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HET2E0I)HENH Y, ALPIZMIEo 5 LIcBRT 5
WEEED D 5.

ALPIZI3HE 4 ORRER AL L, ALPOE#ROHIEIZ &
S THEFRNICH T2 USHENEL D Z EBHMEN TS,
2T, AW Tlde MHEROALP 41, v MESMRET
& 5Sa0s, Helali IREMECTdH A2P19 M H R DALP &
P19% L 5/ 4 VB (RA) THLELL THiERMAZIZ 3L
E ¥ 72RAPIOOALPZ T, BEESMIHL & Ik 08 5 0 A
DALPOM#EEZ S 22§52 & & HWIZ, 5SMEDALP
2 Hltetramisole, levamisole®, L-homoarginine” "
H—R Y Ak A&k — b EF Oetidronate' KO
vanadate |25 2 UL TEDE W & F~7z.

MR E

1. BIEALPEMEDEERRE KT

ERALPIEMEO BEH LR RRD 720, M
L OSTE O B EFIFAE T CALPIEE A HE L 72, [HEH]
|Itetramisole, levamisole, L-homoarginine, etidronate
B & QvanadateD5H % v 72, ALPIGYE O [H 251 i 4K
O, FHALP (B8, P, Teiesl, /gD,
25 mM sucrose (-EDTA), 15 mM MgCl,, 50 mM k
ASEERRRAET (%pH), BLOMEL LT, AKNICIZF
L7225, ALPWHEOMIEICIH M52 mM 735 = b
07 =)V YR (p-NPP) % &t BUGHEBR300 1l 12T
triplicate C1T - 7z. 37 CC30 4 M Mt & 721, 20 mM
EDTAZ A CRISEEIE S &7z BERIOS THRE AR
S VT U2 % ChiffletiE I TR A S,
HITACHI U-200043 66 EE R % B v Tl &850 nm (12 51T
HWOLEZME LN L. 55 L®20 mM EDTA%
AT 5p-NPPEZIFI L CHIE S NAWEE Ny 7 7
Ty FEELTELIIN.

2. EEMRAFRALPEMSDpHkTFE

JEE 5 M S ALP D B fipH% fHR 5 720, KR E
50 mM D jr AR % I TG PE O pHARE & % L 72,
9fimpH (9.15, 9.63, 9.93, 10.15, 10.37, 10.53, 10.8,
1107, 1142) O jEEEERZ AL L2 ¢ MESHHH
FDALPTH 5Sa0s (‘B AAE), P19 (BRIEAE) & U'Hela (1
AR L7z B AEALPIG I o BH A i AR A 1
DOWGE & 7 UERFTITo 7z,

3. ESMERRERALPEMEDEERIREKFME

t MEGHIEHRDALPTH 5Sa0s, P19J UFHelad [
ERNR ARV 2 TR D 20, T 4 i FEOSTE o) B E FI AT
1E N TALPIEMEZ e L7z, i MERE L, BHEALPIGIE
DRLEH I EARAFEDBEE & [/ U4 T1T - 72,

B 3

4. PIORU L F /1 L ERIIEP1 OMIBEALPDRAEHERE
&I
WEVEIE Td 5 P19 MIfL £ P19% L F / A “ ik (RA) THL
L CHRERMALIZ 5L S 2 72RA-PIODALP T D It
AT o7z, IEMENEE, SAEALPE O BLEH AR
HEoMlE & F USMETiTo7e.

5. P19RU'RA-P19 ALPDMEE O EE#:

P19 URA-PIODEE OAHE 2 3R $ 5 728, ALPIETE
IZ B2 Mgk ZnD WALPIZ o A % #-_72. 1 mM
ZnClL,F1EF T, FHEH]Zetidronate . ' EDTA % v 72,
WPEHIE L, SREALPHGPE O B H 3 AR M ol 8 &
[ U4t TiTo7. 72, 100 uM EGTA-trisfFfE F T,
M ALPIEEOMg & Zn O i FERAT % % Fi 72, WGHIE 1,
PR 31 LA 3 45 R ALPIE 1 o BH 2570 i BEAR AT M o 52 &
Al U4tECoT - 72

6. HE

RERIE, WAL MEKOFE G NG,
BFHETIALP, K OVBESS AL DALPCTd 5Sa0s, P19K O
Hela % O'RA-P19% i\ CTAiT - 72, SR IL R & 7213 1L
I RIEE L 72,

7. F—4&48

—DDORELMZxF L CTtriplicate THIZE L 72 FH# il & 12
HEREZRERIOR L7z, £ OWIE S CTIHERFREIT S
RIVDORE SOHPIZA -7z,

& R

1. BREALPEMHOEERREXRENE

IEEMEE ko e MR FRE, G, NG R &5
ALPIE 112 %73 A tetramisole (Fig. 1a), levamisole (Fig.
1b), L-homoarginine (Fig. 1c), etidronate (Fig. 1d) & O°
vanadate (Fig. le) D2 IZKAE L 72 S FEALPHG M [
T, MEFIEFLET OWEEE 100 %E L 724G TR L
7o F70, FhEhoFEEFE R 2 HHIl plot% 1T - CRlA
L7287 A4 VWA L& HERNK$ 550 % 4% & iR
FE (Ki 0s) & iRAEDEE (%) 2ERUIR L.

i g FEFF IUALPIZ S § % 8 & BPHE I 0 ALPIE M1
IEREH S tetramisole, levamisole % UFL-homoarginine ®
BEFEARAE LTI S, mRBHETIZIZ0 %2 Lo
E xR L7z (Fig. la-c, &1). BHE & JFIEE OKiosld
tetramisole & levamisole T (£ 3272 5670 uMT & - 72 25,
L-homoarginine CiZ2. 3B L U021 mMTHh V), EHWiEE%
VELE L7 (KD, —F, BB L NG CIZSHER O
R L CIE SN2 00, [EaRIERFRANT &
EER SN Aoz, MALPOE S — VXL TB
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Fig.1a
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Fig. 1c
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FASHEME%)
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Vanadate final conc.(uM)

1 AHALPIE IS O M i (A

HEH]| tetramisole | levamisole |L-homoarginine| etidronate vanadate
50% | fik | 50% | K | 50% | dcK | 50% | fxK | 50% | Sk
ALP \| FRF | PRSE | B | PET | PETE | PHT | PR | PA% | S | A%
) n.d. 12% | 1.18 | 57% | 32.1 | T0% nd | 16% | 24.1 | 100 %
mM mM uM
PN nd. | 28% | nd. | 49% | 20.1 | 73% | 1.9 T1% | 87.6 | 64%
mM mM uM
e 0.67 | 8% 0.03 | 93% | 2.3 96% | 2.1 64% | 12.6 | 95%
mM mM mM mM uM
BB 0.59 | 91% 0.03 | 98% | 2.1 100% | 1.5 86 % | 8.1 98 %
mM mM mM mM uM
(. d. RETET)

1, tetramisole T10% ~ 30%, levamisole T50 ~ 60%, L
-homoarginine Cid &% 5 70 BFEE TH - 72 (Fig. la-c,
1), ZHERN L 550 %G ERE, RARME & b i
IR T H B 5 1 & JFIRE . QBRI T H B /N
T & SRR I EAL L 721 2 7R 9778, s an IR AR SR Y & i

Fig.1b
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levamisole final conc.(mM)

Fig. 1d

ABRHTEME(%)

0 0.5 1 1.5 2 2.5 3
etidronate final conc.(mM)

Fig. 1 #HMALP{GEDtetramisole(a), levamisole(b),
L-homoarginine(c), etidronate(d), vanadate, (e)i A& 714

FHALPIE SO HEHA (a-e) BEKRAEONIE L, #FEALP
(5 B BFBE R Ms 8 /NG R, 25 mM sucrose (-EDTA), 15
mM MgClz2, 50 mM MV AHEREFEEHR, 2mM /87 = ha 7
=)V Vg (p-NPP) B X OUNEAEIESE O HEH] 2 & T SUGIE
#2300 w ¢ 12 Ttriplicate TT - 72, 37 T T30 43l Ft & 72
. 20mM EDTA %z TS & E1E S8 70, BEERIL TR
BN R S T L7268 )~ % Chifflet 12 TR s 4,
HITACHI U-20005 Y66 EEFT % F v T 850 nm 1281 %
FEAME LA L. BEREZO, NEHEA, A,
JFIET % O TR,

PRI CIE R o 7

Etidronate & vanadatelZ & % BH i BEARAF 14 O A S 2kt
LCHHIl 71y M &4750 %GR (Kies) &5t
HL7HERERKHEDOE A% RIZR L7, Etidronate T
i, BAEL FIEEE L OVNE LTI L 7 AR T
60 %L EDHEZIR L7225, s iF 2 A oG # R CTl16 %
DOREICE EF YR - 72E %R L7z (Fig 1d, ED.
IS DOALPIEMEL, etidronateD B IZKAE L T 7€
A FTNWRHENNY — o7z KiosldFEE TR & 72
o 7z. Vanadateld, etidronate& (Z3& > CTH A, JFhiEfls
L O R CUIAEDL L 72 BEARAFEPE T L00 %9 < BHEE S
T2, B e R o /N BTG M I | Bk 2 B L
LE % - 7-fEm %R L7 (Fig. le, #1). Etidronate Tl
/N7, vanadate Tl G 23 g e S 80 & DL L 72
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Fig.2
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Fig. 2 [l HH R 418 ALPYE 1 0 pHARAF 14

JE 55 B FHRALPO R #ipH % fl-R % 720, & B50 mM
D IR AR % O M Op IR PE 2 |l E L 72, 9 OpH
(9.15, 9.63, 9.93, 1015, 10.37, 1053, 10.8, 11.07, 11.42) ®
RERARE A A L7z b MESGMREROALPTH 5Sa0s
(B WHE), P19 (IEMEME) & OHela (7 &=SHME) =i L 7.
sucrose (no EDTA), MgClz, BLX U =tru7z=)L1
% (p-NPP) % & & BURE300 1 112 CFigl & RO F T
7o72. Sa0s% <, P19% [, Helaz A TR

Fig. 3a
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Fig. 3c
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B 3

MR 2 7 L7228, Dses Rds S Ml 4 W] CAE A 2 78 L
7=,

VLR S, IEHHRRE RO ALPO W& 13 s I
HA & g A AN — OB E BT, R EERLL
7o RN 3 2 MU Z 7R3 & A L7z

2. EEMIEERSBALPEM O EXEE KIFE

v MBS H R DSa0s (B ANE), Hela (T 5%,
P19 (BRPERE) MR K OP1OMIA Z L F ) A » ERALEL L C
RSN AL &S B 7RI 0> ALPE 1t 0 BH S5 51 3 5 A5 A 1k
AT B 2002, KO ALPIE M O pHRAE I % W58
L 724 % 2 N ENDOALPO R AIENEL00 % & L 72 RS

Fig.3b
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Fig.3 MM HEKELEALPIE: Otetramisole(a),
levamisole(b), L-homoarginine(c), etidronate(d),
vanadate(e) P 7] 8 B AKA

JEE 35 M i ok S FEALPIEHE O BHEH] (a-e) BEEEKAEE DN
i, b MEEME S OALPTH 5Sa0s (FAEE), P19 (R
{EHE) K OHela (FESHE) 2L, Figll HEEOJEETH
EHOHEVEH % 372, SaOs% <O, P19% [, Helak A TR .

2 JHEBEAINEL R ALPUG 1 B 0 BHE AR BRI
Al tetramisole levamisole | L-homoarginine etidronate vanadate
50% | Bk | 50% | FeK | 50% | ReK | B0% | Fek | 50K | K
ALP PRE | BHE | BEE | AE | BRE | ME | EE | ME | ME | HE

Sa0s | 044 | 92% |[25uM | 98% | 1.5 | 98% | 17 % | 93 | 97%

mM mM mM uM

P19 045 | 98% |40uM | 100% | 25 |100% | 17 5% | 5.5 |100%
mM mM mM uM

Hela | 042 | 95% |35uM | 99% | 2.6 9% | 2.1 60% | 2.7 |100%
mM mM mM uM
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o\
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0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
tetramisole final conc.(mM)

ABRHTEME%)

)
8
=

0 -
0 5 10 15 20 25 30 35 40 45 50
L-homoarginine final conc.(mM)
Fig. 4e
T
100 | L
17 —
I

ABHE (%)

0 5 10 15 20 25 30
etidronate final conc.(mM)

PR L7z (Fig. 2). BFALPO R KM % 718 9 pHIESa0s
L P197TI1x10.37, HelaTl0.15Td Y FEMLLL T 7z,

SaOs, Hela, P19#l/is ® ALPiiG % (X tetramisole,
levamisole, L-homoarginine % UNetidronate Tl BHZE#] D
EEICRAT LIS HE S 7z Kies, KHEE 12
KERMEEI R, WINSFEMLAZHE Y -V ko
72 (Fig. 3a-d, 32). vanadatelZ BTl wmAMHEIZW
T D ITIT100 % T H - 7225, KiosldHela?2.7 uM»* 5
Sa0s?D9.3 uM & &V D EN H - 72 (Fig. 3e, F#2). Z
nHoFERIE, IEFHRAROALPOY;E L3RR D, &
ALPIIEAMEZ Ko T L) ICRZ 72 Korfb e T
% ESEHIML OALPIE, B2R 0 HKICh0b S FTHML 72
TR %R T REMEAVRIE S 7.

3. PIORUL F /1 > EEALIEP1 OFIREALP DREEFIEE
f&1FE
Wz, PLOHNG & P1OMHN %= L/ 4 I (RA) THLH

Fig. 4b
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levamisole final conc.(mM)
Fig. 4d
100 tk
80 al
S
H 60 R
B
®
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20 \
0
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vanadate final conc.(uM)

Figd PIOKR UL F /4 VEMHEPIOMIBALPIE D
tetramisole(a), levamisole(b), L-homoarginine(c),
vanadate (d), etidronate (e) i K7 1%

Figl L M0 I THER (a-e) DOBHEMEH 2R~
P19% <, RA-P19%[JT/RT.

3 P19, RA-PIOALPFHERHE o BHH ) AR A
HEH] | tetramisole levamisole | L-homoarginine etidronate vanadate
50% | &K | 50% | Ak | B0% | K | 50% | BK | 50% | KK

ALP N [E | AE | BEF | ME ) BEF EE | @E | @F | WF | WEF
P19 | 045 | 96% [40puM | 9% | 25 | 9% | 17 | 100% | 55 | 9%

mM mM mM M
RA- | 041 | 97% |41puM 100 % | 3.0 98% | 29 100% | 48 | 9%
P19 mM mM mM M

L72RA-PIODALPIHEDO B 27> 72, BRIt > T L
F A VIR AT &, PIOMIRRIEHE R oMl 5L
LM oIEEE S 2L L7z, S s offifgx ML 72 %12
cell homogenatelZ L CALPIGVEDMIE % 17 72.

Tetramisole, levamisole, L-homoarginine ;% (fvanadate
TIEMALPOKios, IAMHEEL REBMHETR, WT
NHHEU L ZZE NS — &7 o7z (Fig 4a-d). DL -4fE
DO HEHZ AT 2P19E RA-PIIDALPD BHE O 3 % Hill
Ty b LTKRD 50 BRHERE & KIHLEDIEE = £
ICF L7z (83). PIOLRAPINEIZIZFEBOMEL 2D,
LF /A VR L THIFERIZE L Td TR o4 0l
EHNKTT 5 FUBTEZED S ho 7.

L #* Letidronate Tl%, P19, RA-P19& 12, Mo
LR D HHBHENNY - 2D, wihd
etidronateli [ 12AKAF L TR CTIHMEMRT L7z, 7
mM AT TIELEDIEI L 2 OBIEEDS 1A D & FOTENEDS
KT L7z 7 mMAE T EROREIZIZPI9ERA-
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Fig. ba
100 -
T
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H 60
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i 1
# 40 ’5
5
&
20
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o - -
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etidronate final conc.(mM)
Fig. bc

100

80

ABHEME(%)

100 200 300 400 500 600 700
Free Mg final conc.(uM)

ABXHEME%)

0 100 200 300 400 500 600 700
free Zn final conc.(uM)

Fig. 5a P19 U'P19 RAMIFEALPTE 1 detidronate Pl 55 2 f&E 4K 77 14
1 mM ZnCLAFAE T C, FHEHZetidronate V72, Figl & koD
Jiik Cetidronate D HENEH 2 /72, P19% O, RA-P19% TR

Fig. 5b P19J2 P19 RAMINGALPHE:DEDT A FH 2 i iR A1
1 mM ZnCLFAE T C, MEHIZEDTAZ 72, Figlé D)
P CEDTADMEEH %72, P19%<, RA-P19% I T/RY.
Fig. 5¢ P19J% U'RA-P19 ALPiEED Mg B AR
100 uM EGTA-tris#-4£ FC, P19 U'RA-P19fIFS ALPEEOMgD
BRI~ 72. P19% O, RA-P19% I CRY.
Fig. 5d P19} U'RA-P19 ALPIE ¥k O Znie 1E & 77 1 (Mg, no Mg
and EGTA)

P19% <, RA-P19% [, P19 (no Mg) % A, RA-P19 (no Mg) % O TR

Fig. 5e P19/ U'RA-P19 ALPif ¥ O Znii ¥ K 47 7% (Mg, no Mg and
EGTA)

100 uM EGTA-trisf 76 T C, P19J% U'RA-P19MIBBALPE P& D Znd
BRI % T,

P19% O, RA-P19% [, P19 (no Mg) % A, RA-P19 (no Mg) # O TR Y.

Fig. 5f P19/20'RA-P19 ALP{&E MO Znil EEARTEIE (FhiltFs)
P19%, RA-P19%[JTxRT.

B 3

Fig. 5b

100 \
80

FEHEME(%)

0 2 4 6 8 10 12 14 16 18 20
EDTA final conc.(mM)

Fig. 5d
8
H
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®
z
0
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Fig. 5f
1
100
80 |
8
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&®
# 40
20 B S —
0
0 100 200 300 400 500 600 700

free Zn final conc.(uM)

PI9OTIZEAE 2 EDH 1), RA-P19TIE30 %FEE DFHE 7228,
P19TI370 %A EDETH - 72 (Fig. 4e, #3)
EtidronatelZ & 2 ALPIEPEDOMEAF L — MERIZ X %

LOTHDLEV)MENH DL LMD, etidronatel & 5
ALPIGE P E I3 2 2MM 8 0B A BET 45 2 L1 &
0, AR TWEEAMER T L7214, 7 mMTH OGN,
EOICEBETIHRTI2HEEHHTEZ 20 TE 2V
&%z, 1 mMOZnff £ T CTetidronatelZ £ 5 F5E 0 £ 5
AT 72 TORR, InIEHFAET OFER L IEERZ Y, P19
ERA-PI9DALPIE &5 5 b Hil L 7zetidronateis B K17
PRV TR EIL SN TLS mM TR & - 728, &
5 IR Cldetidronateli B IZAKAE L I TEIZART L 72
(Fig. 5a). & 5 |ZetidronateD fXb ) (22flid)®m D ¥ L —
5 —THBLEDTAIZ L BHELFIR/-E A, EDTARE
125 mMZE TIEEMED LR/ L, S HICERETIZIEDTA®
WK L CHE A & 7z (Fig 5b). P19,
RA-P19& & IZZnfF 4 F C Detidronated % \» 1 EDTAIZ



JESE B O E AR R 7 v VAR AT 7 & —E D
BHEEFIN 3 2 UG PEDHHE

L HHETHELLHE Y — v bz,

RA-P19#iiE CIZPIOMINEIZ X CTALPO2ffi 42 | 26 3
DEAENZAL TVBED TR AW L% 2 TMgk Znd
ALPIEMEIC KT 2 B 2 T2, ZOfE, PI9KLURA-
PIOMIAL O ALPIE 25 LT, Mgld L L 7z i BEAR A
THALPFEMEZ A L, SiRECOHEL 2h o7z (Fig
5¢). —7Ji, Znlx0.2 pM F TR T ALPHG M % 48
LU 72 BEARAEE CTIRAE L 727, i Cladic e L7z
(Fig. 5d, e). RA-P19TIZ & < K Z D ZnTALPIE P A
70 %LL EFHE & n7zAs, PIOTIZ4 WREEIC L & F - 72
(Fig. 5f).

Z =

1. BREALPEMOERBEKREME

FTTIEHE SN TV 2HYWHROALPTIX, /NEHE,
MDY & g IR J T T AR B 203 & BRUS A 5
B EHMSNTVSY. & MHEOALPZ B 72 AR
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ORIGINAL

Differences in the sensitivity of alkaline phosphatase activity to

its inhibitors in tumor or non-tumor cells

Ryo KawamuraD, Yoshiaki Deyama2), Yoshitaka Yoshimura2>, Kuniaki Suzuki?
and Yutaka Yamazaki?

ABSTRACT :

[Objectives] In a recent study on iPS and tumor cells, it was suggested that different types of cells have different levels
of alkaline phosphatase (ALP) activity. Therefore, we examined differences in sensitivity to ALP inhibitors in both
non-tumor cells and tumor cells.

[Materials and methods] We measured ALP activity using commercial ALP derived from the small intestine, human
bone, placenta, and liver. ALP activity in human tumor cells: SaOs, Hela, P19, and RA-P19, which was differentiated into
neurologic cells with retinoic acid (RA) treatment. Additionally, we examined the sensitivity of ALP activity to inhibitors
using tetramisole, levamisole, L-homoarginine, etidronate, and vanadate.

[Results and Discussion] The sensitivity to each inhibitor of ALP activity varied depending on the isozyme type and its
human organ origin. The sensitivity of ALP activity derived from human tumor cells did not show large differences,
suggesting that ALP activity of undifferentiated tumor cells has similar characteristics regardless of the organ origin.
ALP activity in P19 and RA-P19 showed similar sensitivity to inhibitors, except for etidronate, which produced different
sensitivity. Similar results were obtained with EDTA, thus etidronate inhibited ALP activity by chelation effects was
concluded. We examined the effects of Zn, which is necessary for ALP activity, on ALP activity in P19 and RA-P19. Zn
promoted ALP activity at a low concentration, but it inhibited ALP activity at a high concentration. It has been proposed
that two types of Zn binding sites with either low- or high-affinity are present in P19 cells. Furthermore, our results
suggested that changes in the low-affinity site of Zn with RA treatment caused differences in sensitivity of ALP activity
to etidronate in P19 and RA-P19.

[Conclusion] The changes in the Zn binding site, which are essential for inhibitory activity, changed sensitivity to the

inhibitor along with ALP activity in tumor cells that lost organ-specific sensitivity to inhibitors.

Key Words : alkaline phosphatase, ALP inhibitor, retinoic acid, chelate effect

U Kital3, Nishi7, Kita-ku, Sapporo, 060-8586, Japan. Department of Oral Gerodontology, Division of Oral Health
Science, Graduate School of Dental Medicine, Hokkaido University. (Chief: Prof.Yutaka Yamazaki)

? Kital3, Nishi7, Kita-ku, Sapporo, 060-8586, Japan. Department of Molecular Cell Pharmacology, Division of Oral
Pathobiological Science, Graduate School of Dental Medicine, Hokkaido University. (Chief: Prof Kuniaki Suzuki)



	原著_川村良 様
	川村良_原著_英語

