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Shape change #4& &43le A3 W cytoskeletal protein® integrity
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proteomic analysis& 3F% o™ o] & F3 v Ao o3& A4 W filamin A
protein®] 14Fs7F Fojdo w2 Frksits A3E At Western blots
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Confocal microscopyE ©]83}o] H| A7} AA|Z actin 2] assembly S
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ZEA7F ot §7) Blxel 3 7F vl& As (D 5 7F Bl& As (V)7F B&
s AA g v BA4L ste e w24 vEr dybzow
7189 wiartE LA a7t £A40] A 3 7} vist 5 7}
Hl Zof vlal] =Ade] v & Aoz 4 A Al (Hughes, M. F., 2002)

ARt o w QA7 Hl&d =FEHE M Fag A2 &5 AFY
LAs B Aojth FE8FE T A HA =EFS AAAJ] FAZ
fFsel 2 FES B glew oo uwt v 44 (Environmental

Protection Agency; EPA)S} AAl Bz 7]+ (World Health Organization;
WHO) A= &85 5 Hl& rAIAIE 10 png/L (ppb)E AAste] F&F
T HA $EE EFee =8E U]eola v 1del: Eateta A A
Ao m FHA e Q47 Ao w Hl Ao wFEEHO JJom HA =
% o9t T 1300 Wk o] w=oA (U.S. Environmental Protection
Agency, 2009), 5 HAxt © o]io] Hr=Z A4 HE Aqt}t (British
Geogical Survey, 2007). #t€lolwl2]7} (Bhattacharya et al, 2006) 2 <5
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(National Research Council, 2001; Rahman M. et al., 1999) H]4 2] wHAl %

<7kl tEi = w
1996). °l ‘nﬂOﬂE

=%} ischemic heart disease (ISHD) °l 23l x]Al&
a¥ wkr7b ek (Chen CJ et al,

disease, atherosclerosis % ©]

cerebrovascular
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o EHS WAt A AdE A8 "HHEety olf g A8 A
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A a3 SHAE FAsk=d 71o9gt (Jackson, S. P., 2007). & A3t

H ] 4% &A1 319 initial @A A YEFUY T o] uf cytoskeleton

o] AxFol FEEo actin dynamic o W37F YEbATE (Hartwig, J. H.,
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AA] et A4 s 9 FHd Ao TS o EN AA &3
5o ZAo7t A7E A= Bttt (Matsagas et al, 2002). =3 A
Faeo ofe] EHELS wHAXQd dF WgS fsle] AdaA AsS A
3}A17]=1] (Wagner and Burger, 2003; Weber, 2005) A A H#H%

P-selectin 3 oJ2] F7F9] cytokine ©] T A3t 2P =FA o] H
1H AT (Burger, P. C., 2003).
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Al eF 2 antibodies

Sodium arsenite, KH2PO4, NaCl, NaZHPO4, KCl, MgCl2, HEPES,
glucose, CaCl2, NaHCO3, Tris/HCI, ethanol, glutaraldehyde, formaldehyde,
osmium tetroxide (Os04), Triton X-100, thrombin, Adenosine diphosphate
(ADP), poly-L-lysine, BSA %S¢ A¢f2 E5 Sigma chemical Co. (St.
Louis, USA)Z58 T3ttt
Fluorescein-isothiocyanate (FITC)-labeled monoclonal P-selectin antibody
(CD62p-FITC), R-phycoerythrin (PE)-labled mouse anti-human GPIba
(CD42b-PE)¥= BD biosciences (San Jose, CA)°lA sttt
Anti—filamin A antibody, anti-phospho-filamin A antibody+= Abcam
(Cambridge, UK)ol A, Y™ A antibody= X+ Cell Signaling Technology
(Danvers, US)ell A A3FA . RhoA/Racl/Cdc4?2 Activation Assay
Combo Biochem Kit¥ Cytoskeleton (Denver, USA)ol A F+Y&tqom =1

MPo AleRe BT BT A FSishel ALgatgch

Platelet rich plasma®] ZA)
Atgkeo]l &} o 7 BEl Platelet rich plasma (PRP)E ZA|&}7] 9dte] 2 F
A o] FEES E&SHA e AAg PFAde] AWM A Sodium citrates
2 ot dls AR AHT A4S 900 rpmel A 15 E1F
AAal FEalste] AZdo A platelet rich plasma (PRP)E &3l pelletS 3000
Mo Easte] AdEo A platelet poor plasma (PPP)E
A=t PRP T9 4% = 39 dv|ds ©]&3+9 hematocytometer®
Aon, PPPE 543te] 1 mlel 3x10°7/09] Aivte] 2FHEE 3 &

Aol o]gsklt



FALAAE T 7 (SEM)<= OI%fE d4a Y HE #

m}#

5l = Scannig electron microscopy (SEM)
Ll SHTE PRPel 7skar 37Tl
2AIZF HES- AL TR 2000 goll Al 1 #3F 94 BEete] dATS pellet
o7 7tepekal & AFdS A AT 2% glutaraldehydeE 718l pellet&
= TolA 1A% &<t pre-fixation sttt 2 AE dAgAS
H A 23 5 1 % osmium tetroxide (OsOy) 7S 7}
7t post-fixation 3t ©]& PBSE 2¥ A& &
30, 50, 70, 90, 100%°] l&ts NS FAA o= 747 1024 7hste] Alg
E gAZY 100 %9 Ethanol® Al&H3 & AdAES A58 &F1|
sdol E2 78 mountd AGEF & F dAACIEAA s A
Atk WZFo R coating 3% JSV 540 scanning electron microscope

(JEOL, Japan)ol Al 3z3tsd .
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Proteomic analysis

PRPe| H A & S/HFTE 2 A &< Agst & 94 Z8ste] 459
S AAT A4 pelletS Genomine, Inc. o ¢ ste] 2DE gelz +3]3%k
olaksty Wl A S staining SFATE Al Hel AEHS FI vAE Al

&
3

T A fFo]H o R QAL F7Fek= spots A A Ee] 4700 Proteomics
Analyzer MALDI-TOF/TOF (Applied Biosystems)® o}7| x4 AdS &
A5k o

Filamin A o] &&d 2 24t3 =4
Proteomic analysisE =3 %

=
western blotting .2 3HQlslt). v A T FHIFE 71E

o] 37CoA 2
Al 7FE ¢t incubation A7l PRPZ 600 gollA 5 7 94 Bt A=



S A AT F protease inhibitor?} phosphatase inhibitor7} 3% lysis
buffer 300 plE A AEst] icedlA 1 A7F E<¢F lysis AlAT}h LysateE
10,000 goll Al 20 &3+ ¥4 228 3ske] debrise A A3k T

olFA A& AV lysates: dHA ARG FH 75 % SDS-PAGE
(polyacrylamide gel electrophoresis) & acrylamide gelollA ®2|3F% 1,
PVDF membrane® % transfer &ttt 5% BSA7Z}F X3t%  Tris/glycine
buffer (Bio-Rad Laboratories, Inc., Hercules, CA)Z 1A%} &<t blocking
3} anti-filamin A antibody %+ anti- phospho-filamin A antibodyS 4
TollA 3% &<t FZAZAth Membrane?] Al#-2 0.05% Tween-202 -
SF3t Tris/glycine bufferES AF&3+%1 3l antibody 34& 5 % BSAS X3g
3 Tris/glycine buffer® AF&3FIth 1% antibody H2ro] #1 membrane
S AH3 5 23 antibody ¢! HRP-linked anti-rabbit IgG =+ anti-mouse
[cGE 2A17F Fot Ao F-&A|7]a1 tpA] A& sle] Super Signal West
Femto & o]&3] 2AsAY. @93 bandel #2412 Quantity One 1-D

analysis software (Bio—Rad laboratories, Inc)E ©] 83}

GPIba ¥ P-selectin @& =

=
PRPel| W& B SRl SF45 7hsko] 37 TelA 2 ARt <t

o2

WA
Atk A8 F 10 ulE #H3Y tyrode’s buffer 290 uloll 7}1&o =4 wk&S
AAAAL gAe Az F 50 plE FHdted anti-GPlba-PE E&
anti-P-selectin-FITC 10 pl& ]E] ol =2 FACS tubeol| Yol x4 =
Ao 20 & FF Ao HFEAZATE o7 tyrode's buffer 500 ulE

7peto 2 RES-S FAAI AT %H] ¥ flow cytometric analysis & sample
< BD FACSCaliber (BD bioscience)oll A &A1t 4] T2 P02+
CellQuest Pro softwareZ ©]-83}1t}h Flow cytometrys 4% A&
3l HAstE AElE calibrationste] AR&stom Ul 74 A ZEA AR

S 938k forward scatter, side scatter, orange (PE), green (FITC)

)



fluorescenceE ©o]-&3ste] A3tk GPlba 9 P-selectin® @d AE+=
PE ¢} FITC fluorescence®] & AZx oz =A%

GPIba ¥ Filamin A redistribution &3

Confocal microscopyS ©]&3te] 43 W GPIba®t filamin A2
localization W35 ##&ch vlA £ &l FHSE 718ke] 37 T
A 2 AIZE Bt REEAIZI PRPE A4 skl 45 AlA $ PBSE Al

A3tA Y. @49 A HS Poly-L-lysine®| coating® cover glassel] 1 ml
A 7kete] 37 TollA 30 &3F FRAAIHoH AHS Fa FaHA e g
2RSS AAGY 2y AT 2 % formaldehydeZ 7}3Fe] Ao A

10 &3+ 74 6}9&}. PBS® Al# % 05 % Triton X-100 1 mlE 7}3te]
Ao A 10 B37F permeation A 7]3 2 % BSA7} E£3¥ PBSE 7hste] A+
2o 1 AZF <k blocking Al#Ath  anti-GPIba-PE antibody %
anti-filamin A antibody & 7}stel 243 7oA 1 A7 5 WA
PBSZ A #&9 . Anti-rabbit-FITC antibodyE 7}8te] 30 & -&<F 1t

=

oo ok

A1 71 sampleS PBS® A& 3 % mounting solutionS ©]&3}4] slide glass
o mounting 3%t Confocal microscopy #2&2 argon laser® &3 Y=t

=

£ activation A%l ¥ Leica confocal microscopy (Leica, Wetzlar,

Germany)E ©|-&3slo] G331

Confocal microscopyE ©]83% Actin assembly #3Z

Hl & e &0l SRFE kst 37 TellA 2 Az E<F ¥h-§A171 PRP
|71 ¥ PBSE AlAHsAth 43 dgds
Poly-L-lysine®] coating® cover glassol 1 ml® 7}3te] 37 ColA 30 &
% FAAR o AFHE FE H?‘QX] 2 dads AASAY. F2FE
4ol 2 % formaldehydeE 7Fste] el Al 10 &3F AR PBS
2 A& F 05 % Triton X-100 1 mlE 7}ste] 20 10 &3

|
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o>,
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ol
2
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ol
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permeation A17]13 2 % BSAZF ¥3¥ PBSE 7Fste] Ad2olA 1 Al &
o} blocking AlZth PBSel| 1:5002.2 3|4 A7l Rhodamin-phalloidin 2}
DNase I& #33 ZxdolA 1 AzF &2t ¥-gAA 27 F-actin? G-actins
staining ¥ % PBS® A% 3} tl. Mounting solutionS ©]£3}9] slide

glass®l mounting 3% ¥ Leica confocal microscopy (Leica, Wetzlar,
Germany)E ©|-83to] 3T

Small GTPase protein activity =7

RhoA/Racl/Cdc42 Activation Assay Combo Biochem Kit (Cytoskeleton,
Inc.)E A}&3}9] actin assemblyE Z&3sl= A9 @Al small GTPase
protein®] activityE® A3t Bl A EE gujel FHFE 7tete] 2 Az
%o} incubation 3 PRPZ 600 goll A 5 £7F 94 Egstt. &S A
7%k & protease inhibitor®} phosphatase inhibitor”} *3$+¥ lysis buffer
300 pl= A AEste] icedll A 5 & &<t lysis AlFHT LysateE 4 T =7
atell 10,000 goll A 1 &3t A4 25t debrisE A A3SHA

Az = 25 plol & 2x Laemmli sample bufferE 7}slar 95 ColA 5
-2t boiling 3F¢] total small GTPase protein A =S AT A A=
of F 250 plol+= 20 ple] PAK-GST Protein beadsES 73t 4 ColA 1
A ZF Eor wHk Al 7] A active small GTPase protein®] bindingS =3}
2t} Incubation & 4 ColA 3,000 g& 1 #37F 94 £838F9] beadsES 7}
2hokslal A5 Ae Al Atk Wash buffer 500 plE 718le] beadsE Al 2
3k & 2x Laemmli sample buffers 7}stal 95 ColA 5 #3F boiling 3}
active small GTPase protein &S LAt oldA 42 AMES 15 %
SDS-PAGE (polyacrylamide gel electrophoresis) & acrylamide gelol] A &
2]3t% 3, PVDF membrane®. = transfer skt 5% BSA7F x3%#
Tris/glycine buffer (Bio-Rad Laboratories, Inc., Hercules, CA)% 1A%t &
o} blocking 3}al anti-Racl %=+ anti-Cdc42 antibody S 4 C ol A4 6}? 5



o FZAIHTE Membrane®]  AMFH-2 0.05% Tween-20=  E3HsH
Tris/glycine bufferS A}&3l 3l antibody 342 5 % BSAE X33t
Tris/glycine bufferE AF&3F$3th 12} antibody F-2to] €% membrane<
A28k 5 22} antibody?l HRP-linked anti-mouse IgG %= 2A]7F &<F A+
oA H-ZA 7] Al Al FHE}e] Super Signal West Femto & o] 83 2
AR, @A band?] #412 Quantity One 1-D analysis software

(Bio—Rad laboratories, Inc)Z ©] &3]

Platelet aggregation &3

F4rHe] 3 AEE lumi-aggregometer (Chrono-Log Co., USA)E 9]

43}l turbidity W3 =2 =A 3 th. PRPY light transmissiong 0 %,

PPP¢] light transmission® 100 %= Y& 5 37CAA a9
°

X

aggregation 4 %=o| wWE light transmissions A3t =54 Al silicon
o2 F"”H aggregometer cuvettes AFE3FR om wWhgo] doju= Fot
1,000 rpmeoll A A &Aooz I’LE‘_U\]Z?\E}. PRPE aggregometer cuvetteo] 4

1A L AA SH 2HE FAHsA L
™ positive control =& 200 yMe] HE F2S AFESFA T E H| Ao 93k
a4 $H F3 Z2HE Flsty] f8 A B SRTE Vst 2 AR
Fot 37 TolA incubation A7l PRPZE aggregometer cuvetteo] %
sub-threshold &%¢] thrombin %+ adenosine-diphosphate (ADP)E 7}

PSR Faw 3 ARE BFAh

(o

DN
N
o kA

ol

A A

218 A= mean + SEMO 2 EASI T o Abo]9] Aol t-test
2A AFsE o, A o o)A Hln A= ANOVA testE 33 &
Duncan’s multiple range testE® AA|sle FAHS HASsAH F9491

ZFol= p valueZ} 0.05 ©]8kel %ol 14

U

d

_‘IO_



b @Agte] v A 10, 25, 50 uM HE+= vehicle}] SFTE 2 AIESH A
stol HAY A% Wk % JEHOE Ahwe] wFo] Mt AL I

H]

k>

of o]st &4 shape change 7] Ao #Ast= FH dwd s 2o}
7] 918l Proteomic analysisE o F 3t om 3 Heol AdS =3 v A A
& dFolA FoHor s Srbske @A spots ool
Mass 45 Tl obv]x=it AEES Hluwgk A3 duld suE 5 2709
spot®] filamin A protein®} matching ¥l o™ (Fig. 2) o1& &3 v]47}
actin®] cross-linking®ll ¥#oJ3F= cytoskeletal protein$! filamin A<l U4t
stE S/ S Eelskaith

Filamin A+ homodimer #E|Z FA3t= 280 kDa 2] cytoskeletal
protein © 24 actin polymer 7F2] cross-linking o #o]dlw A X W o}k
Sl binding partner ¢ ‘3 #83Fo] M AEZS  adhesion, spreading %
migrations ZA 3%t} (Nakamura, 2011; Stossel T. P., 2001). =3+ dA 3
o] A Filamin AT membrane o &A|3= th%3 glycoprotein ¥ integrin
7} binding 3F¢] actin polymerE @43 XHo| anchor Al o =24 AT
o] RS FASt=H T8 AES S o BHauxo Ut} (van der
Flier, A., 2001). Filamin A2 14F3sl= t}hek3k protein kinase © 23] #%
¥ =4 p2l-activated kinase 1 (Pakl)ell ]3] A48t ¥ filamin A+ Pakl
3} A5 2g o] cytoskeletal reorganizations el ruffles Al g}

i BaEo] 9tk (Vadlamudi, R. K., 2002). <14tste] ]3] filamin A9

_‘I‘I_



actin cross-linking activity’} 4%t =E Hu%x o™ (Cukier, I. H,
2007) = ttE AFo A= filamin A9 integrin binding affinity7} &4 ®th
I o =33 QAT (Chen, H. S., 2009) ©}%] filamin A <14F3}e] & &
e A= o] skt

Western blottingS &3l filamin A2l QA3}7F HA T oJ&EH o= =
7beke AS gQlsislew  1Ash SUbska F
degradation°] W4 Fik= oEHor it AS A 5 AT (Fig.
3). Filamin A®] <JAtstel] 9&l filamin A7F A7 =H o2 A3
calpain®] <93 filamin A¢] proteolysis 7} #HA3ttt= Ha7E o
(Ming Chen et al., 1989) ¥ ZA¥E F3] H|Ao] 23] filamin A9 214Fs}

7 fREHE SAd dAIEHE AS FAdF 4 AJdY. Filamin AE
fragmentation A]7]+= &49¢l calpain® Ao Wik wlieol gas Elsh

A v & FEo wet calpain® Ao+ W7 fllom (suppl 1) o=
S 3 WA 7} filamin A®] fragmentations Z&3st= 7] 9] calpain® &4
W sto] o3 AL ofde F5T F AATh

Filamin A& @43 xwWo] ¥ 5o 3+ glycoprotein ¢ GPIba unit
7} binding 3to] @A S FASH (Berndt, M. C., 2006) + w9
Azrel Aozgo] dawe AVIE ZAAIFTE Huxo Qth (Taisuke
Kanaji, 2012). o]&3t #1 & EdZ 43 U Filamin A9 Q14kshe}
U &°] GPIba®l surface W&ol 72+ B9 F3FE st 98 flow
cytometry S ©] &3] GPIba?] surface @3S =Asct 2 23 ¥4
T2 oJEH o2 GPIbad surface W&o ZAAstA o (Fig. 4A) confocal
microscopy & ©]-&3Fo] GPIbad A Wl $1x ®¥sE &R1s A} vt
o8] GPIba7} EAave] WA TR o]lFsle A o
4B). o] g localization®] ¥ 3}7} filamin A9} FAlo] o
glst7] ¢1s GPIba%} filamin AE 77 PE ¢ FITC & 4

=<
A3t % gugo] g AN EAGE AL FARGoW F wwyd wE

A
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H A 5% YEHor dade gHdA Fdo= ofFatddtt (Fig. 5).

Agonistel]l  oJsiA A =
cytoskeletal protein® assembly”} 3 el = (Hartwig, J.
H., 1992) HlZol <t e = W3t mgk o]gld cytoskeletal
protein®] WsE wjsfst A4 A &13t7] 213l confocal microscopy s ©]
&3}o] F-actin®} G-actin assembly®] ®3lE #Zsd o 71 A3} Hl4
of 93] F-actin?} G-actin =5 1 assembly”’} W33st= AL selsty
(Fig. 6A). Actin® assemblyE 43l A9l @AQl small GTPase? &
doll Hl&7t oA e FEFS A=A gl
o] racl? cdcd29] 24& SAsAT. i) v A 50 uME A3 ¥
0, 5, 10, 30, 60, 120 ¥ =<t incubation 3¢ Z}Z} racl % cdcd29] A4S
S A3 awde] dido] AR EHORE
(Fig. 6B). ®= small GTPase protein°l] ¢J3] =
capping protein®l cofilin®] &4 W3 H|AE Al Agte] wet WS
gelstdtt (Fig 60).

o] & Faf Wi o3t Ay B W 9@ dAay Gzt vh] 9
3 d 4% U cytoskeletal protein®] W3lo] 71213k g Aol o]z]3t WH3}=
Al W GPIba$t filamin Al A2 E SRkt e ®W3 2 small

st7] $138ll pull-down assayZE 3}
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(Fig. 8A). €43 &43te] mpAg @AM SF o] dojrpr] fasid= &
2% membrane®] FA}3}+= fibrinogen receptor$! GP IIb/Illa”} &4 3} &
o] AA¥ZEe cross-linking © FA = ojoF st&=dl (Li, Z, 2010) AA=
flow cytometerE AF&3te] GP IIb/llla®] surface 2& I} FAlstdE GP
IIb/Ila ¢ 23 AL=E Q13 Ay njio] o d3Fo] Yetuhx skt

(Suppl. 2). ¥&7F 4% $3 &3E potentiation Al7]E=X] &13}7]
A&l vlA e SFTE 7Y incubation A1 PRPO 4% S-S A
©7)1x 9+ sub-threshold %9 thrombing 7}3}92‘3}. O A HAES
Agd TgolA Faw SHol SIS o] & light microscopy® #
Zad el (Fig. 8B). Sub-threshold & X=¢] thrombing aggregometer 2ol
A 7HE welle A S0 HlA ik oEA R FUtstlon ofgh
agonist®! ADPol 9l3] FL¥t 4% SHE HA v oEHo7 F7}

sttt (Fig. 8C).
oA el ANES B vyt i B HElE fFEsy dHHoR
&

472 p-selectin expression<
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NZE FA & YA ofe

AR IR

HlZxo] o3 dd A=

be @ b 1o Axd & ale el
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Figure 1. Effects of arsenic on platelet morphological change
After PRP were incubated with distilled water (Control) or 10, 25, 50 pM arsenite for 2 hours at 37 C, platelet

morphological changes were examined using scanning electron microscopy (SEM). Original magnification was *x5000.
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Figure 2. Proteomic analysis of arsenic treated platelets

PRP were incubated with distilled water (Control) and 50 pM of arsenite for 2 hours at 37 C and then centrifuged
to make samples of platelets for proteomic analysis. Proteomic analysis was performed by Genomine, Inc. Platelet
pellets were lysed and loaded to 2-DE gel. Phosphorylated proteins were stained by CBB and protein candidates

were detected after triplicate analysis. Filamin A protein was proved by mass analysis using 4700 Proteomics
Analyzer MALDI-TOF/TOF (Applied Biosystems).
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Figure 3. Effects of arsenic on filamin A phosphorylation and fragmentation in platelets
After PRP were incubated with distilled water (Control) or 50 pM arsenite for 5, 10, 30, 60, 120 min at 37 T,
phospho—filamin A and filamin A were detected by western blotting (A). Platelets incubated with distilled water
(Control) or 10, 25, 50 uM of arsenite for 2 h at 37 C were detected by western blotting (B). Values are the mean
+ SEM of three independent experiments. (*) Significantly different from the Control (p < 0.05).
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Figure 4. Effects of arsenic on surface expression of Glycoprotein Ib alpha (GPIba) in platelets
After 2 hour incubation of distilled water (Control) and 10, 25, 50 uM arsenite, surface expression of GPIba were
detected by flow cytometry (A). Confocal microscopy was used to observe redistribution of GPIba induced by

arsenite (B). Values are the mean + SEM of three independent experiments. (*) Significantly different from the
Control (p < 0.05).
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Figure 5. Effects of arsenic on redistribution of GPIba and filamin A in platelets

PRP were incubated with distilled water (Control) or 10, 25, 50 uM arsenite for 2 hours at 37 C, and then platelets
were loaded on poly-L-lysine coated cover glass. After fixation and permeation, anti-GPIba antibody linked with PE
was treated to binding platelets. At the same time, anti-filamin A antibody and FITC linked anti-rabbit antibody
were treated to platelets. Fluorescence was detected by confocal microscopy and the result showed arsenite induce

redistribution of GPIba and filamin A.
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Figure 6. Effects of arsenic on actin dynamic and related molecular activity in platelets

After 2 hour incubation of distilled water (Control) and 50 pM arsenite, F-actin is stained by rhodamin-phalloidin
and G-actin by DNase I. Actin dynamic changes induced by arsenite were detected by confocal microscopy (A).
The activities of small GTPase proteins which control actin dynamic changes were detected by immuno-blotting (B)
and cofilin activities, downstream signaling of small GTPase proteins, were detected by western blotting in time

dependent manner after treated with distilled water (Control) and 50 pM arsenite (C).
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(*) Significantly different from the Control (p < 0.05).
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Figure 7. Effects of arsenic on P-selectin expression in platelets
Platelets incubated with distilled water (Control) and 10, 25, 50 uM of arsenite were stained with anti-P-selectin-PE
antibody and the expression of P-selectin was detected by flow cytometry. Fluorescence was determined and the

result showed arsenite induce P-selectin expression. Values are the mean ¥ SEM of three independent experiments.
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Figure 8. Potentiation effects of arsenic on platelet aggregation

Platelets treated with arsenite alone didn’t induce platelet aggregation in the aggregometer (A). MeHg was used as
positive control. Arsenite treated platelets were primed with sub-threshold concentration of thrombin and samples
were detected with light microscopy (B). Arsenite potentiate platelet aggregation in the presence of sub-threshold
concentration of thrombin and ADP in the aggregometer (C). Values are the mean * SEM of three independent

experiments. (*) Significantly different from the Control (p < 0.05).
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H Aol AdaA 548 A dEe "4 Fo3 40z 4
Wik A= givh 2 AFeA s AdaAA A3k dye Fa3% 43S
e E2awe o R HlAao g e Eelatgom HAof o3k A
A A3 Il g 7hA 7Ido® AA sk T

BooAFto A +3 7} 7] Wl A9l arseniter Ao HE WIHE F=I
oy daye] &gzt 7]de™ o tolrt agonistel] o& FREEE E
2% &3 FAEs FIAHGY. vl A7 A% Ul cytoskeletal protein$!

o = =

filamin A°] <14t
2o western blottingS &3 ©] 23E gAst= HAA A filamin A<
fragmentation B3 B] Aol o8] 7FAdE AS el o] AdE E
=2  filamin A°] <14Fst7E  calpainol 9] 3| = filamin A<
proteolysisE Alste] <GS ST 5 A Hl ko] 93
filamin A<l <lAtsl %W <otAs = HEAE il 9lE actin filament®]
cross-linkingoll W3stE Fdsta Az oz dave] FJeHE WA 7| =H
dole Aeolgta 5 4 v
Filamin AS fragmentation A]7]& &42¢l calpain®] &Alo] w3k H] A9
gk eldt Ay HlAa o] wel calpaine] Ao+ WIUE gllon
o] % %3 W A7} filamin A9l fragmentationg Z A3+ 7] A9 calpain &
el Wat7h obyel filamin A2l QlAksle] 711& Folgta F5T 4 9l
el ok Aol el WUt filamin A9 QIMFSIEFE 7]QIg
Joletal o F3sktbiA  filamin A9 <QIAFS}EE  inhibition Al7]&  specific
inhibitorE Ab&-3te] Q14HstE AAIAIZl & d4we] e HstE gQlst=
ol A3t} Filamin A9l Qs E do7]&= a4 24 PKCa (Chen,
M., 1989; Tigges, U., 2003), RSK (Woo, 2004) & tW¥3s aihEo] &34

o
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A 71tk A o] proteomic analysisE Eaf =¢ly
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o5 AAE I YA filamin AW specific3tA AAF3; Al ]*‘C‘ g2 E olF
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GPIb/IX/VE= S+ AQl dawe 4% 2 F¥e Ao
subendothelium¥} &4 #o] F28 wiQsx 7 diago] SA3EE 4$
o= ZEHSERY AlgA= Aol & deHA Utk ol gt dAAFE EHo
EA8l+= GPIb/IX/V7F open canalicular system® 2 A% HA LEFL
1 thrombin, ADP %5 t}%3l agonistol]l o8] AuWbd o= yepdtial Ha
Ho] Atk (Han, Y., 2003; 2005). skAw o] 8 gk AZE7F FAwe] &4 3}

% adhesion Whg-oll of® A #ojst=Alol = =wo] B2 il
AdS Fd GPIWVIX/V 5 filamin A$t A& %83t GPlba subunit9]
surface expression®| H] Ao 9&] 7HAslE= Ao el oer o)zak 3
ol dave] Fu Wst 5l &Adstel] |Qled Aolgtal o Fekith A=
agonistel] 2|3t Aol &35t A A GPIba ¢ surface expression©]
723k al centralization %= @/l actin assembly7} #Hogith= £d B
27} 9doem (Kovacsovics, T. J. et al, 1996) ©]S EU&E H]Xo] <3t
GPIba®| centralization W& HAive] A stol] 7|t FAlel shape
changeE FW3sle ddYS A5 5 Aok 2 A FolA Filamin A<}
GPIba7} 22 Ao EA st v xd 98] FAl9l re-distribution ¥+ &
& confocal microscopy® AR T F Tl 7ho] AFE zpgo H| A
7F ol g @ v A=A el F5o gRlsE dart 3

AN
H] Ao 2%k actin assembly®] W3+ confocal microscopy®= <213t =

r Sﬁ

T

4l polymer AEjQl F-actin ¥ monomer AEjQl G-actin® assemblyell 2zt
7} ttE ¥33S staining 3] BRI A} v Ao o &) ZFzZEe] assemblyel
W37 gelye o] A3tE F8) v Ao o8] AAZE cytoskeletal protein?]
assembly7} ®3}3gtol] wel dave] Pl Wl vebgS A3 5 U
o} Hl %o 98] actin assembly 7} W3FstS Eld T 1o ot
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gtol 7] 918ke] actin®] A9 @Al =Rk
signaling protein ¢ €4-& =743 t}h. Small GTPase protein 91 racl %
cdc42+= actin @] polymerization®] #o]stH lamellapodia ¢} filopodia®] 3
S FEste 49 spreadings ZEste 92 sttt (Aslan, J. E,
2013). H]Aol <23 actin assembly o] Wsto] o]#H 3 small GTPase
protein®] #Ast=A FRlstr] &) HAE At FAFAANA racld
cdc42 9] activityE =43t tE Racl¥ cdced2e] &4-2 binding ¥ o 3+
GDP 7} GTP 2 shift %= 2ol A YeEtym o= 7hf Al whgoletal
Hixoe] 9oz HAE AHgh Algte] mel 5 oA 120 & 7bA &4
A0 = detection ¥ A3} 1 ZAdo] FAAO® FHAdte= Aol LR
o= HAE AHEgk & AJgto] Ao whE}l actin polymerization activity 7F
Haste Aom MT £ Ao ARHom wio o3 dAw
spreading ©] 4% Aolgtar o =& 4= v} Racl ¥ cdcd? signal 9] 3}
YA A actin® cappingS A 3tE protein¢! cofiline 214F3} Hol u}
2} 1 &Aool 7FA3Fe] actin polymerizationS Ll 9GS

of 9% o]#]& actin turnover’t 2o AV|E ZHIE TS 3=
B % At} (Bender, M., 2010). H] 2ol 2]3} cofilin®] A W

A3 v AE AEd Alkel] wet cofilin® Q1AFstZF wWgsldth Cofiline
128 Agd Azt wet 2 s Frhst vl A o=
actin® polymerization &/do] F7l= A7t A2 ES ovstH ol & F 3l

AA o2 vzl 93 actin dynamic ¢ W37 fFE v ST 5 gl

molecular mechanism<

=

jus)

o] ZAdstee wep FWel WARv 4EA = adhesion

a-granule®l] <43}k

[ﬁ
=

molecule = 3}l P-selectine intact 3+ &4
v FATWAEN diad A3t Ao granuleo] XWHO RO FH|EHA
I expression®] F7bstH A A o F o9 Ay S A5

il
A7) =4 Bol gt (Furie, 2001). 439 A 3lo] o] @ g o)
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7}E P-selectin® GPIIb/Ia%} fibrinogen®] & 2828 <HA3t A ¢ =

& dAst=d Vgt 1B A

M., 2000). H] 2o 2J8fA %= p-selectin ¢ w3 o] =

3 flow cytometryS ©]83te] 1 surface 2dE =AH3 A v F=
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Suppl 1. Effects of arsenic on calpain activity in human platelets

Human platelets were incubated with distilled water (Control) and 10, 25, 50 uM of arsenite right before extraction
with extraction buffer. Calpain substrates were treated to all samples and after 1 h incubation in dark, fluorescences
were detected by fluorometer. Active calpain I and calpain inhibitor were treated to platelet extraction as positive
control and negative control. Fluorescences were determined at 400 nm of excitation and 505 nm of emission

wavelength. Values are the mean + SEM of three independent experiments.

_34_



500 50
3 3
c 400 c 40 I
() ®
? ?
® 300 T @ 30
— —
> >
o o
I 200 o 20
& &
o 100 o 10
= =
0 : 0 :
0 10 25 50 0 10 25 50
Arsenite (uM) Arsenite (uM)

Suppl 2. Effects of arsenic on expression of GP IIb/IIla and activation of GP IIb/IIla in human platelets

Platelets incubated with distilled water (Control) and 10, 25, 50 pM of arsenite were stained with anti-CD61-PE
antibody and the expressions of GP IIb/Illa were detected by flow cytometry (A). Active forms of GP IIb/Illa were
stained by PAC-1 and fluorescences were determined by flow cytometry (B). The results showed that arsenite have
no significant effects on platelet GP IIb/Illa expression and activation. Values are the mean + SEM of three

independent experiments.
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Abstract

Arsenic, as a ubiquitous element in the environment, is harmful to
our health mainly through drinking water. In addition, it has been
reported that chronic exposure of arsenic induces various cardiovascular
diseases. One of the main reasons of arsenic induced cardiovascular
disease 1is thrombus generation mediated by platelet. Therefore,
researches are being studied to find out the mechanism of thrombus
generation induced by arsenic, but it has not been clarified until now.
Various steps are involved in the mechanisms of platelet aggregation.
Platelet shape change is associated with the process of activated platelets
stimulated by kinds of stimuli causing platelet aggregation and it is
consistent with the integrity change of cytoskeletal proteins of activated

platelets with granule secretion and integrin activation of platelets.

In this study, we tried to investigate the mechanism of arsenic induced
platelet activation accompanied by shape change and ultimate effect on
thrombus generation. Sodium arsenite was treated to platelet rich plasma
isolated from human blood. Platelet activation induced by arsenic was
confirmed through observing morphologic changes of platelets. To find
out which key proteins were correlated with platelet activation induced
by arsenic, we did the experiment of proteomic analysis and confirmed
that phosphorylation of filamin A protein was dose-dependently increased
by arsenic. Both filamin A phosphorylation induced by arsenic and its
relation with filamin A stabilization were further confirmed by Western
blotting. Additionally, filamin A stabilization had an effect on platelet
shape change through interaction with Glycoprotein Ib a unit. GPIba,

which surface expression decreased at a dose-dependent manner of
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arsenic, moved to intracellular space together with filamin A.

To confirm the effect on actin assembly induced by arsenic, the
activity of small GTPase protein, which i1s the previous regulator,
decreased due to arsenic in time-dependent manner. Arsenic also
changed the activity of cofilin, a factor related to actin polymerization as
the actin capping protein, as time went on and then had an effect on
actin dynamic as well. To investigate whether the secretion of platelet a
—granule increased or not as actin dynamic changed, expression of
p-selectin were increased induced by arsenic in dose-dependent manner.
Arsenic itself could not result in platelet aggregation, however, it could
potentiate the effect of platelet aggregation caused by thrombin and

ADP, which were both as platelet agonists.

In summary, arsenic was a substance contributed to platelet activation
and its shape change, which resulted from re-localization of Glycoprotein
Iba-Filamin A and changes of actin assembly. In addition, arsenic
increase the expression of adhesion molecule such as P-selectin and
platelet aggregation was increased and facilitated. Therefore, these
results were to explain one of mechanisms of thrombus formation which
was one of the key factors contributed to cardiovascular diseases

resulting from arsenic.

Key words : Platelet, Arsenic, Shape change, Actin, Filamin A, GPIbaq,

P-selectin, Platelet aggregation
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