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Abstract:

Here, we first examined the mechanism of arsenic-mediated protein tyrosine kinase activation. We
then examined the effect of arsenic on levels of fibroblast-derived matrix metalloproteinase (MMP)-2
and -14, which have been reported to be associated with tumor progression. First, arsenic promotes
production of the fibroblast-derived active form of MMP-2. Arsenic (100 and 1000 M) also increased
MMP-14 expression levels in fibroblasts. Finally, 1000 ..M of mercury, but not arsenic, directly affects
pro-MMP-2 protein and converts the proenzyme into its active form. As MMP-14 is an activator of pro-
MMP-2, our results suggest that arsenic promotes production of the fibroblast-derived active form of
MMP-2 through augmentation of MMP-14. The activity of arsenic for conversion of pro-MMP-2 into its
active form may be weaker than that of mercury. These results may be useful to develop treatments for

reduction of carcinogenic risk of CCA-treated woods.



1. (FU®IC

CCA (Zu s - gl - LAY RARMPIER) WHAMIZ. KOV - Pilgz Hiy & U TR
EN2E DT, WHH3SHEL LAl &, A4S HFED 5 RIS H 2 DHER10 7 b Y i h
7oo BIEIX, BREBAEOSEL H D, FLALEHHIN TR, LALELRS, ik, HBEHOD
R IZ RO CCARLBEARM AR SERFEE & L CRRICH S, PRI E L 54 2 HHh [
BH I TW5, MNEEZ (EC) 1E. 20014 [bR] 2S5 AMPIESELA] (CCAPIIEALRA
M) OFHZEIEEZREEL 72, WINEE2BEREIE [HEESERICS 2 SRR E] DEOF
1. Te RISk > THEL B VBRI 2 KEEMANORE] FOPHT20024FK % Tl
CCAVEEAMODMEM A25iE L=, 2hbid, 2us - @l - L ROBEEEDO S B, MOFIEIES L b
TREFH I N T2 EREPRHCHEIC A > T B Z L 2R LT\ 5, CCARPEARFIZ1F460 mg/kg F%
FEOoeEIEEN, TOBEHIKIZIZTN180-360 mg/kgD L EAEEFN 5., BEHIKOMEIL, BREAD
ED 7z [EEE OB - ISR HIEIUE | #1351 L2 RETHh 5, 6512, MEITE
ROFEEEMPDIILE A EAWTH 2720, HUEE Z D & O FEH 2 BRI R ICEE D W TG & h
ZRDEREALVWHETH S, ThO A, AEEIRERTIEE D& 2450, HETLHETHMA
bNTNS, 25 L72RWA2E, eREEFILDETIF 4 - LERISHEESFEIZE T 5 AMRISHET

B3 A R - AR ISR AT - BRI L BREARRRIUC B D W R A R E T 5 L L B IS
RN DRI FURE U 723 U) 72 CCAMLBEARM BERAB kORI AE EF N T 5,

JEEEIA T cRETIZZERMFuy v FF —-¥4E23—-F L5, YA FThglial cell line-
derived neurotrophic factor (GDNF)23RETZERIZFEATHZ LIck ) “BRPER IS Z &1
KWL TS, RETH T —EOWEIELIZ, TRIZH S MAPFF —¥EHD Y 7' FILEEN T %
WAL L, AR 2 bt <5 Z e A6 Tn b (Kato ef al., 2000), FFFIZ, cRETIE, %
FIZL DB T (RET-PTC1% RET-MEN2A%) ~NEeZ{LL, Wt 225 22k, e b
DRI 2 R AEN W EE (MEN) 235425 Z s T (Kato et al., 2000)

v M)y ZxauTar 7 —¥ (MMP) (SHiEHE A endopeptidase D 7 7 3 Y =B L., DR
B MRS O TR 1B 5- L T\ 5 (Stetler-Stevenson, 1990), ##12. MMP-2 & MMP-14 13
fEEDMERRIZEHE S BIE- L TW5 Z & 3t & Ty B (Dalberg et al., 2000; Noél et al., 1994). MMP-2
3 7ax ¥4 A% (pro-matrix metalloproteinase-2; pro-MMP-2) & U THrb & du, JES il (-1
2L 5 (Stetler-Stevenson, 1990; Kato et al., 1998). MMP-14 D78l L ~ )L ik, MMP-2 D74
LIZHRSBES L TWBDAE LS, JEEEDTHRICBAKRL TV 5 (Nomura et al., 1995; Itoh et al.,
2006) . MMP-2 & MMP-14 (3 MM 722 0 T2 < . S JE PO SAEF Ml © & i & h b
(Dalberg et al., 2000; Noél et al., 1994; Zhang et al., 2006) ., FEMEREEHINTIZ 361 2 MMP-14 D 38113
FEAZE OISR Z B G- LT 2 O U, BRI 517 5 MMP-14 O Sg8U&, LR
R rERasE I X 248D 5 v 7 OMBRICEE L TWwa EE 2 5N T3 (Ohtani H ef al.,
1996) .

WEGE(Z 7 PEY (cRET* 7 —+¥) S RETHE(Z 7 EY (RET-MEN2A+ 7 — ) &, J&D

SRRE A HfE T A R EHE L D12 Th S (Kato et al., 2002), L2 L, t?i)‘%’éﬁéh?ﬁ%%%’
AT EEM & ML T 2 2 h =X ok, 1FEA SRS TV AW, —J, MMP-2 & MMP-14 1%
P OMERICRENNICEE S RE AR 2L TWEDTH DA, L EEH L AEEERMMP-20



BRSOV TR, IZEAEHEN RN, X512, RADHFANS ZHEPTIE, € EZHAMMP-14D
REUZH 2 5HBIIOVWTERLTH A MERR L, 572, A% TIE, L EACRET* T — &,
RET-MEN2A #F — ¥, MMP-2, MMP-14125. % 2 80 #5544 C, L £4 0 L 7= BEIEE FE
IZOWTH LOATEEME A2 U, AHHEICHE D\ 72 CCARM DML IZ DO W TER T 5,

2. KRG ERV KRB

AW TIiE, NIH3T3 M & O NIH3T3MElZ c-RETHEF & AT ° RET-MEN2AJEE{A T 2 EA L
TRGEMR AL, 25 Lsfifaic e Rae 5 L, ¢RET+ 7 — ¥, RET-MEN2A* J — ¥, MMP-
2. MMP-14122W T, RERWEEDO L L A7z, b (NaAs02) 1, ADEMSEL DA L 7,
Pl p-7 2 F v Pifk & 4-aminophenylmercuric acetate (APMA) 14 Sigma-Aldrich K DA L7z, $iT
MMP-144ifk & BB-94 1, GRKFOEREEFZL OG- S Nhi, Var T ¥ | pro-MMP-2 &
BIZLRNC NS 7z ik (Liet al., 2004) THESLX 7z, FA4 £V T T4 -z 24yTay b
3. DIRNZIRR S 72732 L2535 Tirbi 72 (Kato et al., 1998), MMP-14 D54t % P4 % H
HIC. RHMESF MO 572 (2 BB-94 A i X i 7z,

3. R
A) EROFOL X F—FEIIHT 51EH
LRI, cRETHFF —¥ DAL ST, BIAFZARIZKDRBISWEME(L & Ty 52 RET-MEN2A &
T Y OWNEE SIS 2 — S =G LER 2R > T0a 2 e b o7z, E612, fit
KETIS, BRILEETFLVNUTHER L TRIERIEE R 2 2 &8, 2 < Of%EE & bW &
NTn5b, KT, EROME & 134 < Bk 2T, b RANEBRTEWO WML 2 55
ERCLIL 4 R N O
B) EEDOMMPIZxT 21EH
IR OB BT, WHEAIMMP-212, 1A ERIBTE &2 -7z, 100.M & 1000
MO e Fid, BHESF a2 5 OWEMEL I MMP-2 D 53 il A A RISTTE <7 (K1 a)., 22T,
b RIS 351 2 MMP-14 DRBLL ~L 2 BRIEG$ 5 50 & 5 2 & fi 7z, BRI O S
Ml TIE, MMP-14ORBUXIZ L A EBRHITE &b 57240, 1004M & 1000M D b Rk, S
M 351 52 MMP-14 O3Bl 4 I 0 < €72 (X1.b) (Kato et al., 2008)

0 100 1000 As (uM)
a E «pro
bl

+ - AMPA 51000 pM))
- + As 1000 zM

MMP-2

0 100 1000 As (pM)

b "1"1_‘? ? -;-—- MMP-14

———— — -2CtN

i§ 2 3
X1 a: ¥4 €Y F7 4 — Xi2. Va2 v+ MMP-2 % JH\ 7=
b:MMP-4 B B-F 2 FVDITAX YV FALETST 4 —
Ty ORI (Kato et al., 2008 & 0 511) (Kato et al., 2008 & v 31JH)



MMP-14 O FEELIEARAF NG PER MMP-2 D A 23 THE T 282884 5 Z L I3RRICHI 6 T b
(Zhou et al., 2005), FFFIZ, Fex DFERTIZ. 1000.M DKE(APMA) A8, B AW ER MMP-2
(pro-MMP-2) &EAEIS/EA L, WL MMP-2 DA AT 5 L W REREM /-, 22T, &
iz, e RBAKED & 5 ICHEEARTEIELMMP-2 F 92 I/EH U, WL MMP-2 & 158 % 6
?5#85#%%Nto?ﬁuﬁbf‘wWM&ﬁ1%WM@E$ﬁ\Xﬁﬁ%ﬂMMR%ﬁ?ﬁ

BEEA L, LRI MMP2E B A PEE T 5 2 &3k -7z, 2. AEME LA MMP-2 &
EE%E@%MMMP2|?§ SEBT BERICOWTE, eI, KK D VAR A R L
T3 (X2) (Kato et al., 2008).

4. ZR

NIH3T3 Ml i34 M0 —FiT & 0 | BRI RE 13 4F > Ty (Kato et al., 2002).

NIH3T3MifeiZ RETHEIZ A BA L T IPEEHRIZIHS Z 550, LA L, RE-MEN2AEIZ T %
B LA, REERIR2S B Z 5 (Kato et al, 2002) . Z 9 LU= EERRIZIE, RET-MEN2A
BIATPEY (35 —¥) OFEMELVANUBELSHE LTS Z EAHS6 T35 (Kato ef al., 1998).
K TIE, CEDZ =N DOAE ST, EENLFF — X OEMLOH Lok %2R
UZzo REFRICTRA S e R0EE BT 2 HBMI D WTORIETPHIAIZ T2 Z L0k
0. CCAAMDRIEHNE A IR T & 2 RN D 5,

WAL MMP-2 1%, BEOMBaIc R R S, . REOMacldml s iy
(Azzam et al., 1993; Brown et al., 1993), T4 D [t ZBAEHALBRIMMP-2 D53 A 45 | &5
FERIT . BRMESFAIN S e A Z O 1D EMOMWE AR L2 Z L& LThd, MMP-1413,
AT MMP-2 (2B U CEMERIMMP-2 % 55354 % (Seiki ef al., 2003)D T, 4D [v#K%E
L7 MMP-4RBOTUE] &5 2RI, B RIEIMMP-14 O R BUEEE % 5 Ui PEE A MMP-2
PEAEZ TGS 2 Z & 2m LT %, ISR O#GHEE Mg HIok O MMP-14 GBS NI B W T 6 |
AERNIZ BT RIS ORI & EdE 4 2 2 & AR E T 5 (Zhang ef al., 2006) . B 3RIF. HfE
AN ‘z‘o‘h‘éMMP-lM)%%I%O)ﬁi_MTLfﬁﬁﬂiﬁ@rﬁ% IZB5- LT s Lhzs, (i
ANDEDEL1Y T LdH7=0 D ZEHEIZIZIES00, (250-880g) TH D, ThH1000ug/g & Z A
BLeFEhFHTH S (Col et al., 1999), ThHDE MZET 5 L EBEEIX, 100~1000M D b EA
BRMEDF I 35 0 2 3G ALY MMP-2 & MMP-14 DR BL A& B & 2 5 DI+ Td S vREME AR L
TWw3,

FE(ZTPEY (v-SrcFu ¥ v FF —&) OWmMEE. MMP-14 DR B % 5 L T MMP-2 D%
Ml & 358 B R S ST (Kadono et al., 1998) . A2 Tld, L RIZXBRETF 7 —
YO & MMP-14RBIOTUEN R Eh T 5, Zh6DRERIE, L EH, RET+ ) — YOk
L% 5 L CMMP-14 DR BLA Kl L T3 AR L T b,

DIED &Sz, KTk, CCARMIZIHWT, MWIEE A2 De RicHliE T, v E%20
FTEH LW AR LD AL 59, FoamIE 2 9 2 nTEENE 2 75D b ROFEM & 2%

720 RIEEFHEREIZHD WA R T 52 212k D, BM & %5 72 CCARM ORI & R 41217
ZenmTEi MWD,



5. 5

AAFFEC TR N2 202, IR H R E AR S G U B 5, F 72, AREREIC
DWW, HfliEOHMIE A L T2 W NEE T, KT, SBHE T OBRISEHDOZ 4+ %
T 5,

6. &M

Azzam HS, Arand G, Lippman ME, Thompson EW. 1993. Association of MMP-2 activation potential
with metastatic progression in human breast cancer cell lines independent of MMP-2 production. J
Natl Cancer Inst 85:1758-1764.

Brown PD, Bloxidge RE, Stuart NS, Gatter KC, Carmichael J. 1993. Association between expression of
activated 72-kilodalton gelatinase and tumor spread in non-small-cell lung carcinoma. J Natl Cancer
Inst 85:574-578.

Col M, Col C, Soran A, Sayli BS, Oztiirk S. 1999. Arsenic-related Bowen's disease, palmar keratosis,
and skin cancer. Environ Health Perspect 107:687-689.

Dalberg K, Eriksson E, Enberg U, Kjellman M, Backdahl M. Gelatinase A. 2000. Membrane type 1
matrix metalloproteinase, and extracellular matrix metalloproteinase inducer mRNA expression:
correlation with invasive growth of breast cancer. World J Surg 24:334-340.

Itoh Y, Seiki M. 2006. MT1-MMP: a potent modifier of pericellular microenvironment. J Cell Physiol
206:1-8.

Kato M, Hossain K, Iida M, Sato H, Uemura N, Goto Y. 2008. Arsenic enhances matrix
metalloproteinase-14 expression in fibroblasts. J Toxicol Environ Health A 71:1053-5.

Kato M, Iwashita T, Takeda K, Akhand AA, Liu W, Yoshihara M, Asai N, Suzuki H, Takahashi M,
Nakashima I. 2000. Ultraviolet light induces redox reaction-mediated dimerization and
superactivation of oncogenic Ret tyrosine kinases. Mol Biol Cell 11:93-101.

Kato M, Takahashi M, Akhand AA, Liu W, Dai Y, Shimizu S, Iwamoto T, Suzuki H, Nakashima I. 1998.
Transgenic mouse model for skin malignant melanoma. Oncogene 17:1885-1888.

Kato M, Takeda K, Kawamoto Y, Iwashita T, Akhand AA, Senga T, Yamamoto M, Sobue G, Hamaguchi
M, Takahashi M, Nakashima I. 2002. Repair by Src kinase of function-impaired RET with multiple
endocrine neoplasia type 2A mutation with substitutions of tyrosines in the COOH-terminal kinase
domain for phenylalanine. Cancer Res 62:2414-2422.

Li Y, Aoki T, Mori Y, Ahmad M, Miyamori H, Takino T, Sato H. 2004. Cleavage of lumican by
membrane-type matrix metalloproteinase-1 abrogates this proteoglycan-mediated suppression of
tumor cell colony formation in soft agar. Cancer Res 64:7058-7064.

Noél AC, Polette M, Lewalle JM, Munaut C, Emonard HP, Birembaut P, Foidart JM. 1994. Coordinate
enhancement of gelatinase A mRNA and activity levels in human fibroblasts in response to breast-
adenocarcinoma cells. Int | Cancer 56:331-336.

Nomura H, Sato H, Seiki M, Mai M, Okada Y. 1995. Expression of membrane-type matrix

metalloproteinase in human gastric carcinomas. Cancer Res 55:3263-3266.



Ohtani H, Motohashi H, Sato H, Seiki M, Nagura H. 1996. Dual over-expression pattern of membrane-
type metalloproteinase-1 in cancer and stromal cells in human gastrointestinal carcinoma revealed
by in situ hybridization and immunoelectron microscopy. Int | Cancer 68:565-570.

Kadono Y, Okada Y, Namiki M, Seiki M, Sato H. 1998. Transformation of epithelial Madin-Darby
canine Kkidney cells with p60 (v-src) induces expression of membrane-type 1 matrix metalloproteinase
and invasiveness. Cancer Res 58:2240-4.

Seiki M, Koshikawa N, Yana I. 2003. Role of pericellular proteolysis by membrane-type 1 matrix
metalloproteinase in cancer invasion and angiogenesis. Cancer Metastasis Rev 22:129-143.

Stetler-Stevenson WG. 1990. Type IV collagenases in tumor invasion and metastasis. Cancer Metastasis
Rev 9:289-303.

Zhang W, Matrisian LM, Holmbeck K, Vick CC, Rosenthal EL. 2006. Fibroblast-derived MT1-MMP
promotes tumor progression in vitro and in vivo. BMC Cancer 6:52.

Zhou D, Lee HS, Villarreal F, Teng A, Lu E, Reynolds S, Qin C, Smith J, Sung KL. 2005. Differential
MMP-2 activity of ligament cells under mechanical stretch injury: an in vitro study on human ACL

and MCL fibroblasts. J Orthop Res 23:949-957.



