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A new therapeutic target of uterine leiomyosarcoma identified by Isobaric Tags for
Relative and Absolute Quantitation (iTRAQg.
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In this study, we investigated the role of ATP7A and ATP7B in uterine
leiomyosarcoma (LMS) cells which had high level expression of ATP7A and ATP7B. In LMS cell lines,
knockdown the expression of ATP7A and ATP7B improved the sensitivity of Cisplatin in vitro. Compared with
control LMS cells, knockdown of ATP7A and ATP7B induced roughly 4-fold greater chemosensitization to
Cisplatin (IC50: 17.0 y M to 6.1 y M, 4.3 p M respectively; p<0.01) To elucidate the mechanism underlying
platinum resistance induced by ATP7A and ATP7B, intracellular platinum accumulation of LMS control cells,
LMS silencing ATP7A cells and ATP7B cells after Cisplatin exposure were analﬁzed. Significantly increased
platinum had accumulated in LMS silencing ATP7A and ATP7B cells compared with LMS control cells (p <
0.01). Thus, intracellular platinum accumulation was increased in LMS silencing ATP7A cells and ATP7B
cells. To perform further investigation, we generate stable ATP7A and ATP7B knockdown cell lines.



| 5
56%
5 7%
( )
3
Gemcitabin Docetaxel
36 Hensley ML

et al. Gynecol Oncol. 2008; 109: 329-34.
PFS 4.4

PDFGR(Anderson SE et al . Int
J Gynecol Cancer. 2006; 16: 849-53.)
KIT(Raspollini MR et al.Gynecol Oncol.
2005; 98: 334-5)

Calponin (Horiuchi A et al. JNCI
1999; 91: 790-796, Takahashi K et al.
Cancer Res 2001; 61: 3969-3977) Lmp2
(Hayashi T et al. Cancer Res 2002; 62:
24-27)

i TRAQ
BST-2

(Yokoyama T et al, Int J Cancer.

2013; 132: 472-84)
iTRAQ LC-MS/MS

SK-LMS, SKN, SK-UT1
A2780 OVSAHO
OVTOKO,OVISE  RMG-1

HEK293 HepG2
D-MEM F-12

10% (FBS)  (HyClone

Laboratories, Logan, UT, USA) 1%
penicillin-streptomycin (Nacalai Tesque,

Kyoto, Japan) 5% C02
37° C
SiRNA ATP7A ATP7B
QUIQGEN 2 ATP7A SIRNA
ATP7B siRNA ATP7A  ATP7B

Lipofectamine 3000
(Invitrogen, Carlsbad, CA USA)

ATP7A
ATP7A-4 ATP7A-6
ATP7B
ATP7B-2 ATP7B-3

1C5,(50% )
SK-LMS SK-LMS SIRNA  SK-LMS
ATP7A-4  SK-LMS ATP7A-6  SK-LMS ATP7B-1
SK-LMS ATP7B-2 6 D-MEM
medium + 10% FBS+1%
penicillin-streptomycin 1000

cells/well 96-well plates (Costar,
Corning Inc, Corning, NY, USA)
24 0-100 uM Cisplatin
72
WST-8 assay 50%

RIPA buffer(10 mM Tris-HCI, pH 7.5,
150 mM NaCl, 1% Nonidet P-40, 0.1% sodium
deoxycholate, 0.1% SDS, 1x phosphatase
inhibitor cocktail (Nacalai Tesque)and 1x

protease inhibitor cocktail (Nacalai
Tesque)) (13,200 rpm,
4° C, 15 min)

bovine serum albumin
(BSA) DC Protein Assay
kit (Bio-Rad)
5-20% gradient
SDS-PAGE (Wako Pure Chemical
Industries, Osaka, Japan)
PVDF  (Millipore, Bedford, MA, USA)
PVDF 1% BSA in TBS containing
0.1% Tween 20 (TBST) 1
chicken polyclonal
anti-ATP7A  antibody(ab13995;  Abcam,
Cambridge UK) mouse monoclonal
anti-ATP7B antibody (ab124973; Abcam,

Cambridge UK) 1 1
PVDF TBST 5 6
HRP-conjugated goat anti-chicken

196G (Amersham Biosciences UK,
Buckinghamshire, UK)

HRP-conjugated donkey anti-mouse 1gG
(Amersham Biosciences UK, Buckinghamshire,
uk) 2 1

PVDF TBS-T 5 6

enhanced chemi luminescence (ECL) reaction



system (Perkin-Elmer Life Sciences,

Boston, MA, USA)

GAPDH antibody (Santa Cruz Biotechnology)
1

(Yokoyama T et al, Int
J Cancer. 2013; 132: 472-84)

26 ATP7A
ATP7B
1 ATP7A (ab131400; Abcam,
Cambridge UK) ATP7B (ab124973;
Abcam, Cambridge UK) 1
2 VECTA STAIN ABC

kit (PK-4002; Vector Laboratories)

score
ATP7A 0—~3=
4~6= 7~9= ATP7B
0~2 = 3~5 = 6—~9 =
10~ 41~ 71~
0~9%
40% 70% 100%

-

SK-LMS SK-LMS
ATP7A-4  SK-LMS ATP7A-6
SK-LMS ATP7B-3 6

SIRNA  SK-LMS
SK-LMS ATP7B-2

5x106 15 cm dish 2
100p M Cisplatin
1 dish  PBS 3
medium 3
Agilent 7500ce ICP-MS
(Agilent, Santa Clara, CA)
ATP7A ATP7B
SK-LMS ATP7A ATP7B
SK-LMS Lipofectamine 3000

(Invitrogen, Carlsbad, CA USA)

ATP7A shRNA ATP7B shRNA
PRS

40 ng/ml Puromycin (Invitrogen)

3 SK-LMS

ATP7A 3 ATP7B

SK-LMS
ATP7A ShRNA1-3 SK-LMS ATP7B shRNA1-3

cv

One-way ANOVA test  Dunnett

p<0.05

ATP7A
ATP7B

ATP7A ATP7B

ATP7A ATP7B

ATP7A ATP7B

FigurelA

185kDa . o - - - . ATPTA
185kDa. -
E-E=NN -

a7kDa = S == SR W = == &

AZTBD SKOV3  OvToko  OVISE RMGH  HEKZS3  HepG2

ATP7A
ATP7B

ATP7A
ATP7B

26 ATP7A 20
(77%) ATP7B 14 54%
(FigurelB

ATP7AlE., 77%IZB W TIHME Tlho1:
ATP7BIL., 54%IZHE LTI TH 1=

SK-LMS ATP7A ATP7B
Cisplatin
SK-LMS ATP7A ATP7B
Cisplatin
ATP7A ATP7B



Western Blotting

Figure2A

| '

SK-LMS SK-LMS  SK-LMS

CsiRNA  ATP7A si4 ATP7A si6

SK-LMS SK-LMS  SK-LMS  SK-LMS

SK-LMS
SiRNA

1C,(17.0p M)
SK-LMS ATP7A-6
(SK-LMS ATP7A-4

SK-LMS ATP7A-6;7.2u M, p<0.01) (Figure2B)

— e

SK-LMS
CsiRNA  ATP7Bsil ATP7Bsi2 ATP7Bsi3  Anx A4 si4

ATP7A

ATP7A

B-actin

SK-LMS

ATP7B

B-actin

SK-LMS

Cisplatin
SK-LMS ATP7A-4

6.1 py M, p<0.01

* %

Cisplatin (pM)

s

I

SK-LMS ATP7B-2

4.3 p M, p<0.01 SK-LMS ATP7B-3;5.3p M,

ATP7A siRNA4

ATP7A siRNA6

SK-LMS ATP7B-3
(SK-LMS ATP7B-2

p<0.01) (Figure2C)
25 NS | .
2 I
%:_ 15
é
iﬂ) 10
! SK-LMS SK-LMS SK-LMS
C siRNA
ATP7A ATP7B
Cisplatin

SK-LMS SK-LMS

SK-LMS

ATP7B siRNA2 ATP7B siRN

ATP7A-4  SK-LMS ATP7A-6 SK-LMS ATP7B-2

SK-LMS ATP7B-3 6
Cisplatin
SK-LMS Cisplatin
(7.2ng)
ATP7A
ATP7B
(ATP7A-4 38.8ng, p<0.01 ATP7B;
52ng, p<0.01)
ATP7A ATP7B
(Figure2D)
ke
) N.S. f sose !
T% 30
:
g 10
¢ SK-LMS SK-LMS C siRNA SK-LMS ] SK-LMS
35k
(ng) NS. T . 1
o« T ] 1
é 20
ATP7A ATP7B
SK-LMS
ATP7A
ATP7B
SK-LMS ATP7A shRNA 1~3
SK-LMS ATP7B shRNA 1~3
ATP7A ATP7B
Western Blotting
(Figure3A)
A3
ATPTA
CEETEIS e ew— R TSRS

SK-LMS

SK-LMS SK-LMS SK-LMS
CShRNA  ATPTA shRNA1 ATP7A shRNA2

SK-LMS
ATPTA shRNA3

SIRNA  SK-LMS

B-actin

SK-LMS

SK-LMS SK-LMS SK-LMS
C ShRNA ATPTB shRNA1 ATP7B shRNA2

SK-LMS
ATPTB shRNA3



ATP7A ATP7B
Cisplatin
SK-LMS ATP7A shRNA 1-3
Cisplatin
1C5,(16.5p M) 3
5u M (p<0.01)
3
Figure3B
| - ok
) NS, T
¥ T | p—
z
| Iil
! SK-LMS SK-LMS !{S SK-LMS !MT
C ShRNA ATP7A shRNA1 ATP7A shRNA2 ATP7A shRNA3
SK-LMS ATP7B shRNA 1~3 ATP7A
ShRNA
Cisplatin 1C;,(16.5u M)
3 4p M
(p<0.01) 4
Figure3C
ok

: koK
NS.

ek
I 1] 1
15 I I
10
H
: III [ III__

SK-LMS SK-LMS SK-LMS SK-LMS SK-LMS
C ShRNA ATP7B shRNA1 ATP7B shRNA2 ATP7B shRNA3

Cisplatin (uM)

ATP7A ATP7B

3
Matsuzaki S, Enomoto T, Serada S,
Yoshino K, Nagamori S, Morimoto A,
Yokoyama T, Kim A, Kimura T, Ueda Y,
Fujita M, Fujimoto M, Kanai Y, Kimura
T, Naka T., Annexin A4-conferred
platinum resistance is mediated by the
copper transporter ATP7A, Int J Cancer,
, 134(8):1796-809, 2014
doi: 10.1002/1jc.28526

Matsuzaki S, Serada S, Morimoto A, Ueda
Y, Yoshino K, Kimura T, Naka T.,
Annexin A4 is a promising therapeutic
target for the treatment of
platinum-resistant cancers, Expert
Opin Ther Targets, ,
18(4)403-14, 2014

doi: 10.1517/14728222.2014.882323

i TRAQ

, 82(2):82-86, 2015

4

, IMP-2

s 66
, 4.18-20/"14,

66
4.18-20/"14,

, Annexin A4

, 1
, 9.14/714,

Annexin A4

2.21/715,



o

@

®

MATSUZAKI, Shinya



