sol’n : ImM

dmre R MREAET 2 WP e AN R B RAIE 2 & Y 45(CdCL) 2
12-well platefs » b #-tm 7 5k % 23w F ¢ > 4o » PBSjikplate t chim?e — =
t6 » r11500rpm#t.s 54 4 0 iElH- iR s 0 £ 4o » 3ml PBSik e 0 1500rpm
B SA 4 2 ‘Tt ik » e ZAMMP % #| —DiOCs (1ul DIOCs working sol’n/500pl
PBS) > & ¢ sample#r » 500plfie @ {4 DIOCs 2 &) > 2+ b » 3 & 5 — ¢ blank 7 4¢
B 2 A A ¥ A ~500uIPBS o 2o 18 #sample § 3t 37°C K ip ik k304 4518 o
transfer T FACS¢ # > I # /i 3% fw¥e ik (Flow cytometry) e p] 2 588 T (> esg

fL‘ 'r’g‘ﬂ} o

7~ F9 FEE:

Bk R 5 2mg/mL h2 i 8 ¢ (bovin serun albumin, BSA) (Pierce
Biotechnology, Rockford, USA) 7 ik 14 = = ki@ A > = » #3HRER R
ERFEE 7050125025405 1 fr2mg/ml > & i B4R 8 o #-2 7
o2 MR FRHR AR R A 10U A x 96344 > A B 2ul Rk Sfrde
= ok 8ul 15 B Y o #-BSA Kit (Pierce Biotechnology, Rockford, USA) #7 ¥

o

22 ABRREBIRRMS0I1 20 B3B3 R A AT e 0 IS0l 2R EA R -

06 3L h & BiEiR ARk 2 Bk S R A B0 AR ES 0 2 37°C 0 5%CO,
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% % fa(incubator) P TRB R 30 A 4B LIVEET 0 N BT HFIIFELKS A
SRR R FEARDV > % S M EE £ 4 7R (Triad LT, Dynex)
ELISA reader 3 B~vx sk (@ 570 nm T jp| Fex sk & - % LB W R H AR R

LREER o

8~ TEE R & fFid 4 F & (Real-time Polymerase Chain Reaction ;

Real-time PCR):

SYBR Green # - f8.5% & v/ & ¢ chffdd DNA B & 44 - &2 44 DNA %
Efe o BF RS A KR om- (LFRE A PCR 3 A 4+ kPl SYBR Green
I e xs3gb £ 95 4970m > F s+ 95 520nm - A PCR F &8
& o 4o~ E SYBR ¥ B4l > SYBR kA4l R M4 32 ~ DNA 4
5 MR 075 MRY on SYBR AALA S A £ SE e H £
A Y kB 4 PCR A i e 2 H o

#6331 %x P 4e xr 250ul TRIzol » 323 # % » 2%k T 1.5ml ependroff &t
sE Y S (S B b ge 3 F ependroff o £ 4 » 50pl & i (chloroform) s 4 ¢
S #s 30 =0 2 18 A o Bt i 3 RTeheppendrof po £ 4~ 2-propanol 250ul -
PR35S ISR e 0 d iR (s e 2 250l TS%EPE 16 £ e T 0 A~
DEPC 20ul 12 60°C % 10 ~ 4&{s ] RNA Jk & - | % {4 4 » 1ul random primer *
# 70°C S #4585 £ 4v » ANTP ~ RNA transverse buffer ~ RNA transverse enzyme
e RNase # & (&3t 37°C F J&#RNA # cDNA> & 47 c7cDNA I PCR 96 well plate
4t » 73 DEPC- sense primer ~ antisense primer f= SYBR PCR reagent(Invitrogen,

USA)#.< {6 2 ABIPrism 7900HT(PE, Applied Biosystems):& {7 ¥ ¥ 2 PCR &

o A% CT @4 mRNA efp £ > L2 mRNA 7 £ %1 o

9~ B & =% ¥ ¥ sub-G1 DNA 7z & (Measurement of sub-G1 DNA

23



Content):

% Propidium iodide (PI) i& » fm¥® {5 » iy ¥ ‘m % P N (ADNA 22 RNAR & »
%’ﬁ“é e kA EPREFHDNA 8% RT3 o NPT U E Srie e e £ PR
B x FJAPI 4 € qfoimre i h ORNA & 0 Flpt 2 &% i Pl solution P § 4c
»RNase » 4 2wz % ¢ cARNA » 11 4 F 4Pl $DNA P2 o & § A # P2
ime k) >0 2GO/Gl Y E 32244 48 (2N) " G2M B 554 244 48
(4N) » @ SEFEH 41 3°G0/Gl B2G2/M 2. > FIpH 4 d 487 £+ ,—;\ﬁ'fﬁiﬁ?*’
e gt e k- P fmre N iR R AR E T > Fla R DNA R o @ @44

Wi R ON S S0 5GO/GL W Sub-Gl el AR 0 JEd iR e A

=

RV HETEE Bt d K FE s VO RFIEEE A2 mre ke higike

1 * 6-well platesz % & B 7 e PFR BLAw %2 > 2T ‘¥ {5 12 1500rpma.< 104

ﬁ?

548 1 i £0.5ml HBS » 17 1500rpmages 10448 3 % 4 15+ 425 14
TO%EH ( 1ml Y Rim™e 52 46 » #e48 A3 B 4°Crk 3¢ s o Bl i 115 2
% (Flow cytometry) 4 #7t & o > d 4°Cik 8B~ 114k & > £ 2 1500rpmat.< 104 45 -
4 f P te » £ 0.5mlHBS » 2 1500rpmag~ 104 8- = » 2 f ks o @
w2 }4 % 7 3 Propidium iodide (PI) (40ul/ml)50ul% Rnase A(100pl/ml)Suls"HBS
P RRWERREB T F R304 4818 0 M5 e ik (Flow cytometry) 4 488nm
% > PIB2c £ 5 675nm » st dx & i AR(FL-2) 1 8] » £ 15 1/ WINMDI 28848 &

17 2w %2 @ sub-G1 phase% ¢ R #7fk et 5] » fp 3t imPe B = IR o

10 ~ Annexin V-Cy3 assay:

Annexin V& - #8Ca”" i& i 9547 R % & %9 (35-36 kDa) » #4554
f% (phosphatidylserine ;PS) & & & A frld o § ‘¥ & {7 w2 k= (apoptosis) ¥, m #&
W Si g BR € CHER(R A R T e O] h s & ¢ PSS € 4% Annexin VF%

WS T AR RS T ARG (F SRR R 0 5 Y


http://tw.knowledge.yahoo.com/question/question?qid=1405112200199##
http://tw.knowledge.yahoo.com/question/question?qid=1405112200199##

®Aamte A€ i = BET 3 & fe(phosphatidylserine ;PS) ¢t fsfr ik 5+ fm#z (necrotic
cells) » 24 4] * 6-carboxyfluorescein diacetate(6-CFDA)#? annexin V-Cy3 k % 4
F -k 8 pcd (fluorescence microscopy) » F| & 2b-3 5k i1 6-CFDA € i » /& m¥e F 3
& kmPe ¥ L d Py B (esterases) e B ¢ F B 6-carboxylfluorescein (6-CF) o @
5+ sn¥e (necrotic cells) ¥ ¢ & iz & F £ (AnnexinV-Cy3)» &~ i € T R
¥ *(6-CF)&2 ‘= ¢ ¥ % (AnnexinV-Cy3) o

1% 6-well platess % % % 7 F PF R w2 > 12 14000rpm w204 4518 4
Gk o 4~ Annexin V. 22 6-CFDA (500pl)fé *c & % /854 48 » ftransfer I poly-
L-lysine-coated slide Zt 5 + > & {8 14 j% 843 & &g ficd (epifluorescence microscopy)
o b/ X R ¢ (blue-free filter 5 BFF)450-490nm/515nm ™ g ¥ 4 ¢ i

o

11 ~ Hoechst 33258 staining:

Hoechst 33258 & bis-benzimidazole % & % #&|i— F8-7 % &3 FXDNA 2
minor grooves o ¥ 1 X #TDNA < 5k F 2 B heDNA#ET 2 - Apoptosis ©

1% 6-wellplate 32 % % & # F PP B2 > 4T P2 {5 02 2000rpm & 10
Y “fj Gk o £ 10 PBS #-dmre hix o 12 2000rpm B 10 A 4 0 FE Y
4%45 5 1R(500pl ) 2 w2 5 & 450 £ 2 2000rpm At 10 4 48> 2 ",%J ks o
iE £ PBS st I o des 48R (T AT 5 02 350rpm ALes 10 A 48 0 Rlw
s TR BE P PBS ik Y R A RS FRE L 15 A 4
{$> 01 PBS ] b ik gl B 41| % fm 2 i i % (permeabilization buffer) & & 10 4 4%
£ &2 PBS # ez § o 4v » Hoechst 33258(0.5w/ml) » £ #F %5 T & & 30 4 48

6 U PBS R o B R RPN HRE T AR T R -

12 ~ & * % 8Li* (western blot):
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g EELE ﬁvg_ijlﬁii‘—’_,ﬁfuiﬁlﬁ PR LB F e 27 2 0 R 5 A
FEhd-d F o kAR £ 4 LS polyacrylamide & A 4 3t 0 AR (S Er T
PVDF(polyvinylidene difluoride memberane)( % * ) » & F el it & -

e S B RRE 2L & M ACICL)F PR > R RBEF 2
e 3p &R A 0 &% PBSGi (s 4o~ Cell lysis buffer » 2 1 #-2 4z & £/1.5ml2
WE P o 5d 4T B @ 4o (2Bt Fik (Total protein) « & * F-v H 7 £ A 47 %
2 —BCAKkit#-3-v F T & (" ELISAreader 3# P~k &570 nm)e P~ F T_& 3o
¥ Ploading buffer/® & 15 » = BRI 5 o "R F fii%" 4 T 4 2 (SDS-PAGE)
fededoo Fadre xEFPR I A o &% 7 0t bl drunning gel o 4v > FiRIHR &
f& > Mg § PR protein marker B B fE iRk T A o TAR RIS > By <) 2
PVDEF(polyvinylidene difluoride memberane)#-3-v fr i &° & + o 48 & {5 cHPVDF
590 R ks e TBST A2 R T 31| F > M2 dmdeo B e b 3 i 2LE — 4
v B L o HmEFRPVDFEE iz — FueiTBST? »4°C 8% 1] pFi{s » L 87 =
FF 1| ¥ o £ 18 12 enhanced chemiluninescence (ECL) 4 & g R ZEH| (T * {8 »
s R Z BT G 9 PRI BB T RAE Y g iofe e

FRIH e BE IR T o R R0 AR E R

Table 3. ¥ % 24| (buffer) ¢ #l2 = &

sample buffer (5x) 7.81 ml stacking buffer

(0.5mM Tris-HCl1 ,PH=6.8)
2.5¢gSDS

14.36 ml glycerol

6.25 ml beta-mercaptoethanol
2 mg bromophenol blu

v= =x-k3 50ml
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lysis buffer :

50mM Tris pH7.5
150mM NaCl
10mM EDTA

1% NP-40

0.25% deoxycholate

RIPA buffer

Iml lysis buffer
50mM PMSF
50mM NazVOq4
10pg/ml Aprotinin

1mM NaF

TBS-T (20X) :

48.46g Tris
0.5M EDTA
58.44g NaCl (PH=7.5)

4t = =x-k3I 1L -

Running buffer(10x)

30.2g Tris-base
140g Glycine
10g SDS

fv-=x-kx 1L o

Transfer buffer(10x)

30g Tris
144g Glycine

fv-=x-kx 1L o
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SDS-PAGE

5% Stacking gel (5ml)
3.4ml H,O

0.83ml 30% acrylamide mix
0.63ml 1.0 M Tris(pH6.8)
0.05ml 10% SDS

0.05ml 10% ammonium
persulfate

0.005ml TEMED

8% Separating gel (Sml)

11.5ml H,O

6.7ml 30% acrylamide mix
6.3ml 1.0 M Tris(pH6.8)
0.025ml 10% SDS
0.025ml 10% ammonium
persulfate

0.015ml TEMED

12% Separating gel (5ml)

8.2ml H,O

10.0ml 30% acrylamide mix
6.3ml 1.0 M Tris(pH6.8)
0.25ml 10% SDS

0.25ml 10% ammonium
persulfate

0.01ml TEMED

1X Phosphate Buffer Saline(PBS)

16g NaCl
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(2L) L 6¢ KILPO,
5.7952g Na,POy4

0.4g KCI

St & 7 (Statistics):
F B T EE R L (MeantS.E) &7 0 n & P S%ED F Az =X
b oo FEgeulips F2 £ 812 ANOVA followed by Dunnctt 4c 1235 » P<0.05

'fﬂz%‘ 'a‘fg,?fu;‘l%‘*—p ‘—’f"%_ﬂﬁ-'- "
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¥ %

+lt
i
o
ki
ﬂﬂ

%% & F 1“45(CdCl)i¢ &% § beta im® # 5t BL3k

4§ % (Insulin) &_d P& %0% § betalm?s 274 % > & F R T 4B o bk € @
betaim?s ¢ 4 ;2% § % (Insulin)if 3 *# M & #2(Blood glucose) (£ * - @ % i 4§
(CACL) A F ¢ % fbeta-fm®e & % R # it A B2 sldeimie 3 42 4 o

B ok % F I 0 4% RIN-mSFim®s thdk B & 1 4£(CdCL)24 ] F¥ 15 > % § beta-

0% i ) A A ST K e s FCER AP B R K A G d 1 AR(CCL)k
BI3uMB 43 P &g ki3t 3 & (Figure 1 and 2)» 72§ & 1 45(CdCL) € i = &% §

betaimPe 7 5 B ¥ B me F A4 o

5 & & 45(CACL)# % § betam® 4 & Jn e /=

fmre 7= 3 A& lmrz k= (apoptosis)frin?z 3k 7 (necrosis) > @ & it 45(CdCL) ¢
WL E beta-fmre = > R R F 5 B A w2 & = (apoptosis) © F]pt 0 AFT G I
TZBRARLER B ST B RIS e - R %A Sub-GlE R 0 § weiE
8= PF > DNAE = ¥ 9700 202n(d 244 48) > 4 §ain ;% wme &k (Flow
cytometry) ¥ J 3] - GO/G12- % Sub-G1F P! B3 ‘m¥e P 3 v AR 30 o4 e
(control)(figure 3) - % = B :#%% Z_* annexin V Cy3(i= ¢ ¥ k)&
6-CFDA(6-carboxyfluorescein diacetate)2 % ¢ - ‘mfe 5 § %k et fi(figure 4) > §

m ¥z 3B {7k PF e S (phosphatidylserine, PS) ¢ j& m?s B b fm 3 ¢h i 3 A

annexin¥ 12 ¥ phosphatidylserine’¢ & » F % 2 % B2 T %4 & 1 45(CdCly)

annexiniz ¢ ¥ k7§ P AEE A IR @ &S INKHFe4# (SP600125).5% & F k5 P A 4



# o {8 F % 418 * Hoechst332584 gL im®e = » § wie k= Prlwmiz % €k
HpIR #% (nuclear condensation) % /¥ = -] 48 (apoptotic body) 1 L » 41 * Hoechst33258
FAT PR g Pl ks 2w PR AR B g ER(CACh)FE T ¢ i

7= | $8 (apoptotic body) 1! FL(figure 5)° & % % ¥ %5 INK$r4]#|(SP600125) {8 w

W

% 28 § 1 45(CACL)% BROSA 2 p d & &% § betatm

¥

Wt e HFEPFF 5B s ROS(reactive oxygen species) s 4 4 e # g =
% = o B0 4 4F 3 e S beta-imts ke B 4 1 4E(CACL) 1S £ F § 3% # ROSHA
45 %A F Y 45(CACL) A B 5 uM1e10 pMAEFF R 5 4c 25 | P55 PP B3 4e p o
A g 4 (figure 6) o

@iy H i p d gk (freeradicals) 2 se#F {3 4 Pa Wi § (42 (lipid
peroxidation) A 4 5 @ g HiEF BRI AL frig BEALE L 2 AR R
B P fiEF g d R TR pd A #oh- fidg itk 0 @+ LPO (lipid
peroxidation) & Z o #7r { iB- HEEF L E(CACL) 5 AcRg g Fiy it A2
WEHD P TEF AT o d RS FRRINTS 1 B(CACL)H E H 4o rad ¢
i¢ + malondialdehyde (MDA) (lipid peroxidation ) 3 4t (figure 7) - @ iz % i* 4%
(CdCLy)#r3l A= it (R 4 4 i ¥ AR INKFr 4] #](SP600125) 35 w48 o d 11 ¢ gt

TR FEFTHET & VHCICL) g pd LA 2 s57H wmreig 2wk 7~ =

SEH F Y 45(CACL)# %% § beta-im% A= 5 R

MW7 e - w4 % C (cytochrome c)f = 40 1 58 < )
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I ¥ F ~ PARP( Poly (ADP-ribose ) Polymerase) % & 2k §

it 3-v p=(caspase cascades)is it

1 = %= (apoptosis)iz if 0 — 1F F_h AR T {fﬁﬂ LR BT HRT
fO¥ - RS EEE R SRR 2 2 3% = (apoptosis) o kL AEE Bim e k= A
PIFER LS > H P AR AT g Fpt AP 4] N e iR (flow
cytometry)2 BLZ X RIN-mSFim?e & & & 1t 45(CdCl) Mg =g’
Mo a § i 4 (CACL)H R SuM e 10pM % B 8] B 15 7 12 5 FIRIN-SF in % 42 5148

L EEHIIEL > 5§ AE(CACL) % B 2 i £ %3 INK#r4]#](SP600125) %)

10uM % & 1) P it & 5 % (Figure 8) o

% % 1 45(CdClLy)id = - MM T 3 it ¢ H So R il B 2 1 1@ 50
piPd-e o driefz ¢ % C (cytochrome c) 4 + fEf+ SAEFR 22T fmbe B P > T 514

- KBS Fed dnE i o A RIE E F e & 7 C (cytochrome c) fcytosol £

B

TR B e o B3 F 1 4E(CACL)H £ 5uM # 10pM ¥ & &RIN-mSFim %4 ~ 6 ~ 8¢
12/ pFte > 1 o > R BE L BB w2 d 3 C (cytochrome ¢) tekm?s B eg-v %
RE > FIMI & 1 4(CACL) .8/ FF im 2 F %2 ¢ % C (cytosolic cytochrome c)
Hoacd e 5 P H D0 H 4 (Figure 9) » @ %4 INK#Fr$]%](SP600125) {2

& b A gr ] (Figure 10) -

- 2 fFF Y 45(CdCly)5 ! 3 % = (apoptosis)— & F-v &]4rpoly

( ADP-ribose ) Polymerase( PARP) - PARP( poly ( ADP-ribose ) Polymerase)&_im
k= fheo A B L%k g R B0 fis(caspase) st B R o F LU k- ¢ BFHFE

& it* -PARPA + & % l116kDa(precursor form)» #*» &] = % 85kDa(cleavaged form)

\\ar

1c24KDam i & &2 34 » %7 55§ beta-fm® J B § 1 4£(CACL) SpM 2 10uM
W T8 FEI2 ) S R FIRT] 12) PFcleavaged form§ PP AE h-v & IR

B4e o @ X5 INKHFe4] & (SP600125) 18 Bl sc & 8 pt % % (Figure 11) o
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d 3t hiwie 3ESFF &K BT & 4R(CACL)FEF € i& = beta lwiz 7= > 7]
B AP RE- H LB S X kg v fF (caspase)ihd-v B AR o
%5 F 1Y 45(CdCL) &£ SpM e 10uM & &3t 16 /] FF{e 24 /] pFis LR w L 2k g
fix 3-v f*-3 (procaspase-3)fran X Bk 5 ik §-v f#-7 (procaspase-7)cig-v % IR
(figure 12) » ¥ JL% L 2k & ft J-v f%-7(procaspase-7) i 16 -] PFUEE & 3 4o 30 L 2k
% P& 3-v ps-T(procaspase-7)ificleaved form 3 P A3 e i& i L Bk g fL 30 fis
-7(pro-caspase-7):% it @ wv X %k & f& F-v fs-3(procaspase-3) i 24 -] FF v B & IR
B PR RS @ %S INK #r4]#/(SP600125):EM & i 45(CACL)FEF ¢ ¢ L

" 3 & F-v f=(caspase) F-v % 1t i = /&~ (apoptosis) °

5 L& F 1 45(CdCly)ig &% & beta m% # i L35 i

INK %34

MAPKE /& ¥ INK&EP38 ¢ i@ mfe 4w 8~ » @ ERK ¢ & & mfe 3 4 >
KajimotofrKaneto @ §iT - ) BLZ FILEL | Blwmbe 2 i i & )r%f]\ﬁrs’\ ¥
51427 it ciMAPK® c-Jun N-terminal kinase (JNK)#: i< 5 B (Kajimoto and
Kaneto, 2004) #7143t & 1t 45(CdCl,) € i = RIN-m5F w2 7 = £23% § 2 (Insulin)
A i Ag e e 4 _E %ﬁ d MAP Kinase2 §:84m5e 5= 223% § % 4 s FL >
7T K7 %4 * Mitogen -Activated Protein (MAP) Kinases:/1 % %] 4]

SP600125 10 uM (INK3+1#]), SB203580 10 M (P384~#]4])§=PD98059 10 uM
(ERK#r4] &) & & % 1 45(CdCL)24 ) prz_m %4 > i 3 HRIN-m5F ™ 5 %

L

9y

HEEt e d B SR Bar: £ 4 SP600125 10 M (INKr414)F I &3 w 4
45(CdCl) 13l 422 'mPe & 4 > m ERKZ P38¥r|# P& P &g 2 »x% » & fr 5> INK
Fr$1A(SP600125)~ it w40 %% § beta-‘m?e &k B (S 97514206 B B 2 v # i 0 §

(figure 14) » H 4 F (figure 13) »
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S & 4 (CdCl)iE »ROSA 2 p d 44 A#INKsGI 4=

AR A BRI

d 2 % # g 45(CACL)FEF ¢ i¢ &% § hbeta-'m % RIN-mSF % i 3 " 4
m 5= (figure 1) > @ d 74 it 45(CdCL) ¢ i# = ROS(figure 6) » 7RROSE_E 7 %
21 g (Y 45(CACLy)4 5% § cibeta’m?@ RIN-mSF7 = B T o d 9k 2% HF § 4
(CACLy) ¢ ik B 3 4c @ %% § frbeta’m "2 RIN-mSF % 75 5 P B b '8 1 > @ 53 Fid
fv #|N-acetyl-L-cysteine (NAC)¥ & ‘m*¢ 5 % & 3 & (figure 15)
ERTIS }I?% ¢ &R ard 14 45(CdCL) € 5 d 7% i mitogen-activated protein
(MAP) kinaseskt .4 43z in% = A 4 o o pho & fi4i7 ¢ #5d 2 2 ROSH i3
Nf FUEfnre chip E oo AR o 4R 751 AR | beta-‘w e k- A 4 EF 2P MAPK
STREE o FIE T AR A Bt 50 - KRG LT Y ROSS E T
mitogen-activated protein (MAP) kinases » 2 i & = % 8% & & $TMAPKAp B 30
-JNK ~ ERK ~P382 ghfe it £ 3 o d F 2% BLET k% F 14 45(CdCL) T H £ 3
4eJNK ~ ERK{rP387ifis 1t 30 B A M E ~ S 4 > @ %5 Fig 1 B-NACR| Bk
L AR R PR AP T ko EF 7 ROS ¢ 31 42mitogen-activated protein (MAP)
kinases e @ik it F-v B % J.(figure 16)

% #AROS ¢ # Fmitogen-activated protein (MAP) kinasesi /< » @ ROS ¢ i =

[z

AtE

dmre = o o@m 2o B & A e 52 mitogen-activated protein (MAP) kinases=1 £ %]
FrH1A] © SP600125 10 pM (JNK#r 41 4]), SB203580 10 1M (P384r 4] 41)f-PD98059
10 uM (ERK#r 414 # £ 4 SP600125 10 uM (INKHFr#]3])F PP &g b 3 e b 73]
A2z F PIEH T w3 8 K (figure 13) ©

* @ > % B2 (western blot) i Bk A 7+ 3 JLSP600125 10uM (INKFr 4] 3])

io BE F B drd 04 B beta- e & B4 18 0 #7312 INK-MAPKA#RL 1 4 T(figure
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17) » BRERRAET =3 fRi > wmie § & Cenf# 2 F4|PARP ~ caspase-3/-7
o e oo gt by A RIN-mSFim 2 & & & 1 45(CdCL) i € P & 4 3£ % ROS
A A (F1* GV mre R A7) 0 @ B Fug CBINACR] & § scendr4|ROSA 2
e & > %4 SP600125 10uM (JINKFr4]#]) R & ;= #r4]ROS A 4 (figure 18) - d &
PRV UET LG beta-fmie & B4R T 5 d ROSE 4 7 INK-MAPK-#- 4
§Y % 0F BR AT 3@ & %2 B = (Apoptosis) e

NFIER S H - SR F e kR e P s TS pS3 ki
{7 (Schuler et al., 2000) > # % p53 5142 T P55 [T i¢ = o2 k= (Apoptosis) ° § Jm
R TG LT PEE A FPS3R L eMdm2id 2 B AR > A ERpS3Fr] 0w
iR dp 0 ¥ - ¢ @ Badd gL % £ Bcl-2 f# (FBcl-24 T % > @ ¥ &k Bax-Bax
R ILH Se = G A o F) ) wEE R 8 feid 4F F % (Real-time Polymerase Chain
Reaction ; Real-time PCR)2 L% % § beta- % % % % 1* 45(CdCly){s ¥+ Bcel-2 ~
p53 ~ BaxfrMdm22. mRNA # #.(figure 19) - d 7 %7 7 Bel-25% % 1t 45 (CdCly)#|

X4 PR E MmRNAZ IR > 4p & 2 p532 Mdm2 P &5 3 4e mRNA % IR o

¥ % & F Y 45(CdCly)sd = 3 %04 § betam e Bk i i = %

bR ARALBIEE

hiwmie FHAET VEF & 1 45(CACL) ™ 1233 335 %04 § betaw ¥e 7 i 3
oo Ft o AP B B PR e SR o 2 BICRREE LT
# % 1L 45(CdCly)10 mg/kg/day 1 ~ 2 ~ 42263 2 L% n K i 4 ¢ 34 § % (plasma insulin)
> s E (figure 20) > 5 - F %P2 457 22 MR v PR F 1 45(CdCly) 10mg/kg/day
Wik e F T RY § RS R (OGTT) (figure 21) « o #5353 %% F & 1 45
(CACL)SEPF R 3 4o FE R € 38 = % ® 5% § % (plasma insulin) 4 & "% 1€ 8733 & F 5%

LB R § &7 @t % 1 (glucose intolerance) =13 v o
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4 (Cadmium) f1 #i@* F i &8 F % REFHETS TvL(Z4823)
IVFLTHEERTCER UL R IHE S LR R LB ARRLY 1 R
TRz T ERRELE AR NENY T L AR EEEA D T 2
AR R R F AG T ARFE NS F RN g8 2 S kP (Sethi

etal,2006) o 4F wIRB? A € A fR > T gD S5 4 SRR R A T
%/—g‘,ﬁq@s\ﬁ;ﬁﬁgjﬁ@r*é v & Gren3 NiE N AR, A AR ;ggcgiﬁﬁ_J—

£
W T %@frﬂasﬁ,zﬁ,%%k oo Aw P A ELE NS AACKPE g BRE T
§o ekt oy o 4R WA BTy 3R IEPN S
(Adachi et al.,2007; Rikans and Yamono, 2000; Yamanaka et al., 1998) o #.4§/5 & 7
PRoOGEFDEATFZEDEE LEDERET %ﬁ FUFE S FOBRE PR R K ALY
IR % B~ A A) (Akesson et al.,2005) o 2t 7 > 454 € BERE PN AT AR D
Eocfo BREP TR FL R ERA FRRETIEH TR AR
gpat (o) o T R 7 1 (Itai-Itai disease))(Hagino et al., 1961; Inaba et al., 2005;
Staessen et al., 1999) e @ ~ &R EiT ¥ & KA, b Rorgh 4 g £ 12> 2 &
FORFETH L R BB R L EREBE AL R A RERR 9 AT R AT
KA =, 1990) -

bLB AR L A I ARG B AR BT AR B L BT I
¥~ TR M Y % g F 2 OFERY iE(glycogen)h B AR FORAR B Shp Al R

(Bell et al., 1990; Merali and Singhal, 1980)  F p*

-

RS AR R =t
L iFe1 A Ho BERFR - LI F A3 NFF ﬁgv‘ LE s 4 B

¥ A ke (Leietal, 2006) > @ # 24 %ﬂ%ﬁfg:f?ﬁﬁﬁiw B o a‘%ﬁﬁ:fﬁa(Diabetes Mellitus,
DM)E - & ME G A B 2 L ¥ FRLBEF B - KA Ea
AR 0% - AR 0~ AR R % b & % 47 318 Sk (Insulin-dependent DM) ;

A a‘y%fj\)]% B L e | B R )ﬁa(lnsuhn -independent DM) o 7 4 & _v%—

B 0 6 A R F DM R T M R A
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o EERFORET O fERIMEFEUF IR ARNEL o REUTHE K
FFE T FRIIF NI PEERFLP HEE R E L DL R TR 2
— o B kFE T )ﬁa%‘f T 3 © dp 1A (Arsenic, As)E & = J"Hﬁf]\},'a‘am’i“ EAN
%+ ehf i 14 (Tseng et al., 2000) ; A&J2 <& & & (Mercury, Hg)» &7 it 3% % #&
P hE & %)% 2. —(Chen et al., 2006) ° # T & k p# - F % + FR > 45 ¢
R AR T e T TR U F RN O Pty - T
A (Merali and Singhal, 1980); 3 A 3 F H4p N ek B £ £ HHETRETRE R L
R RHORS § - AR © kg G 7 M B(Everhart et al., 1995;
Schwartz and Reis, 2000) o ¢* *F > P % s 5 — 85875 7 75 & 4p IR0
30 Z e MR ¥ R F (impaired fasting glucose) * A8k s B F fci ¢ 4RIk R D
¥ % % (Schwartz etal.,,2003); @ 45 € + 3§ § 0N BT g7 @ 0 R ¢ o Bk
Bt =i F o # (hyperglycemia) » i€ @ 3% % 518 4 fop & 2 0 & (Han et
al., 2003) > ¥ FArdp ¢ i@ L HOL fbetam e B LA FERA S o - G AR
8- A%~ (apoptosis) * ¥ — & & 3 7 (necrosis) o #7145 1 A W lnFe H -
(apoptosis):B #_3% 5 (necrosis) * E# 7 = fAF % > 2 X#EF Ld &~ (apoptosis)
> W A # SR 5N ke & (Flow cytometry)2 BLZSub-G 13 ‘wm ¥z 1% 85 (figure 6 ) ~
Annexin V3 BLZ § ‘w8 i€ {7 /%= (apoptosis)PF fm?e |\ Fi75 3t fh
(phosphatidylserine ;PS)f¢ jm?e 3 b g8 3 fmPe 3% > e 3% 5+ (necrosis) - 7 €
(figure 7) > # t& 14 Hoechst 33258 %% & & #ic4i (fluorescence microscopy) ™ BL%E 4

)RR Ae(figure 8 ) o 11 = fAF BV HEF 5 d A - (apoptosis) °

e b= BT A D RT3 T A 518 T - Gy Falde
e AT ¥ - R RS AR S et chv = L iR ke R
it A e ¥ MM R kS AR PR RELR LS G FHF R
RIS W o R MMNT g2 % ERW - #MPTP(mitochondrial

permeability transition pore)sHE < i g 7 F > R =3 T fFrm A s R Ao
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;}L;vﬁﬁ“r%ﬂ:’{ s Ar 4% 3 DIOCeH - 87 5 B me > ® - By

B lm

%‘ﬁ
F_

R R > B AR RN s F TR BRI e 2L H Rk

frt.

iR T RAT BT RN PR PSR F ok
(green-fluorescent) 2 F& 4=+ (cationic dye)#L g 24 | » & B4RFE T H 4 7 ¥ £ £
oo e ,T*u{;mi‘g do T RS T 2 i (figure 1)@ FRPRMW Y HFd T
~ BT e B¢ (figure 12) » %-¥2 caspase-9,-3,-6,-7¢7/% it frildz H & ‘mie
s ] et A S SORLJE o Rt 2 T B E R 3F SR PROST AP
BB R MM, Ewre P ROSHHA & kR >ROSe SHEFHELE T 77 2 F
BEBP e e = B0 bl o AR S 4 R AR R = et F] S s
/& it caspase 2 DNA % £ (Inoue et al., 2004; Le Bras et al., 2005)34 i cytochrome ¢
JER ARG 2 lmPe T 48 F it caspases, p5S3(Ueda et al., 2002) - @ 55 3% 7 27 %
HOLE mieb-me VB kB VR4 i3 FROSKF F B (Kajimoto and Kaneto,
2004) > F1 5 %4 FuF i % % docatalasefrglutathione peroxidase 3 F? &2 i€ ROS % IR
*% #(Tiedge etal., 1997) » & i 5 LB ZBFEF 1L 4 F(ROS)$ 4 #4504 § betalw
e Fh gy 0 d 2 me N enGSHY R mie NS E 4R ’Fﬁff dmreig sng b d o
m A4 & g d A (Free radicals) * et ip » — & fmfe p cnGSHIE > > #-¢ i@
FRWMEEBEIWF RS T oA ERmeN ERT P FTAEAL BB AR
DNAZ M~ > 2 83 3F S EFROST Mg = § VRS BT B4 @
)]%Ii‘l_:@ #%(Inoue et al., 2004) - § # i 45(CACL) 11 "L 5% § betalmPz i = § i 4§~
FrAg L Fodmgps e k2 il J PR F o ERERWET &7
MR IRAMP b TR kT ¢ 0 B Y FE3F S RS hi
v Ff#% > Hlde : (1)cytochrome ¢ ~ (2)caspase ~ (3)AIF ~ (4)Endo G ~
(5)Smac/DIABLO% > izt Fov P B4 B4R w32 = 2 g %
T - i@ B caspasesE g @ 4 v k= > I ® KajimotofrKaneto® §iE - ) EE
T 0% § beta-fm e 4L BURGE SAEAOB L R FlE 30§ VR4 BRES A lAziE
it erc-Jun N-terminal kinase (JNK)# /5 (Kajimoto and Kaneto, 2004) -
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e §_ROS ¥ mitogen-activated protein (MAP) kinases = ¥ R R N
Fom APy #mp 1% MTT assay %7 # * 45(CdClL) ¥ 3 WL %0% 5
beta-im ¥z 7 = (figure 1) #E 3 # ic B3k 22 1 * 755 38 P2 iR (Flow cytometry)3 L%
i = 1% 6 ROS 28 4242 S0k (2 4f 1 m % = & (figure 9) & 4 * Isulin ELISA
| & 1 SR(CACL)Frf% § & & s(figure 2) ~ S Fimie 5= ~ W 4Py TS K4
=% (figure 10) ~ % i* mitogen-activated protein (MAP) kinases * JNK ~ ERK ¥ p38
Bifa it > ferE 3 mitogen-activated protein (MAP) kinases » JNK ¢ 2 3330 % it 4%
(CACL)¥H 74507 § beta-'m?e 5= » His ¥ 72 ¢ B (figure 3) > 23t € 5
¢ Bel-2 3347 > {1 * real-time PCR 2 &5 Bcl-2mRNA # 7.2 4 DNA < 7§ %
P € 5 1 pS3 pRpk - &2 Mdm2 2 Bipk 1 (figure 20) o & /%= (apoptosis) € i = ¥
T3 R i RO AR T 3 M 4 @ 2 cytochrome ¢ fEUR AR BEALAS T v
B > #0141 % RIN-mSF e 2563 § 1 4(CACL) % % FE 9 4 I s i g =2
o b 02RO R AR AT 15 2 4o 1@ 822 cytochrome ¢ JEGR ARREAZ L T dwte BT
#5% 1 poly(ADP-ribose) polymerase(PARP ) 3¢ ' (figure 14)*% fi# caspase 3 F-v
fi= (figure 15) °

M 4%+ N-acetyl-L-cysteine(NAC)$w3 it | &« £_JNK #7413 (SP600125)¥ 12
Fral & 145 (CdCly):¢ = fm®2 k= > d A F B2 w0 % % % 1| E_mitogen-activated
protein (MAP) kinases © *& % JNK#ifz it 4 7 14 %’*F‘,T d % 1 45(CdCly)2 # H5%%0%
§ beta-fmfe k= > @ NP R %y FEF ROS 4 € i 5 %504 § beta-‘wiz k= > &
4 % “45(CdCly)» 7 M ¥ ROS 224 » 23 ROS & JNK 7 i B B ¥ 12 jE 10
F B 5N e iR (Flow cytometry)# JLF| €_ROS 2 24 377 75 INK Bifis i i =
VLR | beta-im e B (figure 19) c BB > AT ufgdr i RBE R 73 AEF
8(CdCL)i3 % 7 i g * M/RH £ & b '& 715 § 3 ROS 2 2 4 ¢ = INKBHEL
b3 A ¥ (apoptosis) ® 2k 448§ T (figure 23) 0 B« {8 1 = L5 § beta-w

= @ E A% E & (insulin) e
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SAVET AT ] S 6F o IR T4 BT S R
P8 T R T 00 2003 ATAH S A BB Y SRR R 36
FEEFL 30 370 e kB 2 AR 4 ’@f%_zqmﬁigwn? s 4 A B
£ 1100 4 5 &% m e PR o A ngﬁﬂﬁp%;s}%%ﬁh £ 274% » T 3ok
wEEARRL O RF - A E LT

TS E KA F L Ay N A b A ALY L R kR RRZ
- (Bernard and Lauwerys., 1984; Jarup ctal., 1998) - 1345 Bl fifse b A7A7 3 BT 4 72
PREOR A IRT R ROR G 8 LS PR GRT AT HN 5 16
Ao g3 AR LATORGRRY hFE T EL ML o

ARG R R R GRS HTE Y b B R
BEA o FENRERH A D RFEE R RFRSBLA T F 0 2 AN
ﬁ}é?’%ﬁ§é%@ﬁ%%@ﬁ’ﬂﬁ?¥%ﬁ?ﬁ%;””’%%ﬁ‘@
FREBSALEYR A RRE T BRI HERTHAROREST T B
R TR T

FHenb SRR PR Vo A AREY TR ARG BT
fe TR T % G 2 OFERY ik (glycogen)sh £ 3 A% Ao Pk (Bell et al,,
1990; Merali and Singhal, 1980) o & & iT %= 3 » 4n & D K ff 1 fo1 £
Lo B ER AR BT AR 0 F AR R G i
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Figure 6. Cadmium-induced cytotoxicity in pancreatic beta-cell derived

RIN-m5F cells.

RIN-mS5F cells were exposed with cadmium (0, 1, 3, 5 and 10 uM) for 24h by MTT
assay. Data are presented as means + S.E. for four independent experiments with

triplicate determinations. *P<0.05 as compared with control.
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Figure 7. Cadmium on insulin secretion in pancreatic beta-cell derived RIN-m5F

cells.

RIN-mS5F cells were exposed with cadmium (0, 1, 3, 5 and 10 pM) for 24 h by insulin
assay. Data are presented as means + S.E. for four independent experiments with

triplicate determinations. *P<0.05 as compared with control.
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Figure 8.Flow cytometric analysis showing effects of cadmium on the cell cycle of

RIN-m5F cells.

RIN-mSF Cells were treated with or without cadmium (5 and 10 uM) for 24 h in the
presence or absence of JNK inhibitor(SP600125, 10 uM) Cells with genomic DNA
fragmentation (sub-G1 DNA content). All data are presented as means = SEM for
three independent experiments with triplicate determinations. *P < 0.05 as compared

with control. #P < 0.05 as compared with cadmium alone.
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Figure 9. Effect of cadmium on the morphology of pancreatic beta-cell derived

RIN-m5F cells.

RIN-mS5F cells were exposed to different concentrations of cadmium for 24 h, (A and
B) Control, (C and D) cadmium (10 uM), (E and F) JNK inhibitor(SP600125, 10uM),
(G and F) RIN-mS5F cells were exposed with cadmium (10 uM) in the presence of
JNK inhibitor(SP600125, 10 uM). Apoptosis cells could be differentiated from
necrotic cells by incubated with Ann Cy3 and 6-CFDA simultaneously. After labeled
at room temperature, RIN-m5F cells were immediately observed by fluorescence
microscopy (200x). Live cells would be labeled only with 6-CF (green fluorescence,
A, C, E, G), while necrotics cells could be labeled only with Ann Cy3 (red
fluorescence, B, D, F, H). RIN-m5F cells in the early stage of apoptosis would be

labeled with both Ann Cy3 (red fluorescence) and 6-CF (green fluorescence).
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Figure 10. Induction of nuclear condensation after exposure to cadmium.

RIN-m5F cells were exposed with cadmium (0, 5 and 10 pM) in the presence or
absence of JNK inhibitor(SP600125, 10 uM) by phase-contrast microscopy (left side)

and Hoechst staining (right side)
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Figure 11. Cadmium on reactive oxygen species (ROS) generation in RIN-m5f

cells.
RIN-mS5F cells were exposed with cadmium (5, and 10 uM) for 30, 60, and 120 min,

and ROS were determined by flow cytometry. All data are presented as means + SEM

for three independent experiments with triplicate determinations.
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Figure 12. INK-inhibitor suppress cadmium-induced oxidative damage to

membrane lipid by lipid peroxidation (LPO) assay in RIN-m5F cells.

RIN-mS5F cells were exposed with cadmium (0, 5 and 10 uM) in the presence or
absence of JNK inhibitor(SP600125, 10 uM) by flow cytometry. Data are presented as
means = S.E. for four independent experiments with triplicate determinations.

*P<0.05 as compared with control. #P<0.05 as compared with CdCl, alone.
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Figure 13. Analysis of mitochondrial membrane potential (MMP) in

cadmium-treated RIN-m5F cells.

RIN-mS5F cells were exposed with cadmium (0, 5, and 10 puM) in the presence or
absence of JNK inhibitor(SP600125, 10 uM) for 8 h, and MMP was determined by
flow cytometry. Data are presented as means + S.E. for four independent experiments
with triplicate determinations. *P<0.05 as compared with control. #P<0.05 as

compared with CdCl; alone.
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Figure 14. Effects of cadmium-induced cytosolic cytochrome c release in

RIN-m5F cells.

RIN-mSF cells were exposed with cadmium for various dose-depend (0, 5, 10 uM),
and proteins expression of cytosolic cytochrome ¢ was determined by western blot

analysis. Data are representative of three independent experiments
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Figure 15. INK-inhibitor suppress cadmium-induced cytosolic cytochrome ¢

release in RIN-m5F cells.

(A)Upper data was RIN-mSF cells were exposed with cadmium for various
dose-depend (0, 5, 10 uM) in the presence or absence of the JNK inhibitor(SP600125,
10 uM) to investigate proteins expression of cytosolic cytochrome ¢ was determined

by western blot analysis. Data are representative of three independent experiments
(B)Below data was Quantitative cytochrome ¢ protein expression. Data are presented
as means = S.E. for four independent experiments with triplicate determinations.

*P<0.05 as compared with control. #P<0.05 as compared with CdCl, alone.
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Figure 16. INK-inhibitor suppress Poly (ADP-ribose) polymerase (PARP)

activation in cadmium-treated RIN-m5F cells.

RIN-mS5F cells were exposed with cadmium (0, 5, 10 pM) in the presence or absence
of the JNK inhibitor(SP600125, 10 uM) for 8 h and 12 h to investigate proteins
expression of PARP and cytochrome c release was analyzed by western blot. Data are

representative of three independent experiments.
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Figure 17. INK-inhibitor suppress caspase-3 and caspase-7 activation in

cadmium-treated RIN-m5F cells.

RIN-mS5F cells were exposed with cadmium (0, 5, 10 pM) in the presence or absence
of the JNK inhibitor (SP600125, 10 uM) for 16 h anf 24 h to investigate proteins
expression of caspase 3 and caspase-7 phosphorylation were determined by western

blot analysis. Data are representative of three independent experiments.
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Figure 18. Mitogen -activated protein (MAP) kinases are relationship to

cadmium-induced cytotoxicity in pancreatic beta-cell derived RIN-m5F cells.

RIN-mS5F cells were exposed with cadmium (0, 5, 10 pM) in the presence or absence
of JNK inhibitor (SP600125, 10 uM), P38 inhibitor (SB203580, 10 uM) and ERK
inhibitor (PD98059, 10 uM)for 24h by MTT assay. Data are presented as means + S.E.
for four independent experiments with triplicate determinations. #P<0.05 as compared

with control.
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Figure 19.JNK-inhibitor suppress the cadmium induced insulin secretion in

pancreatic beta-cell derived RIN-m5F cells.

RIN-mS5F cells were exposed with cadmium (0, 5, 10 pM) in the presence or absence
of JNK inhibitor(SP600125, 10 uM) for 24h by insulin assay. Data are presented as
means = S.E. for four independent experiments with triplicate determinations.

*P<0.05 as compared with control. #P<0.05 as compared with CdCl, alone.
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Figure 20. N-acetyl-L-cysteine (NAC ) suppress the cadmium-induced

cytotoxicity in pancreatic beta-cell derived RIN-m5F cells.

RIN-mS5F cells were exposed with cadmium (0, 5, 10 pM) in the presence or absence
of N-acetyl-L-cysteine (NAC, 1 mM) for 24h by MTT assay. Data are presented as
means = S.E. for four independent experiments with triplicate determinations.

*P<0.05 as compared with control. #P<0.05 as compared with CdCl, alone.
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Figure 21. N-acetyl-L-cysteine(NAC) suppress on the phosphorylation of mitogen

-activated protein (MAP) kinases in cadmium-treated RIN-m5F cells.

RIN-mS5F cells were treated with CdCl, (0, 5, and 10 uM) in the presence or absence
of N-acetyl-L-cysteine (NAC, 1 mM) for 30 min, and JNK, ERK1/2, p38
phosphorylation was analyzed by western blot. Data are representative of three

independent experiments.
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Figure 22. INK-inhibitor suppress on the phosphorylation of INK in

cadmium-treated RIN-m5F cells.

RIN-mS5F cells were treated with CdCl, (0, 5, and 10 uM) in the presence or absence

of the JNK inhibitor (SP600125, 10 uM) , and JNK phosphorylation was analyzed by

western blot. Data are representative of three independent experiments.
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Figure 23. Analysis of mitochondrial membrane potential (MMP) in INK

inhibitor compares with N-acetyl-L-cysteine (NAC) RIN-m5F cells.

RIN-mS5F cells were exposed with cadmium (0, 5, and 10 pM) in the presence of the
JNK inhibitor(SP600125, 10 uM) and N-acetyl-L-cysteine (NAC, 1 mM) for 1hr, and
MMP was determined by flow cytometry. Data are presented as means + S.E. for four
independent experiments with triplicate determinations. *P<0.05 as compared with

control. #P<0.05 as compared with pretreat NAC.
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Figure 24. Cadmium induces related apoptosic mMRNA expression in RIN-m5F

RIN-mS5F cells were exposed with cadmium (0, 5, 10 uM) to investigate Bcl-2, Bax,
p53 and Mdm2 mRNA were determined by real-time PCR. Data are presented as
means + S.E. for four independent experiments with triplicate determinations.

*P<0.05 as compared with control.

68



B Vehicle control
=) cdCl,-10 mg/kg
250
o .
= 200
2
£
S 150 -
7] %
c
] *
£ 100 - *
0
o
50 - |
1 2 4 6 (weeks)

Figure 25. Effects of cadmium-induced plasma insulin secretion in ICR mice.

ICR mice were exposed with cadmium (10 mg/kg) for 1> 2> 4 and 6 weeks to

investigate plasma insulin secretion by insulin assay. Data are presented as means +
S.E. for four independent experiments with triplicate determinations. *P<0.05 as

compared with control.
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Figure 26. Effects of cadmium-induced blood glucose in ICR mice.

ICR mice were treated with glucose (1 g/kg) at first, and ICR mice were exposed with

cadmium (10 mg/kg) for 30> 6090 and 120 minute to investigate blood glucose level.
Data are presented as means + S.E. for four independent experiments with triplicate

determinations. *P<0.05 as compared with control.
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Figure 27. Cadmium-induced the apoptotic effect of RIN-m5f involved in

mitochondrial pathway.
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