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Calpain is involved in tumor cell migration and invasion in cancer metastasis
but not tumor cell-induced platelet aggregation.
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HRENT Py ESIBABKICB W TIKAES
FEADHIE T B Z & RIM/MRIEIMAI A SN B &) #Hi
HLH 0 P EEHL & N o T E BE A
HBHEEZLNT VD,

=75, TGN SNSRI, R REE R
REZ e L, M TR 3BT % i bl 25 o 145 Y
BEANDEZE B CTHEERZE 2 RI2T v il
2dh Ho MG-63E b osteogenic sarcoma Ml iz # %
W7o T, M EIRAR L T/ MicgE s rg o3
EREENLIE, E5IZZoERI NI/ IMUEE
HE 7% thromboxane A, receptor antagonist T & 5
SQ-29, 548D WM L Y I SN2 T & H i &
niz 2, Fi, BRESRERMAME ISR LTwS
podoplanin A% il /N #X %t 4 W & & & § 5
cyaloglicoprotein, aggrus TH 5 Z ENHLNE 2
D, BADOERIIB W TEELRBE %) waEMEss
Rl nsz . 2ok ) ITEEMIC X > Tl
WEESER I NS v ) W5, 1970F L0 %
BAONLLDOD, ZORAH =X LREHRL EAH
=R A

20064, I b o, Mm/GEELEEE T H B
rhodocytin D Ifil /MR F52 %54k & L T C-type lectin-
like receptor 2(CLEC-2) = [i] % L, CLEC-2%%
podoplanin D ZHEAKTH A Z L RH L7 7%,
& 5 |2 podoplanin %& Bl fg @ i ~ @ ¥ 8 % PU
podoplanin ¥R A4 5 = & % CLEC2KIE~
A T ® podoplanin %& Bl d @ i iz # APt CLEC-2
RO G L DI S b 2 & Ehd S,
EAEEHZEDOTHS 0 LA Leds, /MK
MBI DM BEAEH % 5 F L XV Tl L 721
Y7, BADIERIZEIT B M/MIOB512onT
FERZ T LN SN TV R,

—F, EEModEE (migration) B X R
(invasion) Z#l#HT 20 FIIBE LRI TV,
20094F Meng 512 & % A549¢ MiliAds AMIak % H
W Tk MRERAEHEO - Th S
fibronectin 7% focal adhesion kinase (FAK) % 41 L
T ERK1/2%° phosphatidylinositol 3-kinase (PI3K)/
Akt Z 3 Y4 L, £ ® F it T RhoA, matrix
metalloproteinase (MMP)-97% & 25{G AL S 5 &
EDEEH DB ERRBEICHETH L L) Z
BHONE o7z F2E51E, Ca™ KA
MEHNTATFA v 7as5s7—ETH5H calpain 75,
ADEEFIZE G 25 BEM: b s L 720 calpain

1%, 19644F1Z Guroff 512 X ) ¥ TF DFLED
HINTER, B4 OMIIBIZ B TEDFAEHHER
&N, BIIE T TIZ calpain 1(u-calpain) % calpain
2(m-calpain) 7 E10fH 36 % W 2. 5 4 T HE 2387 & 7
Lo TEBY, M/MRICIE calpain 1, calpain 20
2HBEMPMAAET BT EDVHILN TV D P, ANEHE
LEICH 580kDa @ calpain X, Ca** OfF4E N TH
CRlRZGI &R L, 78, 76kDa OV LRI & %
It b5 TREY VX EEZYM§ %, calpain
DOHEE L LT, MR EE) IS 9 % actin,
integrin, Rho, vimentin, & 5 {2 & apoptosis @
effector protein Ta& 5% caspase-37% &% 5518
WMEINTW5D ¥, —J  calpain H & A3 g
B DOEE 7 regulator THAHZ L HWHOLNLEL ST
W2 @, L LS, DAEBIC calpain A3EY5-
35 BB D W T, Meng 5 % Martin-Villar
SIZEDHESN TR 00 % JEEHILoE
FERIRIC calpain 2SIEIENYIZRE 59 % 2B 3K
RS TRV,

Z 2 TAWIETIE, SARBOBIIET 2 EE
HND A H = X LIZDOWT, calpain I H L,
calpain DG IZOWTHRE 52 L2 HIME L7z,
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calpain FH %% #] ALLN, EST (loxistatin; E-64d),
PD150606, calpastatin peptide (Ac-Asp-Pro-Met-
Ser-ser-Thr-tyr-lle-Glu-Glu-Leu-Gly-Lys-Arg-Glu-
Val-Thr-lle-Pro-Pro-Lys-Tyr-Arg-Glu-Leu-Leu-Ala-
NH2), calpastatin peptide (negative control; Ac-
Ala-Pro-Arg-Leu-Glu-lle-Val-Pro-Thr-Met-Tyr-lle-
Tyr-lle-Tyr-Lys-Leu-Ser-Pro-Thr-Gly-ser-Glu-Lys-
Leu-Gly-Asp-Glu-Arg-NH2) ¥ MERCK #t
(Darmstadt, Germany) #* b, fluorescein
isothiocyanate (FITC) £ &% $t CDA41 (integrin a
IIb) T fA& 1 Becton and Deckinson %k (San Jose,
CA, USA) »» 5, FITCH#Ei#% F v I IgGik isotype
control (¥ BioLegend #t (San Diego, CA, USA)
»H, TOMANZE T L2 H L Sigma
Chemical ft: (St. Louis, MO, USA) % 5HA L7z,

HH Rk
B16/BL6 (C57BL/6R#R < 7 A X F ./ — < HIK
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fabk ) B X O colon-26 (BALB/c &ft~ &7 A H 2%
AHURAIRR) 34T BOE NBLAIESEaT N A
VY —Atryy— (K LOEEAL, 10% fetal
bovine serum (FBS), 2mM L-glutamin, 1mM
sodium pyruvate # % ¥ RPMI-1640(Sigma
Chemical ft ) FiHuH TR L 72,

reverse transcription-polymerase chain reaction;
RT-PCR

48 L 72 B16/BL6MI @tk 35 & U colon-26# g #&
Z 5 5 RNA # il i 3 % 72 ® |2, phosphate-
buffered saline (PBS) Tiifatk % ki L, ISOGEN
(Zy Ry y—vt, ®E) 2 ImLiRML7z, &
5120.2mL chloroform (FIDGHiZE T3, KER) %
L, &0 (12000rpm, 1547, 4C) L7=t&, L
&ML 7z, L3512 isoprophanol % {R Al L 724,
w (12000rpm, 10437, 4C) L, EHEZIET
70% ethanol Z M L 720 &L (15000rpm, 3047,
4°C) % LEZHECT W IELE
diethylpyrocarbonate (DEPC) 7k % Jll 2 4= RNA &
L7zo RNA 1lug, Ready-To-Go RT-PCR Beads
(Amersham Biosciences, Uppsala, Sweden) B &

F Randam Hexamer (Invitrogen, Carlsbad, CA,
USA) % v T cDNA % & 3% L 72 ¢cDNA 1uL,
deoxynucleoside triphosphate(dNTP)mix 2ul, 10
xPCR buffer 2uL, Tie2® X 95 IZi%E L7z 10mM
forward primer (Fw) O.SuL, 10mM reverse
primer (Rv)0.5uL, H.,O 139uL, Takara Ex Taq
2.5 units(Takara ft:, #%H ) # PCR7T ¥ 7L — b
L, GeneAmp® PCR System9700 (Applied
Biosystems, Foster City, CA, USA) {2 X 13540
cycles BUS & 872,

- Murine calpain 1 ¢cDNA (332 bp)
Fw:5AGTGAATGGCAGCTATGAGGS
Rv:5’CTGTCACTCCAGGGTCCTTS

+ Murine calpain 2 cDNA (338 bp)
Fw:5GATCAATGGGTGCTATGAAGS
Rv:5TTGTCATTCCACTTCCCGGS

- Murine f-actin cDNA (513 bp)
Fw:5TGTGATGGTGGGAATGGGTCAGT
Rv:5TTTGATGTCACGCACGATTTCCS

A 382 E BE B TE

1) migration assay

BD BioCoat Control Inserts 24-Well Plate 8.0
micron (Becton and Deckinson) @ insert (& B16/
BL6M f2 ¥ F 72 1 colon-26/ §@ ¥ %, plate I
fibronectin (FIJGHIAE T3, 10ug/mL) % & Lo ¥y
Wz@mmL, 37C, 5% CO, i F T 6-12KFH
Frag U7zo a8t insert WIZHE o 7o Mlllie % B £ 1%,
T4 MR L, Wk LM EA B T Cll
L7z
2) wound healing assay

Falcon plate (24well, Falcon, Franklin Lakes,
NJ, USA) iZ B16/BL6MIld k% 3.0 x 10°/ well # A%,
37C, 5% CO, & T TH#E L confluent TH 5
Z b % BEMEEIC THEREFR, 200uL F v 7T well ®
P2 — RSO, BT EROEGONE (a)
B X U6k M 5 % o ol b L0,
% wounded area field = (a-b) / a x100% & H L 72,

i 7= i e B E

invitro 2AEXEE TNV CTH L V) TFIVDRRA T
L v E#C#RE &N 7 BD BioCoat Matrigel
Invasion Chamber 24-Well Plate (8.0um) (Becton
and Deckinson) % H\»T, migration assay & [Fkk
D5MTHRAEL, 2 L 7-Mikoz WsE T Tl
L7z

I /|t D FF 2

HARF v —VA - =3t (fZID) X hEAL
7= C57BL/6N ~ =7 A (M, 8 M) 24V 7)1
¥ CIREE L 721%, 15% acid citrate dextrose(ACD)
AT TR L 720 FRIL 72 1 % 5% O
(1,000rpm, 1043, Zi&) L, platelet rich plasma
(PRP) % 478 L 720 PRP &, 10% ACD }ll Hepes-
Tyrode buffer (137mM NaCl, 2mM KCI, 0.4mM
NaHlPO,, 1mM MgCL, 56mM glucose, 0.1%[w/
v]bovine serum albumin, 20mM Hepes, pH 7.4)
Wil 72 1%, 1,700rpm, 2047, ZHim Tl L
TP & L, 2mM CaCLAF 7£ T T Hepes-Tyrode
buffer |2 P {73 S &, P MK (25%10°/uL)
ZRE7ze AWFZEIL, SR RFEWIEEBRTH X O KGR
R CERE L7 OREHF T © H11-3507%) o

M/ iR AR S BE A TE
B16/BL6# g #k B X U colon-265l d £k 12 Hepes-
Tyrode buffer T5.0x10"/mL IZFHE L 720 ML/
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TUE 2000 |2 4% HE 95 R 13 30 i 220l &2 s L,
Easy TRACER ET-800 (R, Hil) (2l
ISR R 2 M E L 72

EE#fEAQmMrDES

ML/ 3 013 1.0 X 10°/ul, B16/BL6MI L #E 1Z
50% 10°/mL \ZF % L, R I L i N 3 %
WL 721, MU/MREERICHEBLT 205 © 237 Th
% glycoprotein IIb(CD41) % FITC fEakbt CD41dt
KTt L, flow cytometry (FACSCan, Becton
and Deckinson) (2 CHll5E L 72

HEEtLIE

2 MO o b I21E, Microsoft Excel

B16/BL6 HlRak

1

il

(Microsoft £I;, Seattle, WA, USA) # H v T,
Student ¢ BE % 17 720

I #&R

FEE#RR(C 5 T B calpain DFEIA

AWF7E TR L 72 JE5 M, B16/BLO6MIMKDS &
OF colon-26/ B # 12 calpain 1, calpain 2235881 L
TV RENERET 5729012 RT-PCR %175 72
EZAhH, WTNOMBEKIZBWTD calpain 18 &
O calpain 2 mRNA OFHEDH LNz (K1),

IEE s EREICH T B calpain DS
N s g D A2 12 BT 5 calpain D BE5-% B 5

colon-26 FliFa%

calpain 1 calpain 2 f-actin

calpain 1 calpain 2 B-actin

1. FEEMIRICE TS calpain 1, 2D HIE

B16/BL6#M fa #k 3 & UF colon-26# fa ¥k & ) RNA Z 4RI L, RT-PCR %
11-72& 2%, calpain 18 X ¥ calpain 2 mRNA OFIENFRD S 7z,
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X 2. EEMEEEREICH T S calpain DEEE
A,B : B16/BL6M 2 #& (A) F 72 1% colon-265fl i ¥ (B) |2 calpain FH £ %), ALLN % # /Il L, migration

assay x 17720 K2 mean+SD(n=3) #/R7 5

C : B16/BL6AIIEFEIZ calpain peptide Z %ML, migration assay #4175 720 B2 mean +SD (n=3) #7/R 7,
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T 572012, FT7VFx N —=%w
migration assay % 17 o 72, B16/BL6fM i ¥ 12
calpain FHE#] ALLN /232> ba—r & LT
dimethyl sulfoxide (DMSO) #@wiL, ¥iELZ L
A, WELLMEKEa Y b — )L LR L,
ALLN RIS & 0 i BARAE M O A BASR T L 72
(K2-A)o F72 ALLN N & % & EMI B
T, colon26Mi gtk T H MERICED SNz (M
2-B)o & 512, calpain DN E Y v 2827 T
5 calpastatin D277 I/ TR HE O N 5 3% 8
~R7F K TH 5 calpastatin peptide % B16/BL6#M
okl A, avyba—VEREKLTEH
BAEEMBESET L (KM2-C)e 2D X%
WM E O TIE, Bl calpain HEHRITH %
EST % PD150606% ik L 7236 C b i b7z
(data not shown) o

% ZCT&kIZ, wound healing assay 2 & % &4l %
1T - 720 wound healing assay &, BRI 3-AIZ/RT
X912, FEIZX Y confluent (27 - 72 well DHIYE
BaeGolF, GO EZEOEHGONE (a) B X U16MKH

% wounded area field

DMSO 20 40
ALLN (uM)

FEREZEOHGOWE (b) 12X ) #EERZ G 2 HET
» %o Blo/BL6MIEEZ W THRE Lz & 2 5,
ALLN #0112 £ D % Wounded area field d A &2
KTFL7Z (M3-B)o

[EEHARRMEEIC (T B calpain DEES

WIS, DBABERIZB W CEE R %E %1 5 fEEM
g @212 calpain 5B 5-3 5 D MES & 17 - 720
B16/BL6#atk, colon-26Miffatk% ALLN f£4E T C
BELLLEZAS, wIhofifuicB Ty, ALLN
WINZ LD 2T L v FE~RE L2 =
T L (M4),

FEEMREA & I/ MR DS & I/ R Ak

MARHE DDA BEIHIET 2 v ) ME»s 2,
AR CIIBE S ML & /MRS e 3 % 2 & 25, s
MO N T OB I X UL 25 0 LA PR~
DIFHE IO THEHETHLEEZLNTVWS, T2
T, WEFHINL & MR DSEEE § 5 D E2 IOV TR
L7 TFFMmMaETE LT Bl6/BL6RIIER~ D

| P

-D T I |-| :
" 3 )
v il

ALLN (40 pM)

3. wound healing assay % Fi U\ 7= [&E #ll fa85 7€ 8E O 5T

A : B16/BL6#a#k % BD BioCoat Control Inserts 24-Well Plate 8.0 micron (2 CTH;# L, confluent T %
Z L PEAMEEIC CTHERR L 728, 200uL 7 v 7T well O IR Z — AR, BT IEZOEOIE (a)
B &£ U calpain FLE#], ALLN % 7213 DMSO # 5 # 2@ L, 16K R = Z B OB O (b) £ 1,

% wounded area field = (a-b)/ax100%& 5 L7z KUSIZEEER (Bo U EE), FEBMEMEE T COBI%

LR 2 B R Z R,

B : B16/BL6#MIARIC ALLN % ##0 L wound healing assay %47 720 XIZ mean =SD (n=3) #/R~R$,
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4. [EEMKRREEEICH TS calpain DEEE
A : B16/BL6MIFEAE F 7213 colon-26fJE k12 calpain FHE#], ALLN F 721X DMSO # &M%, BD BioCoat
Matrigel Invasion Chamber 24-Well Plate (80um) (2 CH# L, 2% WM F e L7z, B3tz
W EHEEZRT,
B : B16/BL6Matk ALLN &ML, =Mz MlE L7z, KIZ mean+SD(n=3) %R,
C : colon-26f i@tk ALLN 2L, =Mz lleE L7z. KIZ mean=SD(n=3) Z/RJ
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<
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B B16/BL6 MR + M/IMK
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4 200
g | 160 160 i Cp41 Itk
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=1 80 80
é 40 40
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CD41-FITC
5. FEEHME L m/IMROES

B16/BLOM B ML/ N IR 2 3 L 724, 1i/MK % FITC BLakPt CD41PUA % 7213 FITC #5 4 rat 1gG
TYAn L, flow cytometry (2 CHllE L7z
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M/IMR DA % FHMIS % 72012, MVIMRO FE T~ —
#—TdH5BHCDAVFEI L T 5 5% 5 flow
cytometry THEE L 72 & 2 A, B CDALYUAREMET
» 1, Bl6/BL6HIREMEOMFE M IC CD41DFEBI
BN hrolz (KM5-A), 2T, Bl6/BL6M
Fakk & /R 2 RAT L, B16/BLOMIIEKE & ML/ AS
HA 3 5 D ME L7/, 42.6% o B16/BL6MIT bk
AP CDALPUARR & 2> 72 (RI5-B)o

WIS, BEFHIRE ORI AS M/ IMKEESE % EkE 5 5 A
Kiat L7z, B16/BL6MIAK £ 72 1% colon-26# a4k %
MRS AINS 5 &, M/MREEEDTRD S,
% K B4 #5813 B16/BL6M Hd A% T38.3%, colon-26:/f
Nk T356% Th o7z (M6-A,B)o &I THREIZ,
JEEEANIIC X o THEE S5 IM/IMREE4E 12 calpain
2359 % %> calpain FHEH], ALLN % W TGS
L7275, MESHIILAINC X % /Mg R eI 2 ik
Lotz (K6-C)o

N ZE

IR BT/ B2 &EH 239 25, 23A
R M/IMR DB G- 5 T RETEIS DWW T b Ak 4 it
HABRENT WD, DBABHIZE W TI/MUE A

AbNb I L, MBEREIHET LI L, EHI1C
AR K BIEIRD ST L 72 BF T B Tz
BIEHAL D ITTHEDFED LD T & 7 &5 6 JESHHIE
E /MO T I IZBEA S 0, M/ MDD AR
ICEELHRE ZH ) WEEEATRIE SN Tn5E 09,

MM X BDAEBRDOA S =L E LT, I
B ORI X 0 M/MREEERESER SN D Z LAt
HETHL L) MErH L 278, KiFFEICE
Wb o ity & AR IE ST B16/BL6MI L
FE=e colon-26 BRSNS X O IM/IMREESE 1T E#E S
n7z (M6-A,B)s LH»L, #Eo#mETIE, &
D M/ IREESE ASIE BRI A & B S 2 @R 7 %
7o IBESHIEC & 0 WAL S A O S T &
NDERHNTICEDLDTHDH, Tk IEEH
o L M/ T D EICL DD DLDNITRE
S 227 o TV,

Z 2T, AWrge T, MEEMIEIC /M DS
500 E G L7z, Bl6/BLOMIIME, /MR
Fi~—H—TdhsCDAZRILTWARWVA, I
N DI & 0 P CDALHUAR A~ D SIS A5 B P &
ol &S (X5), SN2 I /MR A
AL TCwauRrresh (M7), HEH
RN X % I/ NREESE o 2k 13 IR S5 & I/l D

A B
;\? 100 100
=
g 75 75
=
'«E fljg{ﬁ%%fﬂﬂﬁ@ﬁk colon-26 Al fEEK
% 30 S0 / + MM
5
£
< 25 25
o H/NRD B
= M/ RD A
= 0 .,-...-.-.-u......-.-..-.h._—....{ 0

0o 2 4 6 8 10

Time (min)
C
;\? 100
2
g 75 ALLN
=
2
S 50
2
s 2. DMSO
=
2
=
A 0~
0o 2 4 6 8 10
Time (min)

0o 2 4 6 8 10
Time (min)

6. MEEMARIC L 5 m/MREEEDEER
A B ¢ I/GFEEE R B16/BLOMINERE (A) 35 X O colon-26Mlilatk (B) Zuvhn L, M/ MiEEsRE 2z MlE L 7zo
C : calpain FHEA], ALLN % @00 L 72 /MG #C B16/BLOMIIa k2 L, IM/MREESERE 2 [ 5E L 72,
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BADPENTH L LEZONL, FAE, MU L
@ CLEC-2%%, 28 AMMBEIZ38 3 3 % podoplanin @
ZHRHETH L Z L, X512 podoplanin A5 CLEC-2
ERET A EICI ) I MEESERI NS Z L
PHORE R S727Y, o T, RUIEIZBIT S
JESF IS & 2 M/ AEESR 1S, MllF L oBss, §¥
V2 55 i @ podoplanin & I/ _F @ CLEC-2
DFEEEN L TERINT O Lk, —,
$Tt podoplanin Pk L Pt CLEC2hifk D512 & 1
podoplanin & BLIE 5 Hl i D B §in 8 2SNl S 7z &
WIOHEDLDHH 7Y podoplanin & CLEC2D % &
DG & MM DOFEE DAL S, DA,
FRICIESHIE O IRE N COREN B L RIS O i
BHEANOEZ MO TEETHLLEEZLNS,
MRARERE OMFLIZ BT 5 EEMBOGF A =X
LAZDOWTII Rk A 2l 1S B ) o B 5734
LENTBY, 2 ThH calpain ITEETFHZED
TV BHY 0P RN DB 25 12onwT
EHEBIZEAE RV, 22T, HEMEICL ST
Bl SN A /MRS~ calpain DB 512D\ T
calpain FLEH] Z I UG L7228, EIXA LN
LirolzZ s (X6-C), HEEMIEIC X I/

— BRI

Y

B
Qbﬁt

Y

iam5m§i$§agagsgigi—
© & WA~ /RO

o@ ﬂ&\\
1/ — @ @

MEEEE LT calpain XS LA WwWEEZ BN b,

—%, M7z 2 MR calpain FHEH] % &
L, JEEMLOEEELERMZ L8 25,
WHBICKTLAZZEDDS (K2-4), calpain i
WA OEER AT v 7T HilEERLREICHES
LCWRWHREMED RIS N (H7). AAMINEIC
BT calpain 28#EEICH G55 L) i
FCTICHIEL 2 OO, Huttenlocher 5 i3,
calpain Bl € #J #% M0 1 X 1 Chinese hamster
ovary (CHO) Mild O ERMSK T 52 &, 7
calpain S8 L F €72 CHO Mg lc BT b it
ERROETHAEDOSNL Z & Z/R L, calpain (&l
faE 5352 LML L™, —T,
Noma 5 (& calpain FHEHIC X 0 HERD i A REAY E
A+ b2 L, ©2F 0 calpain (S EE 2 BH] 4 5
FEAE)TEEEZRE LY 2o k)i, MM
oo WEFHIZBIT % calpain DEENZBWTITH—L
TR AL 2 VOPRBIRTH %, it-T, 2°A
HEF2 2B 5 calpain D5 IZOWTIL, MafEo
WNDARG LT, BIATEAOHE, R D
ML LRI D T Y 7 F MERERIZED D 5 W HE
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Calpain is involved in tumor cell migration and invasion in cancer
metastasis but not tumor cell-induced platelet aggregation.

Yukinori KOZUMA, Yuko TASHIRO, Ippei NOBORUO, Haruhiko NIOMIY A

Abstract

Background: Metastasis is the major cause of cancer death. Although interactions between
tumor cells and platelets have been suggested to regulate cancer metastasis, the molecules
associated with the tumor cell-induced platelet activation have not been identified. Ca*-dependent
cysteine protease, calpain, has been known as a regulator of cell motility and cell migration. It is
not known, however, whether calpain is involved in tumor cell migration and invasion in cancer
metastasis. In the present study, we examined the role of calpain in cancer metastasis. Methods:
The metastasis function was assessed by using migration, wound healing and invasion assays in
the presence of calpain inhibitor. In addition, we assayed the effects of tumor cells on murine
platelet aggregation. Results: Migration and invasion of B16/BL6 melanoma cells and colon-26 colon
cancer cells were significantly inhibited by the addition of calpain inhibitor, ALLN. Similarly, these
inhibitions were also shown by using different calpain inhibitors, EST, PD150606 and calpastatin
peptide. Furthermore, platelet aggregation was induced by the addition of tumor cells. However,
the treatment of ALLN failed to suppress platelet aggregation by tumor cells. Conclution: We
demonstrated that calpain is involved in tumor cell migration and invasion but not tumor cell-
induced platelet aggregation.



